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Sent via E-mail: Frontier.Review@ceaa-acee.gc.ca
FRONTIER OIL SANDS MINE PROJECT
c/o Canadian Environmental Assessment Agency
160 Elgin Street,
22nd Floor, Place Bell Canada
Ottawa, Ontario K1A 0H3
Attention: Mr. Alex Bolton
Chair, Joint Review Panel
Dear Sir:
Re: Joint Panel Review by the Alberta Energy Regulator and the Canadian Environmental
Assessment Agency:
Frontier Oil Sands Mine Project
Teck Resources Limited;
CEAR Reference No.: 65505
AER Application No. 1709793
Ecojustice represents the Oil Sands Environmental Coalition (“OSEC”) in the captioned
proceedings.
Under cover of this letter we provide the Hearing Submission of OSEC for filing. The Submission
consists of this letter and:
Volume 1 – Written Submissions and Appendices;
Volume 2 – Selected References;
Volume 3 – Selected References, Continued;
Volume 4 – Selected References, Continued;
Volume 5 – Selected References, Continued;
Volume 6 – Selected References, Continued;
Volume 7 – Selected References, Continued;
Volume 8 – Selected References, Continued;

Volume 9 – Selected References, Continued; and
Volume 10 – Selected References, Continued.
Also, we write to inquire if the Joint Review Panel (“JRP”) intends to offer tentative guidance, to
the extent it can, to the participants on potential scheduling for the hearing. The current state of
notice sets forth only the commencement time and date and location, which we do not take
exception with.
Of course, it is self-evident that proposing anticipated scheduling is filled with uncertainty at this
juncture.
Might the JRP make use of the combined effect of sections 8(2)(ii) and 8(4) of the Alberta Energy
Regulator Rules of Practice, A.R. 99/2013 and provide its thoughts following receipt of the
Submissions due August 31, 2018 from the parties?
OSEC is striving to keep its costs reasonable but is faced with difficulties and has questions relating
to:
1.

Travel and accommodation bookings.

2.

Advising witnesses and in particular an out of province expert witness on the likely timing
of his testimony and need to be in Fort McMurray. Bookings at the last moment and the
possibility of fees and disbursements for stand-by time in Fort McMurrray which will be
billed to OSEC, can have a material impact on costs.

3.

Can an order of appearance and presentation of testimony of the participants be set on a
tentative basis, perhaps following participants consulting with one another?

4.

Might the JRP request that parties indicate in advance to other participants which are adverse
in interest that they do not seek to cross-examine certain lay witnesses and experts and that
reports of those expert witnesses be admitted into evidence by consent.

Of course all of the foregoing information, if provided, will only be considered tentative
suggestions or guidance and that the JRP will expect and rely upon the usual cooperation of counsel
and participants throughout to promote an efficient process.
We look forward to the response of the JRP.
Respectfully,
<Original signed by>

Kurt Stilwell
Barrister & Solicitor
Encls.
c. Clients
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DESCRIPTION OF INTERVENORS
1.

The Oil Sands Environmental Coalition (“OSEC”) is a coalition of Alberta public interest

groups with a longstanding interest in the Athabasca oil sands area. OSEC was formed to
facilitate more efficient participation in the regulatory approvals process for oil sands
applications. Its members include:
a)

The Fort McMurray Environmental Association (“FMEA”), consisting of

residents living in and around Fort McMurray who are concerned about the effects of oil
sands development on human health, the ecosystem and the socioeconomic quality of life
in the Regional Municipality of Wood Buffalo, and who may be directly and adversely
affected by the environmental and socioeconomic effects of the Frontier Oil Sands Mine
Project (“Frontier” or the “Project”); and
b)

The Pembina Institute (“Pembina”), an Alberta-based non-profit environmental

research and policy analysis organization with members across Alberta. One of its
objectives is to minimize the environmental impacts associated with fossil fuel
development in Alberta. Pembina has monitored the health and environmental
implications of oil sands development since the mid 1980s and has been particularly
active in the assessment and management of long-term, chronic and cumulative impacts.
2.

OSEC’s primary objectives are:
a)

monitoring the environmental implications of oil sands development; and

b)

minimizing the environmental impacts associated with oil sands development in

the Athabasca oil sands region.
3.

OSEC has been engaged in reviewing and assessing oil sands development since the mid

1980's and has been particularly active in the assessment and management of long-term chronic
and cumulative impacts. OSEC has provided evidence and/or submissions to the Alberta Energy
Regulator (“AER”), Energy Resources Conservation Board (“ERCB”) and Joint Review Panels
at several hearings, including the following:
a)

The 1993 Syncrude expansion hearing (under the name Syncrude Environmental

Assessment Coalition);
1
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b)

The 1997 Syncrude Aurora Mine (Pembina Institute and Toxics Watch);

c)

The 1998 Shell Canada Muskeg River Mine Project;

d)

The 1999 Suncor Millennium Project;

e)

The 1999 Syncrude Canada Mildred Lake Upgrader Expansion;

f)

The 1999 PanCanadian Christina Lake Project;

g)

The 2000 Petro-Canada McKay River Project;

h)

The 2002 TrueNorth Fort Hills Project (Alberta Wilderness Association and

OSEC);
i)

The 2003 Joint Panel Review of the CNRL Horizon Project;

j)

The 2003 Joint Panel Review of the Shell Jackpine Mine Phase 1 Project;

k)

The 2006 Suncor Voyageur Expansion Project;

l)

The 2006 Shell Albian Muskeg River Mine Expansion Project;

m)

The 2006 Imperial Kearl Project;

n)

The 2010 Total Joslyn North Mine Project;

o)

The 2012 Shell Jackpine Mine Expansion Project;

p)

The 2017 Enhanced Review Process for the Tailings Management Plan for the

Suncor Base Plant; and
q)

The 2017 Enhanced Review Process for the Tailings Management Plan for the

Syncrude Aurora North oil sands mines.
4.

Members of OSEC participated actively from 2000 to 2008 with other stakeholders in the

Cumulative Environmental Management Association (“CEMA”) to develop environmental
management systems intended to preserve and to protect the long-term ecological integrity of the
Athabasca region from industrial development. One OSEC member rejoined CEMA in 2010 as
board member. OSEC members’ specific involvement included:
a)

Member of CEMA Board (2005-2008), as well as one OSEC member serving on

the Board until CEMA was disbanded in 2016;
2
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5.

b)

Officer at large – CEMA Management Committee;

c)

Co-chair of NOx/SO2 management working group (“NSMWG”);

d)

Member of the Sustainable Ecosystems Working Group (“SEWG”);

e)

Member of the Surface Water Working Group (“SWWG”);

f)

Member of the Reclamation Working Group; and

g)

Member of the Watershed Integrity Task Group.

OSEC members continue to assist with the planning and management of environmental

assessment and monitoring in the region through other provincial and regional multi-stakeholder
groups, including:
a)

Wood Buffalo Environmental Association (“WBEA”): FMEA was a founding

member of WBEA and served on the Governance Committee for 20 years. One
representative of OSEC sat on the Board of Directors of WBEA until January 2018 and
one member sat on the WBEA –Human Exposure Monitoring Program until 2014; and
b)

The Alberta Biodiversity Monitoring Institute (“ABMI”): One OSEC member

currently serves on the Board as vice chair.
6.

An employee of Pembina was an individually appointed member of the Oil Sands

Advisory Group (“OSAG”) established by the Minister of Environment and Parks in July 2016,
and sat on technical committees providing advice to the Minister on the mechanisms to
implement the 100 Mt greenhouse gas emission (“GHG”) limit for oil sands operations. Another
staff member sat on the technical committee providing advice for the implementation of
processes to address biodiversity and environmental concerns in the oil sands region.
7.

OSEC members have a history of participation in Government of Alberta and AER fluid

tailings working groups such as:
a)

Representative of OSEC as an appointed environmental non-governmental

organization (“ENGO”) delegate at the multi-stakeholder Surface Water Quantity
Management Framework working group hosted by the Alberta Environment and Parks
(2013 - 2014);

3
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b)

Representative of OSEC as an appointed ENGO delegate at the multi-stakeholder

Surface Water Quality Management Framework working group hosted by the Alberta
Environment and Parks (2013-2014);
c)

Representative of OSEC as an appointed ENGO delegate at the multi-stakeholder

Tailings Management Framework (“TMF”) workshops hosted by the Alberta
Environment and Parks (2014);
d)

Representative of OSEC as an appointed ENGO delegate at the multi-stakeholder

Technical Advisory Committee (“TAC”) for Tailings Regulatory Management, hosted by
the Alberta Energy Regulator (2015-16);
e)

Representative of OSEC as an appointed ENGO delegate at the multi-stakeholder

Stakeholder Interest Group concerning the Tailings Management Framework (TMF),
hosted by the Government of Alberta (2016-current);
f)

Representative of OSEC as an appointed ENGO delegate at the multi-stakeholder

Mine Financial Security Program - Tailings Management Framework (“MFSP-TMF”)
Working Group, hosted by the Government of Alberta (2016-2018); and
g)

Representative of OSEC as an appointed ENGO delegate at the multi-stakeholder

Integrated Water Management Working Group (“IWMWG”) concerning the Tailings
Management Framework, hosted by the Government of Alberta (2016-2018).
8.

OSEC has a long-standing practice of working proactively with oil sands proponents, in

order to resolve issues when possible. OSEC has met with Teck Resources Limited (“Teck”) on
numerous occasions regarding the Project and proactively sought to address outstanding
concerns.
9.

Pembina has published the following research reports about oil sands in Alberta:
•

Oil Sands Fever: The Environmental Implications of Canada’s Oil Sands Rush

(2005);
•

The Climate Implication of Canada’s Oil Sands Development (2005);

•

Carbon Capture and Storage: an Arrow in the Quiver of a Silver Bullet to Combat

Climate Change – A Canadian Primer (2005);
4
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•

Troubled Waters, Troubling Trends (2006);

•

Down to the Last Drop: The Athabasca River and Oil Sands (2006);

•

Death by a Thousand Cuts: The Impacts of In Situ Oil Sands Development on

Alberta’s Boreal Forest (2006);
•

Thinking Like an Owner: Overhauling the Royalty and Tax Treatment of

Alberta’s Oil Sands (2006);
•

Carbon Neutral by 2020: A Leadership Opportunity in Canada’s Oil Sands

(2006);
•

Haste Makes Waste: The Need for a New Oil Sands Tenure Regime (2007);

•

Royalty Reform Solutions: Options for Delivering a Fair Share of Oil Sands

Revenues to Albertans and Resource Developers (2007);
•

Danger in the Nursery: Impact on Birds of Tar Sands Oil Development in

Canada’s Boreal Forest (2008);
•

Catching Up: Conservation and Biodiversity Offsets in Alberta’s Boreal Forest

(2008);
•

Taking the Wheel: Correcting the Course of Cumulative Environmental

Management in the Athabasca Oil Sands (2008);
•

Under-Mining the Environment: the Oil Sands Report Card (2008);

•

Fact or Fiction: Oil Sands Reclamation (2008);

•

Carbon Copy: Preventing Oil Sands Fever in Saskatchewan (2009);

•

Upgrader Alley: Oil Sands Fever Strikes Edmonton (2009);

•

Cleaning the Air on Oil Sands Myths (2009);

•

Pipelines and Salmon in Northern British Columbia: Potential Impacts (2009);

•

The Waters That Bind Us: Transboundary Implications of Oil Sands Development

(2009);

5
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•

Heating Up in Alberta: Climate Change, Energy Development and Water (2009);

•

Carbon Capture and Storage in Canada: CCS and Canada’s Climate Strategy

(2009);
•

The Pembina Institute’s Perspective on Carbon Capture and Storage (2009);

•

Climate Leadership, Economic Prosperity: Final Report on an Economic Study of

Greenhouse Gas Targets and Policies for Canada (2009);
•

Tailings Plan Review: An Assessment of Oil Sands Company Submissions for

Compliance with ERCB Directive 074 (2009);
•

Drilling Deeper: The In Situ Oil Sands Report Card (2010);

•

Opening the Door to Oil Sands Expansion: The Hidden Environmental Impacts of

the Enbridge Northern Gateway Pipeline (2010);
•

Northern Lifeblood: Empowering Northern Leaders to Protect the Mackenzie

River from Oil Sands Risks (2010);
•

Keystone XL in context: oilsands and environmental management (2011);

•

Oilsands and climate change: How Canada's oilsands are standing in the way of

effective climate action (2011);
•

Oilsands Performance Metrics Summary Report (2011);

•

Full disclosure: Environmental liabilities in Canada's oilsands: Perspective for

investors (2011);
•

Solving the Puzzle - Environmental responsibility in oilsands development

(2011);
•

Pembina Institute’s input on the draft Lower Athabasca Integrated Regional Plan

(2011);
•

The link between Keystone XL and Canadian oilsands production (2011);

•

Developing an environmental monitoring system for Alberta (2011);

•

Life cycle assessments of oilsands greenhouse gas emissions (2011);
6
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•

Pipeline and tanker trouble - The impact to British Columbia's communities,

rivers, and Pacific coastline from tar sands oil transport (2011);
•

Responsible Action - An assessment of Alberta's greenhouse gas policies (2011);

•

Backgrounder: EU fuel-quality directive. Reducing greenhouse gas emissions

through transportation fuel policy (2012);
•

In the Shadow of the Boom - How oilsands development is reshaping Canada’s

economy (2012);
•

Backgrounder: Lower Athabasca Regional Plan (LARP) performance

backgrounder (2012);
•

Beneath the Surface: A review of key facts in the oilsands debate (2013);

•

Solving the Puzzle Progress Update (2013);

•

Forecasting the impacts of oilsands expansion: Measuring the land disturbance,

air quality, water use, greenhouse gas emissions, and tailings production associated with
each barrel of bitumen production. (2013);
•

Losing Ground: why the problem of oilsands tailings waste keeps growing (2013);

•

Booms, busts and bitumen: the economic implications of Canadian oilsands

development (2013);
•

Oilsands expansion, emissions and the Energy East pipeline (2014);

•

Measuring oilsands carbon emission intensity (2016);

•

Putting a price on carbon pollution across Canada (2017);

•

The Right to a Healthy Environment: Documenting the need for environmental

rights in Canada. Case Study 3: Regional impacts of oilsands development in northern
Alberta (2017);
•

Carbon price vintaging of credits in the output-based allocation system (2017);

•

Understanding the pros and cons of Alberta’s new industrial carbon pricing rules

(2017); and
7
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•

Prospects for Alberta oil and gas in a decarbonizing world (2018).

NATURE AND SCOPE OF OSEC’S INTENDED PARTICIPATION
10.

OSEC intends to participate in this hearing by:
a)

examining the witness panels of Teck, the Government of Alberta (if they are in

attendance at the hearing), the Government of Canada and it reserves its right to ask
questions of other witnesses as necessary;
b)

presenting an expert witness panel responding to Teck’s application and the issues

described herein (Sections E through H of this submission); and
c)
11.

making final argument.

Four of Pembina’s in-house experts will provide expert opinion testimony. They are Jan

Gorski, Jodi McNeill, Nina Lothian and Simon Dyer. The curricula vitae of Mr. Gorski, Ms.
McNeill, Ms. Lothian and Mr. Dyer are appended at Tabs 3, 5, 6 and 8, respectively, of the
Appendices to this submission. The written report of Mr. Gorski with respect to GHG emissions
from the Project is found at Tab 4. The written report of Ms. McNeill and Ms. Lothian with
respect to reclamation liability and financial security options for the Project is found at Tab 7.
The evidence of Mr. Dyer is found at section H of this submission.
12.

In addition to Pembina’s in-house experts providing expert opinion evidence, Dr. Chris

Joseph, MRM PhD, will provide expert opinion testimony on behalf of OSEC, to speak to
matters set out in section E of this submission. Dr. Joseph’s curriculum vitae is appended at Tab
1. His expert report, which contains a Cost Benefit Analysis of the Project is appended at Tab 2.
REQUESTED DISPOSITION
13.

OSEC respectfully requests the Joint Review Panel (“Panel” or “JRP”) conclude that:
a)

if a cost-benefit analysis is applied by the Panel in assessing whether the Project is

in the public interest, it should be concluded the Project will not create economic benefits
and hence is not in the public interest;
b)

GHG emission costs add to the likelihood the Project will not prove economical

to Alberta and Canada hence approval of the Project is not in the public interest;
8
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c)

GHG emissions from the Project will be inconsistent with the steps Alberta and

Canada will need to take to meet Canada’s 2030 and 2050 targets for GHG emissions and
therefore the Project is not in the public interest;
d)

reclamation liabilities, the risk of reclamation failure and the risk the posting of

security to pay for reclamation is so uncertain as to further economically harm the people
of Alberta and Canada dictate that the Project is not in the public interest; and
e)

the risks to biodiversity posed by the Project and the failure of the Government of

Alberta to create a biodiversity management framework under the Lower Athabasca
Regional Plan dictate the Project is not in the public interest.
14.

In economic terms, externalities such as air pollution, water pollution, GHG emissions

and reclamation liabilities are or can be additional costs associated with initiating and sustaining
industrial development typically not fully borne by the industry. Environmental impact
assessments (“EIAs”) generally do not provide a sufficient base of information adequate to
support public-interest decision-making and negative externalities are excluded from the EIA
process. It is recognized that analytical rigour and completeness is key to EIAs, particularly in
the assessment of the costs associated with the environmental (and human health) aspects that
would result from the project going ahead. 1
15.

Lack of evaluation of the Project’s externalities impedes the ability to determine the

“public interest” question: Is the Project expected to provide a net positive contribution to the
welfare of society as a whole? Recent oil sands EIA final reports reviewed by the Royal Society
of Canada fell short of providing what others deem necessary to allow for an adequately
informed determination of whether a given project is in the public interest. 2

1

Pearce, D., G. Atkinson, and S. Mourato. 2006. Cost-Benefit Analysis and the Environment – Recent Developments. Paris:
Organisation for Economic Cooperation and Development (OECD); Pierre Gosselin, Steve E. Hrudey, M. Anne Naeth, André
Plourde, René T Errien, Glen Van Der Kraak, and Zhenghe Xu, 2010. The Royal Society of Canada Expert Panel: Environmental
and Health Impacts of Canada’s Oil Sands Industry. Online at: http://www.rsc.ca/documents/expert/
RSC%20report%20complete%20secured%209Mb.pdf.
2

Royal Society of Canada, Environmental and Health Impacts of Canada’s Oil sands Industry, (Ottawa: 2010)
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CONDITIONS REQUESTED
16.

In the event the Panel concludes the proposed Project is in the public interest, OSEC

seeks the imposition of the following conditions on an approval, as alternatives to a dismissal of
the application:
•

Teck must implement, as a minimum, all of the policies, practices, programs,

mitigation measures, recommendations and procedures for the protection of the
environment included or referred to in the Project Update (June 15, 2015) and
information request responses, or as otherwise committed to during the hearing
proceeding;
•

Prior to commencement of construction of the Project, Teck shall submit a GHG

management plan for the Project to the AER for approval which confirms the steps Teck
will take to ensure the Project is in the best performing quartile of oil sands producers
with respect to GHG emissions intensity. Best-in-class performance would require direct
and indirect GHG emissions of less than 28.9 kg CO2e/bbl in 2026. Further, the GHG
management plan must demonstrate how GHG emissions will be reduced by a further 50
percent between 2026 and 2050 consistent with the requirements of each sector according
to Canada’s mid-century GHG targets;
•

Teck shall not commence construction until the Oil Sands Emissions Limit Act

regulations have been enacted;
•

Teck shall not commence construction of the Project if the Government of

Alberta’s ten year forecast indicates cumulative oil sands GHG emissions will exceed 100
Mt CO2e/annum at any time in the first five years of that forecast;
•

Teck shall submit to the AER for approval a tailings management plan prepared

in compliance with AER Directive 085: Fluid Tailings Management for Oil Sands
Mining Projects at least two years prior to bitumen production;
•

Teck shall, prior to bitumen production, submit to the AER for approval a

comprehensive economic assessment of feasible active water treatment options that Teck
could implement to ensure water release from pit lakes will meet Alberta guidelines for
the protection of aquatic life;
10
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•

Teck shall, prior to commencing mining operations, submit to the AER for

approval a comprehensive economic assessment of terrestrial closure options for
landscapes containing fluid tailings which demonstrates how Teck will manage the risks
and uncertainties posed by the closure of fluid tailings sites;
•

Teck shall continue to meet its commitments with respect to fluid tailings and

reclamation regardless of any future regulatory changes that would reduce the regulatory
obligations with respect to fluid tailings treatment or reclamation;
•

Teck shall post security for closure, remediation and reclamation of the Project in

accordance with the full security option of the Mine Financial Security Program;
•

Teck shall have its estimates of closure, remediation and reclamation costs in each

annual report under the Mine Financial Security Program verified by an independent
third-party;
•

Teck shall not commence construction of the Project until such time as the

Province of Alberta has completed a Biodiversity Management Framework under the
Lower Athabasca Regional Plan;
•

Teck shall fully comply with the requirements of the Biodiversity Management

Framework;
•

Teck shall not commence construction of the Project until such time as an

approved range plan is completed by the Government of Alberta for the Red Earth
caribou range;
•

Teck shall fully comply with the requirements of the approved range plan for the

Red Earth caribou herd;
•

Prior to commencement of construction of the Project, Teck shall submit to the

AER for approval a plan for conservation offsets at a mitigation ratio of at least 4:1 to
ensure the Project impacts on biodiversity are fully mitigated and the Project will have no
net negative impact on biodiversity; and
•

All conditions set on the Project shall be binding on any subsequent operator(s) of

the Project.
11
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OSEC reserves the right to request additional conditions throughout the hearing and in final
submissions.
COST-BENEFIT ANALYSIS OF THE PROJECT
17.

This is the evidence of Dr. Chris Joseph. The curriculum vitae of Dr. Joseph is at Tab 1

of the Appendices to this Submission.
18.

By way of a brief introduction, Dr. Joseph earned his Doctorate in Resource Management

in 2013 from the School of Resource and Environmental Management of Simon Fraser
University. He is the Principal of Swift Creek Consulting in Squamish, B.C. Dr. Joseph has
consulted for private industry and governments as well as parties involved in the regulatory
process for industrial development projects, has instructed relevant courses at Simon Fraser
University, and has provided both written and oral expert opinion evidence in proceedings such
as the National Energy Board review of the Enbridge Northern Gateway Project and the
Minnesota Public Utilities Commission on the Enbridge Line 3 Replacement project, among
others.
19.

Dr. Joseph’s August 22, 2018 Expert Report Teck Frontier Mine: Review of Economic

Benefits and Cost-Benefit Analysis (the “Joseph Report”) is at Tab 2 of the Appendices to this
Submission, and Dr. Joseph adopts the Joseph Report as his evidence.
20.

The evidence contained in the Joseph Report, which will be highlighted in oral testimony

will tend to establish the findings in the following paragraphs 21 to 32. Alberta and Canadian
regulatory criteria emphasize project proposals need to demonstrate the project is in the public
interest, yet the information Teck presents in its environmental assessment (“EA”) application
does not provide an accurate or comprehensive answer to the question of whether the Project is
in the public interest.
21.

Teck states its economic benefit information shows the Project is a net benefit to society.

Teck used a method of benefits assessment well-known in the economics profession to be
deficient with respect to informing of net benefits. Teck used economic impact analysis based on
input-output modeling to assess a subset of economic effects linked to investment. This method
ignores constraints in the economy, such as limits to investment capital and the labour supply,
and ignores a range of economic effects, such as incremental government burdens and health
12
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costs of pollution. Teck provides much information on the expected adverse effects of the Project
in their EA application but does not synthesize this information with respect to the Project’s
public interest value.
22.

Given the Alberta and Canadian EA regulatory frameworks’ concern with whether a

project is in the public interest, including the Canadian Environmental Assessment Act, 2012’s
concern with whether a project’s significant adverse effects are “justified in the circumstances”
(s.31(1)(a)), it is prudent to adopt methods of impact assessment such as Cost-Benefit Analysis
(“CBA”) that directly explore and inform such questions. CBA is the primary method in
economics for assessing a project’s net benefits to society, and thus Dr. Joseph applied this
method to the Frontier project. 3
23.

CBA is the standard method of project evaluation used around the world to evaluate the

net benefits of major projects to society. The method first came into practical use in the 1930s in
the United States to address water resource management issues, and by the 1950s much of the
theoretical and practical foundation for CBA had been developed. Today, CBA figures
prominently in major project evaluations, regulatory impact assessments, and other policy
contexts in many countries including Canada, Australia, New Zealand, European Union
countries, the United States, Chile, and by the World Bank. CBA is not currently required for EA
in Canada or Alberta, though the method has been used in EAs in Canada on various occasions. 4
24.

CBA revolves around the notion the welfare of society is equal to the sum of the welfare

of all individuals. The objective of CBA is to identify how a project will affect peoples’ welfare
and to aggregate all these effects to indicate whether a project creates a net gain or loss in social
welfare. 5

3 Chris Joseph, Teck Frontier Mine: Review of Economic Benefits and Cost Benefit Analysis, (22 August 2018), Vol. I, Tab 2, of
Submission, at 3.
4

Ibid, at 10-11.

5

Ibid, at 11.
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25.

Dr. Joseph assessed the value of the Project to society and to private investors (Table ES-

1 in the Joseph Report). He focused his analysis on the following benefits and costs:

26.

•

revenues from oil production; 6

•

construction, operations, and reclamation costs; 7

•

potential employment benefits; 8

•

costs to government; 9

•

impacts on other commercial activities; 10

•

air pollution; 11

•

GHG emissions; 12

•

impacts on water resources; 13 and

•

impacts on ecosystem services. 14

Dr. Joseph’s analysis found under base case assumptions the Project will be a net loss to

society of $4.6 billion (net present value) and also a net loss to investors with an internal rate of
return of 7.8 per cent (Table ES-1). 15
27.

Dr. Joseph concluded little if any employment benefits should be expected from the

Project due to current and expected labour market conditions, and as such the Project has little if
any public interest value from the perspective of jobs. 16 Several adverse impacts are not captured

6

Ibid, at 14-17.

7

Ibid, at 17-20.

8

Ibid, at 20-22.

9

Ibid, at 23.

10

Ibid, at 23-24.

11

Ibid, at 24-28.

12

Ibid, at 28-31.

13

Ibid, at 31-33.

14

Ibid, at 33-36.

15

Ibid, at 38-39.

16

Ibid, at 21-22.
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in his CBA due to technical or philosophical reasons, suggesting his results overestimate the
Project’s value to society. 17
28.

There are numerous uncertainties in any modeling of a project’s future social and private

value, yet Dr. Joseph’s sensitivity analysis suggests the Project will be a net social loss under a
range of scenarios. He tested 17 different scenarios including scenarios in which oil prices,
environment damage costs, Project costs, discount rates and approaches, and labour market
assumptions were varied. Only four scenarios yielded a positive net social benefit: ignoring GHG
damages outside of Canada; the adoption of three per cent and eight per cent uniform discount
rates applied to all impacts; and the adoption of the International Energy Agency’s New Policies
oil price forecast. There are reasons to doubt the appropriateness and/or realism of these
scenarios given that: it is standard practice to consider the global damages of GHG emissions
and not just those occurring within a jurisdiction; a three per cent discount rate is not consistent
with private investor expectations; an eight per cent discount rate is not appropriate for long-term
environmental impacts; and the International Energy Agency’s oil price forecast is unlikely
given global climate change concerns, likely future carbon policy, and technological change. 18
29.

Regardless, from a private investor perspective, Dr. Joseph found the Project would be a

relatively poor investment earning only a 7.8 per cent internal rate of return under base case
conditions and would only provide a reasonable return in four of the 17 scenarios he tested. He
feels each of these four higher-return scenarios – in which there would be incremental
employment benefits, Project operational and capital costs would be low, or high oil prices
would be realized – are not likely. Thus, his findings support the conclusions of both the
National Energy Board and the International Energy Agency that new bitumen mines are
unlikely to be built. 19
30.

From a distributional standpoint, Dr. Joseph’s model suggests the Project is a gain only to

the Alberta and federal governments. For investors, the Project is a loss, and for citizens of
Alberta, Canada, and beyond, the Project is a loss due to environmental impacts. 20

17

Ibid, at 56.

18

Ibid, at 56.

19

Ibid.

20

Ibid, at 57.
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31.

While Aboriginal groups in the region may experience some employment benefits with

the Project, Dr. Joseph opines few economic benefits should be expected without concrete
commitments by Teck in the form of contractual obligations contained in an impact-benefit
agreement. Regardless, he expects the Project will affect Aboriginal groups through its
contribution to the cumulative effects of other development in the region, further compromising
not just the landscape and water but the cultural and social activities that depend on them. 21
32.

Dr. Joseph’s findings challenge Teck’s message of billions of dollars in benefits to

governments, businesses, workers, and households. His overall finding is the Project is not in the
public interest as it is likely to be a net loss to society and a poor private investment. Even if the
Project was developed, workers have at least equal opportunities elsewhere. These conclusions,
on top of the Project’s substantial environmental impacts, call into serious question whether this
Project is in the public interest.
GREENHOUSE GAS EMISSIONS OF THE PROJECT
33.

This is the evidence of Jan Gorski. Mr. Gorski’s curriculum vitae is at Tab 3 of the

Appendices to this submission.
34.

A brief summary of Mr. Gorski’s qualifications is as follows:
•

Bachelor’s degree in Aerospace Engineering and a Master’s degree in Mechanical

Engineering in experimental combustion research;
•

Contributor to the development of methane regulations across Canada;

•

Led domestic and international projects to measure emissions, conducted

emissions inventories, developed new emissions measurement systems, and assessed new
technologies to reduce emissions and other environmental impacts from upstream oil and
gas developments;
•

Field coordination, technical analysis, and report preparation for measurement of

fugitive emissions from tailings ponds, mines and other sources at Canadian oil sands
facilities; and

21

Ibid.
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•

Field measurement of GHG emissions from fired equipment in the upstream oil

and gas industry.
35.

Mr. Gorski’s report, Frontier Oil Sands Mine Project: Review of greenhouse gas

emissions and climate change commitments (“GHG Report”), is at Tab 4 of the Appendices, and
is adopted by Mr. Gorski as his evidence in this proceeding.

36.

Based on Teck’s estimates in the Project Update, the indirect GHG emissions resulting

from the Project are expected to total 11,183 t CO2e/day. Teck’s estimation of GHG emissions
from the Project excludes upstream emissions from the production of natural gas and diesel fuels
used on site, as well as GHG emissions resulting from land use changes related to the Project. 22
37.

Emissions from the upstream production of natural gas and diesel fuels used on site and

land use changes total 5,343 t CO2e/day, or an additional 48 percent above Teck’s GHG
emission estimate (Figure 1). 23

Figure 1. Teck Frontier direct and indirect upstream GHG emissions

22

Jan Gorski, Teck Frontier Mine: Review of greenhouse gas emissions and climate change commitments, (Edmonton: Pembina
Institute, 2018), Vol. I, Tab 4, at 2.
23

Ibid.
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38.

These indirect emissions should be considered when determining the climate impacts of

the Project, especially in relation to provincial and national GHG emission targets. 24

39.

Teck has estimated the GHG emission intensity for the Project to be 38.4 kg CO2e/bbl for

direct emissions and 40.4 kg CO2e/bbl for direct and indirect emissions. A comparison of this
emissions intensity against other oil sands mining projects using the paraffinic froth treatment
process indicates the Project will have a GHG emissions intensity that is 24 percent above the
best-in-class project. 25
40.

Further, the Project’s GHG emissions intensity will be 40 percent higher than the 2026

Carbon Competiveness Incentive Regulation limit of 28.9 kg CO2e/bbl which is based on the
performance of the top-quartile of bitumen mining operations. 26
41.

While the emissions intensity of the Project may be about average for oil sands mining

and extraction projects, it is unlikely to achieve the best-in-class standard. New oil sands projects
should be required to demonstrate that their GHG emissions intensity is at least as good as the
top quartile performers. Alberta and Canada will be unlikely to meet their GHG targets if sub-par
projects are allowed to proceed.

42.

Teck states it believes the Project emissions will not exceed the 100 Mt cap and that the

cap may not be reached at all depending on how the regulation is structured and how emitters
respond. Other sources predict the 100 Mt limit will be reached between 2024 and 2030 (Figure
2). Therefore, there is a risk the Project will have to fit its emissions under the cap either before
its start-up date or during its early operating years. 27

24

Ibid, at 3.

25

Ibid, at 4-5.

26

Ibid, at 5.

27

Ibid, at 7.
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Figure 2: Oil Sands GHG emissions forecasts
43.

While the structure of the regulation of the 100 Mt cap is not known at this time, the Oil

Sands Advisory Group recommended that once the 100 Mt cap is reached, facilities in the worst
two performing quartiles would be required to make emissions reductions. OSAG also
recommended the Minister of Energy or Minister of Environment and Parks should have the
authority to suspend the project approval of facilities that have not yet started construction if the
100 Mt limit is approached. These actions would be determined based on 10-year forecasts. If a
forecast indicates that oil sands emissions are expected to exceed the 100 Mt limit within five
years, this would trigger the actions stated above. 28
44.

However, Teck has not made any allowance for the cost of compliance within the 100 Mt

cap or the possibility of delay or suspension of the Project due to the limit. 29

28

Ibid, at 9

29

Ibid, at 10
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45.

Teck has calculated the cost of compliance with the former Specified Gas Emitters

Regulation (“SGER”) at $635 million over the life of the Project. This cost underestimates the
cost of compliance with the current Carbon Competitiveness Incentive Regulation (“CCIR”). 30
46.

Teck’s calculation of cost under the SGER assumes a carbon credit price of $30/tonne.

The Alberta Climate Leadership Plan anticipates the carbon fund credits rising to $50/tonne in
2022. 31
47.

OSEC has calculated the cost of compliance with the CCIR through the purchase of fund

credits at $1.9 billion over the life of the Project with a carbon price of $30/tonne, and $3.1
billion with a carbon price of $50/tonne. 32

48.

In 2015, Canada signed onto the Paris agreement, committing to a 30 percent reduction in

GHG emissions from 2005 levels by 2030. Although the oil sands 100 Mt limit forms a firm stop
for oil sands emissions growth, the Government of Canada’s own projections show both current
and planned policies are likely to leave the country 66 Mt short of its Paris target. 33
49.

Looking further into the future, Canada has set a mid-century GHG emissions target of

80 percent below 2005 levels, or a total national GHG emissions target of 150 Mt by 2050. It is
not in the realm of possibility the oil sands would be allowed to grow and account for more than
two-thirds of Canada’s GHG emissions in 2050 while all other sectors of the economy
decarbonize. 34
50.

Teck has not accounted for the fact that, in order to meet Canada’s mid-century GHG

targets, oil sands projects, including the Frontier Project, will be required to significantly reduce
their GHG emissions intensity or to curtail production.

30

Ibid, at 11.

31

Ibid.

32

Ibid.

33

Ibid, at 12.

34

Ibid, at 13.
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51.

The Project application fails to demonstrate how this will be in line with Canada’s mid-

century GHG targets, or to propose a plan to reduce GHG emissions by 50% in line with
Canada’s mid-century GHG targets.
52.

If the Project is approved, the federal government must demonstrate how the GHG

emissions from the Project will be offset by reductions in GHG emissions in other industrial
sectors in order to meet Canada’s 2030 and mid-century GHG emission targets.
RECLAMATION LIABILITIES OF THE PROJECT
53.

This is the evidence of Jodi McNeill and Nina Lothian. Ms. McNeill’s curriculum vitae is

at Tab 5 of the Appendices to this submission. Ms. Lothian’s curriculum vitae is at Tab 6 of the
Appendices.
54.

A brief summary Ms. McNeill’s qualifications is as follows:
•

Masters and undergraduate degrees in interdisciplinary programs focusing on the

intersections between sustainable development, geography, environmental science, public
policy, and resource management;
•

Published masters dissertation research focusing on contemporary public

engagement with regulatory processes for major Alberta oil sands projects;
•

Signatory and co-author of seven statements of concern regarding the Tailings

Management Plans (“TMPs”) submitted since November 2016 under Alberta's Directive
085: Fluid Tailings Management for Oil Sands Mining Projects;
•

Participant in Enhanced Review Process for the TMPs for the Suncor Base Plant

and Syncrude Aurora North oil sands mines;
•

Signatory and co-author of detailed review and comment on the AER's draft

conditions of approval for seven TMPs;
•

Primary representative of the Pembina Institute and the ENGO caucus at the

multi-stakeholder Stakeholder Interest Group concerning the Tailings Management
Framework, hosted by the Government of Alberta (2016-current);

21
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•

Primary representative of the Pembina Institute and the ENGO caucus at the

multi-stakeholder Integrated Water Management Working Group (“IWMWG”)
concerning the Tailings Management Framework, hosted by the Government of Alberta
(2016-2018);
•

Deputy representative of the Pembina Institute and the ENGO caucus at the multi-

stakeholder Mine Financial Security Program - Tailings Management Framework
(“MFSP-TMF”) Working Group, hosted by the Government of Alberta (2016-2018);
•

Primary representative of the Pembina Institute and the ENGO caucus at the

multi-stakeholder Technical Advisory Committee (“TAC”) for Tailings Regulatory
Management, hosted by the Alberta Energy Regulator (2015-16); and
•

Analysis quoted on the subjects of oil sands tailings and liability in media outlets

including the Globe and Mail, National Post, Calgary Herald, Canadian Press, and
Bloomberg. Op-eds on these subjects published by the Calgary Herald, iPolitics, and
THIS magazine.
55.

A brief summary of Ms. Lothian’s qualifications is as follows:
•

Professional engineer with an undergraduate degree in mining engineering;

•

Eight-and-a-half years’ experience working for an oil sands mining operation in a

variety of roles including mine planner, project engineer on a tailings relocation project,
project manager for mine projects, cost estimating team leader, and strategic planning
advisor; and
•

Since joining the Pembina Institute, collaborated with government, industry,

Indigenous organizations and other ENGOs on oil sands tailings management. This work
included: participation in the Government of Alberta Mine Financial Security Program
working group and Tailings Management Framework workshops, participation in the
Alberta Energy Regulator’s Enhanced Review Process of Suncor and Syncrude Tailings
Management Plans, review and submission of statements of concern for each of the seven
Tailings Management Plans submitted under Directive 085.
56.

Ms. McNeill’s and Ms. Lothian’s report, Frontier Oil Sands Mine Project: Review of

liability management and financial security options (“Liability Report”), is at Tab 7 of the
22
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Appendices, and is adopted by Ms. McNeill and Ms. Lothian as their evidence in this
proceeding.

57.

There is a high likelihood Teck has underestimated the requirements and costs of post-

closure monitoring and mitigation for the Project. Teck has proposed an adaptive management
approach that will require monitoring of deposit settlement, erosion, vegetation growth, and
water quality for decades – or potentially centuries – after the reclamation period ends in 2081.
Teck has not provided any detailed contingency plans delineating how it will manage changes to
timelines and costs due to poorer-than-anticipated performance of various closure landscape
features, real-world seepage patterns and cumulative substance concentrations which differ from
modeled projections, and/or any other unforeseen circumstances. 35
58.

Teck repeatedly cites its experience with mining reclamation across a variety of assets as

evidence of its ability to carry out closure and reclamation of the Project. While Teck's
reclamation experience is valuable, it is imperative to note reclamation in the oil sands mining
sector poses unique challenges relative to hard rock and coal mining operations. 36
59.

In the last fifty years of industrial-scale oil sands mining only 0.12 per cent of land

disturbed has been certified as reclaimed. The industry claims that 6.5 per cent of land has been
permanently reclaimed, but this land has not yet met regulatory requirements for certification.
Further, no oil sands operator has successfully reclaimed a fluid tailings site. Teck has failed to
account for the challenges of oil sands reclamation in its reclamation timelines and cost
estimates. 37

60.

Teck raises its diversified portfolio of operations as a means to ensure financial security

for the closure and reclamation of the Project. However, this brings into question the viability of
the Project as a stand alone enterprise. Despite requests to do so, Teck has not provided a
35 Jodi McNeill and Nina Lothian, Teck Frontier Mine: Review of liability management and financial security options,
(Edmonton: Pembina Institute, 2018) Vol. I, Tab 7, at 4-9
36

Ibid, at 9-10.

37

Ibid, at 10.
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comparison of closure liability to posted security or revenue over the life of the Project or
identified specific sources of funds for security. 38
61.

This information gap is highly relevant to the review of the Project because, while it is

reasonable to anticipate Teck may need to use cash flows from its other assets to provide
financial security for the Project at the outset, the Project itself must be able to provide security
over its life. If this is not possible, it raises serious concerns as to the economic viability of the
project. 39
62.

Further, reliance on other Teck assets to provide security for the closure and reclamation

of the Project assumes that:
a)

the other corporate entities continue to operate in a profitable manner;

b)

revenue from the other corporate entities is surplus to that needed to close and

reclaim those other properties; and
c)
63.

the Project is not sold to another operator with a less diverse portfolio of assets. 40

For these reasons, other assets in Teck’s corporate portfolio should not be considered by

the Panel in assessing Teck’s ability to meet its closure and reclamation obligations.

64.

Teck’s stated preference is for a liability management approach that follows the current

Mine Financial Security Program (“MFSP”). However, the MFSP as it exists today
fundamentally misrepresents the liability risk to the Crown incurred by oil sands mines and
improperly transfers significant public liability to future generations of Albertans. 41
65.

The MFSP underestimates the liabilities associated with an oil sands project. Further, the

MFSP’s reliance on undeveloped oil sands resources as assets is unfounded. If an existing

38

Ibid, at 12.

39

Ibid.

40

Ibid, at 13.

41

Ibid, at 14.
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operator is unable to complete extraction of their reserves for economic reasons, it is unlikely the
province or another operator will be able to do so viably either. 42
66.

Only a full security option under the MFSP, based on realistic third-party costs for

closure and reclamation, will protect the Alberta taxpayer from financial risks. Therefore, OSEC
recommends the full security option under the MFSP be set as a condition of approval of the
Project. 43
BIODIVERSITY IMPACTS OF THE PROJECT
67.

This is the evidence of Simon Dyer. Mr. Dyer’s curriculum vitae is at Tab 8 of the

Appendices to this submission.
68.

A brief summary of Mr. Dyer’s qualifications is as follows:
•

Masters and undergraduate degrees in natural sciences, specialization in Zoology

(University of Cambridge) and Environmental Biology and Ecology (University of
Alberta);
•

Published masters dissertation research focusing on impact of industrial

developments on movement and distribution of woodland caribou;
•

Member of the Sustainable Ecosystems Working Group of the Cumulative

Environmental Management Association that developed the Terrestrial Ecosystem
Management Framework that informed the Lower Athabasca Regional Plan (2005-2008);
•

Appointed to the Oil Sands Advisory Group by Minister of Environment and

Parks (2016-2018);
•

Author of over 40 publications on environmental impacts of energy development

from 2006 to 2018;
•

In 2013, Mr. Dyer was awarded the Queen Elizabeth II Diamond Jubilee Medal

for his work to support environmentally responsible energy development in Alberta and
Canada;

42

Ibid, at x16

43

Ibid, at 18.
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•

Board member of the Alberta Biodiversity Monitoring Institute since 2007, and

Vice chair from 2016 – present; and
•
69.

Registered Professional Biologist from 2000 – present.

In OSEC’s original statement of concern, submitted on June 4, 2012, OSEC argued the

Project should not proceed until thresholds had been established to manage cumulative effects
under the Lower Athabasca Regional Plan (“LARP”). 44 While LARP was released in August
2012, biodiversity management frameworks have not been completed which precludes
responsible decision-making under a cumulative effects management approach.
70.

The Regional Sustainable Development Strategy (“RSDS”) was released in 1999. It

promised biodiversity objectives for management of the oil sands would be completed in two
years. 45 OSEC member organizations participated in good faith for many years to help the
government advance this work as a member of CEMA and through participation in land use
planning processes.
71.

Nineteen years later, Alberta and Canada are no closer to managing the cumulative

impacts of projects in the oil sands for biodiversity or setting objectives for acceptable impacts
on biodiversity values.
72.

The Project has similar impacts and commits to similar inadequate mitigation of impacts

to biodiversity as the Shell Jackpine Expansion project. Teck suggests that it may consider
conservation offsets to mitigate impacts but makes no commitment to do so. The Joint Review
Panel, in its decision report for the Shell Jackpine Expansion project concluded that:
(9) The Panel finds that the Project would likely have significant adverse
environmental effects on wetlands, traditional plant potential areas, wetlandreliant species at risk, migratory birds that are wetland-reliant or species at risk,
and biodiversity. There is also a lack of proposed mitigation measures that have
been proven to be effective. The Panel also concludes that the Project, in
combination with other existing, approved, and planned projects, would likely
have significant adverse cumulative environmental effects on wetlands;
traditional plant potential areas; old-growth forests; wetland-reliant species at
risk and migratory birds; old-growth forest reliant species at risk and migratory
44

Oil Sands Environmental Coalition, Statement of Concern re Teck Resources Limited Frontier Oil Sands Mine Project (4 June
2012) at 5.
45

Alberta Environment, Regional Sustainable Development Strategy for the Athabasca Oil Sands Area, (Edmonton: 1999) at 23.

26

0029
OIL SANDS ENVIRONMENTAL COALITION SUBMISSION
TECK RESOURCES LIMITED FRONTIER OIL SANDS MINE – August 31, 2018

birds; caribou; biodiversity; and Aboriginal traditional land use (TLU), rights,
and culture. Further, there is a lack of proposed mitigation measures that have
proven to be effective with respect to identified significant adverse cumulative
environmental effects.
(14) The Panel also believes that the Lower Athabasca Regional Plan (LARP),
although still a work in progress, is an appropriate mechanism for identifying and
managing regional cumulative effects, including the proposed biodiversity
management framework and new Alberta wetlands policy (both in development).
The LARP is an excellent and important framework for beginning to introduce a
more integrated regional approach, and the Panel strongly encourages Alberta to
continue to implement this regional plan. It is critical that the frameworks, plans,
and thresholds identified in the LARP be put in place as quickly as possible.
Future project reviews will benefit greatly from the completion of this regional
approach.
(31) …Although the Panel recognizes that LARP and other regulations and
policies of the government of Alberta do not currently mandate the use of
conservation offsets in the oil sands region, given that there are few options
available for avoiding or minimizing the adverse effects of large surface mines,
the Panel believes that the use of conservation offsets may be necessary. 46
73.

All these findings apply, and are more urgent with respect to the proposed Teck Frontier

project. The biodiversity management framework must be in place and Teck must commit to
conservation offsets before the Project proceeds.
74.

The LARP stated:
A new biodiversity management framework for the Lower Athabasca Region on public
land in the Green Area and provincial parks will bring context to these efforts [to protect
and manage biodiversity] at the regional level. The framework will be developed by the
end of 2013 and will:
•

Set targets for selected biodiversity indicators (vegetation, aquatic and wildlife); and

•

Address caribou habitat needs in alignment with provincial caribou policy. 47

46

Joint Review Panel for the Jackpine Mine Expansion Project, Report of the Joint Review Panel, Shell Canada Energy Jackpine
Mine Expansion Project, 2013 ABAER 011, at paras 9, 14, 31.
47

Government of Alberta, Lower Athabasca Regional Plan, 2012-2022 (Edmonton: 2012), at 28.
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75.

Alberta has not completed Biodiversity Management Frameworks contrary to the

requirement in LARP. As such it is not possible for the Panel to responsibly determine if the
Project has acceptable impacts on biodiversity. This continued failure represents 19 years of
delay and obfuscation on this issue.
76.

Woodland caribou from the Red Earth range have been documented using the proposed

Project site. Alberta was required to have completed range plans for Woodland Caribou by
October 2017, five years after the release of the Recovery Strategy for Woodland Caribou. 48 A
range plan for the Red Earth herd that meets the 65 per cent undisturbed habitat threshold
required by the federal Species at Risk Act has not been completed.
77.

It is not acceptable Alberta continues to miss legal deadlines to protect caribou and ignore

the direction of previous panels that management frameworks for biodiversity are implemented.
As such, OSEC makes the following recommendations with respect to biodiversity and caribou:
(a)

OSEC recommends the Project be rejected, or approval is conditional on Alberta

completing the LARP Biodiversity Management Frameworks and Red Earth caribou range
plan;
(b)

OSEC recommends the Panel, in strongest possible terms, sanction Alberta for its

failure to implement biodiversity and caribou management frameworks and plans, which
are necessary to support responsible decision-making; and
(c)

OSEC recommends if the Project is recommended for approval, the Panel include

conditions that, at a minimum require there is a no net impact on biodiversity through a
mandatory requirement for conservation offset actions, at a mitigation ratio of at least 4:1,
to ensure Project impacts are fully mitigated.
CONCLUSIONS
78.

In summary, OSEC submits the Project is not in the public interest and should not be

approved.

48

Environment Canada, Recovery Strategy for the Woodland Caribou (Rangifer tarandus caribou), Boreal population, in
Canada (Ottawa: 2012) at 38-39.
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79.

On a cost-benefit analysis, the Project is a net loss to Albertans and Canadians when

environmental costs are considered. The costs of GHG emissions, when internalized, render the
Project uneconomic. Further, the GHG emissions from the Project are inconsistent with the
significant GHG emission reductions that are required for Canada to meet its 2030 and 2050
GHG emission targets.
80.

Teck’s closure and reclamation plans call for monitoring and possible mitigation

measures for decades and possibly centuries beyond the end of mine life. These monitoring and
mitigation costs are not accurately represented in the costs of the Project. Further, Teck’s
planned reliance on the Mine Financial Security Program leaves Albertans at risk for reclamation
liabilities.
81.

Alberta’s ongoing failure to produce a Biodiversity Management Framework under the

Lower Athabasca Regional Plan and failure to produce a range plan for the Red Earth caribou
range, leaves caribou and other species unprotected from Project development.
82.

In terms of cumulative impacts, the Panel does not have adequate evidence to

demonstrate the cumulative impacts from the Project are sustainable or acceptable. OSEC urges
the Panel to find the Project has significant adverse environmental impacts, to recommend those
impacts are not justified in the circumstances, and to recommend against approval of the Project.
ALL OF WHICH IS RESPECTFULLY SUBMITTED this 31st Day of August, 2018
<Original signed by>

___________________________
Kurt Stilwell
Barrister and Solicitor
Counsel for Oil Sands Environmental Coalition

Barry Robinson
Barrister and Solicitor
Counsel for Oil Sands Environmental Coalition
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LIST OF APPENDICES

TAB

DOCUMENT

Vol. I

APPENDICES TO WRITTEN SUBMISSION

1

Curriculum vitae of Dr. Chris Joseph

2

Report of Dr. Chris Joseph: Teck Frontier Mine: Review of Economic Benefits
and Cost-Benefit Analysis

3

Curriculum vitae of Jan Gorski

4

Report of Jan Gorski: Frontier Oil Sands Mine Project: Review of greenhouse
gas emissions

5

Curriculum vitae of Jodi McNeill

6

Curriculum vitae of Nina Lothian

7

Report of Jodi McNeill and Nina Lothian: Frontier Oil Sands Mine Project:
Review of liability management and financial security options

8

Curriculum vitae of Simon Dyer

Vol. II

SELECTED REFERENCES

A

Selected References from Frontier Oil Sands Mine Project: Review of
greenhouse gas emissions and climate change commitments

1

Environment and Climate Change Canada, National Inventory Report 1990-2016:
Greenhouse Gas Sources and Sinks in Canada, (Ottawa: 2018)

2

Government of Alberta, “Standard for Establishing and Assigning Benchmarks
V2.1 Carbon Competitiveness Incentive Regulation,” (Edmonton: June 2018)

3

Government of Alberta, “Total Oil Sands Production”, accessed online at:
http://osip.alberta.ca/library/Dataset/Details/46
30

0033
OIL SANDS ENVIRONMENTAL COALITION SUBMISSION
TECK RESOURCES LIMITED FRONTIER OIL SANDS MINE – August 31, 2018

4

Government of Alberta, “Capping oil sands emissions,” accessed online at:
https://www.alberta.ca/climate-oilsands-emissions.aspx (15 August 2018)

5

Excerpt from J. David Hughes, Canada’s Energy Outlook: Current Realities and
Implications for a Carbon-Constrained Future, (Vancouver: Canadian Centre for
Policy Alternatives, 2018)

6

Dinara Millington, Canadian Oil Sands Supply Costs and Development Projects
(2018-2038), Study No. 170 (Calgary: Canadian Energy Research Institute, 2018)

7

Experience Nduagu, Economic Potentials and Efficiencies of Oil Sands
Operations: Processes and Technologies, Study No. 164 (Calgary: Canadian
Energy Research Institute, 2017)

8

Oil Sands Advisory Group, “Recommendations on Implementation of the Oil
Sands Emissions Limit Established by the Alberta Climate Leadership Plan
(“ACLP”)”, (Edmonton: May 8, 2017)

9

Environment and Climate Change Canada, Technical Paper on the Federal
Carbon Pricing Backstop, (Gatineau: 2017)

10

Environment and Climate Change Canada, Canada’s Mid-Century Long-Term
Low-Greenhouse Gas Development Strategy, (Gatineau: 2016)

11

Environment and Climate Change Canada, Canada’s Seventh National
Communication on Climate Change and Third Biennial Report, (Gatineau: 2017)

12

Environment and Climate Change Canada, Progress towards Canada’s
greenhouse gas emissions reduction target, (Gatineau: 2018)

13

Sonia Yeh et al, “Land Use Greenhouse Gas Emissions from Conventional Oil
Production and Oil Sands,” (2010) 44 Enviro. Sci. Tech

14

Statistics Canada, Report on Energy Supply and Demand in Canada, 2016
Preliminary (Ottawa, 2018)

B

Selected references from Frontier Oil Sands Mine Project: Review of liability
management and financial security options

15

Dalmia, Avinash, “Analysis of naphthenic acids in filtered oil sands process water
(OSPW) using LC/TOF with no sample preparation” (2013) Perkin Elmer:
Application Note
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16

Grewer DM et al., “Naphthenic acids and other acid-extractables in water samples
from Alberta: What is being measured?” (2010) Science of the Total
Environment. doi:10.1016/j.scitotenv.2010.08.013

17

Alberta Environment and Parks, Oil Sands Information Portal, “Regional Totals
for Reclamation and Disturbance Tracking, by Year” (2016), online at
http://osip.alberta.ca/library/Dataset/Details/27

18

Auditor General of British Columbia, An Audit of Compliance and Enforcement
of the Mining Sector, (Victoria: 2016)

19

Auditor General of Alberta, Report of the Auditor General of Alberta, (Edmonton:
July 2015)

20

Alberta Energy Regulator, “Mine Financial Security Program – Security and
Liability”, (Calgary: September 2017)

21

Branko Bošković and Andrew Leach, “Leave It in the Ground? Incorporating the
Social Cost of Carbon into Oil Sands Development”, (2017) University of Alberta
School of Business Research Paper No. 2920341.

22

Excerpt from Canada’s Ecofiscal Commission, Responsible Risk: How putting a
price on environmental risk makes disasters less likely, (Ottawa: 2018).

C

Selected references from submissions of Simon Dyer

23

Alberta Environment, Regional Sustainable Development Strategy for the
Athabasca Oil Sands Area, (Edmonton: 1999)

24

Joint Review Panel for the Jackpine Mine Expansion Project, Report of the Joint
Review Panel, Shell Canada Energy Jackpine Mine Expansion Project, 2013
ABAER 011

25

Government of Alberta, Lower Athabasca Regional Plan, 2012-2022 (Edmonton:
2012)

26

Environment Canada, Recovery Strategy for the Woodland Caribou (Rangifer
tarandus caribou), Boreal population, in Canada (Ottawa: 2012)
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Chris Joseph MRM, PhD
<contact information removed>
<contact information removed>

www.swiftc

re

ekco nsu lti n g. co m

Expertise and Skillsets

-

-

environmental assessment including the assessment of economic impacts, the impacts of energy
development, and the theory of environmental assessment and cumulative effects
environmental and ecological economics, including cost-benefit analysis and non-market
valuation

-

megaproject development and their valuation
collaborative planning, multi-stakeholder engagement, and facilitation
policy evaluation and policy implementation
literature synthesis and surveying/questionnaires
structureddecision-making
project management and group leadership
instruction and communications

Education
PhD (Resource Management),2005 - 2013
School of Resource and Environmental Management. Simon Fraser University
"Megaproject Review in the Megaprogram Context: Examining Alberta Bitumen Development"
Recipient of several scholarships and awards, including Canada Graduate Scholarship - Doctoral (SSHRC)
2006-2009

Masters of Resource Management,2OO2 - 2OO4
School of Resource and Environmental Management. Simon Fraser University
"Evaluation of the B.C. Strategic Land-Use Plan Implementation Framework"
Bachelor of Science (Honours with Distinction; Geography), 1993 - 1998
University of Victoria
"The Impact of Rock Climbing on the Soils and Vegetation at the Base of Cliffs within Greater Victoria,
British Columbia"

Professiona I Affi I iations
International Association of Impact Assessment
International Association of Impact Assessment

-

Western and Northern Canada

Past membership with the Association of Professional Economists of BC International Association
Energy Economics, the Planning Institute of BC Canadian Institute of Planners, and Connecting
En

vi ro n m e n ta / Pro fess i o n a ls

Summa ry of Professional Experience

2016 - present
Principal, Swift Creek Consulting, Squamish,

BC

- 2018
Senior Socio-economic Specialist, SNC Lavalin, Vancouver
2016
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- 2017
Sessional Instructor and Teaching Assistant, SFU, Burnaby BC
Courses: REM 321 Ecological Economics, REM 356 Resource Management Institutions, GEOG 389 Political

2003

Ecologl4 HSCI845 Occupational and Environmental Health
2010 - 2016
Associate, Compass Resource Management, Vancouver BC
2000 - Present
Owner, Chris Joseph Photography, Squamish BC
Photography and writing published in national and international publications, websites, and catalogues
including Globe and Mail, Patagonia, Explore, Climbing, BC Paraplegic Association, Canada Science and
Technology Museum, British Columbia Magazine, Mountain Equipment Co-op, Readers Digest Ski
Canada, Pique, Vancouver Sun, Westworld (BCAA), and National Post
2003 - 2013
Researcher, Sustainable Planning Research Group, SFU, Burnaby BC
2005

-

2009

Independent Consultant, Vancouver

BC

- 2006
Research Associate, MKJaccard & Associates, Canadian Industrial Energy End-Use Data and Analysis
Centre, Vancouver BC

2005

2004 - 2005
Assistant, Melting Mountains Awareness Program (David Suzuki Foundation / Alpine Club of Canada
Environment Canada), Vancouver BC
2000

-

/

2001

Project Supervisor, Outland Reforestation, Toronto

/ Thunder

Bay ON

Past Assignments
West Moberly First Nations: Impacts of a Suspension of the Site C Project on Construction Workers
and Municipalities. Wrote expert testimony to inform the court with respect to an application for
injunction with regards to how suspension of the project may affect current construction workers and
municipalities in the region. (May 2018)

Indian and Northern Affairs Canada: Technical Review of Socio-economic Impact Assessment of the
proposed Hope Bay Phase 2 Mine. Team lead of SNC Lavalin's technical review of socio-economic
material in the final environmental impact statement of TMAC Resources' proposed Hope Bay Phase 2
mine in Nunavut. Review included reviewing regulatory and proponent documentation and advising INAC
on appropriate responses. (Winter and Spring 2018)
BC Parks: Development

of Living Labs climate change research framework. Developed a funding

framework for climate change research in BC parks and protected areas. Work included developing a
database of recent climate change research in BC Parks through literature review and survey, a database
of potential research and funding partners, and facilitating sessions at a meeting with BC government
staff. Oversaw two subcontractors in this work. (Fall 2017-Spring 2018)
BC MFTNRO: Socio-economic

profiles and scenario development

-

Caribou Range Planning in NE

BC. Subcontracted to Green Analytics. Developed scenarios of forestry and gas development, and
provided strategic advice. (Spring 2018)
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Alberta Environment and Parks: Advice on Improved Integration of Project-level Environmental
lmpact Assessment and Regional Cumulative Effects Management. Reviewed existing linkages
between project-level EIA in the South Athabasca Oil Sands area with regional cumulative effects
management, including through expert interviews. Provided recommendations to improve the
contribution of project-level EIA to regional cumulative effects management. (Fall 2017 - Spring 2018)
Environmental Law and Policy Center (USA): Assessment of the need for the Enbridge Line 3
Replacement Program. Provided written and in-person expert testimony of the need for the Enbridge
L3R project, including an assessment of supply and demand of oil transport capacity, costs to Minnesota,
and economic benefits of the project. (Fall 2017)

Centremount Coal: Socio-economic lead for SNC Lavalin's environmental assessment of the
proposed Bingay coal mine. Scoping, baseline, and impact assessment studies of potential social,
economic, and community health effects of the proposed Bingay coal mine in south-east BC. (2016-2018)

Pacific Future Energy: Socio-economic lead for SNC Lavalin's environmental assessment of the
proposed Pacific Future Energy green refinery. Scoping and baseline studies of potential social,
economic, and community health effects of the proposed green refinery in north-west BC. Advising to
proponent on Aboriginal engagement, and engagement with Kitselas First Nation representatives. (20162017)

Gitga'at First Nation: Environmental assessment advisor. Since 20'l 3, on an as-needed basis, provided
advice to the Gitga'at First Nation regarding EA applications and processes, generally pertaining to socioeconomic topics. Assignments included critiquing proponent EA applications, preparing Information
Request submissions to EA bodies, and examining issues in EA application content and methodology with
proponent consulta nts. (201 3 -2017)
Ng Ariss Fong: Assessment of the economic impacts of the Nathan E. Stewart tug spill on the
Heiltsuk First Nation. Supported First Nation's legal claim against shipping company by gathering
quantitative data, interviewing community representatives and members regarding traditional and
commercial harvests, and estimating monetary impact of spill on Heiltsuk harvests. (2016)
Stk'emlupsemc te Secwepemc First Nation: Economic Review of Ajax Mine. Critiqued environmental
assessment application of the KGHM Ajax mine project in Kamloops, BC with respect to economic impacts

and value of the project. Conducted a multiple-accounts cost-benefit analysis of the project.ldentified
potential additional mitigation measures. Testified to the Nation's environmental assessment review
panel. (2016)

International Pacific Halibut Commission: Facilitation of Management Strategy Evaluation
workshops and design of outreach strategy. Over 2015 and 2016 designed and facilitated meetings for
Management Strategy Advisory Board in support of their management strategy evaluation (a
collaborative analysis of optimal fishery management actions). Also supervised the development of an
outreach strategy for the board. (2015-2016)

Hemmera / Yukon Energy: Stakeholder engagement, meeting facilitation, and options assessment
pertaining to the mitigation of impacts of the Southern lakes Storage Enhancement Concept.
Designed and facilitated two rounds of engagement with stakeholders regarding their preferences for
erosion mitigation, including small and large group meetings. Conducted options assessment with
engineering team (NHC) and explored options collaboratively with stakeholders. (2015)

Tsawout First Nation, Upper Nicola Band, Living Oceans Society: Public Interest Evaluation of the
Kinder Morgan Trans Mountain Expansion Project. Contributing editor. Deliverable included an
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evaluation of Kinder Morgan's economic impact assessment of their proposed Trans Mountain Expansion
Project and a cost-benefit analysis of the project. (2015)

Instream Fisheries Research: Facilitation of Gates Creek Sockeye Workshop. Designed and facilitated
workshop focused on bringing together the variety of scientists and Aboriginal knowledge-holders,
finding research gaps, and identifying steps forward with respect to information gathering, collaboration,
and support of management. (2015)
Gitga'at First Nation: Impact Assessment of Prince Rupert LNG Projects. Led a two-person team and
was the lead analyst in screening-level analyses of potential socio-economic impacts of three LNG
projects (Prince Rupert LNG, Aurora LNG, Pacific Northwest LNG) and a detailed economic impact
assessment of the Kitimat LNG project. Examined issues including: economic opportunities including jobs

and contracts, access to goods and services, housing, human resources in remote communities, social
cohesion, commercial fishing, tourism, carbon offsets, and economic development. Also supervised the
writing of a baseline data report to help proponents fill their data gaps. (2014)

Metlakatla First Nation: Assessment of potential impacts of ING development. Led a six-person
team including subcontractor, and was lead analyst, examining the potential impacts of the Pacific
Northwest LNG, Prince Rupert LNG, Westcoast Connector LNG pipeline, and Prince Rupert Gas
Transmission LNG pipeline projects). Identified seven valued components through document review,
interviews, and community workshop. Topic matter covered the economic, health, heritage, and social
pillars. Developed baselines and gathered data for proponents. Developed a spreadsheet-based database
and model to examine cumulative effects. Assessed the effects of projects in the context of cumulative
effects of other development and stresses. Conducted a final workshop with community representatives
to validate draft results. Researched mitigation opportunities. Developed a plain language summary for
client in addition to detailed report. (2013-2014)

Gitga'at First Nation: Assessment of the potential economic impacts of LNG Canada project. Led a
three-person team, and was the lead analyst. Identified six economic valued components through
document review and interviews. Developed baselines. Developed a spreadsheet-based database and
model to examine cumulative effects. Assessed the effects of projects in the context of cumulative effects
of other development and stresses. Researched mitigation opportunities. Conducted a workshop with
community representatives to validate draft results. (2013-2014)
Canadian Oil Sands Innovation Alliance: Structuring and gathering thinking on innovations in oil
sands mine reclamation. Worked with two other firms on a multiple component project that gathered
knowledge across oil sands mining companies on how to reclaim watersheds and to identify research
priorities. (2013)

of Forests, Lands, and Natural Resources Operations: Recommendations for a
Provincial Trails Advisory Body. Led a two-person team researching alternative governance models
across Canada for recreational trails advisory bodies. Used a structured approach to identify key desired
design elements, alternative governance structures, evaluate alternative models, and make
recommendations for the BC trails context. (2013)
BC Ministry

Marine Planning Partnership: Socio-economic data and editing. Supported MaPP planning team by
gathering data on socio-economics including commercial fisheries and sport fishing along the BC coast
and editing relevant sections of MaPP plans. (2013)
Environment Canada: Guidance on the valuation of ecosystem services for use in environmental
assessment decision-making. Reviewed literature to identify existing gaps in the practice of
environmental valuation in the environmental assessment context. Advised on the design of an expert
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workshop used to gather guidance on key issues in environmental valuation. Facilitated major portions of
the workshop. Wrote guidance for Environment Canada to improve their in-house economic valuations of
environ mental i mpacts. (201 2-2013)

Port Metro Vancouver: Facilitation of Technical Advisory Group in Support of Pre-EA Work for
Marine Terminal Expansion at Roberts Bank. Co-designed a multi-meeting, multi-month process to
engage technical experts to gather advice for Port Metro Vancouver (PMV) and their consultants to
improve their baseline studies and environmental assessment methods for the proposed Terminal 2
project. Facilitated meetings over Fall 2012 and Winter/Sprin g 2013 in support of process, and worked
with PMV consultants to refine issues and enhance their ability to engage with the technical experts. Lead
facilitator for the Coastal Geomorphology technical advisory group (one of four such groups convened as
part of this contract). (2012-2013)

Gitga'at First Nation: Assessment of the potential economic impacts of the Enbridge Northern
Gateway Project. Assessed the potential economic impacts of the Enbridge Northern Gateway pipeline
and tanker project on the Gitga'at Nation and examined broader issues such as how to incorporate risk
information into decision-making. Critiqued the proponent's application, established baseline data,
conducted original impact assessment work, and wrote evidence that was submitted to the Joint Review
Panel examining the project. Testified to the Panel in April 2013. (201 1-2013)
BC Environmental Assessment Office: Refinement of Impact Assessment Methodology. Co-wrote
discussion paper for the BC EAO making suggestions with respect to how the BC government might
modifythe existing environmental assessment process in orderto strengthen the process, particularly
with respect to cumulative effects assessment. This work involved identifying key outstanding issues,
interviewing experts, and writing policy guidance. (2012)

Cumulative Environmental Management Association: Support for a structured decision-making
process to identify solutions to linear footprint management issues in the oil sands. Developed
objectives and measurement criteria, and led workshop discussion on these topics, for work on the linear

footprint management plan for the Stony Mountain 800 Area south of Fort McMurray. The objective of
this project was to identify recommendations for government to address multiple uses of the area,
including SAGD, forestry, trapping, and recreation. (2012)
City of Merritt: Water planning and conservation. Researched water conservation tools in support of
recommendations to the City of Merritt for their new water plan, including interviewing of water experts in
municipalities across BC and ranking of water conservation tools used across BC. Analyzed the City of
Merritt's water use data. (201 1)

Department of Fisheries and Oceans: Facilitation of SARA consultations for species recovery.
Developed consultation strategies with DFO and facilitated two evening open-house meetings and five
day workshops for stakeholder consultations required under the Species at Risk Act for the Salish Sucker,
Nooksack Dace, Cultus Pygmy Sculpin, and Rocky Mountain Ridged Mussel. (2010-2011)

Haida First Nation: Evaluation of environmental and economic impacts of proposed NaiKun
offshore wind project. Provided a third-party review of BC, federal, and consultant environmental
assessments of the project in terms of gaps in data and logic, identified potential significant impacts, and
advised on financial viability of the project. (2011)

Tides Foundation: Benefits of Marine Planning: An Assessment of Economic and Environmental
Values. Reviewed the social and economic context for marine development on the BC coast and
examined the benefits of marine planning with respect to environmental protection, economic
development, and social capital. This research was also published in the journal Environments. (2009)
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Department of Fisheries and Oceans: Review of potential impacts of renewable ocean energy
development in BC. Reviewed the potential social and economic impacts of renewable ocean energy
'development in BC. Examined the potential for renewable ocean energy development (tidal, wave, and
wind) on the BC coast, reviewed current levels of development, reviewed the socio-economic context of
the BC coast, and explored how such development might affect employment, existing industries (e.g., air
travel, aquaculture, forestry, and marine navigation), energy supply in rural areas, recreation, rural
demographics, traditional activities, and other values. (2008)
Coastal First Nations: Review of environmental and socio-economic impacts of port development
and shipping on B€ North Coast. Reviewed the potential impacts of port expansion and shipping
(including tankers) on the BC North Coast. Characterized the significance of potential impacts and
reviewed potential mitigation measures, including Impact Benefit Agreements. (2008)
David Suzuki Foundation: Toward a National Sustainable Development Strategy in Canada.
Researched and contributing writer of an examination of the legal and policy framework for sustainability
planning across jurisdictions in Europe, Japan, the US, and Canada. Identified components across
jurisdictions that facilitate a jurisdiction's ability to plan for and achieve greater sustainability. Report
proposed a draft federal law which in 2008 was adopted by Parliament (Federal Sustainable Development
Act). (2007)

Natural Resources Canada: National Circumstances Affecting Canada's Greenhouse Gas Emissions.
Contributed to a quantitative study of factors shaping Canada's GHG emission patterns. Conducted
analysis of emission patterns and contributing factors to emissions of Canada's residential housing,
transportation, and wood processing sectors. This research was also published in the Energy Journal.
(2005)

National Round Table on the Environment and the Economy: Canada's Energy and Greenhouse Gas
Context. Contributed to a study on the linkages between Canada's energy sources and economy,
international comparisons, and policy options for reducing GHG emissions. (2005)
Coastal First Nations: Review of offshore oil and gas development in BC. Literature review of the
legal, environmental and socio-economic issues of offshore oil and gas development in BC and evaluation
of the relevant planning process. Highlighted issues relevant to strategic and project-level decisionmaking. (2004)

Peer-Reviewed Publications
Joseph, C., T. Gunton, and M. Rutherford. 2017. A Method for Evaluating Environmental Assessment
Systems. Journal of Environmental Assessment and Policy 19(3): 33 pp.
Joseph, C.,T.Zeeg, D. Angus, A. Usborne, and E. Mutrie.2017. Use of Significance Thresholds to Integrate
Cumulative Effects into Project-level Socio-economic Impact Assessment in Canada. Environmental Impact
Assessment Review (67): 1 -9.
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Executive Summary
Teck Resources Limited (Teck) proposes to build a new bitumen mine north of Fort
McMurray called Frontier. Teck provides its estimate of economic benefits of the Project,
as well as its predictions of the potential adverse effects of the Project, in its
environmental assessment application and subsequent submissions. I was hired by the
Athabasca-Chipewyan First Nation and the Oil Sands Environmental Coalition to review
Teck’s economic benefit information and conduct my own study of the economics of the
Project.
Alberta and Canadian regulatory criteria emphasize that project proposals need to
demonstrate that they are in the public interest. The information that Teck presents in
its environmental assessment application does not accurately or comprehensively
address this requirement.
Despite Teck’s statements that their economic benefit information shows that the
Project is a net benefit to society, Teck used a method of benefits assessment that is
well-known in the economics profession to be deficient with respect to informing of net
benefits. Teck used economic impact analysis based on input-output modeling to assess
a subset of economic effects linked to its investment. This method ignores constraints in
the economy, such as limits to investment capital and labour supply, and ignores a
range of economic effects, such as incremental government burdens and the health
costs of pollution. Teck provides information on the expected adverse effects of the
Project in their environmental assessment application but does not synthesize this
information with economic benefits information to inform of the Project’s public interest
value.
Using the standard method around the world for the evaluation of projects – costbenefit analysis – I examined the Project in terms of the following benefits and costs:
 revenues from oil production;
 construction, operations, and reclamation costs;
 potential employment benefits;
 costs to government;
 impacts on other commercial activities;
 air pollution;
 greenhouse gas emissions;
 impacts on water resources; and
 impacts on ecosystem services.
I concluded that under base case assumptions the Project will be a net loss to society of
$4.6 billion (net present value) and earn only an internal rate of return of 7.8%,
suggesting that the Project is not in the public interest and not a good prospect for
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investors (Table ES-1). I also found that little to no employment benefits should be
expected from the project due to current and expected labour market conditions, and as
such the Project has little if any public interest value from the perspective of jobs.
Furthermore, while my cost-benefit analysis does incorporate a variety of environmental
impacts, there are several adverse impacts not captured in my analysis results due to
technical or philosophical reasons, suggesting that my results overestimate the Project’s
value to society.
Table ES-1. Key results of base case.

Indicator
Net Present Value
Private Internal Rate of Return

Result
$4.6 billion net loss
7.8%

There are numerous uncertainties in any modeling of a Project’s future value, yet my
sensitivity analysis suggests that the Project will be a net loss to society under a range of
scenarios. I tested different oil price scenarios, environmental damage cost scenarios,
Project cost scenarios, discounting scenarios, and the possibility of employment
benefits. Only four scenarios yield a positive net benefit to society: ignoring greenhouse
gas damages outside of Canada, the adoption of 3% and 8% uniform discount rates
applied to all impacts, and adoption of the high oil prices assumed in the International
Energy Agency’s New Policies oil price forecast. There are reasons to doubt the
appropriateness and/or realism of these scenarios given that: it is standard practice to
consider the global damages of greenhouse gas emissions, not just those occurring
within a jurisdiction; a 3% discount rate is not consistent with private investor
expectations; an 8% discount rate is not appropriate for long-term environmental
impacts; and the International Energy Agency oil price forecast is unlikely given global
climate change concerns, likely future carbon policy, and technological change.
Similarly, in sensitivity analysis I found that the Project would be a relatively poor
investment in all scenarios other than four of the 17 scenarios I tested: if 10% of labour
would otherwise be unemployed, if the Project’s operational costs end up being 25%
less than what Teck predicted in 2015, if Teck’s 2015 capital cost estimate ends up being
correct, or if the International Energy Agency’s New Policies oil price scenario is realized.
The evidence suggests that none of these scenarios are likely, and so overall my findings
support the conclusions of both the National Energy Board and International Energy
Agency that new bitumen mines are unlikely to be built due to their poor financial
outlook.
From a distributional standpoint, my results suggest that the Project is a gain only to the
Alberta and federal governments. For investors my analysis finds that the Project will be
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a loss, and for citizens of Alberta, Canada, and the world my analysis finds also that the
Project will be a loss due to adverse environmental impacts. While Aboriginal groups in
the region may experience some employment benefits with the Project, few economic
benefits should be expected by these groups without concrete commitments by Teck in
the form of contractual obligations contained in an impact-benefit agreement.
Regardless, I expect the Project to affect Aboriginal groups through its contribution to
the cumulative effects of other development in the region, further compromising not
just the landscape and water but the cultural and social activities that depend on them.
My findings challenge Teck’s message of billions in benefits to governments, businesses,
workers, and households. My overall finding is that the Project is likely to be a net loss
to society and a poor private investment. Even if the Project was developed, workers
have at least equal opportunities elsewhere. These conclusions, on top of the Project’s
substantial environmental impacts, call into serious question whether this Project is in
the public interest.
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Acronyms
AAAQOs

Alberta Ambient Air Quality Objectives

AER

Alberta Energy Regulator

CAPEX

capital costs

CBA

cost-benefit analysis

CDN

Canadian dollars

CEA Agency

Canadian Environmental Assessment Agency

CEAA 2012

Canadian Environmental Assessment Act, 2012

CERI

Canadian Energy Research Institute

CO2

carbon dioxide

CO2e

carbon dioxide equivalent

EA

environmental assessment

EconIA

economic impact analysis

EPEA

Alberta Environmental Protection and Enhancement Act
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greenhouse gas emissions
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hectare

kbpd

thousand barrels per day

IBA

impact and benefit agreement
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International Energy Agency
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National Energy Board

NOx

nitrogen oxides

NPV

net present value

OPEX

operational costs

OSCA

Oil Sands Conservation Act
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particulate matter

PY

person-years

REDA

Responsible Energy Development Act

RMWB

Regional Municipality of Wood Buffalo
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RPPs

refined petroleum products

RSCs

reduced sulphur compounds

SCC

social cost of carbon

SO2

sulphur dioxide

TBCS

Treasury Board of Canada Secretariat

tCO2e/yr

tonnes of carbon dioxide equivalent per year

USD

US dollars

VOCs

volatile organic compounds

WCS

Western Canadian Select

WTI

West Texas Intermediate
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1. Qualifications
My qualifications are as follows:
 I have undergraduate, masters, and doctorate degrees in resource and
environmental management;
 my doctorate was focused on the environmental assessment process, including
an examination of appropriate methods of economic impact assessment for
evaluating major energy projects, and a cost-benefit analysis of the Kearl bitumen
mine;
 I have written and co-written peer reviewed articles on aspects of the
environmental assessment process, economic valuation, and resource
management policy;
 I have 15 years’ experience consulting on the impacts of major projects, including
oil and gas pipelines, bitumen extraction projects, LNG projects, mines, refineries,
and port and shipping projects;
 I work as a private consultant, and from 2016 until earlier this year I was also the
socio-economic impact assessment lead at SNC Lavalin;
 I have provided expert testimony to: the Minnesota Public Utilities Commission
regarding the Enbridge Line 3 Replacement; to the National Energy Board
regarding the proposed Enbridge Northern Gateway Project and the proposed
Kinder Morgan Trans Mountain Expansion Project, and to the Stk'emlupsemc te
Secwepemc First Nation’s Review Panel for the proposed Ajax copper/gold mine;
 I have written guidance and advised the BC, Alberta, and federal governments on
aspects of socio-economic impact assessment, economic valuation, and
cumulative effects management; and
 I have instructed university-level and professional courses in economics, resource
and environmental management, and environmental assessment.
A copy of my CV is presented in Appendix A.

2. Scope of Work
Teck Resources Limited (Teck) proposes to build a new bitumen mine north of Fort
McMurray called Frontier (the Project). Teck provides its estimate of economic benefits
of the Project, as well as its predictions of the potential adverse effects of the Project, in
its 2011 and updated 2015 environmental assessment (EA) applications and subsequent
submissions to the Alberta Energy Regulator (AER) and the Canadian Environmental
Assessment Agency (CEA Agency).
I was hired by the Athabasca-Chipewyan First Nation and the Oil Sands Environmental
Coalition to review Teck’s economic benefits assessment and conduct my own study of
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the economics of the Project. Teck used the method of economic impact analysis
(EconIA), which relies on input-output modeling, to assess the Project’s economic
benefits, and Teck used a variety of biophysical and human environment impact
assessment methods to assess the Project’s potential adverse effects. I relied on the
method of cost-benefit analysis (CBA) for my study to examine both the Project’s
benefits and adverse effects.
CBA is the standard method in modern economics for assessing a project’s value to
society. CBA entails identifying a project’s benefits and costs, and then summing these
impacts to arrive at an estimate of a project’s net benefits. While the method of CBA is
not required under current Alberta and federal EA guidelines, CBA is a standard method
for project evaluation in many other countries including Australia and New Zealand, EU
countries, the US, and by international development banks, and is a standard method of
economic analysis of proposed regulatory change in Canada, the US, and many other
countries.
CBA was recently applied in a study of Alberta’s oil industry by the Canadian Energy
Research Institute (CERI) (Millington et al. 2014), an independent, charitable organization
founded in 1975 to study and report on energy issues facing Canada and an
organization that has been conducting studies of oil/tar sands issues for many years. As
CERI noted (Millington et al. 2014, 2), CBA is superior to the EconIAs that are typically
done as part of EAs in Alberta because while EconIA may:

highlight some of the economic effects of [projects] but [are] not
reflective of the net social benefit of [projects] because [EconIA does]
not account for opportunity costs of the resources used in the project,
costs incurred by government, impacts on other players (if any)
operating in the area and social environmental impacts. Such costs are
an economic externality of [projects] that should be considered. [In
contrast, CBA] provides a robust method for evaluating the costs and
benefits (including both economic and non-economic impacts) of a
project or policy change in today's dollars to society as a whole. [CBA] is
not currently used by the regulatory agencies when making a decision
to approve or reject a project, but [CBA] might serve as an additional
tool for them to rank and assess options and decide whether to
implement them.
CERI raises the fundamental problems with the method of EconIA respecting the
method’s ability to assess the economic benefits of projects undergoing EA: constraints
on development inputs such as labour are ignored, and only a subset of economic
effects are examined leading to only a gross accounting of a project’s economics (see
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s.5 below for more detailed discussion). CERI (Millington et al. 2014, 35) went on to
conclude that

the CBA exercise was valuable in demonstrating the usefulness of the
method as a framework for evaluating project costs and benefits. The
CBA presents an alternative assessment of costs and benefits to an
[EconIA conducted as part of an EA] which assumes that all impacts
associated with the project are incremental and focuses on economic
impacts instead of costs and benefits. The CBA also makes clear that
there are other costs of the project not included in the [EconIA
conducted as part of an EA].
Given the Alberta and Canadian EA regulatory frameworks’ concern with whether a
project is in the public interest, including the Canadian Environmental Assessment Act,
2012’s concern with whether a project’s significant adverse effects are “justified in the
circumstances” (s.31(1)(a)), it is prudent to adopt methods of impact assessment that
directly explore and inform such questions. CBA is the primary method in economics for
assessing a project’s net benefits, and thus I apply this method to the Frontier project.
In the next section of this report I provide a brief overview of the Frontier project, and in
s.4 I review the regulatory context for the Frontier EA. In s.5 I provide a critique of Teck’s
assessment of the Project’s economic benefits, and in s.6 I present my own analysis of
the Project’s economics. Section 7 of my report summarizes my main conclusions.

3. Overview of Project
As described in Teck’s 2015 application update (2015 Application, Volume 1, s.1), the
Frontier project is a proposed bitumen mine located north of Fort McMurray with a
nominal capacity of 260 thousand barrels per day (kbpd). Two construction and
operational phases are proposed: phase 1 construction would begin in 2019 and last
through 2025 with phase 1 operations beginning in 2026, and phase 2 construction
would begin in 2030 and last through 2036 with phase 2 operations beginning in 2037.
Operations of the two-phased project would last until 2066 followed by final
reclamation lasting until 2081. Teck first applied for approval for the Project to the AER
and CEA Agency in a 2011 application but then updated the application in 2015 based
on several design changes.

4. Regulatory Context
For EA purposes, the Project is being assessed under the following laws:



the Alberta Environmental Protection and Enhancement Act (EPEA);
the Alberta Responsible Energy Development Act (REDA);
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the Alberta Oil Sands Conservation Act (OSCA); and
the Canadian Environmental Assessment Act, 2012 (CEAA 2012).

Each of these laws require major project applicants to gather and present to regulators
and the public a range of information on a project’s potential negative effects and
potential benefits, and each of these laws put forth various tests pertaining to whether a
project proposal should be approved or not.
The EPEA requires proponents to gather a variety of information on a project’s potential
environmental (including non-biophysical) effects (AEP 2016). The EPEA does not set out
a decision-making process, and thus there are no decision criteria listed in the act, but
the act does indicate that it is intended to promote environmental protection and
sustainable development (s.40).
The REDA identifies a set of decision criteria for major project proposals including:
 efficiency, safety, orderly, and environmentally responsible development of
energy resources (s.2(1)(b));
 disposition and management of public lands, protection of the environment,
and conservation and management of water, including the wise allocation and
use of water (s.2(1)(b));
 factors prescribed by the law’s regulations as well as the interests of
landowners (s.15); and
 factors identified in regional plans made under the Alberta Land Stewardship
Act (s.20).
The REDA does not include a specific public interest test unlike its predecessor, the
Energy Resources Conservation Act, but the Responsible Energy Development Act
General Regulation notes that the AER must consider:
 the social and economic effects of the energy resource activity,
 the effects of the energy resource activity on the environment, and
 the impacts on a landowner as a result of the use of the land on which the
energy resource activity is or will be located (s.3).
The OSCA and associated AER directives require proponents to gather a range of
information on a project’s potential economic benefits and adverse environmental
(including non-biophysical) effects. Decision criteria in the OSCA include:
 conservation and prevention of waste of bitumen resources, ensuring orderly,
efficient and economical development in the public interest, controlling
pollution and to ensure safe and efficient practices (s.3);
 orderly, efficient, and economic development of hydrocarbon resources
(s.7(2)(b)); and
 the public interest (s.10(3)(a), s.11(3)(a).
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The OSCA does not define the public interest, but decisions made under this law
demonstrate how this concept is defined in practice. For example, in finding that the
diversion of the Muskeg River for the Shell Jackpine Mine Expansion Project was in the
public interest, the Joint Review Panel referred to industry predictions that the diversion
would have low impact on water quality and flows, the low fisheries value and limited
Aboriginal use of the affected area, the compensation proposed by the proponent, and
the extent of sterilization of oil sands if the diversion does not occur as decision factors
(Jackpine Mine Expansion Project Joint Review Panel 2013).
The CEAA 2012 requires proponents to gather information on a project’s purpose and
why the project is needed, as well as information on adverse environmental effects.
Decision criteria in the CEAA 2012 are implied in the various purposes of the law listed
in s.4 (which include environmental protection, sustainable development, maintenance
of a healthy environment and healthy economy) and are identified in ss. 37, 52, and
elsewhere regarding whether a project poses the likelihood of causing significant
adverse effects and whether these significant adverse effects are justified in the
circumstances. The CEAA 2012 does not define the term ‘justified in the circumstances’; I
interpret this term to imply that final decision-makers conduct some sort of analysis of
whether the positives of the project are likely to outweigh the project’s negatives.
Altogether, the Alberta and Canadian regulatory framework requires evaluation of a
range of economic, environmental, and other information to inform a decision on
whether or not a project proposal is in the public interest and should be approved.
While I leave it to statutory decision-makers to interpret this law and associated policy, I
have written my report and conducted my analysis with this regulatory context in mind.

5. Critique of Teck Economic Benefits Assessment
5.1 Overview of Teck’s Economic Benefits Assessment
In its 2015 application (Volume 1, p1-19), Teck came to the conclusion that

the Project is in the public interest and will yield substantial net benefits
to residents of the Athabasca Oil Sands Region, to Alberta and to
Canada.
Teck appears to have based this conclusion on the following arguments (2015
Application, Volume 1, p1-19):
 Teck’s experience and ranking as a sustainability leader;
 the Project’s supposed ability to provide for North American energy security;
 the Project’s use of a fly-in/fly-out program for workers to minimize stress on
Fort McMurray;
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the opportunities provided by the Project for local Aboriginal employment;
the Project’s use of current technology;
capital cost expenditures of over $20 billion, operating expenditures of over
$77 billion over the life of the Project, an estimated 278,190 person-years (PY)
of total employment across Canada, and tax and royalty payments of $66
billion (all in 2014CDN); and
the Project’s planned phase approach which is argued to limit labour and
other types of cost inflation.1,2

Teck goes on to note on p1-22 (2015 Application, Volume 1) that the Project will
provide:
 $20.6 billion in construction expenditures, an estimated 94,300 PY of direct,
indirect, and induced employment across Canada related to construction,
$18.3 billion in provincial gross domestic product (GDP), and $13.2 billion in
household income (all in 2014CDN);
 annual operational expenditures of $2.1 billion once the Project is fully
operational, 4,100 PY of direct, indirect, and induced employment annually in
Alberta, annual GDP of $2.1 billion, and $2.2 billion in household income (all
in 2014CDN);
 total payments of taxes and royalties to the Government of Alberta of $54
billion (2014CDN);
 total payments of taxes to the federal government of $11.8 billion; and
 total payments of $3.5 billion in municipal taxes to the Regional Municipality
of Wood Buffalo (RMWB; all in 2014CDN).
With respect to these effects, but also in light of several adverse effects noted by Teck in
their socio-economic impact assessment, Teck later argues that

from a socio-economic perspective, the updated Project is expected to
be a net contributor to the study area, Alberta and Canada (2015
Application, Volume 1, p16-2)
and then on p16-38:

[t]he analyses presented in the updated [socio-economic impact
assessment] support the conclusion that the Project will be a net benefit
to the RMWB, Alberta and Canada.

1

The qualifier “2014CDN” signifies Canadian dollars in the year 2014. Given differences in purchasing power between country
currencies, and how inflation over time changes purchasing power, I specify such details throughout my report.
2
Employment impact information expressed in terms of person-years (PY) can easily be misinterpreted. One PY is one person
working for a year at a job. However, if that single person works for ten years then there is ten PY of employment. Alternatively, ten
PY could mean ten people working for one year.
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Most recently, in its May 2017 response to information requests (Information Request
Package 5, p5-9), Teck presents some updated economic benefit information. Under its
“reference oil price” scenario, Teck estimates that the Project will have the following
economic impacts from phase 1:
 Alberta royalty payments of $46.8 billion and Alberta income taxes of $8
billion;
 federal tax revenues of $12 billion;
 municipal property taxes of $3.6 billion;
 operations expenditures in Alberta of $18.3 billion;
 Alberta and federal carbon tax payments of $635 million;
 construction GDP of $12.3 billion, and annual average operations GDP of $1.5
billion; and
 household income during construction of $7.5 billion and during operations
of an annual average of $790 million (all CDN dollars).3

5.2 Teck’s Assessment Fails to Inform of Net Benefits
Typically in EA, the objective is to forecast the incremental effects of a proposed project.
Impact assessors make predictions about the residual effects of projects on the
environment, communities, and other things that people value after mitigation
measures are taken into account. As such, what is of interest is the net effects of a
project beyond what would’ve happened otherwise, not the gross effects where
mitigation measures or other offsetting or altering factors are not considered.
However, the method of EconIA used by Teck in its economic benefits assessment is not
able to estimate net benefits except under very limited circumstances. The reason that
EconIA cannot inform of net benefits is because EconIA is not designed to do so but
instead is a method for understanding the gross economic impacts linked to a ‘shock’ to
an economy such as a major investment.
EconIA begins with estimation of a project’s expected capital costs, operating costs, and
labour needs. These estimates are then used to estimate the project’s direct, indirect,
and induced economic effects on indicators such as GDP, employment, labour income,
and government revenue.4 Indirect and induced effects associated with a project’s direct
effects are estimated using multipliers derived from input-output modelling or other
techniques. GDP can be estimated in several ways but in the project context can be
derived from the project’s revenue and the proponent’s spending plans, and multipliers
are used to estimate associated indirect and induced GDP. Direct employment is based

3

Teck does not indicate the dollar years of these estimates.
Direct effects are the initial inputs, e.g., the cost of project capital, operating costs, and the labour directly employed on the project.
Indirect effects are the project’s purchases of supplies and services. Induced effects are the purchases of project employees.
4
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on the proponent’s expected direct requirements based on engineering estimates, and
multipliers are used to derive associated indirect and induced employment. Direct
labour income is the proponent’s anticipated compensation multiplied by direct
employment estimates, and associated indirect and induced labour income is derived
from indirect and induced labour estimates and wage rates in affected industries.
Government revenue is derived from estimates of the project’s anticipated costs and
production, oil price, and royalty and tax rates.
This information provided by an EconIA is not informative of net effects for two main
reasons.
First, EconIA ignores constraints in the economy, a well-known and well-documented
limitation of the method (Davis 1990; Denniss 2012; Grady and Muller 1988; Kinnaman
2011; McDonald 1990; Shaffer 2010; Tombe 2016). In a well-functioning economy like
Canada’s, most labour and investment capital have alternative opportunities. Under this
condition, the labour and capital used by a project such as Frontier is not free but a real
cost to the economy since if used on the Frontier project this labour and investment
capital cannot be employed or used elsewhere. In simpler terms, an employee working
on Frontier can’t work elsewhere at the same time, and investment monies put towards
Frontier can’t be invested elsewhere. This means that there is an opportunity cost to
employing labour and investment capital on the Frontier project: if used in one place,
the opportunity presented by the alternative use is foregone. Yet in EconIA the limits of
supply of labour and investment capital are ignored and EconIA treats these costs to a
project proponent as benefits because EconIA is not designed to look at net effects but
instead to identify the magnitude of economic impacts linked to an investment. While
project costs (such as capital and operating costs, and wages paid to employees) may
be framed as benefits generated by a project, these impacts and linkages are not
incremental benefits to the economy but money spent in the hopes of earning a return
on investment. An illogical consequence of EconIA’s ignoring of constraints is that a
project is more 'beneficial' if a project costs more per unit of output compared to a
project that costs less – higher costs are interpreted in EconIA as inherently beneficial. In
my CBA I value Project inputs in terms of their opportunity costs, which is the standard
practice in CBA.
The explanation for why EconIA ignores constraints in the economy (and thus treats
project costs as economic benefits) is that EconIA is designed to trace the linkages
between a change in one part of a geographically-bounded economy with other parts
of that same economy. For example, if a new pulp mill is built in a region, then that mill
will need inputs (such as forest fibre but also machinery, electricity, and workers), some
of which may be obtained by suppliers in the region. EconIA can be used to understand
the ripple effects of that investment across the region’s economy, and the method can
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be used to examine the regional incremental economic impacts of development
because investment in the region may not be assured and therefore there may not be
any opportunity costs to that money within the region. However, from a larger
geographic scale, this assumption of no opportunity costs is usually invalid. The issue is
one of how the method of EconIA is applied and how results are interpreted.
The second main reason that EconIA does not inform of net effects is that EconIA
considers only a limited subset of impacts and thus provides only a partial picture of a
project’s economic effects. EconIA concerns itself with the financial transactions
associated with capital and operational spending, spending on labour, and revenue
owing to government, but EconIA ignores other economic transactions such as
environmental costs and costs to government associated with a project. For example,
the public health care costs to treat asthma caused by air pollution are ignored, and
government expenditures that may be incurred with a project, such as investment in
new roads or road maintenance that is required to support the project, is ignored.
Consequently, EconIA is incapable of examining the net benefits of a project, and these
examples further highlight how EconIA was never designed to assess net benefits. I
cover several notable costs of the Frontier project in ss. 6.6 through 6.12 below that
need to be accounted for in any assessment of the project’s net benefits, and while Teck
examined many of these topics in other parts of their EA Teck did not look at these
impacts from an economic perspective to the detriment of their assessment of the
Project’s economic benefits.
Another reason why EconIA does not inform of net benefits is the tendency for EconIA
outputs to be presented alongside one another as if they were separate benefit streams
that can be summed to indicate a project’s total benefits. This is not the case and a
problem (conscious, or unconscious) of presentation. For example, presentation of
capital and operating expenditure ‘benefits’, GDP ‘benefits’, and labour income ‘benefits’
is duplicative – workers only get paid once, despite their wages being a component of
capital and operating costs, an input to GDP, and labour income. Outputs from EconIA
studies therefore require careful interpretation.
A common problem with EconIA as it is typically practiced and reported is a lack of
concern for uncertainty, in contrast to standard good practice in forecasting and EA.
Teck’s EconIA – particularly expenditure ‘benefits’, GDP, and royalty and tax revenue
estimates – rests upon two critical but uncertain inputs: project costs and oil price. Teck
acknowledges how cost (and workforce) estimates that are used in its economic benefits
assessment are uncertain (2015 Application, Volume 1, p16-15) but only explores the
effect of uncertainty on its results in terms of alternative oil price scenarios in analysis
from May 2017 (Information Request Package 5, p5-5+). An analysis of the effect of
alternative Project costs has not been done by Teck, and an analysis of alternative prices

P056_Frontier Mine Economic Review_Final Report

9

0061

should’ve been presented in the original application. I discuss uncertainties of Project
cost and discuss the history of cost overruns in bitumen and other projects in s.6.4, and I
show in ss. 6.14.2 and 6.14.3 how the net benefits of the Project and the scale and
distribution of benefits are highly contingent upon Project costs and oil price.
Another problem with Teck’s economic benefit assessment is that they didn’t provide
information on the multipliers that they used in their EconIA. Multipliers are central to
calculations of indirect and induced effects, and thus for transparency and validation
purposes it is essential to publish the multipliers used, the methodology used to
estimate the multipliers, and the limitations of multipliers.
Teck claims on p5-10 in its Information Request Package 5 that the Project “will be
economically robust, financially viable”. However, no information is provided on the
Project’s financial viability. Teck provides updated information in this information
request package on royalties, tax revenues, expenditures, GDP, and household income,
but Teck does not provide any information on the Project’s private net present value
which would substantiate its statement on the financial viability of the Project.5
In summary, Teck’s economic benefits assessment provides insufficient information to
decision-makers and stakeholders. Teck states in its EA application and later filings that
it provides information on the Project’s net benefits, and that the net benefits of the
Project are positive, yet Teck’s methodology is incapable of informing of net benefits.
Teck uses the method of EconIA, which ignores constraints in the economy and only
considers a limited subset of economic effects, among other limitations. As a result,
Teck’s assessment informs only of gross economic impacts, not net benefits.
Furthermore, Teck has still not considered the effect of uncertainty in one key parameter
– Project cost – in its assessment of benefits, and as such Teck’s results are not robust.

6. Cost-benefit Analysis of Proposed Teck Frontier
Mine
6.1 Overview of Method of Cost-benefit Analysis
CBA is the standard method in the economics profession for evaluating the net benefits
of major projects to society. The method first came into practical use in the 1930s in the
US to address water resource management issues, and by the 1950s much of the
theoretical and practical foundation for CBA had been developed. Today, CBA figures
prominently in major project evaluations, regulatory impact assessments, and other

5

Net present value, or NPV, is the discounted sum of a project’s benefits and costs over the life the project. Discounting is the
process of converting benefits and costs that occur at different points in time into a common temporal unit. See s.6.13 for further
discussion on discounting.
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policy contexts in many countries including Canada, Australia, New Zealand, European
Union countries, the United States, Chile, and by international development banks such
as the World Bank. CBA is not currently mandated for EA in Canada or Alberta, though
the method has been used in EAs in Canada on various occasions (McLeod-Kilmurray
and Smith 2010).6
CBA revolves around the notion that the welfare of society is equal to the sum of the
welfare of all individuals. The objective of CBA is to identify how a project may change
individuals’ welfare and to aggregate all of these effects to indicate whether a project
creates a net gain or loss in social welfare. The reliance in CBA on individuals’ valuations
of impacts is based on a fundamental assumption of the method and of modern
economics that human preferences (as expressed in the marketplace or otherwise)
should count in decision-making (Pearce 1998). In doing so, CBA evaluates the net
impacts accruing to society as a whole instead of gross benefits or gross costs that
might occur to any one individual party.
The basic steps in CBA in are: (1) specify alternative scenarios, (2) determine standing, (3)
catalogue potential impacts of the project with positive impacts being benefits and
negative impacts being costs, (4) predict impacts quantitatively over the life of the
project, (5) tabulate impacts in monetary terms including converting any impacts not
normally measured in monetary terms into such terms as appropriate and feasible, (6)
discount these monetized impacts, (7) compute net present values (NPV) and internal
rates of return (IRR) of alternative scenarios, (8) perform sensitivity analyses to test the
effect of uncertainty on results, and (9) interpret results (Boardman et al. 2011). Benefits
and costs that result from a Project (i.e., outcomes) are measured in terms of peoples’
willingness to pay for positive impacts or what people require as compensation for
negative impacts, and Project inputs are measured in terms their opportunity costs.
The key outputs of a modern, good practice CBA are estimates of a project’s NPV, the
project’s IRR for the private developer, the distribution of predicted benefits and costs,
and results from sensitivity analysis to address uncertainty. A positive NPV suggests –
from the perspective of modern economics – that a project would be a net gain for
society, while a negative NPV suggests that a project would be a net loss. The IRR is
indicative of the private profitability of a project; if the IRR is below the private sector’s
earning expectations then the analysis suggests that the investment should not be
made. The distribution of benefits and costs across groups in society is an important
aspect of interpreting CBA results (TBCS 2007; US EPA 2010 (updated 2014)), as while a

6

Dated guidance by the former Alberta energy regulator (ERCB 1991) states that CBA is required as part of energy project
applications, but I’m not aware of whether this guidance has any practical relevance to the current EA process in Alberta.
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project may be a net social benefit there may be certain groups who lose substantially.7
Sensitivity analyses are important because they inform of the robustness of a project’s
social value: if a project is only a net social benefit under limited circumstances (such as
only particularly high oil price forecasts) then the project may be considered too risky to
proceed.
Like any method of impact assessment, CBA has a variety of limitations. Some of the
most common critiques of CBA include: difficulties valuing impacts on things not
normally traded in the marketplace (e.g., impacts on the environment), a focus on an
individualistic consumer perspective as opposed to peoples’ broader societal
preferences, CBA’s ‘one dollar-one vote’ logic which means that the distribution (and
equitability) of money across individuals in society is ignored, controversy over key
parameters such as the appropriate discount rate, and lack of understanding and
mistrust (e.g., Anonymous 1992; Boardman et al. 2011; Boardman et al. 2010; Brown
1984; Jacobs 1997; Knetsch 2007; Sagoff 1988; Sen 2000; Vatn and Bromley 1994).
Despite these limitations, CBA remains the prime method from the discipline of
economics for assessing the net benefits of major projects to society, also referred to as
a project’s social value. As CERI (Millington et al. 2014, 35) noted upon completing its
CBA of a proposed greenfield refinery in Alberta:

the CBA exercise was valuable in demonstrating the usefulness of the
method as a framework for evaluating project costs and benefits. The
CBA presents an alternative assessment of costs and benefits to an
[EconIA conducted as part of an EA] which assumes that all impacts
associated with the project are incremental and focuses on economic
impacts instead of costs and benefits. The CBA also makes clear that
there are other costs of the project not included in the [EconIA
conducted as part of an EA].
To provide perspective on the actual net benefits of the proposed Frontier mine I
applied the method of CBA by building a spreadsheet-based, quantitative model in
Microsoft Excel. All monetary figures described in my CBA are expressed in 2017
Canadian dollars ($2017CDN) unless otherwise specified. Conversions of Canadian dollar
amounts from other years are made using the Canadian Consumer Price Index, and
conversions of US dollars are made using a US inflation calculator. While Teck used a 0.9
CDN:USD exchange rate (2015 Application, Volume 1, p16-14), I relied on the National
Energy Board’s (NEB) 0.837 CDN:USD exchange rate (NEB 2017) which is much closer to
actual rates in the last few years.
7

Note that taxes and royalties paid to governments are transfers from one party to another and have no effect on the NPV of a
project to society, but these transfers do affect the IRR of a project because IRR is calculated from a private investor perspective.
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For step one in my CBA of the Project, the scenarios for comparison are two futures: one
with and one without the Project. As such, the incremental change associated with the
Project and valued in the CBA are those impacts of the Project that wouldn’t otherwise
be reasonably expected to occur in the absence of the Project.
The second step in CBA is to determine standing, i.e., to who do benefits and costs of
the Project count? My CBA is conducted from the perspective of Canada.
Steps three through nine, including an examination of the distribution of predicted
benefits and costs, are presented below in ss. 6.2 to 6.14. Many impacts are assessed
quantitatively and in monetary terms, but in some cases impacts are not amenable to
quantification and monetization and thus are only assessed qualitatively.
For each part of my CBA when there is uncertainty as to appropriate model inputs I
either make a judgment on the ‘most likely’ model input (and provide a rationale), or
where I have little basis for which input may be most likely I test alternative inputs. In
the results section (s.6.14) I present the range of results that stem from the different
inputs.

6.2 Development Schedule
According to Teck (2015 Application, Volume 1, p1-8), construction will entail two
phases: phase 1 will begin in 2019 and last through 2025, and phase 2 will begin in 2030
and last through 2036. Operations are expected to commence in 2026 and last through
2066 (for a 41 year life). The Project is expected to have a nominal capacity of 260 kbpd
(2015 Application, Volume 1, p1-2). Teck expects an initial 85 kbpd of production of
bitumen in 2026, 170 kbpd of bitumen by 2027 as phase 1 operations ramp up, and
then 260 kbpd of bitumen by 2037 when phase 2 operations commences (2015
Application, Volume 1, p1-8). Reclamation of the Project is currently expected to occur
from 2066 through 2081. I rely on this schedule for my CBA.
Teck doesn’t note a capacity utilization factor in their EA application, but it is common
for projects to produce at a lower rate than their nominal design capacity. The relatively
newly-built Kearl mine, for example, has produced at an average of 73% of design
capacity since project start, and while Kearl achieved its highest capacity utilization in
2017 (89%) its production to date in 2018 is only 86% (Oil Sands Magazine 2018). The
National Energy Board (NEB) notes that 85% is a typical capacity utilization factor for oil
sands projects (NEB 2018, 5), the AER (2018) reports 90%, and CERI in its most recent oil
sands supply cost study assumes an 89% factor (D. Millington, CERI lead author, pers.
comm., February 26, 2018). In my analysis I use the average (88%) of each of the NEB,
AER, and CERI capacity factors.
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In summary, I used Teck’s stated construction, operations, and reclamation schedule as a
foundation for my CBA model. I used Teck’s stated nominal production but use a
capacity utilization factor consistent with established energy authorities to arrive at
actual production.

6.3 Revenue from Oil Production
The main benefit of the Project is revenue earned from the production of oil, eventually
paid out to employees and suppliers in the form of wages and purchases, government
in the form of royalties and taxes, and to shareholders. Revenue from oil production is
calculated by multiplying annual production of oil (s.6.2) by price, and thus estimating
the Project’s revenue requires the identification of future oil prices. Predicting future oil
prices is notoriously difficult, and so this step is one of identifying a range of reasonable
oil price forecasts.
In valuing the Project’s output of partially deasphalted bitumen, Teck assumed an
“average long-term oil price of $95 (USD, year unspecified) per barrel of West Texas
Intermediate” (WTI) (2015 Application, Volume 1, p16-14). In its May 2017 submission
(Information Request Package 5, p5-4) Teck later explained that it tested three price
scenarios based on International Energy Agency’s 2016 World Energy Outlook (IEA
2016):
 a base case scenario averaging $95/bbl ($2016USD WTI) over the 2015 to
2040 period based on the IEA’s 2016 New Policies scenario, which assumes
implementation of existing and new carbon policies announced as of mid2016;
 a low price scenario averaging $76.51/bbl ($2016USD WTI) over the 2015 to
2040 period, which Teck says is based on the IEA’s 2016 450 scenario and
which the IEA states is consistent with meeting the Paris Accord climate
change commitments; and
 a high price scenario averaging $115/bbl over the 2015 to 2040 period
($2016USD WTI; Teck does not identify the source for its high price forecast).
Since Teck generated its price forecasts for its May 2017 submission, oil market
forecasts have become more pessimistic, rendering Teck’s price forecasts outdated.
The most recent International Energy Agency (2017) published in November 2017
forecast presents three price scenarios for “IEA crude”8:
 Current Policies, which assumes that none of the new policies that have been
announced by governments are implemented. This scenario predicts that oil

8

The IEA forecasts are for “IEA crude” oil which I assume is roughly equivalent to West Texas Intermediate priced at Cushing,
Oklahoma.
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prices will rise to $97/bbl (2016USD IEA crude) in 2025 to $136 (2016USD IEA
crude) in 2040.
New Policies, which is based on existing and new policies announced as of
mid-2017. This scenario predicts that oil prices will be $83/bbl (2016USD IEA
crude) in 2025 but rise to $111 (2016USD IEA crude) in 2040, which is about
$18/bbl (2016USD IEA crude) lower than the IEA’s 2016 New Policies scenario
(IEA 2017, 52). Under the 2017 New Policies scenario the IEA forecasts some
expansion in bitumen output from Canada up to 2025 from completion of
projects currently under construction but very little expansion after 2025 due
to the high cost of production relative to alternative sources of supply.
Further, the IEA concludes that the limited bitumen expansion that does occur
will consist of lower cost in situ projects, not higher cost mining projects such
as Frontier.
Sustainable Development, which is based on meeting the Paris Accord climate
commitments and UN millennium goals. Prices in this scenario are forecast to
be $72 (2016USD IEA crude) in 2025 and then gradually declining to $64
(2016USD IEA crude) in 2040, leading to a decline in world oil production.

The NEB’s forecasts are also more pessimistic than what Teck forecasts. In October 2016,
the NEB released an updated 2016 forecast (NEB 2016). The updated forecast provided
three scenarios:
 a reference case, in which oil prices would gradually rise to the $80/bbl
(2015USD Brent, or $81 2016USD Brent) range over the 2020 to 2030 period;
 a high price case, which assumed oil prices would rise above $100/bbl
(2015USD Brent, or $101 2016USD Brent); and
 a low price case, which anticipated that oil prices would remain below $50/bbl
(2015USD Brent, or $51 2016USD Brent), and that Canadian production would
peak in the mid-2020s and gradually decline thereafter.9
The NEB noted that its updated forecast did not incorporate the impacts of Canada’s
future climate change policies, which would further reduce fossil fuel production.
The most recent suite of NEB forecasts (NEB 2017) are also more pessimistic than Teck’s
forecasts. The NEB presents three price forecasts (Figure 1):
 a Reference Case, which forecasts oil prices gradually rising to $78/bbl
(2016USD Brent) by 2027 and remaining at this level throughout the forecast
period to 2040;
 a High Carbon Price scenario, in which oil prices peak by 2025 at $75/bbl
(2016USD Brent); and
9

Brent and WTI prices are roughly comparable, and under my assumption that “IEA crude” is comparable, all prices in this section of
my report are comparable.
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a Technology scenario, which assumes faster penetration of new energy
technologies such as electric cars and green energy, and anticipates oil prices
gradually rising to $73/bbl (2016USD Brent) by 2025 and then gradually
declining to $63/bbl (2016USD Brent) by 2040.

Figure 1. Most recent oil price forecasts from the National Energy Board ($2016USD
Brent).

Source: NEB (2017, 20).

The NEB (2017, 35) concluded that under all three scenarios there will be no new mining
bitumen projects built because prices will not be high enough to cover investment costs:

[a]fter mining projects currently under construction are completed and
their production is brought up to capacity, no additional mining
capacity is added over the projection period… crude oil prices do not
reach high enough levels to encourage new investment.
The NEB’s most recent forecast and other recent studies highlight the challenges faced
in the oil sands industry. Canadian bitumen is among the highest cost source of oil in
world, and mining projects are the most expensive of bitumen projects (Jaccard et al.
2018; Rystad Energy 2016). CERI (Millington 2017) estimated new mines to be $16/bbl –
20% – higher than in situ projects. As such, even if oil markets rebound and prices rise
higher than forecast, mining projects such as Teck’s Frontier project will be less likely to
proceed because there are lower cost and lower risk alternative investments available.
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Based on my review of oil markets, I used three price scenarios for my analysis of the
Frontier project (Figure 2):
 the NEB’s 2017 Reference Case scenario as a base case scenario;
 the NEB’s 2017 Technology Scenario, which assumes a more rapid adoption of
new energy technologies and is similar to the IEA’s Sustainable Development
scenario, reflecting potentially lower future oil prices; and
 the IEA’s 2017 New Policies scenario, which assumes that no new carbon
policies are implemented to reduce GHG emissions other than those policies
that had been announced as of mid-2017, reflecting potentially higher future
oil prices.
As each of these oil price scenarios extended only to 2040 but the Project’s operational
life is planned to run to 2066, I extended the scenarios to 2066 by keeping the price
constant after 2040.10
Figure 2. Three price scenarios used in my Frontier CBA (all in $2017CDN).1,2,3,4

Note: 1. The IEA only provides prices for intermittent years and so my IEA curve was developed through linear interpolation. 2. No
line is shown for Teck’s high price scenario as Teck only provides a long-term average price for their high price scenario of $115
(2015USD WTI) but no trend information over time. 3. The IEA 2017 New Policies scenario starts below $60 because its base year was
2016. 4. The two Teck forecasts extended only to 2040; I didn’t extend the Teck forecasts as I didn’t use them in my CBA.

10

My assumption of constant prices past 2040 may under- or over-estimate future prices, depending on how oil markets transpire.
This assumption seems the most reasonable course of action in the face of this uncertainty.
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A second step in valuing the Frontier project’s output is to translate the oil price
scenarios identified in step one to what Teck would receive at the minehead. Doing so
requires adjusting for the lower quality of bitumen relative to benchmark oil as well as
accounting for transportation costs from the minehead to the distribution hub.
One method of bitumen valuation is that of CERI (Millington 2017) which entails valuing
the Project’s bitumen based on the price of Western Canadian Select (WCS), which is a
benchmark Canadian heavy oil priced at Hardisty and incorporates quality and
transportation cost differences relative to WTI. To implement this method I rely on the
NEB’s (Undated) latest forecast for WCS which anticipates a rise from $43/bbl in 2018 to
$70/bbl by 2040. I take the NEB Reference Case scenario for WCS and make a further
deduction of $1.37/bbl for transportation costs of diluent to the mine and
transportation costs of the resulting diluted bitumen (“dilbit”) from the mine to the
Alberta distribution hub (Hardisty) based on information from CERI (D. Millington, CERI,
pers. comm. March 11, 2018).11
An alternative method of valuing the Project’s bitumen relies on a recent study by Wood
Mackenzie for the Alberta Royalty Review (ARRAP 2016, pAdobe133) which estimated
the price of bitumen at 60% of the WTI price (which I assume is at Cushing, Oklahoma,
the main North American distribution hub for WTI). To implement this alternative
method I applied this 60% differential to each of the WTI oil price scenarios to arrive at a
value for the Frontier project’s bitumen at the minehead. I have less confidence in this
alternative method as the differential between bitumen and WTI does not always
change proportional to changes in the WTI price.
Finally, note that while Teck’s bitumen quality and transportation costs may vary
somewhat from the quality and transportation cost parameters referenced above, these
differences will be relatively small and are well within the range of the oil price forecasts
that I used.
In summary, I identified three future oil price forecasts by reviewing a range of national
and international forecasts, and then I applied two different methods of adjusting these
price forecasts to arrive at a price for bitumen at the Frontier minehead. To get an
estimate of Project revenues I then multiplied bitumen prices by the Project’s
anticipated production discussed in s.6.2.

6.4 Private Costs
The essence of a CBA of a project is to compare the benefits of development with its
costs, and private costs to the developer are often the greatest component of total
project costs. There are three main types of private costs of the Frontier project: capital
11

I assume that the costs of diluent net out as Teck buys the diluent for the Project but can sell the diluent after use.
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costs to build it (CAPEX), operational costs to run it while it is producing oil (OPEX), and
reclamation costs.
Teck estimated the Project’s CAPEX for both phases 1 and 2 to be $21.5 billion (2015
Application, Volume 1, p1-19), but I expect this to be an underestimate.12 On a per
barrel of capacity basis, Teck’s CAPEX estimate ($82,562) compares closely with that of
CERI ($82,041; Millington 2017) but is on the low end of the NEB’s (2018) range of
$80,000 to $95,000 per barrel of capacity, is low compared to the AER’s (2018) range of
$90,000 to $110,000 per barrel of capacity, and is low compared to three recently
constructed bitumen mines. Kearl’s cumulative CAPEX, for example, is just under
$100,000 per barrel for its current 220 kbpd of capacity, and Kearl’s per barrel of
capacity is expected to amount to about $90,400 once the project achieves its planned
345 kbpd of capacity (Tait 2013). Healing (2017) reported that the CNRL Horizon project
has a similar CAPEX per barrel capacity ratio as Kearl, and Fort Hills’ CAPEX per barrel
capacity is reported to be $88,000 to $90,000 (Anonymous 2018; Morgan 2018). Teck’s
estimate of $82,562 is from its 2015 EA application; the Project was early in the
development process at that time, and cost estimates tend to rise as more detailed
engineering is completed and construction begins (Olaniran et al. 2015). This is a pattern
seen recently in Canada (e.g., Cryderman 2017; Deloitte 2017; Gunton 2017; Hendricks et
al. 2017; Lewis and Fife 2018), around the world (Flyvbjerg et al. 2003; Olaniran et al.
2015), and in the history of the oil sands (AEDA 2004; Jergeas and Ruwanpura 2010),
including for the most recently built oil sands mines. As such, it seems reasonable to
assume that Teck’s CAPEX estimate in its EA application will be an underestimate.
Therefore, for my CBA I assumed a $90,000 CAPEX per barrel capacity ratio as a base
case but I also tested Teck’s 2015 estimate as a low case, and for a high cost case I used
a 25% increase over the base case.
Given a lack of information in the EA application on annual CAPEX expenditures over the
two construction phases, I also made the following two assumptions:
 CAPEX will be spent proportional to production capacity over the two phases,
i.e., 65% of CAPEX is spent in phase 1 given that phase 1’s capacity is 170,000
bpd, and 35% is spent in phase 2 given that the incremental capacity added in
phase 2 is 90,000 bpd; and
 within phases, the timing of CAPEX will be spent consistent with the number
of construction workers onsite (2015 Application, Volume 16 p16-9).
Teck estimates total OPEX (including sustaining capital but excluding energy) over the
life of the Project of $80 billion and an annual average of $2.2 billion (2015 Application,
Volume 1, p16-13). I used these amounts as the basis for OPEX in my CBA, as well as +/12

All monetary values that I report are in 2017CDN unless indicated otherwise. See Teck references for monetary figures in dollar
years used by Teck.
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25% of these costs for sensitivity analysis, consistent with the alternative OPEX scenarios
used in CERI’s (Millington et al. 2014) refinery CBA. Given that Teck doesn’t provide
OPEX estimates by year, I assumed that OPEX will be spent proportional to production.
Teck discusses how while the Project will produce more than enough electricity than it
needs during phase 1 due to planned cogeneration, the Project will need to import
electricity during phase 2. Lacking further information on electricity consumption I
assumed that the Project’s electricity needs are net zero. However, to account at least
for Teck’s natural gas consumption (as diesel and gasoline may yet be unaccounted for)
I relied on CERI’s (Millington 2017) assumption of 54,000 GJ/day of gas consumption for
a new mine and the AER’s (2018) forecast of future natural gas prices.
Teck did not provide a cost of reclamation and closure in their EA application, though
it’s possible that Teck included at least some of these costs (such as those associated
with progressive reclamation) in their OPEX estimates. To estimate final reclamation and
closure costs, given the lack of clarity in the Project application, I assumed a cost of 2%
of CAPEX (which equals $429 million undiscounted), spread over the reclamation and
closure years (2066 to 2081), consistent with CERI (Millington 2017). As Teck noted that
reclamation costs will mostly be spent in the first 10 years of reclamation (2015
Application, Volume 1, p16-13), I assumed that 75% of reclamation costs will be spent
over first 10 years of closure (2066 to 2075) and the remaining 25% will be spent over
the remainder of the reclamation phase (2076 to 2081). Given uncertainty in the costs of
future reclamation, and expert opinion (though dated) of oil sands reclamation costs
ranging from $11,000 to $267,000 per hectare (Foote 2012), I also tested the effect of an
average of these estimates (i.e., $139,000) applied to the Project area of 29,217 hectares
(2015 Application, Volume 1, p13-2) and then spread out the resulting $4.1 billion over
reclamation years, i.e., 75% over the first 10 years and 25% over the remainder.
In summary, I modeled the Project’s construction, operations, and reclamation costs
based on information Teck supplied in its application materials supplemented by
information on other oil sands projects. Costs are allocated by level of activity, and the
scenarios tested reflect cost uncertainty.

6.5 Employment
Employment associated with a major project is usually championed by developers as a
key benefit of the project, but from the net benefits perspective of CBA employment is
only a benefit if workers would otherwise be paid less or otherwise be unemployed. If
one or both of these situations are the case, then a project’s costs of labour is reduced
accordingly to reflect the benefit earned by labour at the project compared to its
alternative. In economic terms, this is a situation in which labour’s opportunity cost is
lower, as the alternative opportunity would pay less than the project. If neither of lower
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alternative earnings or unemployment can reasonably be expected for project workers,
though, then wages and benefits paid to employees are simply costs of a project and
tracked accordingly.
Teck anticipates requiring about 4,500 and 2,250 construction workers during phases 1
and 2, respectively, about 2,150 and 700 operations workers during phases 1 and 2,
respectively, and about 200 reclamation workers (2015 Application, Volume 1, p12-8).
Teck estimates that total wages paid over construction will be $6.6 billion (2015
Application, Volume 1, p16-11) and about $1 billion (2015 Application, Volume 1, p1613).
However, Teck admitted in its EA application that:

[d]epending on the prevailing labour market conditions in the province
at the time, this employment might not all be incremental to the
Alberta economy (2015 Application, Volume 1, p16-10).
On p16-11 Teck then noted that the labour market would likely be tight during the
Frontier project’s development (2015 Application, Volume 1), i.e., that existing supply of
labour may not be able to meet demand. These are important acknowledgements that
pertain to whether or not the Project will generate any net benefits for labour, and
indeed recent labour market forecasts suggest that few net benefits should be expected.
BuildForce Canada (2018) forecasts a tight construction labour market due to numerous
smaller-scale construction projects (including residential), the maintenance needs of
existing and in-construction major projects, retirement in the construction labour
workforce, and remaining bitumen development. In May of this year (2018), Alberta’s
general labour force unemployment rate was 6.5% (Alberta Undated-c), not much
higher than the 6% natural unemployment rate (Jackson 2017; Millington et al. 2014;
PetroLM/Enform 2018) and within the 5% to 7% range that others (BC Hydro 2013, s.17)
place around the natural rate, suggesting few available workers for a new project.13 This
is consistent with PetroLM/Enform’s fourth quarter 2017 labour market update
(PetroLM/Enform 2017) which notes a tight oil and gas labour market unemployment
rate of 4.7%.
All of this suggests that the Frontier project will not provide any incremental
employment benefits, as Teck itself seems to have concluded. The labour market data
and forecasts indicate and anticipate strong demand for labour, and therefore I
assumed that labour will be able to find similar work at similar wages elsewhere if the
Teck project doesn’t go ahead. Under this conclusion of no employment benefit, the
The natural rate of unemployment reflects the fact that there are always people in between jobs or unwilling to work at a given
point in time. Unemployment rates around 6% indicate a balanced labour market; rates higher than about 7% indicate excess of
labour relative to job opportunities, and rates below about 5% indicate a shortage of labour.
13
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Project’s labour costs (which are components of the Project’s CAPEX, OPEX, and
reclamation costs) reflect the opportunity cost of labour and thus there is no reason to
reduce CAPEX, OPEX, and reclamation costs.
However, it’s possible that there is some incremental benefit to workers with this Project.
Teck has indicated that it intends to facilitate local Aboriginal groups’ interest in
employment on the Project through such measures as providing flights for workers to
and from Fort Chipewyan (2015 Application, Volume 1, pp 10-10 and 16-4), and
unemployment rates in Aboriginal communities are relatively high. If any of these
people – or other non-Aboriginals who would otherwise be under- or unemployed –
work on the Frontier project then there is the potential that these workers would earn
more than they otherwise would. Another scenario providing incremental employment
benefits would be if specialized oil sands workers are able to earn a wage premium due
to high demand for their skills. In either case, the cost of labour as components of Teck’s
CAPEX, OPEX, and reclamation costs should be lowered accordingly.
To test the scale of the effect of potential incremental employment benefits of the
Project, in sensitivity analysis I assumed that 10% of the construction and operations
employment goes to workers that are currently unemployed – 450 workers during phase
1 construction, 225 workers during phase 2 construction, 215 workers during phase 1
operations, and 70 workers during phase 2 operations.14 To estimate the opportunity
cost of labour, I further assumed that half of this labour is voluntarily unemployed, and
the other half is involuntarily unemployed.15 Under base case assumptions the resulting
employment benefit is equivalent to a reduction on CAPEX and OPEX of 1.3% and 1.9%,
respectively, which gives only a slight improvement on the Project’s value to society (see
s.6.14.2).
In summary, current and anticipated future labour market conditions strongly suggest
that the Project would have no incremental benefit to labour. There is high demand for
labour and little supply. However, I tested the possibility that 10% of the Project’s labour
would come from the unemployed and I found that this would have only a minor effect
on model results.
14

For the purposes of this test I ignored any effect on reclamation costs. Due to the relatively small workforce in final reclamation
and the fact that this work would occur far into the future and thus be heavily affected by discounting, not to mention the
uncertainty about labour conditions at that time, any estimated effect on the project’s NPV from an adjustment to reclamation
labour costs would be very small and unreliable.
15
There is uncertainty about the opportunity cost of both voluntarily and involuntarily unemployed labour (Shaffer 2010), but
according to Townley (1998) the value of the voluntarily unemployed is wages for the project net-of-tax, and for the involuntarily
unemployed the value is in between an upper bound of wages net-of-tax plus benefits and a lower bound corresponding to the
value that this labour puts on their leisure time (assumed to be 20%). For the voluntarily unemployed I thus summed the most recent
federal and Alberta income tax rates (using a blended rate of 18% for federal tax; adding to 28%) and thus reduced 5% (i.e., half of
the 10% assumed to otherwise be unemployed) of the wage bill portions of CAPEX and OPEX to 72% (i.e., wages net-of-tax) of what
it would otherwise be. For the involuntarily unemployed I took the average of the upper (72%) and lower (20%) bounds (averaging
to 46%) and reduced 5% of wage bills accordingly.
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6.6 Incremental Government Costs
In CBA – as with any EA study of the effects of a project – it is important to consider all
incremental costs that might be incurred in the course of development of a project. Teck
states that the Project “will have a minimal direct effect on municipal costs” (2015
Application, Volume 1, p1-22), but even if such costs are small these costs should still be
counted.
Government costs – whether municipal or senior government – related to providing
infrastructure and services, some of which are used directly or indirectly by bitumen
development projects (such as roads), are implicitly accounted for by the inclusion of
sales, fuel, income and other taxes that appear in the expenditures captured in CAPEX,
OPEX, and reclamation costs. These tax payments to government are designed to cover
normal costs to government. However, major projects like bitumen mines can
sometimes be associated with specific investments by government or other costs to
government that wouldn’t otherwise be made, and these costs should be counted.
In a past analysis of the Kearl bitumen mine (Joseph 2013) I determined that
government was making several major investments that it wouldn’t otherwise make had
Kearl (and other major bitumen projects) not been planned or in development. These
costs included investments in expansion of the Fort McMurray airport and in carbon
capture and storage. In that study I also attributed a portion of government regulatory
costs, including environmental monitoring, to the Kearl project. In total I estimated
about $20 million (2010CDN) a year of incremental government costs associated with
the Kearl project. McLeod-Killmurray and Smith (2010) also note how senior
governments are often charged with the responsibility of monitoring and other activities
when bitumen projects are approved, which creates incremental costs for government.
For the Frontier project I have not identified any substantial investments by government
that wouldn’t happen anyway, especially given a context of already substantial levels of
bitumen development occurring in the region. However, there are incremental costs to
each of the federal, Alberta, and RMWB governments associated with reviewing the
Frontier application, and I would expect likewise some incremental costs to these
governments to regulate the Project over its lifespan if the Project goes ahead. Given
the relatively small size of these costs and the challenges of estimating them, I have not
tried to estimate and include these costs to government for the present analysis.

6.7 Impacts on Other Commercial Activities
Development of the Frontier project has the potential to affect other commercial
activities, and these effects are important to understanding the Project’s net benefits.
According to Teck, clearing and occupation of the Project site will affect forestry and
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trapping (2015 Application, Volume 1, p1-31). Such effects need to be accounted for,
but in both cases I assumed that adverse effects on these other commercial users will be
addressed through arrangements with Teck and the costs of which are already
accounted. Forestry activity in the area by Al-Pac and Northland Forest Products will be
interrupted, but Teck says that it will ensure that merchantable timber will be harvested
during site preparation (2015 Application, Volume 1, pp 4-20, 13-40), and it is common
for forest companies to be compensated for any long-term losses of timber value.
Similarly, several trappers have traplines in the area (2015 Application, Volume 1, p1-31)
but Teck indicates that compensation will be paid (2015 Application, Volume 1, p18128). As such, I assume that these impacts on other commercial activities are accounted
for in Teck’s CAPEX and/or OPEX.

6.8 Air Pollution
Environmental costs can be a substantial cost of major development borne by society.
Construction, operation, and (to a lesser extent) reclamation of the Project will lead to
air pollution from equipment and from the mine face. Teck identifies numerous types of
emissions including nitrogen oxides (NOx), sulphur dioxide (SO2), particulate matter
(PM), volatile organic compounds (VOCs), greenhouse gas emissions (GHGs), reduced
sulphur compounds (RSCs), and metals (2015 Application, Volume 1, p14-2). Aside from
the impacts of GHG emissions which I address separately in s.6.9 below, the greatest
impact of air pollution is that with respect to human health (Muller and Mendelsohn
2007; Spadaro and Rabl 2008). Teck expects that people in three communities would be
exposed to the Project’s air pollution: Fort Chipewyan, Fort McKay, and Fort McMurray
(Table 1).
Table 1. Communities affected by Frontier air pollution according to Teck Frontier
application.1

Community

NOx

SO2

PM2.5

VOCs

CO

RSCs

Metals

Fort
Chipewyan















Fort McKay















Fort McMurray















Source: 2015 Application, Volume 1, pp 18-22 to 18-23. Note: 1. Teck concludes that there will also be coarse particulate matter
pollution (i.e., greater than 2.5 microns) but doesn’t provide any forecast of this pollution, despite known health effects of this type
of pollution (Health Canada 2016b; Muller and Mendelsohn 2007).

The Alberta government relies on the Alberta Ambient Air Quality Objectives (AAAQOs)
(Alberta 2017a) to guide decision-making about acceptable levels of air pollution. The
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AAAQOs are a function of scientific as well as social, economic, and technical factors
(Alberta 2017a).
Teck predicts only one type of air pollutant from the Project to exceed an AAAQO in one
community in the region: particulate matter less than 2.5 microns in size (PM2.5) in Fort
McMurray (2015 Application, Volume 1, p18-23). This suggests in the least that Teck’s
PM2.5 pollution should be valued in my CBA. Further, as any amount of fine particulate
matter pollution is harmful (Curtiss and Rabl 1996; Health Canada 2012; Samoli et al.
2005), all of Teck’s emissions of PM2.5 are damaging to those exposed to it, not just the
portion of emissions beyond the AAAQO.
Similarly, I relied on recent reviews by Health Canada (2016a; 2016c) that concluded that
health impacts of NOx and SO2 pollution occur at levels well below the levels of existing
air quality objectives for these two pollutants, and that linear relationships exist between
exposure to this pollution and health effects. As such, even low levels of Teck’s NOx and
SO2 emissions are damaging to those exposed to it.
Health Canada does not provide a health risk assessment of VOCs, but to be
conservative in my CBA I also assume a linear dose-response function for this pollutant,
and thus I consider all of Teck’s emissions of VOCs as damaging to those exposed to it
as opposed to just those emissions beyond some threshold concentration.
Due to a lack of damage cost factors for RSCs and metals (see below this section) I did
not explore dose-response functions for these two pollutants.
The Project’s air pollution will disperse throughout the region and reach the three
affected communities that Teck identified. No study of the monetized damage costs of
air pollution has been done for the Regional Municipality of Wood Buffalo, but this can
be overcome by transferring damage cost values from other comparable studies to
enable an approximation of Frontier’s air pollution damages. I tested my model with air
pollution damage cost factors from two studies.
For my base case I used the damage cost factors for NOx, SO2, PM2.5, and VOCs for rural
US locations presented in Muller and Mendelsohn (2007) (first row in Table 2), which
have been used in other studies in Alberta such as CERI’s refinery CBA (Millington et al.
2014).16 In a sensitivity analysis I used damage cost factors from a more recent US study
by Jaramillo and Muller (2016) examining air pollution from energy extraction (Table 2).
Specifically, I used Jaramillo and Muller’s damage cost factors for NOx, SO2, and PM2.5
for the oil & gas extraction sector from 2011, which is the most recent year for which
they provide damage cost factors. While I used the lower values from Muller and
Mendelsohn (2007) in my base case I have no evidence to indicate if these values are

16

Muller and Mendelsohn (2007) did not identify damage cost estimates for RSCs or metals.
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more likely than the higher values from Jaramillo and Muller (2016). As such, my base
case results may underestimate the actual costs of air pollutants from the Project and
therefore overestimate overall net benefits of the Project.
Table 2. Air pollution damage cost estimates.

Study

Muller and Mendelsohn (2007) – rural US

Jaramillo and Muller (2016) – oil & gas
extraction, 2011

Pollutant

Damage Cost
($2017CDN/t)

NOx

$451

SO2

$1,353

PM2.5

$1,654

VOCs

$451

NOx

$6,136

SO2

$23,487

PM2.5

$53,608

VOCs

not available1

Note: 1. As Jaramillo and Muller do not provide an estimate for VOCs I use the VOC estimate from Muller and Mendelsohn in the
sensitivity analysis.

Table 3 presents estimates of Frontier’s emissions by phase as well as estimates of
damage costs. Teck provides air pollution estimates for a 277 kbpd project (2015
Application, Volume 1, pp 14-5 to 14-7), but to be consistent with the rest of my analysis
(which assumes a 260 kbpd project) I scaled Teck’s estimates down proportionally. Also,
as Teck didn’t provide emissions of pollutants by phase but instead only by source (such
as from plant combustion stacks and mine fleet exhausts), I assumed that the only
emission source during construction and reclamation are mine fleet exhausts. I used the
damage cost values in Table 2 and the emission volumes presented in Table 3 to
estimate air pollution damages by year in my CBA. Note that I wasn’t able to monetize
the Frontier project’s emissions of PM10, RSCs, or metals, despite this air pollution having
some negative effect on human health and other receptors in the region, and so my
NPV and IRR results overestimate the Project’s value.
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Table 3. Frontier mine emissions by phase.

Phase

construction1,2

Pollutant Emissions

Estimated Costs Muller and
Mendelsohn (2007)
Damage Cost Factors

NOx

4,083t/yr

$1.8 million/yr

SO2

9t/yr

$13,000/yr

PM2.5

56t/yr

$98,000/yr

VOCs

244t/yr

$110,000/yr

total of $2.1 million/yr

operations2

NOx

7,171t/yr

$2.6 million/yr

SO2

526t/yr

$563,000/yr

PM2.5

188t/yr

$260,000/yr

VOCs

6,411t/yr

$2.3 million/yr

total of $5.7 million/yr

reclamation
and closure1

NOx

4,083t/yr

$1.8 million/yr

SO2

9t/yr

$13,000/yr

PM2.5

56t/yr

$98,000/yr

VOCs

244t/yr

$110,000/yr

total of $2.1 million/yr

Estimated Costs Jaramillo and Muller
(2016) Damage Cost
Factors
$96 million/yr
$220,000/yr
$3 million/yr
$110,000/yr

total of $99
million/yr
$133 million/yr
$9.8 million/yr
$8 million/yr
$2.3 million/yr

total of $153
million/yr
$96 million/yr
$220,000/yr
$3 million/yr
$110,000/yr

total of $99
million/yr

Sources: Teck Frontier 2015 application 2015 Application, Volume 1, pp 14-5 to 14-7. Notes: 1. Construction and
reclamation emissions are derived from Teck’s estimate of the amount of pollution from mine fleet exhausts. 2.
Construction emissions are given for phase 1 construction, and operations emissions are the average emissions across
operations years.

In summary, the Project’s contribution to air pollution will impose damage costs (mostly
health-related) on communities in the vicinity. I estimate these costs to amount to
almost $6 million a year during the height of operations under one study’s damage cost
factors rising to as much as $153 million a year using an alternative set of factors. These
conclusions are markedly different from Teck’s conclusions (2015 Application, Volume 3,
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p4-3+) that changes to air quality will generally not be of any effect to people in the
region.

6.9 Greenhouse Gas Emissions
GHG emissions pose costs to society that need to be accounted for in any assessment of
a major project, and the Project will emit GHG emissions at the Project site in each
phase. Teck notes that during construction over the years 2018 through 2036 Teck
anticipates 19,800 tonnes of carbon dioxide equivalent per year (tCO2e/yr) and an
additional 86,900 tCO2e/yr for site preparation over years 2019 to 2025 (2015
Application, Volume 1, p14-10). During operations, Teck anticipates an average of
4,082,000 tCO2e/yr (2015 Application, Volume 1, p14-9), inclusive of indirect emissions
associated with electricity demand. Teck doesn’t provide GHG emission estimates for
reclamation and closure, and so I assumed that the Project will emit the same amount of
GHGs in reclamation years as Teck anticipates for construction years, i.e., 19,800
tCO2e/yr.
These emissions – a maximum of 4.5 megatonnes per year which will occur during phase
2 operations – pose a damage cost to society in terms of climate change impacts on
infrastructure, crops, human health, and many other things that people value. However,
accounting for GHG damage costs requires that one take into account Alberta’s carbon
tax framework which requires large emitters to pay a tax for emissions above specified
limits. The Alberta government states that it will use this tax revenue to address climate
change (Alberta Undated-b), which in the CBA means a transfer from Teck to the Alberta
government and eventually to citizens, all of which needs to be accounted for in the
CBA.
Since January 1, 2018, facilities in Alberta emitting over 100,000 tCO2e/yr by their
second operational year must pay a carbon tax of $30/t in 2018 and rising 2% a year
thereafter on their emission overages to the extent that their emissions intensity is
greater than established benchmarks listed in the Carbon Competitiveness Incentive
Regulation (Alberta Undated-a). The regulation specifies the GHG intensity limit for oil
sands mines is 31.1 kilograms CO2e per barrel in 2018 but declining after 2020; mines
with higher intensities must pay the tax on their emission overages. Indirect emissions
(e.g., from electricity imports) count towards the mine’s emissions (Alberta 2017b). Teck
doesn’t provide an estimate of the Project’s carbon tax liability in their application but
did provide estimates in its 2017 Information Request Package 5 under alternative oil
price forecasts: under their reference price forecast Teck estimates total carbon tax
revenue of $635 million. However, Teck’s estimate of carbon tax liability is based on the
older, less stringent Alberta carbon tax framework, ignores indirect emissions, and may
be based on different production numbers. As such, I estimated the Project’s carbon tax
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liability myself as part of my CBA by calculating the Project’s emission intensity from
Teck’s emission data (about 54 kg CO2e /bbl during full operations), comparing this
intensity to the regulated intensity limit, and multiplying the associated overage
emissions (about 2.4 megatonnes CO2e per year in the first year of phase 2 operations
and rising from there) by the Alberta carbon tax rate.
I estimated an Alberta carbon tax liability of $50 million in the Project’s second year of
operations (2027), rising to $106 million by 2037 when full production is achieved, and
continuing to rise on a year-over-year basis given the emissions limit decreases over
time and the tax rate rises over time. I estimate total payments of $5.6 billion
(undiscounted). Teck might make further investments in GHG abatement or purchase
offsets instead of pay the tax in future years, especially as the emission limit tightens
and the tax rises, and Teck can be expected to do so if the costs of these alternatives to
the tax are lower. However, for modeling purposes I assumed the costs of abatement
and offsets are equal to the carbon tax. I also assumed that Alberta’s policy satisfies
federal carbon pricing requirements (Alberta 2017b) and thus that the Teck project does
not face an additional federal carbon tax liability. Lastly, I assumed that the Project does
not incur any further liability associated with Alberta’s 100 megatonne cap on oil sands
emissions (the oil sands industry is currently emitting about 70 megatonnes per year).
To address damage costs incurred by society for the Project’s GHG emissions
independent of the carbon tax I multiplied emissions by the social cost of carbon (SCC)
which is intended to reflect the monetary impact of GHG emissions on society. I relied
on SCC values of the Government of Canada (ECCC 2016).17 In my base case I applied
the Government of Canada’s “updated central” damage cost factors, which leads to
average GHG damage costs during operations of $317 million and total Project GHG
damage cost of $5.5 billion (NPV).18 Given that there is substantial uncertainty about the
SCC (Tol 2013), I also ran my model with the Government of Canada’s “updated 95th
percentile” factors which reflect the potentially catastrophic impacts of climate change.
These ‘high risk’ damage cost factors may even be conservative given that climate
change is progressing more rapidly than previous thought (e.g., Le Page 2018).
I also ran my model in two other ways to explore the potential magnitude of the
Project’s GHG damages.
To address the damages associated with downstream emissions induced by the Project,
under the notion that the Project leads to not just to incremental production-related

17

There are different SCCs for different types of GHGs; however, given that the vast majority of emissions will be carbon dioxide
(CO2)` I used the SCC for CO2 for all Frontier emissions.
18
ECCC provides GHG damage cost factors from 2016 to 2050 yet the Project’s lifespan lasts much longer. To mimic the rate of
appreciation in these factors over this period I estimated the slope of the increase in the factor over time and then extrapolated
through to the end of the Project’s life.
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emissions but also to incremental consumption of refined petroleum products and
associated downstream emissions that wouldn’t otherwise happen, I valued not just the
emissions at the Project site but also emissions associated with transport of Frontier
bitumen to refineries, refining, distribution of resulting refined petroleum products
(RPPs), and combustion by end-users. Prior to estimating these damages I first
accounted for volume changes in refining and the final product mix from crude oil by
scaling Frontier bitumen deliveries according to Canadian refinery data.19 I then used
GHG emission factors for downstream steps from IHS CERA (2010)(Table 4) and
multiplied the resulting emission volumes by my base case SCC (ECCC’s “updated
central” SCC value). I estimate that downstream emissions during operations are over
seven times greater than upstream emissions and thus pose a significant climate change
impact of the Project.20
Table 4. Downstream GHG emission factors and damage costs.
Crude
Transport

Crude Refining

Distribution
of RPPs

Fuel
Combustion

Total

GHG emission
factors from
IHS CERA (kg
CO2e per
barrel)

6

70

2

384

462

Average
emissions
over
operational
years (t CO2e
per barrel)

359,553

4,576,131

137,284

25,103,347

30,176,315

Average
damage costs
over
operational
years2

$28 million/yr

$355 million/yr

$11
million/yr

$1.9 billion/yr

$2.3 billion/yr

Note: 1. Emission factors pertain only to the volume of oil or RPPs that advance to each step in the downstream
supply chain. For example, the distribution emission factor is only applied to the volume of RPPs that are derived from
Project crude oil output. 2. Damage costs calculated using ECC’s “updated central” SCCs. Source: IHS CERA (2010).

19

Based on Canadian refining data, there is a 6% volumetric gain in refining but only about 83% of refinery outputs become
combustible fuels which mathematically works out to an 87% scaling factor (STC 2011).
20
My wells-to-wheels emission estimates may be low, though, thus under-costing the Project’s total GHG emission responsibility.
Applying Swart and Weaver’s (2012) wells-to-wheels emission factor for surface mining and upgrading yields emission totals during
operation years that are 17% greater than what I estimate.
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Finally, to address the notion that the scope of analysis – Canada in the case of my
model – should be consistent across all impacts assessed, including GHG damages
(Bennett 2014; Heyes et al. 2013), I ran my model in sensitivity analysis to include only
the damages that would occur to Canadians on a population basis. Such a restricted
scope dramatically reduces the damage costs of the Project counted in the analysis
because Canada’s population is but 0.5% of the global population. This scenario runs
counter to standard social cost of carbon accounting and effectively ignores most of the
climate change damage caused by the Project.
In summary, the Project’s GHG emissions will cause damage costs to Albertans, other
Canadians, and citizens of the world. I estimated these emissions from Teck and
supplementary information and then multiplied emissions by estimates of the social
costs of carbon from the Government of Canada. To account for uncertainties as to the
damages of GHG emissions I conducted two sensitivity analyses. I also estimated Alberta
carbon tax revenues which will be used by the Government of Alberta to help address
climate change. Overall my findings challenge Teck’s conclusion (2015 Application,
Volume 3, p4-4) that the Project’s emissions are quantitatively minor in provincial and
national emission contexts.

6.10 Water Resources
Like other bitumen development projects, the Frontier project raises concerns in terms
of consumption and contamination of fresh water resources, and these costs need to be
accounted for in impact assessment. For many years, stakeholders and scientists have
been voicing concerns about water use by bitumen developers and water contamination
(Gosselin et al. 2010; Hebert et al. 2013; Kurek et al. 2013; NRTEE 2010; Timoney 2007;
Woynillowicz et al. 2005). These concerns led government and industry to develop three
regulatory frameworks:
 the Surface Water Quantity Management Framework for the Lower Athabasca
River (Alberta 2015), which replaced a 2007 water management framework
and established new rules for water withdrawals by bitumen developers and
thereby established the basis for cumulative effects management of
Athabasca River water quantity;
 the Surface Water Quality Management Framework for the Lower Athabasca
River (Alberta 2012b), which provides the basis for cumulative effects
management of water quality along the Athabasca River by setting triggers
and limits for 38 water quality indicators measured at the Old Fort monitoring
station near the entrance of the Athabasca River to Lake Athabasca; and
 the Groundwater Management Framework for the Lower Athabasca Region
(Alberta 2012a), which lays the framework for cumulative effects management
of groundwater.
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According to Teck, the Project will consume fresh water, mostly from the Athabasca
River (2015 Application, Volume 1, pp 7-1 and 14-17), and the Project will affect the
local hydrological regime but only negligibly beyond Embarras Portage near the
entrance of Lake Athabasca (2015 Application, Volume 3, p6-8). Teck concludes that the
Project will comply with the Surface Water Quantity Management Framework for the
Lower Athabasca River (2015 Application, Volume 1, p7-48; 2015 Application, Volume 3,
p6-75). While I understand that some stakeholders challenge Teck’s conclusion, for the
purposes of my analysis I accept Teck’s conclusion as I do not have sufficient basis to do
otherwise. However, if Teck’s conclusion is wrong then there would be negative effects
that would need to be counted in the CBA.
With respect to water quality, Teck has various plans and design features intended to
contain all contaminated water, though Teck admits that a small amount of pollution
will inevitably make it out of the Project site and into regional waterways (2015
Application, Volume 1, p7-36) with potential effects on country food consumed by
Aboriginals and others. Teck plans to contain all contaminated water onsite until the
end of the Project’s life when the water is expected to be sufficiently clean that it can be
released to the Athabasca River (2015 Application, Volume 1, p13-1). Teck concludes
that the Project will have

negligible effects on acute and chronic toxicity, and tainting potential
concentrations in all receiving waters… negligible effects on aquatic
health in Ronald Lake, Redclay and Big creeks and the Athabasca River”
(2015 Application, Volume 3, p7-2).
As part of its mitigation plans, Teck states that it will engage and participate in research
on reclamation and water resource management in the region (2015 Application,
Volume 1, p13-151) as well as surface water and groundwater monitoring (2015
Application, Volume 1, pp 14-26 and 14-27).
Regardless, stakeholders in the region, especially Aboriginal people living downstream
of bitumen development such as the Athabasca-Chipewyan First Nation, are concerned
about water quality in the Athabasca River and other regional waterbodies and
waterways, especially given monitoring results finding evidence of water quality
degradation (Candler et al. 2014; MCFN & ACFN 2017). These concerns and the
resulting changes to harvesting and other cultural practices are real effects from a CBA
perspective. I am not aware of any studies that have been done in the oil sands region
estimating the monetary value of the bitumen industry’s water impacts, but many such
studies have been done elsewhere (CCME 2010). Beyond issues of clean water rights and
Indigenous rights which are not appropriately considered in monetary terms, these
impacts on water are a cost that could be included in a CBA of the Frontier project
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should the magnitude of the cost be known. I include water quality effects of the
Frontier project as a non-monetized but still important cost of the Project in my
conclusion.
In summary, the Project will have impacts on water resources, both in terms of water
quantity and quality. Due to technical and methodological barriers I have not estimated
a monetary damage cost associated with these impacts on water, but these costs still
exist.

6.11 Ecosystem Services
Ecosystem services are the benefits people obtain from ecosystems (MEA 2005). As the
Frontier project will substantially alter 29,217 hectares of landscape over the Project’s
multi-decade lifespan (2015 Application, Volume 1, p13-2), and possibly longer if
reclamation isn’t successful, there will be a loss of ecosystem services with an attendant
cost to society. I have already discussed market effects of changes at the Project site in
s.6.7 with respect to impacts on forestry and trapping, but there are additional nonmarket values that need to be counted such as:
 the change in provision of climate regulation, water stabilization and
regulation, and erosion control services from the site’s vegetation;
 the change in the site’s contribution to soil formation, pollution absorption,
and pollination services;
 the change in the site’s capacity as habitat, including for rare and endangered
species;
 the change in the site’s capacity to provide country food and other raw
materials (e.g., for traditional medicines); and
 the change in the site’s recreational and cultural value, especially for
Aboriginal groups in the area but also for non-Aboriginals.
In addition, site alteration may have effects on ecosystem services beyond the site
boundaries. For example, some species may experience edge effects whereby habitat
quality is not just a function of the land beneath a creature’s feet but also a function of
adjacent land. Similarly, the recreational and cultural value of lands is often not just a
function of the lands a person stands on but the lands adjacent.
Teck assesses these topics directly or indirectly in various parts of its EA application, but
regardless of Teck’s conclusions on whether or not the effects will be ‘significant’ or not
in the sense contemplated in the EA, incremental effects on ecosystem services still need
to be counted in any CBA of the Project. Table 5 summarizes Teck’s estimates of the
number of hectares (ha) of pre-disturbance, closure area, and net change of ecosystem
types; I use Teck’s estimates of landscape change to estimate effects on ecosystem
services.
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Table 5. Teck predictions of net changes in ecosystem type over the course of Frontier
project life.
Ecosystem Type

Pre-disturbance Area

Net Change

Uplands

14,400 ha

+2,970 ha

+10%

Wetlands

14,096 ha

-8,489 ha

-28%

Littoral

0 ha

+886 ha

+3%

Submerged berms

0 ha

+215 ha

+0.1%

Freshwater bodies

0 ha

+3,780

+13%

721 ha

-721 ha

-3%

Disturbed lands

Source: 2015 Application, Volume 1, p13-76.

At present, the Project site is used for forestry, trapping, and traditional harvesting, but
also provides a range of other ecosystem services (e.g., carbon sequestration, wildlife
habitat). Using ecosystem services values for uplands and wetlands that have been used
in several prior Canadian studies in the boreal forest (Table 6), the existing site provides
approximately $24 million (2017CDN) in benefits annually.21 For the purposes of my
CBA, I assumed that these annual ecosystem services benefits would be fully lost over
each year of the Project lifespan but then benefits would resume by 2082 when the
Project is completed (2015 Application, Volume 1, p13-6). However, I estimate that the
Project site would provide only $18 million in ecosystem services benefits per year
following reclamation because some wetlands will be converted to uplands over the
course of the Project.
Table 6. Value factors of boreal ecosystem types.

Ecosystem Type Value ($2017CDN/ha)
Forests

$64.96

Wetlands

$1,632.32

Source: Anielski (2012).

My estimate of the ecosystem services losses over the Project life may underestimate
actual ecosystem services damages for four reasons.


First, undisturbed nature is becoming rarer over time, and thus I would expect
the value of nature to rise over time, something which isn’t accounted for in
my analysis given that I use static ecosystem services value factors.

21

Under the assumptions that: (a) uplands are currently used for forestry and thus provide only a portion of the value of undisturbed
boreal forests; (b) Teck’s classifications of littoral, submerged berms, and freshwater bodies provide the same value as wetlands; and
(c) disturbed lands provide no benefits.
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Second, the ecosystem services value factors that I use may underestimate the
value of the Project site. Teck concluded that the Project’s impact on regional
losses of peatland were of “high environmental consequence” (2015
Application, Volume 1, pp 18-83 and 18-99) due to the current inability to
reclaim this type of wetland (2015 Application, Volume 1, pp 13-148 and 1879), the importance of peatland as habitat for boreal caribou and various bird
species, and the importance of wetlands for traditional use (2015 Application,
Volume 1, pp 13-141, 13-142, 13-144, 13-147). As well, the Project site
provides habitat for species-at-risk (2015 Application, Volume 1, p13-139),
including caribou. Yet as Anielski (2012) notes, “[a]ny value for [ecosystem
services] for wetlands should reflect the relative importance and scarcity of
specific wetland areas in the context of watersheds or other large-scale
ecosystem zones” (15). The same issue pertains to valuation of uplands. As the
ecosystem services value factors provided by Anielski (2012) reflect average
Canadian boreal landscapes, the special significance of the lands lost with
Frontier may not be captured in my ecosystem services damage estimates.



Third, while the ecosystem services value factors used include components for
food production and culture, monetary representations of value cannot be
expected to capture the full range of values of natural and culturallyimportant assets. The Frontier project site is part of the traditional territories
of several Aboriginal groups in the region and is highly valued by these
groups, especially given the current context of high levels of development.
Teck’s conclusion is that the Project will contribute to “high consequence”
cumulative effects on traditional land use (2015 Application, Volume 1, p18133). Monetary valuation cannot capture the many dimensions and full nature
of these impacts. Along the same lines, infringements of human rights (such
as to clean water, or to the ability to practice traditional activities) is not
amenable to monetization because the two concepts aren’t compatible
(Sagoff 1988). Under growing international but also domestic conceptions and
law, various rights may be infringed upon with development of the Frontier
project site, and so ecosystem services value factors are not capable nor are
suited to capturing these issues.



Fourth, as already mentioned there is uncertainty about how successful oil
sands mine reclamation will end up being (s.6.4). If reclamation is unsuccessful
in any way then there will be further lasting losses of ecosystem services.

In summary, the Project will cause impacts on the Project site’s and adjacent lands’
ability to provide ecosystem services, and I have made an estimate of these costs using
Teck’s project footprint information and monetary estimates of the value of Canadian
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boreal forest. However, I identify four reasons why my estimate of ecosystem services
losses may be an underestimate. Teck covers many ecosystem service issues throughout
the Frontier EA application but does not conduct an analysis similar to what I have done.

6.12 Other Impacts
User Costs. The Frontier project’s production of oil constitutes consumption of natural
resources. Unless this natural capital is converted to other forms of capital – capital
being a means to earn income – the Project does not earn true income but instead
constitutes liquidation of capital and imposes what economists refer to as a user cost. In
a past study of the Kearl bitumen mine I estimated an upper bound of the user cost of
that project to be $29 million per year (Joseph 2013), with the key uncertainty being the
level of investment by the project’s developer and government of project proceeds into
other forms of capital. As the potential user cost associated with Frontier would be
appear to be relatively small, and as it is also uncertain how much private and
government reinvestment of the proceeds of the Frontier mine will occur, I have not
tried to estimate this cost.

Foreign Investment and Leakage. Foreign investment in the Canadian oil sector is very
common, and this can mean incremental investment and associated royalty and tax
revenue that wouldn’t otherwise occur, but it also means that profits may be leaked (i.e.,
accrue) to foreigners. In a past study of the Kearl bitumen mine (Joseph 2013) I explored
this issue and concluded that the gains and losses with foreign investment might cancel
each other out. Likewise, for the Frontier mine it’s nonetheless important to consider
that while any foreign holders of Teck shares bring money into Canada that might not
otherwise come to Canada, these shareholders also draw profits out of the country. I did
not try to estimate foreign investment and leakage effects associated with Frontier.

Subsidies to the Fossil Fuel Industry. Senior governments in Canada have invested
substantially in the fossil fuel industry (McLeod-Kilmurray and Smith 2010), including the
recent investment in the Kinder Morgan Trans Mountain Expansion project, and for a
long time governments have also subsidized the oil industry through tax breaks and
other means (Dillon et al. 2008; EnviroEconomics Inc. et al. 2010; Environmental Defence
Canada 2016; Taylor et al. 2005; Touchette 2015). These are costs borne ultimately by
taxpayers and thus are costs that should be accounted for when assessing the net
benefits of an oil project. However, due to the challenge of determining the actual
amount of subsidy that the Frontier project may receive I have not tried to estimate this
for my CBA.

Social Costs. Major project development is often associated with numerous community
and other ‘social’ impacts, and oil sands development is no different. Teck reviews
potential social impacts in its application, such as population pressure in Fort McMurray,
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and associated pressure on housing, traffic, infrastructure, and services (2015
Application, Volume 1, s.16). Beyond examining the issues of incremental employment
and incremental tax and royalty revenues to government, incremental costs to
government, as well as a discussion particular to potential effects on Aboriginal groups
below in s.6.14.3, I have not tried to account for any other social impacts in my CBA. In
many cases, social impacts are not amenable to monetization and instead are more
suited to other forms of impact assessment. As such, I simply note that my CBA is not
complete in this regard.

6.13 Discount Rate
A critical part of assessing the impacts of projects that span long periods of time is
consideration of the fact that gains or losses in the future are not worth the same to
people as gains or losses today. There are two main reasons for this: (1) people have an
inherent tendency to prefer benefits sooner rather than later and to defer costs, and (2)
the greater interest that can be earned when investments are made sooner. By
converting all monetary values into a common temporal unit – a process called
discounting – a project’s net present value (NPV) can be calculated, where NPV is the
discounted sum of a project’s benefits and costs over the project’s lifespan. However,
discounting has the effect of diminishing future impacts, which in the case of
environmental and health issues and thus from sustainability and intergenerational
ethics points of view is problematic. Despite substantial effort, economists and
philosophers have not resolved these conflicts, and may never do so.
Regardless, discounting is a real phenomenon, and so the challenge is identifying an
appropriate discount rate, rates, and/or approaches to use. There are two main issues to
consider when discounting the impacts of Frontier: investors’ private opportunity costs
of capital, and the sustainability implications of the Project.
Investors require a reasonable return on investment, and so from this point of view a
discount rate reflective of what investors could earn elsewhere makes sense. Teck used
an 8% discount rate in some of its calculations (2015 Application, Volume 1, pp 16-13
and p16-14), which is what the Treasury Board of Canada Secretariat recommends in its
most recent CBA guide (TBCS 2007) for CBAs of regulatory change. CERI uses a 10% rate
in its supply cost studies (e.g., Millington 2017) to examine private investment in the oil
sands, and while the AER doesn’t indicate what discount rate it used in its most recent
supply cost study (AER 2018) its predecessor used 10% (ERCB 2011). In its 2014 refinery
CBA, CERI (Millington et al. 2014) used 15% as a base case rate, with rates of 13% and
17% for sensitivity analyses. CERI argued that 15%, while above the traditional cost of
capital, “is based on the assumption that the project proponent is not a verticallyintegrated company” and as the building of the project in question (a new refinery)
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“faces market entry challenges and risks” (p29). These relatively high rates used by CERI
reflect the particular project they were evaluating and is less relevant for the Frontier
project. Regardless, discount rates reflecting how investors value future costs and
benefits tend to be 8% or higher, and this fact influences how the Project’s future
impacts are discounted.
Yet from a sustainability perspective, much lower discount rates are often advocated
and used (Boardman et al. 2011; Freeman and Groom 2016; Hanley and Spash 1993;
Kula and Evans 2011; Sáez and Requena 2007; Shaffer 2010). For example, the UK Stern
Review on climate change adopted a 1.4% discount rate, and other climate change
economics studies have applied rates on the order of 3% (Goulder and Williams III
2012). CBA is premised on people’s actual valuations (Shaffer 2010), and future
environmental quality and human health are generally discounted little or even valued
more by people (Gowdy 2004; Luttrell 2011; Sáez and Requena 2007). From this
standpoint, a low rate should be used in the Frontier CBA given the Project’s
environmental impacts and associated impacts on health such that these impacts are
diminished relatively little by the mathematical effects of discounting and reflect how
people view such impacts.
With these contrasting considerations in mind – the expectations of investors but the
sustainability issues raised by the Project – I tested the Project’s value to society under
several discounting scenarios. For my base case I adopted a dual discounting approach
(e.g., Brouwer et al. 2005; Freeman and Groom 2016; Kolosz and Grant-Muller 2015; Kula
and Evans 2011; Luttrell 2011; Postma et al. 2013; Sáez and Requena 2007) in which
market impacts (e.g., oil revenue, CAPEX, etc.) are discounted at 10% to be more
consistent with private opportunity costs of capital and oil sands supply cost studies,
and environmental impacts at 3% reflecting sustainability concerns. I also ran my model
with uniform 3%, 8%, and 13% rates.

6.14 Results
6.14.1 Base Case

I estimate the base case NPV of the Frontier project to be a net loss of $4.6 billion to
society (Table 7) under the base case parameters shown in Table 8. Note, though, that
the base case NPV result does not factor in several unmonetized impacts on air quality,
water resources, certain ecosystem services, the risk of reclamation failure, and the social
costs associated with government subsidies. These unmonetized impacts would act to
reduce the NPV result further, though impacts on water resources may be more
appropriately considered outside of the domain of economic methods due to potential
human rights concerns.
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Table 7. Key results of base case.

Indicator

Result

Social NPV $4.6 billion net loss
Private IRR

7.8%

From a private perspective, in which environmental impacts are ignored but royalty and
tax transfers are relevant, the Project generates only an internal rate of return of 7.8% in
the base case (Table 7), which is low from a private investment perspective. CERI, for
example, required a 10% return for investors in their oil sands supply cost study
(Millington 2017). While the Project would earn substantial oil revenues for investors,
the Project’s construction and operational costs, royalties, and taxes are also substantial
and contribute to a low expected return. In other words, investors should do better
investing elsewhere. This finding supports the NEB’s and IEA’s conclusions that oil prices
will be too low to encourage new investment in mines in the oil sands (see s.6.3). This
finding also raises the concern that low financial earnings may affect Teck’s commitment
to mitigation of the Project’s adverse effects – mitigation costs money, and with low
revenues Teck’s mitigation efforts may end up being less than ideal.
Disaggregated results for the base case are presented in Table 9. In terms of the base
case NPV result, oil revenues are nearly outweighed by Project costs alone, never mind
GHG damages and other environmental costs.22 See s.6.14.3 for information on the
distribution of benefits and costs of the Project by group.

22

The values in Table 9 are rounded; the sum of unrounded CAPEX, OPEX, and reclamation costs sum to just under the estimated oil
revenues.
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Table 8. Key parameters used in the Frontier CBA.

Parameter

Unit

Base Case Value

Alternative Values Tested in
Sensitivity Analysis

years of
operations

years

41

-

maximum nominal
production
capacity

bpd

260,000

-

production
capacity utilization
factor

%

88

NEB 2017 Technology ($70.70 WTI
in 2018 declining to $75.50 by 2040
and remaining there until 2066)

oil price scenario

bitumen price
differential

2017CDN$/bbl

2017CDN$, %

NEB 2017 Reference ($69.69 WTI in 2018
rising to $92.13 WTI in 2027 and remaining IEA 2017 New Policies ($56.23 IEA
there until 2066)
Crude in 2018 rising to $124.00 in
2040 and remaining there until
2066)1
WCS price minus $1.89 in transportation
costs between mine and Hardisty (leading
to bitumen prices of $42.10 in 2018 rising
to $63.59 in 2027 and continuing to rise to
$68.79 in 2036 and then remaining there
until 2066)
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Parameter

Alternative Values Tested in
Sensitivity Analysis

Unit

Base Case Value

CAPEX

2017CDN$

$23.4 billion (based on $90,000 per barrel
capacity)

annual OPEX at
full operations

2017CDN$

$2.2 billion

+/-25% (leading to OPEX of $2.3
billion or $2.1 billion)

total reclamation
costs

2017CDN$
undiscounted

2% of CAPEX: $429 million

Foote (2012): $4.1 billion

employment
benefits

n/a

None

10% of labour otherwise
unemployed

Muller and Mendelsohn (2007):

Jaramillo and Muller (2016):

air pollution
damage costs:
-

NOx
SO2
PM2.5
VOCs

GHG damage cost
factor

2017CDN$/t

2017CDN$/t
CO2

-

$21.5 billion (Teck’s 2015 estimate)
$32.2 billion (25% increase over the
base case)

$451
$1,353
$1,654
$451

ECCC’s “updated central” values ($46.00 in
2018 rising to $80.15 in 2050 and
remaining there until 2066)
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$6,136
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$53,608
not available

ECCC’s “95th percentile” values to
represent the ‘high risk’ of
catastrophic climate change
($191.75 in 2018 rising to 342.66 in
2050 and remaining there until
2066)
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Parameter

GHG emissions
scope

Ecosystem service
damage cost
factors:
-

Unit

n/a

$2017CDN/ha

forest lands
wetlands

discount rate

%

Base Case Value

Emissions associated with Project
construction through to and including
operations; damages to globe

$64.96
$1,632.32

10% for market impacts and 3% for
environmental impacts

Alternative Values Tested in
Sensitivity Analysis
Emissions associated with Project
construction through to and
including final consumption,
damages to globe
Emissions associated with Project
construction through to and
including operations; damages only
to Canadian portion of global
population

-

uniform rates of 3%, 8%, and 13%

Note: 1. The IEA doesn’t provide a forecast in WTI terms and instead provides a forecast only for a crude blend.
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Table 9. Project benefits and costs in the base case.1

Impact

NPV (2017CDN$)

Revenue benefits from oil
production

$20.8 billion benefit

CAPEX

$10.7 billion cost

OPEX

$8.4 billion cost

Reclamation

$2 million cost

Employment benefits

No incremental benefit

Government costs

Cost (unmonetized)

Impacts on other
commercial activities

Cost (accounted for in CAPEX and OPEX)

Air pollution

$121 million cost plus additional cost associated with
unmonetized pollutant exposure

GHG damages

$5.5 billion cost

Impacts on water resources

Cost (unmonetized)

Impacts on ecosystem
services

$699 million cost

Other impacts:
 user cost
 foreign investment
 subsidies
 social costs

Other impacts:
 Cost (unmonetized)
 Unknown if benefit or cost
 Cost (unmonetized)
 Unknown if benefit or cost

Note: 1. Values are rounded up.

6.14.2 Sensitivity Analysis

There is uncertainty with respect to some of the input parameters used in the CBA, and
therefore it’s critical to assess the robustness of model results against variation in input
parameters by completing sensitivity analysis. Across the range of scenarios assessed,
NPV varies between a low of -$44.5 billion to a high of $30.9 billion (Table 10; Figure 3),
though most scenarios tested do not vary so much from the base case results.
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Table 10. Comparison of net present values across the base case and sensitivity analysis scenarios.

Scenario

Rationale and/or Explanation

Net Present
Value
($2017CDN)

Upstream &
Downstream GHGs

Includes all GHG emissions associated with Project
output

-$44.5 billion

$40 billion less

High risk GHG
damage costs

ECC’s “updated central” carbon damage estimates
may under-represent the potentially catastrophic
impacts of climate change

-$22.6 billion

$18 billion less

Bitumen @60% of
WTI

Uncertainty about value of bitumen relative to
marketable crude oil

-$8.2 billion

$3.6 billion less

J&M (2016) air
pollution damages

More recent study that finds much higher damages
associated with air pollution

-$8.1 billion

$3.5 billion less

NEB 2017
Technology oil
price forecast

Uncertainty in future oil prices – this scenario
anticipates relatively low future prices

-$7.9 billion

$3.3 billion less

Base case CAPEX
+25%

Uncertainty about costs of construction – this
scenario assumes substantial cost growth

-$7.2 billion

$2.7 billion less

OPEX +25%

Uncertainty about costs of operations – this scenario
assumes cost growth

-5.7 billion

$1.1 billion less

Foote (2012)
reclamation costs

Uncertainty about costs to reclaim bitumen mine
sites – this scenario assumes higher costs

-$4.6 billion

$20 million less

Base case

-

-$4.6 billion

-
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Scenario

Rationale and/or Explanation

Net Present
Value
($2017CDN)

10% of labour
otherwise
unemployed

Possibility that some Project workers would
otherwise be unemployed

-$4.3 billion

$292 million more

Teck CAPEX
Estimate

Assumes that Teck’s estimate of construction costs
is accurate

-$3.7 billion

$883 million more

OPEX -25%

Uncertainty about costs of operations – this scenario
assumes lower costs than currently anticipated by
proponent

-$3.5 billion

$1.1 billion more

Debate over the appropriate rate at which people
value the present vs. the future – the 13% rate
assumes that people value the present much more
than the future

-$2.3 billion

$2.3 billion more

Excludes GHG damages to rest of globe

$854 million

$5.4 billion more

uniform 8%
discount rate

Debate over the appropriate rate at which people
value the present vs. the future – the 8% rate
assumes a moderate time-value of money

$3.7 billion

$8.3 billion more

IEA New Policies oil
price forecast

Uncertainty in future oil prices – this scenario
anticipates relatively high future prices

$4 billion

$8.6 billion more

uniform 3%
discount rate

Debate over the appropriate rate at which people
value the present vs. the future – the 3% rate
assumes that people value the future much more

$30.9 billion

$35.5 billion more

uniform 13%
discount rate

Just Canada GHG
scope
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Figure 3. Net present values of base case and sensitivity analysis cases – net present value.

Key conclusions that follow from the sensitivity analysis are as follows:


The Project’s value to society is highly contingent upon how one values GHG
emission damages. The inclusion of downstream emissions under the
assumption that the Project creates incremental refined petroleum products
for the world to combust leads to the highest social cost result for the Project,
and if one assumes that only upstream emissions are incremental but adopts
the Government of Canada’s SCC values that reflects the risk of catastrophic
climate change then the second worst result is obtained.



The Project’s value is highly sensitive to oil price and project cost. The
Project’s financial viability in particular revolve around future oil prices as well
as the high capital and other costs of the Project. If either the NEB’s
Technology oil price scenario or greater CAPEX or OPEX or reclamation costs
come to fruition on their own the Project’s social costs will rise significantly. If
OPEX ends up being 25% lower than Teck forecasted for its 2015 application
or Teck’s CAPEX estimate in its application is correct – neither of which seem
likely – the Project will still be a net social loss under all other base case
assumptions. From a private perspective, my model indicates that an
acceptable return on investment will only occur under a high oil price future
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which seems unlikely given increasingly stringent carbon policy and
electrification of automobiles.


The Project’s value to society is highly sensitive to assumptions about how
people value the future. The Frontier project’s value to society depends
heavily upon what discount rate is assumed. A high rate diminishes the
magnitude of impacts in the future (such as GHG damages and oil revenues),
and a low rate diminishes such impacts much less-so. Under the base case
dual discounting procedure (10% for market impacts and 3% for
environmental impacts) the Project generates a $4.6 billion net social loss. The
Project is also a net social and net private loss if one assumes a uniform 13%
rate, which is a rate that more closely reflects the private investor perspective.
Under a uniform 8% rate the Project is a net private loss of $218 million but a
net social gain of $3.7 billion, but an 8% rate is inappropriately high when
considering long-term environmental impacts. Adopting a uniform 3% rate
leads to a high NPV for the Project – a strong net social and net private gain
because the volume of the project’s oil revenues grow enough to outweigh
the project’s financial and environmental costs – but this rate is counter to
typical private investor expectations. I contend that the most appropriate
discounting procedure – which I adopted for my base case – is to discount
market impacts at a rate consistent with private investor expectations and to
discount environmental impacts at a rate reflective of sustainability concerns.



From a private investor point of view, the Project’s financial outlook is poor.
Under the base case my model predicts a private IRR of 7.8%, signifying a low
return relative to typical investor expectations return.23 If a variety of
conditions hold on their own – i.e., if bitumen value at the minehead is but
60% of the WTI at Cushing price, if future oil prices follow the NEB’s
Technology forecast, if CAPEX rises a further 25%, or if OPEX rises 25% higher
than Teck estimated – then even lower returns would be earned by investors.
If more than one of these conditions hold, then the return for investors is
worse. While more favourable conditions may come to fruition, the
aforementioned scenarios are consistent with the NEB’s and IEA’s
expectations that market conditions do not favour new investment in oil
sands mines.



The employment benefit to labour is small to nil. Labour market data strongly
suggest that there would be no incremental benefit to labour from the
Project, but even under the assumption of 10% of employees otherwise

The IRR is not a function of the discount rate but is the discount rate at which investors would turn a profit. The $2.2 billion private
loss in the base case reflects the 10% discount rate for market impacts used in the base case.
23
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unemployed the Project’s value increases only slightly. This finding is in stark
contrast to Teck’s predictions (discussed in s.5.1) of hundreds of thousands of
job ‘benefits’ and billions of dollars of labour income ‘benefits’ (despite their
admission elsewhere in their EA application that there may be few incremental
employment benefits – see s.6.5). As discussed in s.5.2, Teck’s method ignores
what labour would otherwise be doing and thus provides only a limited
picture of the net economic benefits of the Project.
6.14.3 Distributional Analysis – Base Case

An important component of any good practice CBA is an assessment of the distribution
of costs and benefits. For this study I report benefits and costs by key stakeholder group
under base case assumptions (Table 11). Note that while Aboriginal groups such as the
Athabasca-Chipewyan First Nation are not differentiated in my table from other people,
Aboriginal groups will be affected indirectly by way of effects on government, as regular
citizens, but also in the manner in which Aboriginal people are uniquely affected due to
the cumulative effects of the Project and other development and events back through to
colonization on traditional territory and associated cultural activities. CBA is limited in
terms of its ability to capture the project effects that related to cultural and rights-based
issues, and so I discuss effects on Aboriginal groups in more detail in a separate
subsection below.
Table 11. Incremental benefits and costs flowing to stakeholders (base case scenario).1

Stakeholder

Impact

Private investors

Return on investment (net
of Project revenue, Project
costs, royalties and taxes
owing)

$4 billion loss

Royalties, Alberta corporate
income tax, property tax2

$3 billion gain

Government of Alberta

Incremental government
costs

Negative

User cost

Negative

Corporate income tax
Government of Canada

NPV ($2017CDN)

Incremental government
costs
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Stakeholder

Impact
Net effects of foreign
investment benefits and
leakage

Externalities: Alberta

net GHG damages, air
pollution, and impacts on
ecosystem services 3
Impacts on water resources

NPV ($2017CDN)
Unknown

$821 million loss
Negative

Externalities: Rest of
Canada

net GHG damages 3

$14 million loss

Externalities: Rest of World

net GHG damages 3

$3.2 billion loss

Note: 1. Values are rounded. 2. Property tax flows to the Regional Municipality of Wood Buffalo, a local government in Alberta. 3.
Net GHG damages are the net of GHG damage costs and climate change investments stemming from Alberta’s carbon tax.

Under base case assumptions I estimate the private return on investment to be 7.8%. In
NPV terms, I estimate that investors will incur a $4 billion (NPV) loss after tax and
royalties at a 10% discount rate.
Assessing the fiscal impacts of projects on government is complex. Many studies count
all tax revenue from a project as incremental while ignoring costs to government,
resulting in a significant misrepresentation of impacts on government. A more accurate
approach is to assume that sales tax, fuel tax, and labour income tax associated with the
Frontier project is offset by government responsibilities to provide infrastructure and
services to the Project and its employees (such as health care, roads, and policing).
Furthermore, given the opportunity costs of Frontier’s investment capital and labour
(s.6.5), one can generally assume that such tax revenues would flow from alternative
investments if Frontier did not proceed.24
As such, in the case of the Government of Alberta, the only incremental benefits of the
Project are royalties, corporate income tax, and municipal property tax: these revenues
would only otherwise be earned if one assumed that investors would build a different
bitumen mine, which I don’t consider likely given the limited bitumen resources
available.25 I estimate that these revenues will total $3 billion (NPV) in the base case.

24

Note that while in the base case I argued that employment benefits were unlikely given current and anticipated future labour
market conditions I did explore in sensitivity analysis the scenario in which 10% of Frontier employees would otherwise be
unemployed. Under such a scenario there would also be incremental personal income tax revenue flowing to both the Alberta and
federal governments.
25
Carbon tax revenue is not counted as a benefit to the Government of Alberta because the government plans to invest all of this
revenue into addressing climate change.
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Royalties are paid at a rate between 1% and 9% of gross revenues, depending
on the price of oil, during the Project’s ‘pre-payout period’, and then after
‘payout’ royalties are paid at the greater of this pre-payout rate or a rate
between 25% and 40% on net revenues, again depending on the price of oil.
Teck estimated the Project would pay total royalties of $46 billion (2014CDN
undiscounted; 2015 Application, Volume 1, p16-13) to $47 billion (Information
Request Package 5, p5-9), but this amount is contingent upon Project costs
and revenues, which in turn is a function of oil prices. I estimate that the
Government of Alberta will earn $31 billion (undiscounted), or $2.2 billion
(NPV).
Corporate income tax is payable on profits to the Government of Alberta.
Teck estimated $7.9 billion (2014CDN undiscounted; 2015 Application,
Volume 1, p16-13). I estimate this revenue stream to total $5 billion
(undiscounted), or $388 million (NPV) under the assumption that the Alberta
tax rate of 12% remains over the life of the Project.
Property tax is earned by the RMWB, a local government within Alberta. Teck
indicates that it will owe $68 million (2014CDN) in the year when production
starts (2026) and that the annual amount owing will increase to $94 million
when phase 2 becomes operational in 2038 (2015 Application, Volume 1, p1613). In its Information Request Package 5 (p5-9), Teck estimates that Frontier’s
total municipal taxes will amount to $3.6 billion (undiscounted). I adopt Teck’s
more recent estimate of property taxes directly into my model. However, this
estimate may be an overestimate given recent changes to Alberta’s
Modernized Municipal Government Act which seeks to reduce the scale of
differentials between the tax rates paid by industrial users such as Teck and
other property tax rates (Schofield et al. 2017). The change will reduce the
2017 ratio of 17.9:1 between the rural non-residential tax rate and the lowest
rural residential tax rate to 5:1 through some mix of reducing the higher rate
paid by industry, raising the low rate paid by rural residents, and reducing
RMWB expenditures. It is unclear when the tax changes will take effect
(McDermott 2018), or what the eventual industrial tax rate will be. The
Project’s financial viability will improve to the extent that Teck’s property tax
liability declines, but at the same time the RMWB’s (and thus Alberta’s)
benefits will decline. I tested the effect of a 50% reduction in property taxes
and found only a minimal improvement in the Project’s financial viability and
a minor reduction in Alberta’s net benefits.

Carbon taxes are payable to the Government of Alberta from facilities emitting more
than allowed amounts, as discussed in s.6.9. Teck estimated total carbon tax revenue of
$635 million but this was under the old tax regime. I estimated that the government
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would bring in (and then invest in climate change mitigation or adaptation) $5.6 billion
(undiscounted) or $2.2 billion (NPV).
As I discuss in s.6.6, I did not identify any special infrastructure or service investments of
the Government of Alberta, though the Frontier project will lead to some unquantified
regulatory and management costs to both the provincial and federal governments. The
Alberta government will also incur some unquantified user cost to the extent that
government does not reinvest all resource rent earned off the Frontier project into other
forms of capital.
The Canadian government will earn corporate income tax on profits, incur incremental
regulatory and management costs, and be affected by foreign investment. Teck
estimated “federal income and capital taxes” of $12 billion (CDN; Information Request
Package 5, p5-9); Teck does not clearly define exactly what taxes are included in this
estimate. I estimated federal corporate income tax to amount to $6.3 billion
(undiscounted), or $485 million (NPV), under the current tax rate of 15% under base
case assumptions. I did not try to estimate incremental regulatory and management
costs, and as I discussed in s.6.12 there may be a mix of benefits and losses associated
with foreign investment in the Project.
The Project will cause a number of adverse effects that are externalized onto citizens of
Alberta, the rest of Canada, and the world. Under base case conditions – including the
Government of Canada’s “updated central” social cost of carbon which doesn’t reflect
the risks of catastrophic climate change or capture the much larger emission volume
downstream of the Project, but also factoring in the investments made by the
Government of Alberta from carbon tax revenue that will offset some of the GHG
damages – Albertans will be exposed to a portion of the net GHG damages of the
Project, the air pollution impacts of the Project, and impacts on ecosystem services
totalling $1.8 billion (undiscounted), or $821 million (NPV), excluding un-monetized air
pollution and water impacts.26 I estimate that the rest of Canadians will incur $33 billion
(undiscounted), or $14 million (NPV), in net GHG damages after carbon tax investments
and that the rest of the world will incur $7.4 billion (undiscounted), or $3.2 billion (NPV),
in net GHG damages.27

26

For the distributional analysis I assumed all air pollution costs being incurred by Albertans, but most of this damage will be borne
by those in nearby communities in the oil sands region, and realistically some impacts may be incurred by people in Saskatchewan
and the Northwest Territories depending on air movement patterns. I counted all impacts on ecosystem services as affecting
Albertans, although some of these impacts will affect others outside of Alberta due to the broader geographic reach of certain
ecosystem services. As for impacts on water resources, most impacts will be felt by Albertans though some will inevitably affect
people in the Northwest Territories due to the direction of water flow.
27
I distributed net GHG damage costs across Albertans, the rest of Canadians, and the rest of the world proportional to population.
Using this method, Albertans and the rest of Canadians are subject to but 0.5% total of the GHG damages.
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Effects on Aboriginals

Aboriginal people in the region may be affected in several ways by the Frontier project.
Environmental impacts of the Project, including cumulative effects on top of the
environmental impacts of other development in the region, may have direct impacts on
Aboriginals practicing cultural and subsistence activities as well as on communities in
the vicinity and downstream of the Project. As noted in ss. 6.10 and 6.11, the
environmental impacts of the Project have particular meaning for Aboriginals in the
region whose culture and well-being revolve around the natural landscape. In
economics terms the issue is one of ‘ecosystem services’, but for Aboriginals the issue is
a matter of culture and tradition, everyday activities that life depends on and revolves
around, Aboriginal rights and title, and the history of colonization. These are serious
matters, and economic methods of valuation are not well-suited to cataloguing and
interpreting these impacts. As these impacts are fully not captured in my monetary cost
estimates my CBA does not capture the full adverse effects of the Project.
The Project may also have a variety of socio-economic effects on Aboriginal groups in
the region, such as with respect to cost of living and economic benefits. To address
these effects, Teck has proposed a variety of mitigation measures such as:
 using a fly-in/fly-out lodge to house workers, reduce pressure on local
housing and services, and reduce travel risks associated with daily commuting
(2015 Application, Volume 3, s.16);
 providing firewood to Fort Chipewyan from non-merchantable timber from
the Project site to reduce costs cost of living (2015 Application, Volume 3,
s.17); and
 adopting a procurement and hiring strategy, including training and a
contracting policy that promotes local business for future Project
development and operations, to support the involvement of Aboriginal
businesses and workers in the Project (2015 Application, Volume 1, s.16).
Teck says in its responses to supplementary information requests that it will also explore
providing support for community initiatives and infrastructure and is committed to
implementing a socio-economic monitoring plan to assess impacts, and Teck commits
to further discussions with Aboriginal communities to better understand their concerns
and to develop mitigation measures to address other potential adverse impacts. Teck
states that it will attempt to incorporate these future commitments in a negotiated
agreement with Aboriginal people or as stand-alone policies if an agreement cannot be
reached.
Teck’s proposals to address Aboriginal communities’ concerns are constructive, but it is
critical to note that Teck’s approach to addressing Aboriginal concerns is based on
statements of intent that may or not be met. In contrast, it is now standard practice to
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establish contractual arrangements between proponents, governments, and affected
Aboriginal communities that legally obligate the proponent and/or government to
implement specific measures as a condition of project approval. Such agreements go by
many names; in Canada, the term impact and benefit agreement (IBA) is commonly
used.
The common feature of IBAs is that they are a formal contract outlining the anticipated
impacts of a project, the commitments and responsibilities of involved parties to
mitigate adverse impacts, and provisions to ensure that affected Aboriginal communities
receive a share of benefits from a project.
In Canada’s mining sector, IBAs have become a standard part of corporate-Aboriginal
relations. IBAs are often a final, legally-binding agreement that stems from an initial
memorandum of understanding and is developed through consultation and negotiation
between the proponent and Aboriginal government. As of 2012, Natural Resources
Canada listed more than 180 agreements with Aboriginal peoples at various stages of
the mining lifecycle (NRCan 2013).
IBAs are also legally required for project approval in some Canadian jurisdictions. For
example, s.5.2 of the Canadian Oil and Gas Operations Act states that a Benefits Plan
must be submitted to the Minister of Northern Affairs and Northern Development
Canada by any proponent exploring or drilling for oil in Nunavut, the Northwest
Territories, or the Arctic. Similarly, s.26.2.1 of the Nunavut Land Claims Agreement states
that major projects may not go ahead in Nunavut without a signed IBA.
Although IBAs vary from project to project, they often include the following types of
provisions:
 labour: preferential hiring for Aboriginals, fulfilling an agreed-upon number of
Aboriginal employees; training for these jobs could also be provided through
local classes and apprenticeships or with scholarships and bursaries;
 economic development: recognition and support of relevant local Aboriginal
businesses through preferential contracting, as long as said businesses are
cost competitive, efficient, and timely; possible partnerships and joint
initiatives with Aboriginal businesses; the creation and use of a registry of
Aboriginal businesses and monitoring of Aboriginal content to meet agreedupon requirements;
 community support and affirmation of Aboriginal rights and historic/cultural
connection to land: funding for youth, social programs, community projects,
and/or and physical infrastructure; facilitation of on-going communication
between parties through establishment of committee meetings;
 environment: establishment of environmental planning and monitoring
committees; reclamation commitments; efforts to minimize activity in
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culturally-important areas; agreement that the proponent will not apply for
more permits after IBA negotiation has finished;
financial: monetary compensation arrangements; fixed or variable cash
payouts; funding agreements with an established monitoring committee; and
commercial: project certainty through acknowledgement of adequate
consultation; dispute resolution and enforcement clauses if either party were
to break the contract; and confidentiality.

While Teck has stated it intends to negotiate an IBA, it is under no obligation to do so.
I’m also not aware of any efforts between the Alberta government and Aboriginal
groups to negotiate any IBAs. Without an IBA there is no guarantee that any intentions
to offset adverse impacts and to provide community benefits to Aboriginal communities
in the region will be met.
6.14.4 Comparison of Teck Benefits Assessment with CBA Results

Table 12 presents a comparison of Teck’s predicted economic benefits with the results
of my CBA. This comparison is not comprehensive with respect to the Project’s
economic effects but merely a comparison of my CBA results with the items raised in
Teck’s economic benefits assessment. Importantly, it must also be noted that the
comparison is also constrained by the limited extent to which measures can be
compared, e.g., GDP and NPV are distinct and generally incompatible perspectives of
project economics.
Regardless, several points are evident from this comparison. First, Teck’s large GDP and
employment numbers are presented as massive benefits of the Project but these are
gross impacts. From a net benefits perspective the Project’s oil revenue is outweighed
by the high costs of production (which includes labour costs in a tight labour market).
Refer to s.5 for a discussion of problems with EconIA methods used by Teck. Second,
Teck’s estimates of government revenues are larger than mine with the exception of
carbon taxes, primarily I presume due to different oil price forecasts and different
assumptions of Project costs. Teck’s estimate of carbon tax revenue is much lower than
mine reflecting Teck’s basing of its calculations on now-outdated Alberta policy.
Table 12. Comparison of Teck EconIA and respect results from my base case CBA.1

Item

Teck EconIA2

My CBA

Project expenditures

$12.3 billion in GDP
“benefits” from
construction, and annual
average GDP “benefits” of

Costs of $23.4 billion and
$2.2 billion annually to the
economy for construction
and operations,
respectively. These
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Item

Employment and labour
income

Teck EconIA2

My CBA

$1.5 billion during
operations

expenditures are
investments that couldn’t
otherwise be made.

94,300 person-years in
construction employment
and 4,100 person-years
annually in operations
employment
$13.2 billion in household
income for construction,
and $2.2 billion annually in
household income during
operations

No incremental
employment benefits, i.e.,
jobs and labour income
would otherwise be
attained and earned.

Alberta royalties

$46.8 billion

$31 billion

Alberta corporate income
tax

$8 billion

$5 billion

municipal property tax

$3.6 billion

$3.6 billion

federal corporate income
tax

$12 billion

$6.3 billion

carbon tax

$635 million

$5.6 billion

Notes: 1. All values undiscounted. 2. Values from Information Request Package 5 or from 2015 Application if unavailable from the
former source. See s.5.1 in this report for an overview of Teck’s predicted economic benefits.

7. Conclusions
Alberta and Canadian regulatory criteria emphasize that project proposals need to
demonstrate that they are in the public interest. The information that Teck presents in
its environmental assessment application does not accurately or comprehensively
address this requirement.
Teck used a method of benefits assessment that is well-known in the economics
profession to be deficient with respect to informing of net benefits. Teck used economic
impact analysis based on input-output modeling to assess a subset of economic effects
linked to investment. This method ignores constraints in the economy, such as limits to
investment capital and labour supply, and ignores a range of economic effects, such as
incremental government burdens and the health costs of pollution. Teck provides
information on the expected adverse effects of the Project in their environmental
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assessment application but does not synthesize this information with economic benefits
information to inform of the Project’s public interest value.
Using the standard method from economics of project evaluation used around the
world – cost-benefit analysis – I assessed the value of the Project to society and to
private investors. My analysis found that under base case assumptions the Project will
be a net loss to society of $4.6 billion (NPV) and a poor investment with an internal rate
of return of 7.8%, suggesting that the Project is not in the public interest and not a good
prospect for investors. Little if any employment benefits should be expected from the
Project due to current and forecast labour market conditions, and as such the Project
should not be expected to be in the public interest from the perspective of jobs.
Furthermore, while my cost-benefit analysis does incorporate a variety of environmental
impacts, there are several adverse impacts not captured in my analysis results due to
technical or philosophical reasons, suggesting that my results overestimate the Project’s
value to society.
There are numerous uncertainties in any modeling of a Project’s future value, yet my
sensitivity analysis suggests that the Project will be a net loss to society under a range of
scenarios. I tested different oil price scenarios, environmental damage cost scenarios,
Project cost scenarios, discounting scenarios, and the possibility of employment
benefits. Only four scenarios yield a positive net benefit to society: ignoring greenhouse
gas damages outside of Canada, the adoption of 3% and 8% uniform discount rates
applied to all impacts, and adoption of the high oil prices assumed in the International
Energy Agency’s New Policies oil price forecast. There are reasons to doubt the
appropriateness and/or realism of these scenarios given that: it is standard practice to
consider the global damages of greenhouse gas emissions, not just those occurring
within a jurisdiction; a 3% discount rate is not consistent with private investor
expectations; an 8% discount rate is not appropriate for long-term environmental
impacts; and the International Energy Agency oil price forecast is unlikely given global
climate change concerns, likely future carbon policy, and technological change.
Similarly, in sensitivity analysis I found that the Project would be a relatively poor
investment in all scenarios other than four of the 17 scenarios I tested: if 10% of labour
would otherwise be unemployed, if the Project’s operational costs end up being 25%
less than what Teck predicted in 2015, if Teck’s 2015 capital cost estimate ends up being
correct, or if the International Energy Agency’s New Policies oil price scenario is realized.
The evidence suggests that none of these scenarios are likely, and so overall my findings
support the conclusions of both the National Energy Board and International Energy
Agency that new bitumen mines are unlikely to be built due to their poor financial
outlook.
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From a distributional standpoint, my results suggest that the Project is a gain only to the
Alberta and federal governments. For investors my analysis finds that the Project will be
a loss, and for citizens of Alberta, Canada, and the world my analysis finds also that the
Project will be a loss due to adverse environmental impacts. While Aboriginal groups in
the region may experience some employment benefits with the Project, few economic
benefits should be expected by these groups without concrete commitments by Teck in
the form of contractual obligations contained in an impact-benefit agreement.
Regardless, I expect the Project to affect Aboriginal groups through its contribution to
the cumulative effects of other development in the region, further compromising not
just the landscape and water but the cultural and social activities that depend on them.
My findings challenge Teck’s message of billions in benefits to governments, businesses,
workers, and households. My overall finding is that the Project is likely to be a net loss
to society and a poor private investment. Even if the Project was developed, workers
have at least equal opportunities elsewhere. These conclusions, on top of the Project’s
substantial environmental impacts, call into serious question whether this Project is in
the public interest.
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<contact information removed>

<contact information removed>

www.swiftcreekconsulting.com

Expertise and Skillsets
-

environmental assessment including the assessment of economic impacts, the impacts of energy
development, and the theory of environmental assessment and cumulative effects
environmental and ecological economics, including cost-benefit analysis and non-market
valuation
megaproject development and their valuation
collaborative planning, multi-stakeholder engagement, and facilitation
policy evaluation and policy implementation
literature synthesis and surveying/questionnaires
structured decision-making
project management and group leadership
instruction and communications

Education
PhD (Resource Management), 2006 - 2013
School of Resource and Environmental Management. Simon Fraser University

“Megaproject Review in the Megaprogram Context: Examining Alberta Bitumen Development”
Recipient of several scholarships and awards, including Canada Graduate Scholarship – Doctoral (SSHRC)
2006-2009
Masters of Resource Management, 2002 - 2004
School of Resource and Environmental Management. Simon Fraser University

“Evaluation of the B.C. Strategic Land-Use Plan Implementation Framework”
Bachelor of Science (Honours with Distinction; Geography), 1993 - 1998
University of Victoria

“The Impact of Rock Climbing on the Soils and Vegetation at the Base of Cliffs within Greater Victoria,
British Columbia”

Professional Affiliations
International Association of Impact Assessment
International Association of Impact Assessment – Western and Northern Canada

Past membership with the Association of Professional Economists of BC, International Association of
Energy Economics, the Planning Institute of BC, Canadian Institute of Planners, and Connecting
Environmental Professionals

Summary of Professional Experience
2016 - present
Principal, Swift Creek Consulting, Squamish, BC
2016 – 2018
Senior Socio-economic Specialist, SNC Lavalin, Vancouver BC

Last Updated August 22, 2018

1

0119

2003 – 2017
Sessional Instructor and Teaching Assistant, SFU, Burnaby BC

Courses: REM 321 Ecological Economics, REM 356 Resource Management Institutions, GEOG 389 Political
Ecology, HSCI 845 Occupational and Environmental Health
2010 - 2016
Associate, Compass Resource Management, Vancouver BC
2000 - Present
Owner, Chris Joseph Photography, Squamish BC

Photography and writing published in national and international publications, websites, and catalogues
including Globe and Mail, Patagonia, Explore, Climbing, BC Paraplegic Association, Canada Science and
Technology Museum, British Columbia Magazine, Mountain Equipment Co-op, Readers Digest, Ski
Canada, Pique, Vancouver Sun, Westworld (BCAA), and National Post.
2003 - 2013
Researcher, Sustainable Planning Research Group, SFU, Burnaby BC
2005 – 2009
Independent Consultant, Vancouver BC
2005 – 2006
Research Associate, MK Jaccard & Associates, Canadian Industrial Energy End-Use Data and Analysis
Centre, Vancouver BC
2004 – 2005
Assistant, Melting Mountains Awareness Program (David Suzuki Foundation / Alpine Club of Canada /
Environment Canada), Vancouver BC
2000 – 2001
Project Supervisor, Outland Reforestation, Toronto / Thunder Bay ON

Past Assignments
West Moberly First Nations: Impacts of a Suspension of the Site C Project on Construction Workers
and Municipalities. Wrote expert testimony to inform the court with respect to an application for
injunction with regards to how suspension of the project may affect current construction workers and
municipalities in the region. (May 2018)
Indian and Northern Affairs Canada: Technical Review of Socio-economic Impact Assessment of the
proposed Hope Bay Phase 2 Mine. Team lead of SNC Lavalin’s technical review of socio-economic
material in the final environmental impact statement of TMAC Resources’ proposed Hope Bay Phase 2
mine in Nunavut. Review included reviewing regulatory and proponent documentation and advising INAC
on appropriate responses. (Winter and Spring 2018)
BC Parks: Development of Living Labs climate change research framework. Developed a funding
framework for climate change research in BC parks and protected areas. Work included developing a
database of recent climate change research in BC Parks through literature review and survey, a database
of potential research and funding partners, and facilitating sessions at a meeting with BC government
staff. Oversaw two subcontractors in this work. (Fall 2017-Spring 2018)
BC MFLNRO: Socio-economic profiles and scenario development – Caribou Range Planning in NE
BC. Subcontracted to Green Analytics. Developed scenarios of forestry and gas development, and
provided strategic advice. (Spring 2018)
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Alberta Environment and Parks: Advice on Improved Integration of Project-level Environmental
Impact Assessment and Regional Cumulative Effects Management. Reviewed existing linkages
between project-level EIA in the South Athabasca Oil Sands area with regional cumulative effects
management, including through expert interviews. Provided recommendations to improve the
contribution of project-level EIA to regional cumulative effects management. (Fall 2017 – Spring 2018)
Environmental Law and Policy Center (USA): Assessment of the need for the Enbridge Line 3
Replacement Program. Provided written and in-person expert testimony of the need for the Enbridge
L3R project, including an assessment of supply and demand of oil transport capacity, costs to Minnesota,
and economic benefits of the project. (Fall 2017)
Centremount Coal: Socio-economic lead for SNC Lavalin’s environmental assessment of the
proposed Bingay coal mine. Scoping, baseline, and impact assessment studies of potential social,
economic, and community health effects of the proposed Bingay coal mine in south-east BC. (2016-2018)
Pacific Future Energy: Socio-economic lead for SNC Lavalin’s environmental assessment of the
proposed Pacific Future Energy green refinery. Scoping and baseline studies of potential social,
economic, and community health effects of the proposed green refinery in north-west BC. Advising to
proponent on Aboriginal engagement, and engagement with Kitselas First Nation representatives. (20162017)
Gitga’at First Nation: Environmental assessment advisor. Since 2013, on an as-needed basis, provided
advice to the Gitga’at First Nation regarding EA applications and processes, generally pertaining to socioeconomic topics. Assignments included critiquing proponent EA applications, preparing Information
Request submissions to EA bodies, and examining issues in EA application content and methodology with
proponent consultants. (2013-2017)
Ng Ariss Fong: Assessment of the economic impacts of the Nathan E. Stewart tug spill on the
Heiltsuk First Nation. Supported First Nation’s legal claim against shipping company by gathering
quantitative data, interviewing community representatives and members regarding traditional and
commercial harvests, and estimating monetary impact of spill on Heiltsuk harvests. (2016)
Stk’emlupsemc te Secwepemc First Nation: Economic Review of Ajax Mine. Critiqued environmental
assessment application of the KGHM Ajax mine project in Kamloops, BC with respect to economic impacts
and value of the project. Conducted a multiple-accounts cost-benefit analysis of the project. Identified
potential additional mitigation measures. Testified to the Nation’s environmental assessment review
panel. (2016)
International Pacific Halibut Commission: Facilitation of Management Strategy Evaluation
workshops and design of outreach strategy. Over 2015 and 2016 designed and facilitated meetings for
Management Strategy Advisory Board in support of their management strategy evaluation (a
collaborative analysis of optimal fishery management actions). Also supervised the development of an
outreach strategy for the board. (2015-2016)
Hemmera / Yukon Energy: Stakeholder engagement, meeting facilitation, and options assessment
pertaining to the mitigation of impacts of the Southern Lakes Storage Enhancement Concept.
Designed and facilitated two rounds of engagement with stakeholders regarding their preferences for
erosion mitigation, including small and large group meetings. Conducted options assessment with
engineering team (NHC) and explored options collaboratively with stakeholders. (2015)
Tsawout First Nation, Upper Nicola Band, Living Oceans Society: Public Interest Evaluation of the
Kinder Morgan Trans Mountain Expansion Project. Contributing editor. Deliverable included an
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evaluation of Kinder Morgan’s economic impact assessment of their proposed Trans Mountain Expansion
Project and a cost-benefit analysis of the project. (2015)
Instream Fisheries Research: Facilitation of Gates Creek Sockeye Workshop. Designed and facilitated
workshop focused on bringing together the variety of scientists and Aboriginal knowledge-holders,
finding research gaps, and identifying steps forward with respect to information gathering, collaboration,
and support of management. (2015)
Gitga’at First Nation: Impact Assessment of Prince Rupert LNG Projects. Led a two-person team and
was the lead analyst in screening-level analyses of potential socio-economic impacts of three LNG
projects (Prince Rupert LNG, Aurora LNG, Pacific Northwest LNG) and a detailed economic impact
assessment of the Kitimat LNG project. Examined issues including: economic opportunities including jobs
and contracts, access to goods and services, housing, human resources in remote communities, social
cohesion, commercial fishing, tourism, carbon offsets, and economic development. Also supervised the
writing of a baseline data report to help proponents fill their data gaps. (2014)
Metlakatla First Nation: Assessment of potential impacts of LNG development. Led a six-person
team including subcontractor, and was lead analyst, examining the potential impacts of the Pacific
Northwest LNG, Prince Rupert LNG, Westcoast Connector LNG pipeline, and Prince Rupert Gas
Transmission LNG pipeline projects). Identified seven valued components through document review,
interviews, and community workshop. Topic matter covered the economic, health, heritage, and social
pillars. Developed baselines and gathered data for proponents. Developed a spreadsheet-based database
and model to examine cumulative effects. Assessed the effects of projects in the context of cumulative
effects of other development and stresses. Conducted a final workshop with community representatives
to validate draft results. Researched mitigation opportunities. Developed a plain language summary for
client in addition to detailed report. (2013-2014)
Gitga’at First Nation: Assessment of the potential economic impacts of LNG Canada project. Led a
three-person team, and was the lead analyst. Identified six economic valued components through
document review and interviews. Developed baselines. Developed a spreadsheet-based database and
model to examine cumulative effects. Assessed the effects of projects in the context of cumulative effects
of other development and stresses. Researched mitigation opportunities. Conducted a workshop with
community representatives to validate draft results. (2013-2014)
Canadian Oil Sands Innovation Alliance: Structuring and gathering thinking on innovations in oil
sands mine reclamation. Worked with two other firms on a multiple component project that gathered
knowledge across oil sands mining companies on how to reclaim watersheds and to identify research
priorities. (2013)
BC Ministry of Forests, Lands, and Natural Resources Operations: Recommendations for a
Provincial Trails Advisory Body. Led a two-person team researching alternative governance models
across Canada for recreational trails advisory bodies. Used a structured approach to identify key desired
design elements, alternative governance structures, evaluate alternative models, and make
recommendations for the BC trails context. (2013)
Marine Planning Partnership: Socio-economic data and editing. Supported MaPP planning team by
gathering data on socio-economics including commercial fisheries and sport fishing along the BC coast
and editing relevant sections of MaPP plans. (2013)
Environment Canada: Guidance on the valuation of ecosystem services for use in environmental
assessment decision-making. Reviewed literature to identify existing gaps in the practice of
environmental valuation in the environmental assessment context. Advised on the design of an expert
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workshop used to gather guidance on key issues in environmental valuation. Facilitated major portions of
the workshop. Wrote guidance for Environment Canada to improve their in-house economic valuations of
environmental impacts. (2012-2013)
Port Metro Vancouver: Facilitation of Technical Advisory Group in Support of Pre-EA Work for
Marine Terminal Expansion at Roberts Bank. Co-designed a multi-meeting, multi-month process to
engage technical experts to gather advice for Port Metro Vancouver (PMV) and their consultants to
improve their baseline studies and environmental assessment methods for the proposed Terminal 2
project. Facilitated meetings over Fall 2012 and Winter/Spring 2013 in support of process, and worked
with PMV consultants to refine issues and enhance their ability to engage with the technical experts. Lead
facilitator for the Coastal Geomorphology technical advisory group (one of four such groups convened as
part of this contract). (2012-2013)
Gitga’at First Nation: Assessment of the potential economic impacts of the Enbridge Northern
Gateway Project. Assessed the potential economic impacts of the Enbridge Northern Gateway pipeline
and tanker project on the Gitga’at Nation and examined broader issues such as how to incorporate risk
information into decision-making. Critiqued the proponent’s application, established baseline data,
conducted original impact assessment work, and wrote evidence that was submitted to the Joint Review
Panel examining the project. Testified to the Panel in April 2013. (2011-2013)
BC Environmental Assessment Office: Refinement of Impact Assessment Methodology. Co-wrote
discussion paper for the BC EAO making suggestions with respect to how the BC government might
modify the existing environmental assessment process in order to strengthen the process, particularly
with respect to cumulative effects assessment. This work involved identifying key outstanding issues,
interviewing experts, and writing policy guidance. (2012)
Cumulative Environmental Management Association: Support for a structured decision-making
process to identify solutions to linear footprint management issues in the oil sands. Developed
objectives and measurement criteria, and led workshop discussion on these topics, for work on the linear
footprint management plan for the Stony Mountain 800 Area south of Fort McMurray. The objective of
this project was to identify recommendations for government to address multiple uses of the area,
including SAGD, forestry, trapping, and recreation. (2012)
City of Merritt: Water planning and conservation. Researched water conservation tools in support of
recommendations to the City of Merritt for their new water plan, including interviewing of water experts in
municipalities across BC and ranking of water conservation tools used across BC. Analyzed the City of
Merritt's water use data. (2011)
Department of Fisheries and Oceans: Facilitation of SARA consultations for species recovery.
Developed consultation strategies with DFO and facilitated two evening open-house meetings and five
day workshops for stakeholder consultations required under the Species at Risk Act for the Salish Sucker,
Nooksack Dace, Cultus Pygmy Sculpin, and Rocky Mountain Ridged Mussel. (2010-2011)
Haida First Nation: Evaluation of environmental and economic impacts of proposed NaiKun
offshore wind project. Provided a third-party review of BC, federal, and consultant environmental
assessments of the project in terms of gaps in data and logic, identified potential significant impacts, and
advised on financial viability of the project. (2011)
Tides Foundation: Benefits of Marine Planning: An Assessment of Economic and Environmental
Values. Reviewed the social and economic context for marine development on the BC coast and
examined the benefits of marine planning with respect to environmental protection, economic
development, and social capital. This research was also published in the journal Environments. (2009)
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Department of Fisheries and Oceans: Review of potential impacts of renewable ocean energy
development in BC. Reviewed the potential social and economic impacts of renewable ocean energy
development in BC. Examined the potential for renewable ocean energy development (tidal, wave, and
wind) on the BC coast, reviewed current levels of development, reviewed the socio-economic context of
the BC coast, and explored how such development might affect employment, existing industries (e.g., air
travel, aquaculture, forestry, and marine navigation), energy supply in rural areas, recreation, rural
demographics, traditional activities, and other values. (2008)
Coastal First Nations: Review of environmental and socio-economic impacts of port development
and shipping on BC North Coast. Reviewed the potential impacts of port expansion and shipping
(including tankers) on the BC North Coast. Characterized the significance of potential impacts and
reviewed potential mitigation measures, including Impact Benefit Agreements. (2008)
David Suzuki Foundation: Toward a National Sustainable Development Strategy in Canada.
Researched and contributing writer of an examination of the legal and policy framework for sustainability
planning across jurisdictions in Europe, Japan, the US, and Canada. Identified components across
jurisdictions that facilitate a jurisdiction’s ability to plan for and achieve greater sustainability. Report
proposed a draft federal law which in 2008 was adopted by Parliament (Federal Sustainable Development
Act). (2007)
Natural Resources Canada: National Circumstances Affecting Canada’s Greenhouse Gas Emissions.
Contributed to a quantitative study of factors shaping Canada’s GHG emission patterns. Conducted
analysis of emission patterns and contributing factors to emissions of Canada’s residential housing,
transportation, and wood processing sectors. This research was also published in the Energy Journal.
(2005)
National Round Table on the Environment and the Economy: Canada’s Energy and Greenhouse Gas
Context. Contributed to a study on the linkages between Canada’s energy sources and economy,
international comparisons, and policy options for reducing GHG emissions. (2005)
Coastal First Nations: Review of offshore oil and gas development in BC. Literature review of the
legal, environmental and socio-economic issues of offshore oil and gas development in BC and evaluation
of the relevant planning process. Highlighted issues relevant to strategic and project-level decisionmaking. (2004)
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Presentations, Guest Lectures, and Workshops
Lead workshop for environmental professionals entitled “Environmental Assessment in Canada: Current
Issues and Prospects for Improvement” for Faculty of Environment, Simon Fraser University, October 26,
2017. Vancouver, BC.
Lead workshop entitled “Valued Components Masterclass” at Canadian Institute’s Cumulative Effects
conference, June 21, 2017. Calgary, AB.
Presentation at Canadian Institute’s Cumulative Effects conference entitled “Improving Cumulative Effects
Assessment in Project-Level Assessment”, June 20, 2017. Calgary, AB.
Presentation to SNC Lavalin staff entitled “Megaprojects: Navigating Failures, Bias, Symbolism, and Other
Interesting Stuff”, April 19, 2017. Vancouver, BC.
Presentations at IAIA’17 entitled “Benefits Assessment in Western Canada: Case studies and Lessons”, April
6, 2017, and “Significance Thresholds to Integrate CEA in Project-level EA”, April 7, 2016. Montreal, QC.
Presentation to the Federal EA Review Panel, December 11, 2016, Vancouver, BC.
Guest lecture to undergraduate economics class on economic impact assessment and the public interest,
Simon Fraser University, March 13, 2014, Burnaby, BC.
Public presentation for Moving Planets on Enbridge Northern Gateway project, March 27, 2012, Squamish,
BC.
Guest lecture to undergraduate environmental studies class on megaproject review and the Enbridge
Northern Gateway pipeline project at Quest University, March 15, 2012, Squamish, BC
Guest lecture to masters environmental assessment class on tar sands project review, School of Resource
and Environmental Management, Simon Fraser University, February 28, 2011, Burnaby, BC.
Presentation at Unwrap the Research Conference entitled “The Tar Sands of Alberta: Exploring the
Gigaproject Concept”, October 24, 2010, Fort McMurray, AB.
Presentation at 29th USAEE/IAEE North American Conference entitled “Net economic and environmental
benefits of an oil sands mine”, October 16, 2010, Calgary, AB.
Presentation at Prairie Summit 2010 geography conference entitled “The Tar Sands of Alberta: Exploring
the Gigaproject Concept”, June 4, 2010, Regina, SK.
Guest lecture to ecological economics class on cost-benefit analysis of tar sands development at Quest
University, April 26, 2010, Squamish, BC
Presentation at community meeting on the economic risks of the Garibaldi at Squamish ski and residential
project proposal, April 12, 2010, Squamish, BC.
Guest lecture on environmental assessment of large-scale projects to Geography 319 “Environmental
Impact Assessment” at March 17, 2010, University of British Columbia, Vancouver, BC.
Public presentation hosted by Squamish Climate Action Network on Alberta Tar Sands, May 25, 2009,
Squamish, BC.
Guest lecture entitled “Energy: A Love and Hate Relationship” to students at Capilano College, September,
2008, North Vancouver, BC.
Presentation to Butterfield & Robinson travel group on oil sands development, August 20, 2008, Calgary,
AB.
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Panel presenter at Whistler Energy Forum on energy and sustainability, June 8, 2008, Whistler, BC.
Presentation for REM seminar series entitled “Can Cost-Benefit Analysis be Improved with Stakeholder
Involvement?”, Simon Fraser University, November 1, 2007, Burnaby, BC.
Presentation at Canadian Pollution Prevention Roundtable entitled “Pricing Oil Sands Pollution? Balancing
Expert and Stakeholder Input”, June 14, 2007, Winnipeg, MB.
Presentation at ISSRM 2006 Conference entitled “Implementing Resource Plans: Lessons from BC”, June 5,
2006, Vancouver, BC.
Presentation at PIBC Conference as part of session entitled “Planning Implementation: Lessons from the
Field”, April 19-22, 2005, Vancouver, BC.
Invited Speaker at “Dialogue Café” on climate change, February, 2005, Whistler, BC.
Co-presenter for REM Seminar series entitled “Offshore Oil and Gas in BC”, Simon Fraser University,
February 28, 2005, Burnaby, BC.
Presentation at BC Land Summit 2004 as part of session entitled “BC's Crown Land Planning Process Does it Work?”, May 14, 2004, Vancouver, BC.
Presentation at CONFOR 2004 conference entitled “An assessment of the British Columbia strategic land
use plan implementation framework and an identification of best practices for plan implementation”,
Dalhousie University, February 6, 2004, Halifax, NS.
Presentation for REM Seminar Series entitled “An Evaluation of the BC Strategic Land Use Planning
Implementation Framework: Best Practices, Current Practices.”, Simon Fraser University, November 14,
2003, Burnaby, BC.
Presentation at Annual Meeting of the Western Division of the Canadian Association of Geographers
entitled “The Impact of Rock Climbing on the Soils and Vegetation at the Base of Cliffs.”, Kwantlen
University College, March 12-14, 1998, Richmond, BC.
Co-presenter at Annual Meeting of the Western Division of the Canadian Association of Geographers
entitled “The Geomorphology of Small Push Moraines at Hilda Glacier, Banff National Park, Alberta”,
Kwantlen University College, March 12-14, 1998, Richmond, BC.
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About the Pembina Institute
The Pembina Institute is a national non-partisan think tank that advocates for strong, effective
policies to support Canada’s clean energy transition. We employ multi-faceted and highly
collaborative approaches to change. Producing credible, evidence-based research and analysis, we
consult directly with organizations to design and implement clean energy solutions, and convene
diverse sets of stakeholders to identify and move toward common solutions.
The Pembina Institute
219 19 Street NW
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Canada T2N 2H9
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Executive summary
When determining the climate impacts of oilsands projects, as a minimum, indirect upstream
emissions from land use and the production of fuels used on site should be included. This is
especially important when considering emissions in relation to provincial, national, and global
GHG emission targets.
The Frontier project GHG emissions intensity is worse than both the CCIR benchmark for
oilsands mining and other similar mining projects that use PFT technology. This is despite the
fact that it will be the newest project by a margin of 8 years when it starts up in 2026.
The Teck Frontier project is at risk of pushing oilsands emissions past the 100 Mt cap due to its
startup date occurring within the range of years when oilsands emissions are predicted to reach
the cap. Teck has not made any allowance for the costs of compliance with the 100 Mt limit or
the possibility of the suspension of the project due to the limit.
Teck has underestimated the cost of compliance with Alberta’s Carbon Competitiveness
Incentive Regulation by $2.5 billion.
This project’s emissions are inconsistent with achieving Canada’s 2030 and 2050 climate targets.
To limit the global impacts of climate change there is an imperative for Canada to contribute to
meeting its 2030 and 2050 climate targets.
The initial gap between Canada’s projected emissions reductions and its 2030 target is significant.
Regulatory uncertainty on the use of international offsets to meet those targets under the Paris
Accord adds an additional unknown and only expands the emissions gap. Given this large gap,
the approval of another significant source emissions is not consistent with Canada’s climate
goals.
For Canada’s 2030 and 2050 targets to be met, emissions from the oilsands need to begin
declining in the near future and not continue to rise as predicted by CERI. 1 Adding the Teck
oilsands mine in 2026 with a 40-year lifetime is not consistent with achieving these goals.

1

Canadian Oil Sands Supply Costs and Development Projects, 43.
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1.

Excluded project GHG emissions

The Teck Frontier Mine project represents a significant source of new greenhouse gas (GHG)
emissions for Alberta and Canada. Teck’s estimates that emissions for the Frontier oilsands mine
project (direct plus indirect emissions from electricity use) are expected to total 11,183 t
CO2e/day, 2 translating into 4.1 Mt CO2e per year. This represents 5.4% of total oilsands
emissions based on 2016 data and 0.55% of Canada’s 2016 total GHG emissions. 3 Teck’s
estimate of GHG emissions from the Frontier project, however, does not include all indirect
emissions: missing are sources such as upstream emissions from the production of fuels used on
site (natural gas and diesel being the most significant); emissions due to land use; and
downstream emissions from refining and end use combustion.
The Pembina Institute has estimated that the indirect emissions from the extraction of natural gas
and diesel, plus land use, total an additional 5,343 t CO2e/day, or 48% of Teck’s estimated total.
In other words, should the Teck project proceed, it will be responsible for at least 48% more
emissions than claimed in the application. Figure 1 shows the direct emissions, as well as indirect
emissions from electricity use, fuel production, and land use GHG for the Teck Frontier project.
This number does not include downstream emissions associated with refining and end use
combustion, which would further significantly increase the total GHG emissions.

2

Teck Resources Limited, Frontier Oil Sands Mine Project Update (June 2015), 14-9

3

Based on National Inventory data from Environment and Climate Change Canada, National Inventory Report 19902016: Greenhouse Gas Sources and Sinks in Canada, Part 3 (2018). https://unfccc.int/process-andmeetings/transparency-and-reporting/reporting-and-review-under-the-convention/greenhouse-gas-inventories-annex-iparties/national-inventory-submissions-2018
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Figure 1. Teck Frontier direct and indirect upstream GHG emissions
Data sources: Teck, Pembina analysis (Appendix A)

All indirect emissions should be considered when determining the climate impacts of oilsands
projects, especially in relation to provincial, national, and global GHG emission targets.
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2.

Comparison of GHG emissions
intensities

While the absolute emissions (total per year) of a project are relevant to climate change, it is also
useful to compare the emissions intensity of a project against other projects and benchmarks.
Efforts to meet climate change commitments require significant reductions in emissions from all
sectors. For example, in the oilsands industry, these reductions in absolute emissions can be
achieved by limiting the total operating capacity (assuming intensity remains constant), by
decreasing the emissions per barrel (assuming operating capacity remains constant), or by a
combination of both.
Teck has estimated the GHG emission intensity for the Frontier project to be 38.4 kg CO2e/bbl
for direct emissions and 40.4 kg CO2e/bbl when including both direct and indirect emissions. 4 As
noted in Section 1 above, those estimates do not include GHG emissions from natural gas
production, diesel production, land use changes, refining, or end use combustion. Teck has stated
that the GHG emissions intensity of this project will be best in class. 5 In their information request
responses, Teck has compared the Frontier project’s emissions intensity against other similar
projects and average oilsands mining and in situ projects. 6 This report provides a comparison
against oilsands mining projects that use similar technology using more recent data and against
benchmarks set out in Alberta’s Carbon Competitiveness Incentive Regulation.

2.1 Comparison to similar technologies
Looking just at Teck’s comparison against similar projects that use the new paraffinic froth
treatment process — such as Imperial Oil Kearl, Suncor Fort Hills, and the CNRL Muskeg
River/Jackpine mines (referred to here as the MRM complex) — reveals a wide range of GHG
intensities and paints a picture of uncertainty in GHG emissions intensity. 7 A more critical look at
the emissions from these operators using recent data allows a fair comparison to be made (see
Table 1).
A detailed explanation of how these numbers were calculated is presented in Appendix A. To
allow for a fair comparison, the Frontier and Kearl are compared using direct emissions only due
to the lack of data on indirect emissions from the Kearl project, while Frontier, Fort Hills and the
MRM Complex project are compared including indirect emissions from electricity. Despite being
the newest project by a margin of 10 years, Frontier has the poorest emissions intensity of this

4

Frontier Oil Sands Mine Project Update, 14-9

5

Response to JRP IR 3.15(a), 3-90.

6

Response to JRP IR 3.15(e), 3-102 to 3-103.

7

Response to JRP IR 3.15(e), 3-102 to 3-103.
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group. As a result, while Teck indicates its intent to make the Frontier Mine project best-in-class
with respect to GHG emissions intensity, it is in fact 24% more carbon intensive on a per-barrel
basis than the best project.
Table 1. GHG emissions intensities from oilsands mining projects using paraffinic froth
treatment
Project

GHG emissions intensity (kg CO2e/bbl)
with indirect emissions
(electricity use)

direct emissions only

40.4

38.4

-

38.2

Fort Hills

33.2

-

MRM Complex

32.5

-

Teck Frontier
Kearl

2.2 Comparison to benchmarks
In the context of the Carbon Competitiveness Incentive Regulation (CCIR), the Frontier Mine
project’s GHG emissions intensity is on par with the industry average for oilsands mining
projects and not even close to best in class. The intensity benchmark from Alberta’s CCIR
regulation is 31.1 kg CO2e/bbl as of 2018, compared to the Frontier project intensity of 40.4 kg
CO2e/bbl. 8 The benchmark includes indirect emissions associated with electricity, heat, and
hydrogen. 9 It is based on the performance of the top quartile of bitumen mining operations on the
basis of GHG emissions per barrel of bitumen produced. In the context of CCIR the Frontier
project is not even top quartile. The CCIR regulation is designed to provide motivation for
continuous improvement and so the intensity benchmark decreases year over year.10 In 2026,
when the Frontier mine is scheduled for startup, the CCIR limit for bitumen mining will have
decreased to 28.9 kg CO2e/bbl. The CCIR intensity limit includes indirect emissions, so the Teck
project will have an intensity 40% higher than the CCIR threshold in 2026. A project with an
emission intensity 40% higher than the sector benchmark does not qualify as ‘best-in-class’.
According to analysis by the Pembina Institute, the average GHG emissions intensity of a barrel
of bitumen produced from oilsands mining is 40.5 kg CO2e/bbl in 2016. 11 This value is based on
8

Government of Alberta, “Carbon Competitiveness Incentive Regulation,” Alberta Regulation 96/2018, 51.
http://www.qp.alberta.ca/1266.cfm?page=2017_255.cfm&leg_type=Regs&isbncln=9780779800193
9

Government of Alberta, “Standard for Establishing and Assigning Benchmarks V2.1 Carbon Competitiveness
Incentive Regulation,” Updated June 2018, 25. https://www.alberta.ca/assets/documents/CCI-standard-establishingassigning-benchmarks.pdf

10

The CCIR begins to decrease by 0.0032 t CO2e/bbl bitumen in 2020, which is approximately of the 1% 2020
benchmark.

11

Data based on oilsands mining emissions reported by Environment and Climate Change Canada, National Inventory
Report 1990-2016, Part 3 and oilsands production data reported by Government of Alberta, “Total Oil Sands
Production Graph,” http://osip.alberta.ca/library/Dataset/Details/46
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National Inventory Report data and includes indirect emissions from electricity but does not
account for any imported or exported electricity. Based on this reference point, the Frontier
project GHG emissions are on par with the average intensity in 2016.
Table 2 summarizes these benchmarks.
Table 2. GHG emissions intensities of Teck Frontier mine compared to CCIR benchmarks
and oilsands mining average
Project/Benchmark

GHG emissions
intensity
(kg CO2e/bbl)

Intensity includes

Teck Frontier

40.4

indirect emissions associated with
electricity

CCIR mining benchmark 2018

31.1

indirect emissions associated with
electricity, heat, and hydrogen

CCIR mining benchmark 2026

28.9

indirect emissions associated with
electricity, heat, and hydrogen

Average oilsands mine

40.5

indirect emissions associated with
electricity
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3.

Compliance risk for the 100 Mt
oilsands emissions limit

The Government of Alberta announced a 100 Mt limit on GHG emissions from the oilsands as a
part of its Climate Leadership Plan in 2015. 12 This policy serves as a cap to ensure that emissions
from the oilsands do not continue to grow without bounds. While the policy was announced in
2015, it has not yet been enacted as a regulation. The 100 Mt limit does not encompass the full
scope of oilsands emissions and has specific exemptions from the following sources: 13
• The electricity portion of co-generation
• Primary oil production (including cold heavy oil production with sand)
• Upgrading capacity added after Dec 31, 2015 14
• Enhanced recovery projects 15
• Experimental schemes
Teck states that it believes that the Frontier Mine project’s emissions will not push the industry
past the 100 Mt cap and that the cap may not be reached at all depending on how the regulation is
structured and how emitters respond. 16
Other sources predict that the 100 Mt limit will be reached between 2024 and 2030, as
summarized in Figure 2. Environment and Climate Change Canada predicts that the 100 Mt cap
will be reached by 2030 and that the emissions from electricity cogeneration, extra upgrading
capacity, and primary oilsands will contribute an additional 14 Mt CO2e. 17 This doesn’t include
enhanced recovery projects and experimental schemes, which may further contribute to real
oilsands emissions despite the fact that they are excluded from the 100 Mt cap. David Hughes
predicts that the limit will be reached by 2024 based on NEB production forecasts. 18 The
Canadian Energy Research Institute (CERI) predicts that the limit will be reached by 2030. 19
CERI states that the limit can be avoided if industry works to adopt technologies that will lower
12

Government of Alberta, “Capping oil sands emissions,” August 15, 2018. https://www.alberta.ca/climate-oilsandsemissions.aspx

13 Ministry of Environment and Parks, “Bill 25 Oil Sands Emissions Limit Act,” 2016, 3,
http://www.assembly.ab.ca/ISYS/LADDAR_files/docs/bills/bill/legislature_29/session_2/20160308_bill-025.pdf
14

The proposed regulation for the limit on oilsands emissions includes a 10 Mt provision for future upgrading.

15

Emissions from the enhanced recovery projects and experimental schemes have not been estimated by the
Environment and Climate Change Canada. Email correspondence between Barry Saxifrage and ECCC, March 8, 2018.
16

Response to JRP IR 3.15(f), 3-107.

17

Email correspondence between Barry Saxifrage and ECCC, March 8, 2018.

18

J. David Hughes, Canada’s Energy Outlook: Current realities and implications for a carbon-constrained future
(2018), 84. https://ccpabc2018.files.wordpress.com/2018/05/cmp_canadas-energy-outlook-2018_full.pdf
19

Dinara Millington, Canadian Oil Sands Supply Costs and Development Projects (2018-2038) (CERI, 2018), 43.
https://www.ceri.ca/assets/files/Study_170_Full_Report.pdf
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GHG emissions from oilsands production, but these technologies require further research and
development before they are ready for commercial use.20 Analysis by the Pembina Institute
predicts that the 100 Mt limit will be reached in 2025. This details of this analysis are presented
in Appendix C.

20

Experience Nduagu et al, Economic Potentials and Efficiencies of Oil Sands Operations: Processes and
Technologies, (CERI, 2017), 77. https://www.ceri.ca/assets/files/Study_164_Full_Report.pdf
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Figure 2. Oilsands GHG emissions forecasts
Data sources: CERI 21, Hughes 22, Pembina Institute, ECCC 23

Based on the range of predictions shown in Figure 2, the Frontier Mine project is at risk of
pushing oilsands emissions past the 100 Mt cap. While the actual structure for compliance with
the 100 Mt cap remains unknown at this time, the Oil Sands Advisory Group (OSAG) 24
recommends that once the 100 Mt cap is reached, facilities in the worst two performing quartiles
would be required to make emissions reductions. Facilities in the third quartile would be
responsible for one-third of the reductions while facilities in the fourth quartile would be
responsible for two-thirds of the reductions. OSAG also recommends that the Minister of Energy
or Environment should have the authority to suspend project approval for facilities that have not
yet started construction if the 100 Mt limit is approached. These actions would be determined
based on 10-year forecasts. If a forecast indicates that oilsands emissions are expected to exceed
the 100 Mt limit within five years, the actions stated above would be triggered. 25

21

Canadian Oil Sands Supply Costs and Development Projects, 43.

22

Canada’s Energy Outlook.

23

Environment and Climate Change Canada, Canada’s 7th National Communication and 3rd Biennial Report (2017),
153. https://www.canada.ca/content/dam/eccc/documents/pdf/cesindicators/progress-towards-canada-greenhouse-gasreduction-target/Progress-towards-Canadas-GHG-emissions-target-en.pdf
24 The Oil Sands Advisory Group (OSAG) was established by the Province of Alberta to advise the government on the
parts of the Climate Leadership Plan that relate to oilsands. It is composed of representatives from industry,
environmental organizations and Indigenous and non-Indigenous communities.
25

Oil Sands Advisory Group, Recommendations on Implementation of the Oil Sands Emissions Limit Established by
the Alberta Climate Leadership Plan, (May 8, 2017), 18. https://open.alberta.ca/publications/9781460134740
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As discussed at Section 1 above, the Frontier Mine project’s GHG emissions intensity is 40%
higher than the CCIR benchmark in 2026. The worst-case scenario for Teck is that the 100 Mt
limit is forecasted before construction starts and the project is suspended. If this does not occur,
there is still a high risk that the project will fall into the worst two performing quartiles by the
time startup occurs in 2026. This is a possibility given the analysis in Section 1 above which also
shows that the emissions intensity of the project is on par with average oilsands mining intensities
in 2016. If these emissions intensities improve at all during the next 10 years, Teck could face
more stringent reduction targets. The Teck Frontier project is at risk of pushing oilsands
emissions past the 100 Mt cap due to its startup date occurring within the range of years when
oilsands emissions are predicted to reach the cap. Teck has not made any allowance for the costs
of compliance with the 100 Mt limit or the possibility of the suspension of the project due to the
limit.
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4.

Carbon Competitiveness
Incentive Regulation compliance
cost

Teck has calculated the cost of compliance with the former Specified Gas Emitters Regulation
(SGER) at $635 million over the life of the Frontier Mine project. This cost greatly
underestimates the cost of compliance with the current Carbon Competitiveness Incentive
Regulation (CCIR).
Teck’s calculation of cost under the SGER assumes a carbon credit price of $30/tonne. The
Alberta Climate Leadership Plan anticipates the carbon fund credits rising to $50/tonne in 2022.
This policy is backed by the Government of Canada’s carbon pricing backstop which requires a
price on carbon starting in 2018 and reaching $50 per tonne of CO2e in 2022. 26
OSEC has calculated the cost of compliance with the CCIR through the purchase of fund credits
from the Government of Alberta at $1.9 billion over the life of the project with a carbon price of
$30/tonne, and $3.1 billion with a carbon price of $50/tonne. The details of this analysis are
shown in Appendix D.

26

Environment and Climate Change Canada, Technical Paper on Federal Carbon Pricing Backstop (2017).
https://www.canada.ca/content/dam/eccc/documents/pdf/20170518-2-en.pdf
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5.

Canada’s climate targets

In 2015 Canada signed onto the Paris agreement, committing to a 30% reduction in GHG
emissions from 2005 levels. Although the oilsands limit forms a firm stop for oilsands emissions
growth, the Government of Canada’s own projections show that both current and planned policies
are likely to leave the country 66 Mt short of its Paris target. 27 This is despite the fact that the
government’s plan already relies on the purchase of 59 Mt of offsets from the Western Climate
Initiative (WCI). 28 Excluding the emissions offsets, the government’s climate plan will leave
Canada less than halfway towards its 2030 targets.

Western Climate Initiative
The WCI is a cap-and-trade initiative created by a number of U.S. states, with several
Canadian provinces having joined in recent years. Ontario has recently vowed to leave the
initiative and scrap its cap-and-trade program, adding more uncertainty to the Canadian
government’s plan to purchase offsets as part its climate policies.
There are additional uncertainties regarding the availability of these offsets in the future.
Under the Paris Accord, an agreement between Canada and the United States is necessary for
the offsets to apply. 29 As it stands there is no such agreement and the rules regarding
international offsets have yet to be written. Barry Saxifrage has stated that “Before any
offsets can be used for Paris Accord accounting, a rulebook covering all the details for offsets
must decided on… it is likely there will be Paris Accord intl offsets, but it is not certain yet.
Until there is a detailed rulebook approved, no intl offsets can be used by anyone.” The
transfer of offsets would certainly not be possible if the United States pulls out of the Paris
Accord, as they have stated they would.

The initial gap between Canada’s projected emissions reductions and its 2030 target is significant.
Regulatory uncertainty on the use of international offsets to meet those targets under the Paris
Accord adds an additional unknown and only expands the emissions gap. Given this large gap,
the approval of another significant source emissions is not consistent with Canada’s climate
goals.

27

Environment and Climate Change Canada, Canada’s 7th National Communication and 3rd Biennial Report (2017),
153. https://www.canada.ca/content/dam/eccc/documents/pdf/cesindicators/progress-towards-canada-greenhouse-gasreduction-target/Progress-towards-Canadas-GHG-emissions-target-en.pdf
28

Ibid.

29

Barry Saxifrage, “Canada's climate gap twice as big as claimed - 59 million tonne carbon snafu,” Canada’s National
Observer, March 27, 2018. https://www.nationalobserver.com/2018/03/27/analysis/canadas-climate-gap-twice-bigclaimed-59-million-tonne-carbon-snafu
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Looking further into the future, Canada’s has set a mid-century GHG emissions target of 80%
below 2005 levels. 30 The mid-century target is consistent with the Paris agreement goal of
limiting the global temperature change to between 1.5 and 2°C. Figure 3 shows Canada’s
historical emissions, the Government of Canada’s 31 future projections and climate targets, and
expected growth in oilsands emissions based on CERI analysis. 32
Meeting the mid-century target will require a large reduction in emissions from the oilsands
sector. In 2016, Canada’s GHG emissions reached 704 Mt of CO2e, with 72 Mt coming from the
oilsands. CERI predicts that oilsands emissions will continue to rise unless the industry takes
specific measures to reduce them. Alberta’s promised 100 Mt limit is a good start to limiting
oilsands emissions, but Figure 3 shows that it is not ambitious enough to reach our 2050 goals. It
is fundamentally unfair that the oilsands be allowed to grow and account for more than two-thirds
of Canada’s GHG emissions in 2050 while all other sectors of the economy decarbonize.
This project’s emissions are inconsistent with achieving Canada’s 2030 and 2050 climate targets.
To limit the global impacts of climate change there is an imperative for Canada to contribute to
meeting it’s 2030 and 2050 climate targets. For Canada’s 2030 and 2050 targets to be met,
emissions from the oilsands need to begin declining in the near future and not continue to rise as
predicted by CERI. 33 Adding the Teck oilsands mine in 2026 with a 40-year lifetime is not
consistent with achieving these goals.

30

Environment and Climate Change Canada, Canada’s Mid-Century Long-Term Low-Greenhouse Gas Development
Strategy (2016), 3.
31

Canada’s 7th National Communication And 3rd Biennial Report

32

Canadian Oil Sands Supply Costs and Development Projects, 43.

33

Canadian Oil Sands Supply Costs and Development Projects, 43.
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Excluded indirect emissions

Figure 3. Canada's GHG emissions projections and targets
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Appendix A. Excluded indirect
emissions
Emissions from natural gas supply were calculated using the emission factor calculated in
Appendix E and the natural gas use provided by Teck – 7021 GJ/hr. 34 With these values we get a
GHG emission rate of 1697 t CO2e/day.
Emissions from diesel supply were calculated using the diesel supply emission factor 35 of 18.5 g
CO2e/MJ and the diesel use provided by Teck – 1276 GJ/hr. 36 With these values we get a GHG
emission rate of 568 t CO2e/day.
Emissions from land use were calculated using the OPGEE model 37 and are based on emission
factors presented in a study from 2010. 38 The total GHG emissions from land use for this project
are estimated to be 3078 t CO2e/day. These emissions are due to the release of soil and biomass
carbon resulting from the complete removal of the soil and biomass from the mining site.
The total indirect GHG emissions that are unaccounted for are 5343 t CO2e/day. The total direct
and indirect emissions reported by Teck in their 2015 project update are 11,183 t CO2e/day. 39
This means that Teck has underreported their total GHG emissions by 48%.
Table 3. Emission estimates from Teck Frontier Mine project
Emission source

Type of emission

GHG emissions
(t CO2e/day)

Stack combustiona

direct

6,696

Mine fleet exhausta

direct

2,976

emissionsa

direct

957

indirect

555

indirect

1,697

indirect

568

indirect

3,078

Fugitive

Electricitya
Natural gas
Diesel

productionb

productionb

Land useb
a
b

Source: Teck, Frontier Oil Sands Mine Project Update
Calculated by Pembina Institute

34

Frontier Oil Sands Mine Project Update, 11-6 and 11-7.

35

GREET1_2016 model, as referenced in OPGEE_v2.0 "Fuel Cycle" sheet Table 2.5.
https://eao.stanford.edu/research-areas/opgee
36

Frontier Oil Sands Mine Project Update, 11-6 and 11-7.

37

OPGEE_v2.0.

38

Yeh et al, “Land Use Greenhouse Gas Emissions from Conventional Oil Production and Oil Sands,” Environmental
Science & Technology 44 (2010).
39

Frontier Oil Sands Mine Project Update, 14-9.
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Appendix B. Oilsands emissions
intensity of comparable projects
The results presented in Table 1 show the emissions intensities of oilsands mining projects that
use the new paraffinic froth treatment technology and are comparable to the Teck Frontier
project. To allow a conservative comparison, the Frontier and Kearl intensities do not include
indirect emissions from electricity, while the Fort Hills and MRM Complex projects do (due to
the lack of data on indirect emissions for Kearl). Despite being the newest project by a margin of
10 years, Frontier has the poorest emissions intensity of this group.

Kearl
Kearl is a relatively new facility and is still in the stages of optimizing their operation. The GHG
emissions intensity from Kearl has been decreasing since 2013 and is at 38.2 kg CO2e/bbl based
on 2016 data. 40 These values do not include indirect emissions from electricity use on-site.
However, the Kearl facility obtains its electricity from a natural gas cogeneration plant on-site,
similar to what Teck is proposing. 41 It is fair to assume that the latest emissions intensity is the
most representative of the long-term trend.
Table 4. GHG emissions intensity trends for Kearl project
Year

GHG Emissions
Intensity
(kg CO2e/bbl)

2013

106.9

2014

47.7

2015

42.9

2016

38.2

Fort Hills
Teck’s GHG emissions intensity data for the Suncor Fort Hills project is based on 2016 data. The
latest Suncor climate report provides more up-to-date numbers. 42 The Suncor Fort Hills project is
still in its first year of operation, but is forecasted to have a steady GHG emissions intensity of
approximately 33 kg CO2e/bbl from 2019 to 2022. These values include indirect emissions from
electricity generation.

40

Imperial Oil, Kearl Oil Sands 2016 Annual Air Monitoring Report, 2014 to 2017

41

Imperial Oil, “Kearl.” https://www.imperialoil.ca/en-ca/company/operations/oil-sands/kearl

42

Suncor Energy Inc., 2018 Climate Risk and Resilience Report (2018). https://sustainability.suncor.com/en/climatechange/ghg-performance.
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Table 5. GHG emissions intensity trends for Fort Hills project 43
Year

GHG Emissions
(kt CO2e/yr)

Production
(bbl
bitumen/yr)

Capacity
Factor

Emissions Intensity
(kg CO2e/bbl)

2019

2187

63,729,000

0.900

34.3

2020

2211

66,065,730

0.933

33.5

2021

2087

68,402,460

0.966

30.5

2022

2354

70,810,000

1.000

33.2

MRM complex
For the Muskeg River and Jackpine mine complex (MRM complex), there is also a distinct trend
of decreasing emissions intensity. The intensity increases in 2010 due to the startup of the
Jackpine mine, but then continues to decrease, reaching 32.5 kg CO2e/bbl based on Teck’s
analysis. 44 It is fair to assume that the latest emissions intensity is the most representative of the
long term trend.

43

Ibid, capacity factor estimated for 2020 and 2021 based on 2019 and 2022 forecasts.

44

Response to JRP IR 3.15(e), p 3-102 to 3-103.
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Appendix C. Oilsands production
and GHG emissions forecasts, and
analysis on 100 Mt limit
C.1 Modelling
Data source
The oilsands production forecast is derived from the Oil sands quarterly report made available by
the Government of Alberta. 45 It uses the most recent spreadsheet published on the website
(December 2017). 46
The spreadsheet contains data for existing and planned oilsands projects, is structured along the
following fields:
• OperatorName
• ProjectName
• PhaseName
• TechnologyDescription
• Status
• Capacity
• YearProductionStart

Methodology and assumptions
The first step consists in producing an oilsands production forecast. To do so, oilsands projects
are grouped by technology type (i.e., “Mining,” “In situ,” or “Upgrading”) by assigning one type
for each of the technologies described in the TechnologyDescription field.
A dynamic table is then created, which reads from the database and provides the production
forecast with a breakdown per type (“Mining” and “In situ”) as well as per status (“Operating,”
“In construction,” or “Approved”).
This analysis only considers oilsands extraction projects that are either existing or have a degree
of certainty that they will proceed. Therefore upgrading projects are excluded from the analysis;
only projects operating, in construction, and approved by the Regulator as of December 2017 are
45

Government of Alberta, “Oil sands quarterly.” https://www.albertacanada.com/business/statistics/oil-sandsquarterly.aspx
46

Government of Alberta, “Annual Oil Sands Project List Excel File - December 2017.”
https://www.albertacanada.com/files/albertacanada/JWN-active-oilsands-projects-Dec-2017.xlsx
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considered. 47 This also means that projects currently in the regulatory pipeline (such as Teck
Frontier) are excluded from this analysis. 48
Since oilsands projects do not typically run every day all year, an 85% capacity factor is used to
forecast the oilsands production between now and 2030. The 85% capacity factor used in this
analysis is slightly lower than the average for the last decade (85.8% between 2006 and 2016) and
that of the past 16 years (87.8% between 2000 and 2016). 49
The database does not contain a start-up year for all of the oilsands projects, and the
YearProductionStart field reads “TBD” (or “To Be Determined”) for some of the facilities. The
following assumptions were made to incorporate projects with uncertain start dates into the
analysis:
• Operating projects with a “TBD” start-up year are excluded from the analysis (this only
concerns a couple of marginal projects);
• There are no oilsands projects in construction with a “TBD” start-up year;
• It is assumed that only 50% of projects approved by the Regulator with a “TBD” start-up
year will actually come online. It is assumed these projects will all be phased in at a 10%
annual rate between 2020 and 2030.
All approved projects with a start-up year are assumed to start their operations at the year
indicated in the database.
An emission forecast is then derived from predicted production using emission factors specific to
the technology (mining or in situ), indicated in Table 6. These emission factors do not include
indirect sources such as steam, electricity, or hydrogen which are also not included in the 100 Mt
cap.
Table 6. Emissions factors used to forecast oilsands emissions
Oilsands
technology

GHG Emissions Intensity
(kg CO2e/bbl)
67.9

Surface mining
In situ
Source: Government of Alberta

75.2
50

47 Two manual modifications were done to the database: the status of Suncor Fort Hills project (Phase 1) was updated
to operating as the facility started operations in January 2018, and the start-up year of the OSUM Oil Sands
Corporation’s Orion Phase 2B project was updated from "TBD" to 2018.
48

Projects with following status are excluded from the analysis: “Announced,” “Application,” “Disclosed,” “On hold,”
“Suspended,” “Terminated”
49 Oilsands capacity factors were calculated using existing production capacity sourced from Oilsands quarterly and
production data sourced from Alberta Environment and Parks, Oil Sands Information Portal, “Total Oil Sands
Production Graph”. http://osip.alberta.ca
50

Government of Alberta, Technical Guidance for Completing Specified Gas Compliance Reports, Version 7.0
(January 2014,), 54. https://open.alberta.ca/dataset/1dac8a36-a586-4786-9f34-ef0cdcb13cfc/resource/58fbc932-c0dc-
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Limitation and discussion
As any modelling work, this analysis contains some simplifications and limitations:
• This analysis assumes that only 50% of the approved projects that do not have a start-up
year will proceed, which represents a conservative assumption given that these projects
have already been approved by the regulator.
• Oilsands projects are assigned a broad technology type (“Mining” or “In situ”), and
allocated the average emission factor of the dominant technology in this category. As a
result, emission factors used in this analysis do not reflect the variety of techniques being
used to produce bitumen.
o Steam assisted gravity drainage (SAGD), for example, accounts for 80% of the in situ
capacity operating in 2017, with cyclic steam stimulation (CSS) technologies making
19% of the capacity, and a mere 1% using other in situ techniques. The emission
factor used to predict the emissions of in situ production is derived from the
Specified Gas Emitter Regulation, which solely accounts for SAGD projects. CSS
projects have been characterized in the literature as emitting tangibly more GHGs on
a per-barrel basis than the median SAGD project. 51 Conversely, there are several
pilot projects for co-injection techniques that inject a mix of steam and solvent,
which have demonstrated emissions reductions on a per-barrel basis. These projects
constitute 10% of all future production and their impact on the total emissions
intensity is estimated to be immaterial to total emissions. In addition, these projects
may qualify as experimental schemes, which are excluded from the 100 Mt limit.
o The emission factor used for mining is derived from SGER historical data, which
only considers mines equipped with an upgrader. As a result, the emission factor
includes emissions for upgrading the bitumen. In our analysis it is applied to projects
like Suncor Fort Hills and Imperial Oil Kearl that do not use upgraders, leading to an
overestimate of mining’s emissions. A sensitivity analysis showed that the impact of
this overestimate is small, and certainly within the margin of error of such analysis.
In addition, the emission intensity of mining operations has historically increased and
this trend is expected to continue for older operations as producers access deeper,
lower-quality bitumen and the distance from mines to processing facilities
increases. 52
o In addition, emission factors used in this analysis are constant and do not evolve over
time. Although the Carbon Competitiveness Incentive Regulations create tangible
incentives to improve the carbon performance of projects, the overall performance of

4c4c-8968-8bccafb61b89/download/zz-4904445-2014-01-technical-guidance-completing-specified-gas-complianceversion7.0.pdf
51

A 2018 study indicates that CSS projects could lead to as much as 13% more GHG emissions per barrel than SAGD.
Orellana et al, "Statistically Enhanced Model of In Situ Oil Sands Extraction Operations: An Evaluation of Variability
in Greenhouse Gas Emissions," Environmental Science & Technology (2018)
https://pubs.acs.org/doi/abs/10.1021/acs.est.7b04498
52

Benjamin Israel, “The Real GHG trend: Oilsands among the most carbon intensive crudes in North America (2017),”
Pembina Institute. http://www.pembina.org/blog/real-ghg-trend-oilsands
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•
•

each technology is hard to predict as it is affected by conflicting forces. While
marginal gains are expected through the implementation of technology improvements
(e.g., co-injection of solvent and steam in in situ, automation in mining), these
deployments cannot be economically and/or technically deployed on all projects. In
addition, oilsands resources from high-quality reservoirs are typically developed first,
resulting in a degradation of reservoir quality over time. Lower quality reservoirs will
require more energy.
This analysis does not consider projects in the regulatory pipeline as of December 2017,
some of which will ultimately be approved and developed.
All projects currently in operation are assumed to remain in operation until at least 2030.

While emissions trends are assumed to remain static in the future and the decrease in emissions
intensity of new mines is not considered in the emission factors used, historically, emissions from
oilsands mining have increased and only 50% of projects are assumed to proceed to operation.
The analysis presented here is an approximation of when the 100 Mt cap will be achieved and
believed to be balanced given the assumptions that have been made. Figure 2 presents the results
of this analysis, including a comparison to the GHG emissions forecasted by CERI, which
displays a similar profile. 53

C.2 Detailed results
Table 7 and Table 8 present the forecasted GHG emissions from oilsands projects from 2016 to
2030 by project status and type respectively.
Table 7. GHG emission forecast from oilsands projects per status
Project
status
Operating
projects

GHG emissions (Mt CO2e)
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

2026

2027

2028

2029

2030

70.1 77.2 77.2 77.2 77.2 77.2 77.2 77.2 77.2 77.2

77.2

77.2

77.2

77.2

77.2

Projects in 0.0
construction

0.0

0.6

1.7

2.7

2.7

2.7

2.7

2.7

2.7

2.7

2.7

2.7

2.7

2.7

Projects
approved
with a start
date

0.0

0.0

0.0

0.9

2.7

4.2

5.1

7.2

7.2

8.3

8.3

8.3

8.3

8.3

8.3

Projects
approved
without a
start date

0.0

0.0

0.0

0.0

2.2

4.3

6.5

8.6

10.8 12.9

15.1

17.2

19.4

21.5

21.5

Total

70.1 77.2 77.8 79.8 84.7 88.4 91.4 95.6 97.8 101.1 103.3 105.4 107.6 109.7 109.7

53

Canadian Oil Sands Supply Costs and Development Projects, 43.
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Table 8. GHG emission forecast from oilsands projects per technology type
Technology
type

GHG emissions (Mt CO2e)
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

2026

2027

2028

2029

2030

Mining

33.3 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0 39.0

39.0

39.0

39.0

39.0

39.0

In situ

36.9 38.2 38.7 40.8 43.5 45.1 45.9 48.0 48.0 49.1

49.1

49.1

49.1

49.1

49.1

Projects TBD

0.0

15.1

17.2

19.4

21.5

21.5

Total

0.0

0.0

0.0

2.2

4.3

6.5

8.6

10.8 12.9

70.1 77.2 77.8 79.8 84.7 88.4 91.4 95.6 97.8

Pembina Institute
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Appendix D. CCIR compliance costs
The costs of compliance with Alberta’s CCIR regulations shown in Table 9 were calculated based project data from Teck. The allowed emissions
are calculated based on the emissions intensity benchmark and annual production. The owed emissions are calculated by subtracting the allowed
emissions from the project GHG emissions presented by Teck. Alberta’s price on carbon is currently $30/tonne CO2e and will increase to $50/t in
2020. 54
Table 9. Frontier project cost of compliance with CCIR
Year 55

Production
(million m3/yr) 56

GHG emissions
(Mt CO2e) 57

Emissions intensity
benchmark
(Mt CO2e/m3) 58

Allowed
emissions
(Mt CO2e)

Owed
emissions
(Mt CO2e)

Compliance
cost @ $30/t
($ million)

Compliance cost
@ $50/t
($ million)

2026

9.86

2.50

0.1814

1.79

0.72

Exempt

Exempt

2027

9.86

2.50

0.1794

1.77

0.74

Exempt

Exempt

2028

9.86

2.50

0.1774

1.75

0.76

Exempt

Exempt

2029

9.86

2.50

0.1754

1.73

0.78

$23

$39

2030

9.86

2.50

0.1734

1.71

0.80

$24

$40

2031

9.86

2.50

0.1714

1.69

0.82

$24

$41

2032

9.86

2.50

0.1694

1.67

0.83

$25

$42

2033

9.86

2.50

0.1674

1.65

0.85

$26

$43

2034

9.86

2.50

0.1654

1.63

0.87

$26

$44

54

Government of Alberta, “Climate Leadership Letter to Minister,” 2015, https://www.alberta.ca/documents/climate/climate-leadership-report-to-minister.pdf

55

Based on 41 year project lifetime stated by Teck Resources Limited, Frontier Oil Sands Mine Project Update 1-2.

56

Frontier Oil Sands Mine Project Update, 4-3.

57

Based on project GHG emissions intensity including direct and indirect emissions from Teck Resources Limited, Frontier Oil Sands Mine Project Update, 14-9

58

Government of Alberta, “Carbon Competitiveness Incentive Regulation,” Alberta Regulation 96/2018, p 51.
http://www.qp.alberta.ca/1266.cfm?page=2017_255.cfm&leg_type=Regs&isbncln=9780779800193
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Year 55

Production
(million m3/yr) 56

GHG emissions
(Mt CO2e) 57

Emissions intensity
benchmark
(Mt CO2e/m3) 58

Allowed
emissions
(Mt CO2e)

Owed
emissions
(Mt CO2e)

Compliance
cost @ $30/t
($ million)

Compliance cost
@ $50/t
($ million)

2035

9.86

2.50

0.1634

1.61

0.89

$27

$45

2036

9.86

2.50

0.1614

1.59

0.91

$27

$46

2037

15.07

3.83

0.1594

2.40

1.43

$43

$71

2038

15.07

3.83

0.1574

2.37

1.46

$44

$73

2039

15.07

3.83

0.1554

2.34

1.49

$45

$74

2040

15.07

3.83

0.1534

2.31

1.52

$46

$76

2041

15.07

3.83

0.1514

2.28

1.55

$46

$77

2042

15.07

3.83

0.1494

2.25

1.58

$47

$79

2043

15.07

3.83

0.1474

2.22

1.61

$48

$80

2044

15.07

3.83

0.1454

2.19

1.64

$49

$82

2045

15.07

3.83

0.1434

2.16

1.67

$50

$83

2046

15.07

3.83

0.1414

2.13

1.70

$51

$85

2047

15.07

3.83

0.1394

2.10

1.73

$52

$86

2048

15.07

3.83

0.1374

2.07

1.76

$53

$88

2049

15.07

3.83

0.1354

2.04

1.79

$54

$89

2050

15.07

3.83

0.1334

2.01

1.82

$55

$91

2051

15.07

3.83

0.1314

1.98

1.85

$55

$92

2052

15.07

3.83

0.1294

1.95

1.88

$56

$94

2053

15.07

3.83

0.1274

1.92

1.91

$57

$96

2054

15.07

3.83

0.1254

1.89

1.94

$58

$97

2055

15.07

3.83

0.1234

1.86

1.97

$59

$99

2056

15.07

3.83

0.1214

1.83

2.00

$60

$100

2057

15.07

3.83

0.1194

1.80

2.03

$61

$102

2058

15.07

3.83

0.1174

1.77

2.06

$62

$103
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CCIR compliance costs

Year 55

Production
(million m3/yr) 56

GHG emissions
(Mt CO2e) 57

Emissions intensity
benchmark
(Mt CO2e/m3) 58

Allowed
emissions
(Mt CO2e)

Owed
emissions
(Mt CO2e)

Compliance
cost @ $30/t
($ million)

Compliance cost
@ $50/t
($ million)

2059

15.07

3.83

0.1154

1.74

2.09

$63

$105

2060

15.07

3.83

0.1134

1.71

2.12

$64

$106

2061

15.07

3.83

0.1114

1.68

2.15

$65

$108

2062

15.07

3.83

0.1094

1.65

2.18

$65

$109

2063

15.07

3.83

0.1074

1.62

2.21

$66

$111

2064

15.07

3.83

0.1054

1.59

2.24

$67

$112

2065

15.07

3.83

0.1034

1.56

2.27

$68

$114

2066

15.07

3.83

0.1014

1.53

2.30

$69

$115

$1,881

$3,135

Total
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Appendix E. Natural gas production,
processing, and transport
emissions
Life cycle GHG emissions for natural gas in Canada were calculated using data from the 2018
National Inventory Report (NIR) 59 and are presented in Table 10. The results are based on 2016
data. Stationary combustion emissions for natural gas production and processing are obtained
from Table A10-3. Fugitives, venting, flaring, and transport emissions are obtained from the 2018
CRF tables for 2016. 60 The total GHG emissions from natural gas production, processing,
transmission, and distribution are 62.0 Mt CO2e.
Table 10. Natural gas life cycle emissions
Source

CO2 emissions
(kt)

CH4 emissions
(kt)

CH4 emissions (kt
CO2e)

Stationary combustiona

27,000.0

-

-

Transport

8,114.0

8.1

227.4

Fugitives
a)

Exploration

-

-

-

b)

Production

2.6

92.8

2,597.3

c)

Processing

7.7

10.9

305.8

d)

Transmission and
storage

38.6

46.9

1,314.3

e)

Distribution

2.0

38.2

1,069.9

f)

Other

55.7

286.5

8,022.3

Venting

3,857.8

299.4

8,382.6

Flaring

892.4

5.4

150.4

Total

39,970.8

788.2

22,069.9

Stationary combustion emissions are presented as total GHG emissions and not separated into CO2, CH4, and N2O.

a

The total marketable natural gas production in Canada was 158 billion m3 in 2016. 61 This results
in an upstream natural gas emission factor of 0.393 kg CO2e/m3 of natural gas. Converting this

59

National Inventory Report 1990-2016, Part 3.

60

Ibid.

61

NEB, “Marketable Natural Gas Production in Canada, 2017,” updated March 15, 2018. https://www.nebone.gc.ca/nrg/sttstc/ntrlgs/stt/mrktblntrlgsprdctn-eng.html
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Natural gas production, processing, and transport emissions

value to units of energy using the high heating value for natural gas (reported as 39.03 MJ/m3 for
2016 62) we get an emission factor of 10.07 g CO2e/MJ.

62

Statistics Canada, “Report on Energy Supply and Demand in Canada, 2016 Preliminary,” April 4, 2018, 130.
https://www150.statcan.gc.ca/n1/en/catalogue/57-003-X
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Jodi McNeill
<contact information removed>

EDUCATION
2015
MSc Environmental Change and Management
Distinction
2014 Caryll Birkett Scholar of Trinity College
2013

University of Oxford

B.A.Hons Development Studies and Environmental Science
First Class Honours and Dean’s Honour List
2008 Recipient of the National Millennium Excellence Award

RELEVANT EMPLOYMENT HISTORY
03/2016 – Current
Technical and Policy Analyst
The Pembina Institute
07/2013 – 07/2014

09/2012 – 12/2012

McGill University

Calgary AB

Environmental Scientist
Ecoventure Inc. (Professional Environmental Consulting Firm)

Calgary AB

Research Associate; Protected Agriculture Sector
Inter-American Institute for Cooperation in Agriculture (IICA)

Barbados

RELEVANT PUBLICATIONS
McNeill, J. 2018. McNeill: Oilsands tailings ponds area nasty challenge that can't be ignored. Calgary
Herald. April 29. Available at: https://calgaryherald.com/opinion/columnists/mcneill-oilsands-tailingponds-are-a-nasty-challenge-that-cant-be-ignored
McNeill, J., and Israel, B. 2018. Prospects for Alberta oil and gas in a decarbonizing world. Prepared for
the Government of Alberta Department of Energy's 2017 Energy Diversification Advisory Committee.
Available at: http://www.pembina.org/pub/prospects-for-alberta-oil-and-gas-a-decarbonizing-world
McNeill, J. 2017. The oilsands sector's toxic liquid legacy. iPolitics, [online]. November 7. Available at
https://ipolitics.ca/2017/11/07/the-oilsands-sectors-toxic-liquid-legacy/
McNeill, J. 2017. Canadians need better protection from oilsands cleanup liabilities. THIS Magazine. July
24. Available at: https://this.org/2017/07/24/canadians-need-better-protection-from-oil-sands-cleanupliabilities/
McNeill, J.L. and Thornton, T.F., 2017. Pipelines, Petitions, and Protests in the Internet Age: Exploring
the Human Geographies of Online Petitions Challenging Proposed Transcontinental Alberta Oil Sands
Pipelines. Annals of the American Association of Geographers, 107(6), pp.1279-1298.
WORKING GROUP PARTICIPATION
2016-Current Primary representative of Pembina Institute and ENGO caucus at the multi-stakeholder
Stakeholder Interest Group (SIG) concerning the Tailings Management Framework
(TMF) hosted by the Alberta Environment and Parks
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2016-18

Primary representative of the Pembina Institute and the ENGO caucus at the multistakeholder Integrated Water Management Working Group (IWMWG) concerning the
Tailings Management Framework (TMF) hosted by Alberta Environment and Parks

2016-18

Deputy representative of the Pembina Institute and ENGO caucus at the multi-stakeholder
Mine Financial Security Program - Tailings Management Framework (MFSP-TMF)
Working Group hosted by Alberta Environment and Parks

2017

Primary representative of Pembina Institute and ENGO caucus at the multi-stakeholder
Energy Diversification Advisory Committee (EDAC) hosted by Alberta Energy

2016-17

Primary representative of the Pembina Institute and ENGO caucus at the multi-stakeholder
Technical Advisory Committee (TAC) for Tailings Regulatory Management hosted by
the Alberta Energy Regulator (AER)

REGULATORY SUBMISSIONS
2017-18
Representative of the Oilsands Environmental Coalition (OSEC) in multi-day formal
Enhanced Review Processes for the tailings management plan submitted under Directive
085 for the Aurora North Mine and Millennium Mine and North Steepback Extension
2017-18

Co-author and signatory of OSEC's comprehensive review, technical analysis, and
comments on the AER's draft conditions of approval for 7 tailings management plans

2016-17

Co-author and signatory of 7 statements of concern filed by OSEC on tailings management
plans submitted by proponents under Directive 085. Submissions available at
http://www.pembina.org/pub/statements-of-concern-on-tailings-ponds-solutions

RESEARCH AND FIELDWORK EXPERIENCE
2015
Environmental Change Institute, Oxford University • Published masters dissertation
research focusing on contemporary public engagement with regulatory and policymaking
processes for proposed transcontinental Alberta oilsands pipelines from 2005-15 • Novel
quantitative and qualitative research methods designed to analyze geographies of scale
2013-14

Ecoventure Inc. • Environmental Impact Assessments and Environmental Screening
Reports prepared for several proposed wildlife passages and stormwater culverts in three
new west Edmonton neighborhoods • Research included desktop literature reviews,
aboriginal consultations, and multiple in-field evaluations of wildlife corridors, wetland
drainage patterns, and complex ravine systems

2013

Ecoventure Inc. • Phase I & II Environmental Site Assessments for upstream/midstream
oil and gas operations in south Alberta • Required on-site soil sampling and analysis

2012

Inter-American Institute for Cooperation in Agriculture (IICA) • Interdisciplinary
study of Environment, Water & Food Resources, and Sustainable Development at McGill's
Bellairs Research Institute in Holetown, Barbados • IICA research assessment of the
Barbados' Protected Agriculture (PA) sector • Findings compiled in an 80-page report and
presented at a conference for PA stakeholders • Participated in design of a CAD$100,000
Canadian International Development Agency (CIDA) grant proposal
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EXPERIENCE

Mar 2018 – present
The Pembina Institute
Edmonton, AB
Director Fossil Fuels
 Coordinating our work on natural gas and oilsands. For example, convening progressive industry
players, researching emerging low carbon technologies, analysing scenarios to meet Canada’s
emissions targets under the Paris Agreement, evaluating and commenting on regulations for
reducing environmental impacts.
Sep 2016 – Dec 2017
The Pembina Institute
Calgary/Edmonton, AB
Senior Analyst
 Led the oilsands tailings file, worked with industry, government, First Nations and Metis and other
Environmental NGOs to analyse tailings management plans and advocate for better tailings
management in the province.
 Coordinated the Pembina Institute’s annual Climate Summit
Jun 2014 – Sep 2015
The Pembina Institute
Calgary, AB
Senior Advisor
 Provided consulting services to industry clients. For example: reviewed and provided feedback on
tailings management plans; convened international experts to comment on water management
plans, researched and presented on carbon utilization technologies, summarized regulations for
oilsand operations.
Jan 2013 – May 2013
Syncrude Canada Ltd
Calgary, AB
Senior Project Manager
 Developed work scope and schedule for renewing regulatory approval for a new mine development.
 Hired and supervised sub-contractors to develop mine, tailings and closure plans for the new mine
on time and on budget.
 Developed conceptual design for commodity connections between existing and new developments.
May 2012 – Jan 2013
Canada
Organic Farm Volunteer/Sustainable Lifestyles Internship
 Learnt about self-sufficiency, livestock, wool craft, soap making, food production and storage,
community building, shelter, permaculture techniques by volunteering on 5 farms across Canada.
May 2011 – May 2012
Syncrude Canada Ltd
Calgary, AB
Strategic Planning Advisor
 Identified 6 long term strategic issues facing the organization (Mine Development, Growth, Tailings,
Reclamation, Water and Sulfur). 5 out of the 6 strategies endorsed by Syncrude Owners.
 Worked closely with Projects, Research, Planning, Legal, Regulatory and Public Affairs to complete a
comprehensive analysis of options for each strategic issue.
 Facilitated internal organization alignment on the recommended path forward on each strategic
issue and developed all presentation material
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EXPERIENCE CONT.

•


Due to the joint ownership of Syncrude, engaged with each of the owners throughout the
development of options as well as final results in prep for Management Meeting.
Supported commercial negotiations with neighbouring lease holders related to land use access,
shared drilling, right of ways, boundary pillars etc.

Feb 2010 – May 2011
Syncrude Canada Ltd
Calgary, AB
Team Leader - Project Estimating Services
 Managed a staff of 7 Syncrude employees and 4 contractor staff
 Team successfully completed and/or supervised the development by contractors of all capital project
estimates for each stage of our capital project development process.
 Developed and stewarded to continuous improvement of the services provided to our internal
clients.
Jan 2009 – Feb 2010
Syncrude Canada Ltd
Calgary, AB
Project Development Engineer
 Developed technology and scope associated with a new tailings system, recycle water system,
dredge and siphon. Overall project cost estimate during this phase >$300M
 Supported business case and cost estimate development. Managed and resolved key issues and risk
logs. Provided engineering contractor oversight/quality assurance on recycle water system, dredge
and siphon
 Liaison with Syncrude Operations, Tailings and Mine Planning and Execution groups
July 2007 – Sept 2008
Engineers Without Borders
Ndola, Zambia
African Programs Staff
CARE International – Sorghum Marketing Enterprise Project
 Micro-enterprise development; Introduced small scale farmers to sorghum growing by providing
training and free seed. Facilitated market links between farmer’s cooperatives and the private sector
(input and output markets)
 Influenced CARE to learn and improve project design and project implementation by initiating and
carrying out monitoring and evaluation exercises during project implementation.
 Contributed to EWB’s knowledge and understanding of rural realities, agriculture value chain
projects and working within a large non-governmental organisation
Nov 2005 – June 2007
Syncrude Canada Ltd
Fort McMurray, AB
Project Manager
• Managed haul road construction program. This work included developing scope of work, economic
analysis, obtaining stakeholder approval, selecting and hiring contractors, ensuring safe, on time and
on budget completion of the work. (Budget: $50M)
• Managed dewatering program for gravel resources.
• Managed mobile equipment acquisitions (dozers, graders, trucks, electric and hydraulic shovels).
Included developing equipment needs, obtaining stakeholder approval, vendor selection and quality
assurance during assembly or receipt. (Budget > $75M)
• Member of the Syncrude Graduate Development Project team. Review, re-design and implement a
program that will train, develop and retain new graduate employees.
Nov 2002 – Nov 2005
Engineer in Training
Mine Planning Department

Syncrude Canada Ltd
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EXPERIENCE CONT.

June 2002 - Oct 2002 Engineers Without Borders
Ananea, Peru
International Cooperant
EWB & Centro Canadiense de Estudios y Cooperación Internacional (CECI-Peru)
• Studied the artisanal gold mining sector in Ananea, Department of Puno, Peru
• Completed a diagnostic of the mining methods and working conditions of 8 mining cooperatives in
Ananea and their impact on local community.
• Wrote a proposal for a future CECI project in the area.

EDUCATION

1998-2002
McGill University
Bachelor of Engineering (Mining), Minor in Management
McGill-Polytechnique Mining Engineering Coop Program.

Montreal, QC

1995–1997
Le Petit Séminaire du Québec
International Baccalaureate in Applied Science

Quebec, QC

OTHER SKILLS/ACCOMPLISHMENTS





The Natural Step’s Sustainability Framework course, November 2013
Corporate Social Responsibility course, University of Calgary Continuing Education, March 2013
Completed course work and hours required for Project Management Professional designation

RELEVANT PUBLICATIONS




Lothian, N., and McNeill, J. 2017. Tailings Management Plans; A review of Directive 085. Available at:
http://www.pembina.org/pub/tailings-management-plans
Lothian, N., 2017. Fifty years of oilsands equals only 0.1% of land reclaimed. Oilsands at 50 series.
Available at: http://www.pembina.org/blog/fifty-years-of-oilsands-equals-only-0-1-of-landreclaimed

WORKING GROUP PARTICIPATION







Representative of the Pembina Institute at the multi-stakeholder Mine Financial Security Program Tailings Management Framework (MFSP-TMF) Working Group hosted by Alberta Environment and
Parks (2017)
Representative of the Pembina Institute and ENGO caucus at the multi-stakeholder Technical
Advisory Committee (TAC) for Tailings Regulatory Management hosted by the Alberta Energy
Regulator (AER) (2015)
Representative of the Pembina Institute at the multi-stakeholder Tailings Management Framework
(TMF) workshops hosted by the Alberta Environment and Parks (2014)
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Representative of the Pembina Institute at the multi-stakeholder Surface Water Quantity
Management Framework working group (SWQMF) hosted by the Alberta Environment and Parks
(2014)

REGULATORY SUBMISSIONS






Representative of the Oilsands Environmental Coalition (OSEC) in multi-day formal Enhanced Review
Processes for the tailings management plan submitted under Directive 085 for the Aurora North
Mine and Millennium Mine and North Steepback Extension (2017)
Co-author of OSEC's comprehensive review, technical analysis, and comments on the AER's draft
conditions of approval for 7 tailings management plans (2017 -2018)
Co-author of 7 statements of concern filed by OSEC on tailings management plans submitted by
proponents under Directive 085. Submissions available at (2016- 2017)
http://www.pembina.org/pub/statements-of-concern-on-tailings-ponds-solutions
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About the Pembina Institute
The Pembina Institute is a national non-partisan think tank that advocates for strong, effective
policies to support Canada’s clean energy transition. We employ multi-faceted and highly
collaborative approaches to change. Producing credible, evidence-based research and analysis, we
consult directly with organizations to design and implement clean energy solutions, and convene
diverse sets of stakeholders to identify and move toward common solutions.
The Pembina Institute
219 19 Street NW
Calgary, AB
Canada T2N 2H9
Phone: 403-269-3344
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Executive summary
This report reviews the information pertaining to liability provided by Teck Resources Limited in
the Environmental Assessment for the proposed Frontier Mine to determine if Teck’s proposed
liability management approach will sufficiently protect the public of Alberta from the risk of
paying for the project’s reclamation and closure costs.
Teck’s proposed liability management approach is assessed, with three primary critiques for the
Joint Review Panel to consider. First, evidence is provided that Teck’s estimated timelines and
costs for reclamation and closure are likely underestimated. Second, evidence is provided that
Teck’s emphasis on the company’s diversification across multiple sectors and jurisdictions as a
source of additional financial security is not a valid factor for the Joint Review Panel to consider
in its review. Finally, concerns with the current design and structure of Alberta’s Mine Financial
Security Program relevant to the Frontier Mine are raised.
This report concludes with a recommendation that the elective option in the Mine Financial
Security Program standard and the Appendix 4 Guide to the MFSP for operators to post full
security be set as a binding condition of any forthcoming approval decisions to be issued on this
project. This recommendation is put forth with four key caveats: (1) the payment schedule and
management actions for non-compliance must be clearly delineated; (2) the security requirements
must be binding upon sale or transfer or license; (3) the security requirements must be secured
with a letter of credit or cash; and, (4) the estimated costs must be verified by a third-party audit.
Each of these caveats is considered critical to ensuring the public of Alberta is adequately
protected from the liability risk posed by the project.
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1

Introduction

1.1 Context
Teck Resources Limited (Teck) has proposed to build the Frontier bitumen mine north of Fort
McMurray, Alberta. Teck submitted an original environmental assessment application in 2011,
and an updated environmental assessment application in 2015. A Joint Review Panel (JRP)
comprised of the Alberta Energy Regulator (AER) and Canadian Environmental Assessment
Agency (CEAA) thereafter issued eleven Information Requests.
The JRP is assessing the Teck Frontier Mine project under four laws: (1) Alberta’s Environmental
Protection and Enhancement Act; (2) Alberta’s Responsible Energy Development Act; (3)
Alberta’s Oil Sands Conservation Act; and, (4) the Canadian Environmental Assessment Act.
As proposed by Teck, the Frontier Mine would have a nominal capacity of 260 thousand barrels
per day. A first construction phase would occur from 2019 to 2026 with Phase I operations
commencing in 2026, and a second construction phase would occur from 2030 to 2036, with
Phase II operations commencing in 2037. The end of mine life (EML) would occur in 2066,
followed by reclamation until 2081.

1.2 Scope of work
In the Environmental Assessment applications and supplemental submissions made to date, Teck
has discussed anticipated liability posed by the Frontier Mine project and how it will be managed.
This report reviews the information provided by Teck and provides an analysis of whether the
public of Alberta will be sufficiently protected from the risk of paying for the project’s
reclamation and closure costs (i.e. liability).
The analysis is based on a review and critique of Teck’s reclamation and closure plans and
proposed approach to managing the liability that will be created by this project, as well as a
review and critique of Alberta’s Mine Financial Security Program (MFSP) more broadly as the
principle mechanism under which liabilities in the oilsands mining sector are currently managed.
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2

Critique of Teck’s proposed
liability management approach

2.1 Underestimated timelines and costs for
reclamation and closure
2.1.1 Overview of Teck’s reclamation and closure plans
In Section 13.4.1 of Volume 1 in the Project Update, Teck states that the updated Project
Disturbance Area is 29,217 ha. Three pit lakes have been proposed to form integrated reclamation
features within the closure landscape. They include: a North pit lake within the north pit; a
Central pit lake within the main pit; and, a South pit lake within the main pit
These pit lakes will result in a 1879% increase in water bodies on the closure landscape relative
to pre-disturbance. Other significant pre to post-development changes will include a 63%
decrease in High Capability (Class 1) land, a 56% decrease in Moderate Capability (Class 2) land,
a 411% increase in Low Capability (Class 3) land, a 63% decrease in Conditionally Productive
(Class 4) land, and a 293% increase in Non-Productive (Class 5) land. These changes are
illustrated by Table 13.6-4 in Volume 1 of the Project Update, included below as Figure 1.
Figure 1. Pre-and post- disturbance land capability changes

Moreover, in Section 13.1 of Volume 1 in the Project Update, Teck delineates following timeline
for reclamation activities:
(1) Initial reclamation to occur in 2024 (two years before production commences)
(2) Extensive reclamation starting in 2034 and continuing until 2067
(3) Pit lakes will begin to be filled in 2063, and filling will continue through 2080

Pembina Institute

Teck Frontier Mine | 3

0172

Critique of Teck’s proposed liability management approach

(4) Pit lakes will be full of suitable water quality to begin discharging in 2081
Finally, in the company's response to question 5.4 in the Joint Review Panel (JRP)’s Information
Request (IR) 5, Teck outlines reclamation and closure costs by phase. Total life of project
liability is estimated to be $11.8 billion, with maximum liability occurring in 2037 at an estimated
$4.3 billion when the fluid tailings 1 profile peaks, and liability at end of mine life expected to be
roughly $2.9 billion. Teck provides a more detailed breakdown of costs in Table 5.4a-1, which is
included as Figure 2 below.
Figure 2. Reclamation and closure cost details

2.1.2 Post-closure reclamation and monitoring uncertainties
Based on a review of Teck’s proposed closure and reclamation plans, post-closure monitoring
and/or mitigation requirements for the Frontier Mine project have very likely been meaningfully
underestimated.
Table 1 illustrates various post-closure landscape features for which there is a high likelihood
Teck has underestimated post-closure monitoring and/or mitigation requirements. Uncertainties
are identified that raise the risk of higher costs and longer timelines for remediation, reclamation,
and monitoring requirements after the anticipated EML in 2066 than have been accounted for. 2
Table 1. Post-closure landscape features of concern

1

According to the AER's Directive 085, fluid tailings are defined as "any fluid discard from bitumen extraction
facilities containing more than 5 mass percent suspended solids and having less than an undrained shear strength of 5
kilopascals."
2

This table includes illustrative examples of instances in which Teck suggests monitoring beyond 2081 may be
necessary. It is not intended as a comprehensive list delineating all the uncertainties and risks posed by Teck's proposed
reclamation and closure plans.
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Post-closure
landscape feature

Risk of underestimated costs and timelines for post-closure monitoring and/or
mitigation requirements

1. End pit lakes

Section 13.6.4.5 in Volume 1 of the Project Update discusses plans for water release
from the pit lake in 2081 when the water quality is expected to meet regulatory
release criteria.
If actual conditions differ from Teck’s models, however, several options are proposed
to ensure pit lake water is suitable for discharge to receiving waters. These options
include both natural bioremediation approaches and active treatment approaches.
The passive treatment options include: (1) managing the rate of pit lake filling; (2)
adding nutrients to the pit lakes to elevate productivity levels and biological
treatment capacity; (3) increasing the efficiency and size of wetlands that route
reclamation drainages to the pit lakes; and, (4) actively or passively treating pit lake
outflows by adding wetlands and/or settling basins to the discharge channels that
connect the pit lakes to the receiving waters. Active treatment options include
adsorption, microfiltration, ultrafiltration, nanofiltration, reverse osmosis, and
advanced oxidation.
The impact of these additional interventions and monitoring requirements on
reclamation timelines and costs is not addressed in Teck’s submissions to date.
In Teck’s response to Question 2.6(c) in the JRP’s Information Request 2, a timeline
for pit lake monitoring is provided. According to this timeline, pit lake filling will
continue until 2080 followed by 30 years to establish an aquatic ecosystem, and 10
years of monitoring until 2121. This constitutes a minimum of 55 years after EML of
reclamation and monitoring requirements, assuming no unforeseen circumstances
arise that require additional management actions.
Moreover, in response to Question 2.3 in the JRP’s Information Request 2, Teck
acknowledges that while the timeline until 2121 is based on current analysis, “[it is]
not possible to calculate or predict with certainty the timelines to establish
ecosystems in reclamation waterbodies, such as pit lakes.” Despite these significant
uncertainties, Teck has not provided details on the cost and management structures
that will be in place until 2121, nor have details been provided on contingency plans
to manage potentially extended timelines and/or additional costs.
While every existing operator has proposed end pit lakes as part of the closure
landscape, to date there has been no official regulatory review process to assess the
cumulative impacts of the lakes on the regional landscape. The three end pit lakes
that Teck has proposed will add to the dozens of lakes that other existing operators
have proposed in their reclamation and closure plans.
This lack of regional-level study is unacceptable, as the sum of oilsands mining
operators reclamation and closure plans may not be ecologically or socioeconomically viable at a regional scale. This gap in regulatory direction and oversight
raises questions about Teck’s current closure landscape projections. As cumulative
impacts are more comprehensively taken into account through future research and
regulatory requirements, the features, costs and timelines in Teck’s current
reclamation and closure plans could be impacted.

2. Centrifuged
Fine Tailings
Deposits

Pembina Institute

There are a number of uncertainties concerning Teck’s plans to terrestrially cap
centrifuged fine tailings (CFT) deposits. According to Volume 1 of the Project Update
and Teck’s response to the JRP’s Information Request 10, Teck anticipates a peak in
the fluid tailings inventory of 242 Mm3 in year 12 of operations. Teck plans to send
coarse combined tailings (CCT), secondary flotation tailings (SFT) and froth
treatment tailings (FTT) to external tailings areas (ETA) and an internal tailings area
(ITA) for fines segregation (settling). The resulting fluid tailings will be removed,
mixed with a polymer additive, and then sent to centrifuges to produce CFT cake.
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CFT cake will then be deposited in dedicated disposal areas (DDA).
After four years of settling, Teck anticipates CCT, SFT, FTT, and FFT to consolidate
into a solids content of 30%, with CFT cake of 55% solids concentration. Teck
anticipates all FFT to be treated by centrifuging within 5 years of EML, and the DDAs
to be terrestrial capped within 10 years of EML.
However, there are significant uncertainties associated with reclaiming deep deposits
of CFT cake. Teck has indicated that deep cake deposits will settle between 15 and
18-metres, with 8 to 10-metres of the settlement occurring after capping by 20 years
post-placement, and the rest of the settlement occurring by 100 years postplacement. Indeed, Page 1-13 of Teck’s response to Question the JRP's IR 1 states:
"These assumptions are conservative, but in the unlikely event the current
assumptions prove too optimistic and thick cake deposits are shown to
consolidate and gain strength more slowly than assumed, then in-pit cake
deposit and cap designs can be revised and adapted to achieve closure
landscape sustainability objectives within a reasonable timeframe."
Despite Teck's anticipated 100-year settlement timeline and the risk of slower-thananticipated settlement and consolidation of the deposits, it is unclear how long
monitoring will be required after the post-mining period ends in 2081, what
corrective actions might be needed, how those actions might impact the final
landscape, and what cost structures and contingency plans will be in place.
3. Seepage
system

Section 14.11.3 in Volume 1 of the Project Update outlines the passive post-closure
seepage collection system that will be placed around the north, east, and south
perimeter of the ETAs. Teck plans to implement the system at the end of operations;
during operations, groundwater seepage from the ETAs will be managed though
perimeter ditching and a network of pumping wells in the quaternary sands.
Teck states in Section 14.11.3.1 in Volume 1 of the Project Update that “[o]nce
installed, the system will be monitored to verify that it is performing as intended;“
however, it is unclear how long monitoring will take place.
Teck further states “[s]hould conditions differ from what is expected, more intensive
monitoring, intrusive investigations, and enhancement to the seepage control system
will be completed as required to assess and address the situation.” The impact of
these additional monitoring and mitigation requirements on Teck’s current estimates
of post-closure reclamation timelines and costs is not addressed.
Section 5.5.3.2 in Volume 3 of the Project Update discusses functioning of the postclosure seepage control system into the ‘Far Future.’ Teck states that seepage from
the in-pit tailings deposits (WTDA and STDA) primarily occur to the local drainage
system of the reclamation landscape, with discharge to the central and south pit
lakes.
However, small components of seepage are also anticipated along deeper flow paths
to Big Creek, with travel times in the hundreds to thousands of years. While Teck
assumes natural attenuation will render effects negligible, no analysis is provided of
cumulative effects with seepage from other upstream tailings ponds and storage
areas. Indeed, in Section 5.5 of this submission Teck only considers possible
interaction with the Shell Pierre River Mine, which is on hold. Moreover, existing
regulatory processes do not account for cumulative seepage impacts to the
Athabasca River from other upstream operations of certain substances (i.e.
naphthenic acid, polycyclic aromatic hydrocarbons). Increased analysis and
regulatory oversight in the future could correspondingly impact monitoring and
mitigation requirements along the Big Creek flow pathway.
Section 13.122 in Volume 1 of the Project Update states that “the sustainability of
the closure drainage system will be monitored through regular geomorphic surveys
and site inspections following extreme precipitation or flood events” and “[s]ite
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inspections following extreme precipitation or flood events will assess whether
uncontrolled erosion is occurring in the closure landscape.” It is unclear how long
after EML this monitoring will take place. Moreover, it is unclear what mitigation
measures might be introduced if uncontrolled erosion is found to be occurring, and
how such measures would impact reclamation costs and timelines.
4. Drainage
system

Section 13.122 in Volume 1 of the Project Update states that “the sustainability of
the closure drainage system will be monitored through regular geomorphic surveys
and site inspections following extreme precipitation or flood events” and “[s]ite
inspections following extreme precipitation or flood events will assess whether
uncontrolled erosion is occurring in the closure landscape.” It is unclear how long
after EML this monitoring will take place. Moreover, it is unclear what mitigation
measures might be introduced if uncontrolled erosion is found to be occurring, and
how such measures would impact reclamation costs and timelines.

5. ETA drainage

Figures 13.6-17 to 13.6-22g in Volume 1 of the Project Update provide revised batch
flush and solute transport modelling calculations as a set of time series plots for
chloride and naphthenic acid. Based on figures 13.6-18 and 13.6-19, chloride
concentrations will fully attenuate in drainage from ETAs in over 1500 years after
EML in 2066, and naphthenic acid will fully attenuate in over 500 years. Moreover,
according to Figure 13.6-19, chloride concentrations are anticipated to peak in 500
years after EML at Big Creek, 900 years after EML at Frontier FHCL, and 1200 years
after EML in the Athabasca River.
These centuries-long timelines raise concern regarding the potential need for
perpetual management of chloride and naphthenic acid concentrations. This is
particularly concerning regarding the manifold unknowns associated with naphthenic
acid in oilsands process water, which are toxic to animals and aquatic creatures, and
are weakly biodegradable leading to persistence in the environment. 3 Not only are
current regulatory systems ill equipped to manage naphthenic acid, but identification
and remediation poses significant and largely yet-unsolved scientific challenges. 4
These risks are further compounded by the lack of analysis concerning cumulative
concentrations in the Athabasca River from other upstream operations over these
extensive time periods in Teck's submissions to date. Moreover, policy and regulatory
processes for managing these kinds of cumulative effects are broadly still under
development, with input being provided from multi-stakeholder forums such as the
Integrated Water Management Working Group for the Mineable Athabasca Oilsands. 5

6. Surface water
quality

Section 18.5.5.2 in Volume 1 of the Project Update discusses mitigation measures for
surface water quality changes throughout the project’s life, including construction,
operation, and closure. Polishing ponds are proposed as a mitigation measure for the
potential thermal effects of muskeg drainage and overburden dewatering and/or low
dissolved oxygen levels prior to discharging into receiving waters. While this implies
an active process of aeration, details are not provided regarding potential changes to
reclamation timelines or costs.
In Appendix 8.33 of Teck’s response to JRP Information Request 8, information is

3

Dalmia, A. (2013). Analysis of naphthenic acids in filtered oil sands process water (OSPW) using LC/TOF with no
sample preparation. Perkin Elmer. http://www.perkinelmer.ca/labsolutions/resources/docs/APP_Analysis_of_Nalphthenic_Acids.pdf
4

Grewer DM et al. (2010). Naphthenic acids and other acid-extractables in water samples from Alberta: What is being
measured? Science of the Total Environment. doi:10.1016/j.scitotenv.2010.08.013

5

Alberta Environment and Parks. (2015). Call for delegates: Water Management Working Group. Alberta Environment
Network. https://aenweb.ca/delegates/call-delegates-water-management-working-group-tailings-managementframework-mineable-athab
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provided pertaining to the Draft Hydrology and Water Quality Mitigation, Monitoring,
and Adaptive Management Plan. Page 15 of this appendix shows surface water
monitoring stations for the post-mining period (14 years prior to 2081 while the pit
lakes are filled) and closure period (after 2081 when the pit lakes have been filled
and begin to discharge).
It is not clear based on the information provided how long the closure monitoring will
continue, or what cost-management structures and contingency plans will be in place
over this period that will ostensibly extend into the 22nd century.
7. Groundwater
quality

Section 8.34 in Teck’s response to the JRP’s Information Request 8 discusses water
quality in the south and east reclamation lakes as a proxy for the timeframe within
which groundwater seepage concentrations might be above regulatory guidelines for
drinking water. According to this section, the South pit lake will exceed drinking
water standards for roughly 320 years for boron, and 600 years for sulphide. Teck
also states in this Section that water quality in the south and east pit lakes will be
used as a proxy for the timeframe within which groundwater seepage concentrations
might be above regulatory guidelines for drinking water.
Moreover, a 23-km long, 1.0-m thick, and 30–55-m deep hydraulic barrier wall has
been proposed to passively control seepage. This system would cost $200–500
million, 6 and will take 10–13 years to construct within the closure period of 20662081. Teck states that if groundwater monitoring results indicate that the hydraulic
barrier is not performing as intended, seepage will be adaptively managed through
modification of the design. While the company states this system may need to
remain effective for 230 years, Teck does not appear to account for the costs of
perpetual monitoring and potential design modification over that period.
Finally, Teck states that the active pumping well network will continue to operate for
as long as required to maintain acceptable water quality and flows in downgradient
receptors if further assessment and design work determines that the passive
hydraulic barrier is not technically and economically feasible. Teck does not appear
to account for the costs of perpetually running the active pump and monitoring
groundwater for the 230-year timeline that the hydraulic barrier may need to be in
place.
Teck’s response to question 8.31 in the JRP’s Information Request 8 states that
concentrations of some substances will be above reference conditions and screening
criteria for Ronald Lake, Redclay Creek and Big Creek. Teck also indicates
exceedances of acute and chronic guidelines and Chronic Effect Benchmarks (CEBs)
for some substances, and it appears that some predictions peak at the end of model
predictions in 2081. This suggests monitoring and remediation actions may be
necessary past the post-mining period and well into the closure period.
Indeed, Teck’s response to Question 8.31(b) references passive water treatment
technologies being developed through COSIA that might be applied. However, no
details are provided as to what these technologies are, what they might cost, the
duration of time they will be required to function, the monitoring they would require,
or contingency plans for unforeseen circumstances requiring active mitigation
actions.

8. Soil pH

6

Teck’s response to Question 107(b) in the AER’s Supplementary Information Request
5 (April 2016) discusses pH blending in reclaimed soils. Low pH in the top 0–20-cm
layer is expected to blend with high pH in the 20–50=cm layer, resulting in moderate
pH levels. This process is expected to take three to five decades in conjunction with
forest canopy establishment; should it not occur, final land capability classes for the

Teck used the higher-end cost of $500 million in its financial model for the project.
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landscape will be reduced.
Teck does not provide management plans for this 50-year period, nor are
contingency plans provided for how Teck will address poorer-than-anticipated
blending results. This could result in longer timelines and higher costs for monitoring
and/or mitigation actions.
9. Fish and fish
habitat

Section 18.5.6.2 in Volume 1 of the Project Update discusses mitigation measures to
manage changes to fish and fish habitat throughout the Project's life, including
during construction, operation, and closure. In this section Teck states "[t]he project
FHCL will be monitoring following construction to confirm that the habitat is
functioning as intended" and "[a]dditional mitigation measures will be employed to
reduce the effects on fish and fish habitat." The impact of these additional
monitoring and requirements and interventions on reclamation timelines and costs is
not addressed.

2.1.3 Risk of long-term public burden
Section 16.6 in Volume 1 of the Project Update states that ‘[t]he bulk of closure activity spending
will take place in the first 10 years after the end of active mining and is expected to be complete
when the pit lakes are integrated with the surrounding receiving waters in 2081.”
However, as outlined above in Table 1, there are a multitude of uncertainties and risks in Teck’s
reclamation and closure plans that suggest costs and timelines have been meaningfully
underestimated. Numerous policy and regulatory gaps in regional land-use planning and
cumulative effects management from oilsands mining in the Northern Athabasca region
compound these risks. Based on this analysis, there is a high likelihood that monitoring of deposit
settlement, erosion, vegetation growth, and water quality beyond what is currently accounted for
by Teck will be necessary for decades — or potentially centuries — after the reclamation period
ends in 2081. While Teck has proposed an adaptive management approach wherein reclamation
plans will be continually adjusted based on monitoring results, detailed contingency plans have
not been provided delineating how Teck will manage changes to timelines and costs due to
poorer-than-anticipated performance of various closure landscape features, real-world seepage
patterns and cumulative substance concentrations that differ from modeled projections, and/or
any other unforeseen circumstances.
These uncertainties pose a risk that perpetual monitoring and management at the post-closure site
could be required at the expense of the public of Alberta in the long-term future. This risk
pertains to enduring environmental, health, and social impacts on local communities, as well as
fiscal impacts on future generations of Albertans more broadly.

2.1.4 Unique challenges of oilsands mine reclamation
In Teck’s response to the Supplemental Information Request (SIR) 5 issued by the AER, the
company repeatedly cites its experience with mining reclamation across a variety of assets. For
instance, in response to question 152(b) Teck argues that reclamation is likely to be successful
due to the company’s recognized dedication to sustainability and experience in reclamation work.

Pembina Institute
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This is also stated in response to question 153(a), where Teck emphasizes its extensive
reclamation knowledge and experience.
While Teck’s mining reclamation experience is valuable, it is imperative to note that reclamation
in the oilsands mining sector poses numerous unique challenges relative to hard rock and coal
mining operations.
Alberta’s Conservation and Reclamation Regulation under the auspices of the Environmental
Protection and Enhancement Act (EPEA) requires that oilsands operators must reclaim land
disturbed by mines to “equivalent land capability.” This is defined as “the ability of the land to
support various land uses after conservation and reclamation is similar to the ability that existed
prior to an activity being conducted on the land, but the individual land uses will not necessarily
be identical.” 7
While the industry has long asserted that this reclamation objective shall be met, in the last fifty
years of industrial-scale mining only 0.12% of land disturbed has been certified as reclaimed. The
industry claims that 6.7% of land has been permanently reclaimed, but this land has not yet met
regulatory requirements for certification.8
Moreover, to date no oilsands operator has successfully reclaimed fluid tailings. The only tailings
pond to be reclaimed to date is Suncor Energy’s (Suncor) Pond 1, from which all of the fluid
tailings were removed. Suncor is currently making progress with reclaiming its Pond 5 that did
contain fluid tailings; however, this has involved significant investment and innovation and has
not yet been deemed successful. 9
While most stakeholders — including the Pembina Institute — would contend that terrestrial
capping of treated fluid tailings is a preferable alternative to water capping, significant unknowns
remain with this approach. Indeed, several existing operators have proposed capping deep
deposits of centrifuge cake in their Tailings Management Plans under Directive 085: Fluid
Tailings Management for Oilsands Mining Projects. In the conditions of approval for these TMPs
issued under the Alberta’s Oil Sands Conservation Act (OSCA) and EPEA, the AER has required
extensive research and reporting on capping plans due to the numerous unknowns associated with
settlement patterns and long-term reclamation outcomes. 10

7

Province of Alberta, Environmental Protection and Enhancement Act: Alberta Regulation 115/1993, 2
http://www.qp.alberta.ca/documents/Regs/1993_115.pdf
8

Alberta Environment and Parks, Oil Sands Information Portal, “Regional Totals for Reclamation and Disturbance
Tracking, by Year” (2016). http://osip.alberta.ca/library/Dataset/Details/27
9

Wells et al. (2010). Suncor pond 5 coke cap – The story of its conception testing and advance to full scale
construction. Conference Paper. http://www.barbau.ca/content/suncor-pond-5-coke-cap-story-its-conception-testingand-advance-full-scale-construction
10

See the AER’s Directive 085 approvals for Suncor’s Millennium Mine and North Steepback Extension, CNUL’s
Jackpine Mine and Muskeg River Mine, CNRL's Horizon Mine, Imperial's Kearl Mine, and Syncrude’s Aurora North
Mine. All operators are obliged by conditions of approval to develop research plans on terrestrial capping of fines
dominated deposits.
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Indeed, in response to Question 10.1 of Teck’s response to the JRP’s IR 10, total settlement in
ITA1 of 15-17 metres is anticipated in a 50-metre deposit. Moreover, Teck’s response to
Question 6.11(a) of the JRP’s Information Request 6 states that final reclamation of DDA1 occurs
from 2073-2077, final reclamation of ITA 1 occurs from 2064-2075, and final reclamation of ITA
2 will occur from 2075-2080. Teck’s response to Question 6.11(b) states that the landscape will
be designed to accommodate an average settlement of 10 metres over DDA1, ITA1, and the two
CFT cells. Teck then states that:
“[s]ome differential settlement is expected, and would be beneficial in terms of providing
more natural-looking terrain in the longer term, including the formation of opportunistic
wetlands.”
However, Teck does not provide detailed contingency plans regarding how these uncertainties in
anticipated settlement patterns will be managed. This is concerning, as settlement ranging from
10–17 metres for these various deposits equates to a three- to five-story building. Settlement of
this extent will significantly impact vegetation and landscape outcomes, and there is significant
uncertainty over settlement rates and patterns that may alter monitoring and mitigation
requirements for decades after the final reclamation period for these deposits.

2.2 Reliance on a “diversified” portfolio
2.2.1 Teck’s experience and diversified assets
Teck’s response to the JRP’s Information Request 5 on socio-economic impacts of the project
repeatedly emphasizes that the company’s diversified portfolio renders the project lower risk for
defaulting on clean-up obligations. Teck’s portfolio includes: over 25 steelmaking/coking coal
operations across several parts of British Columbia and Alberta, Canada; the Highland Valley
Copper and molybdenum operation in south-central British Columbia, Canada; the Trail
Operations zinc and lead smelting and refining complexes in southern British Columbia, Canada;
the Antamina copper and zinc mine in Peru; the Quebrada Blanca copper mine and Carmen de
Ancacollo copper and gold mine in Chile; the Pend Orielle zinc and lead mine in Washington
State, U.S.A.; and, the Red Dog zinc mine in Alaska, U.S.A. 11
In response to question 5.4(b) Teck emphasizes that the company has a “long history as a
diversified resource company with experience managing reclamation liabilities relating to mining
activities across multiple jurisdictions, including Alberta where, in addition to Teck’s oil sands
assets, Teck also has a steelmaking/coking coal operation (Cardinal River Operations).” Teck also
states in response to question 5.4(d) that “[n]ot all operators have the demonstrated record of
sustainability and responsibility that Teck has.” Teck thereafter states that diversification across
commodities and life-long assets in stable jurisdictions is a key management strategy, as it

11

Teck, “Our Operations and Projects.” https://www.teck.com/operations/
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reduces exposure to any single commodity for which the price and long-term demand can
fluctuate.
While Teck’s track record for sustainable development in various other jurisdictions is
appreciated, relying on the company’s diversified portfolio as a means to ensure financial security
for the Frontier project is concerning for two reasons. First, relying on other assets as a means to
provide security through the Frontier mine’s life raises concerns about the project’s economic
viability over the medium to long term; and secondly, this assertion would be invalid should
Teck’s other assets become insolvent and/or the Frontier project acquire new ownership
following any forthcoming approvals. These issues will be further explored in the next sections.

2.2.2 Project viability
Question 5.4(b) in the JRP's Information Request 5 asked Teck to provide: (1) a comparison of
project liabilities to securities provided by project through MFSP over course of project life; (2)
an economic evaluation for the option to provide full security with reference to how much of
project revenues will be set aside on annual basis for closure activities. The Oil Sands
Environmental Coalition (OSEC) issued a similar request in Question 20 of its October 2016
submission regarding the sufficiency of information provided by Teck.
Rather than providing specific details including mine and reclamation schedules, assets, and
liability calculations, Teck asserted in its response to the JRP’s Information Request 5 that this
information will be provided in accordance with timelines outlined in the Mine Financial Security
Program standard and the Appendix 4 Guide to the MFSP (MFSP Guide).
Moreover, in the response to the JRP’s Information Request 5, Teck made explicit assurances that
other assets in the corporate portfolio could be utilized to provide security for the Frontier project;
namely, pages 5-54 of Teck’s submission states that “cash flows from Teck’s portfolio of assets
can be used to provide all or some of the security as opposed to only Project specific revenue.”
Despite this assurance, Teck has not provided a comparison of closure liability to security over
the full course of the project life including a schedule for posting security with specific sources of
those funds (i.e. Frontier mine or other Teck assets). Interveners and the JRP therefore cannot
transparently review the extent to which Teck plans to rely on its diversified portfolio to
financially secure the liability of this project.
This information gap is highly relevant to the review of this project because, while it is
reasonable to anticipate that Teck may need to use cash flows from its other assets to provide
financial security for the Frontier mine at the project outset, the project itself must be able to
provide security over its life. If this is not possible, it raises serious concerns as to the economic
viability of the project. As discussed below, this is particularly relevant in relation to the risk of
the rights to the Frontier mine being sold in part or in full to another operator any time over its
life.
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2.2.3 Conditional relevance of diversification
Teck’s repeated assurances that revenue from its other corporate entities provide additional
security for the Frontier project are only relevant assuming the following three conditions:
a. the other entities continue to operate in a profitable fashion;
b. revenues from other Teck corporate entities exceeds the reclamation liabilities of
those entities; and,
c. rights to the Frontier project are not sold (in part or in full) any time.
None of these conditions can be assured with certainty under the purview of the Environmental
Assessment for the Frontier project. Firstly, the JRP does not have access to information that
would allow it to assess the financial health of Teck’s operations across the multiple sectors and
jurisdictions in which the company operates.
Secondly, Teck ostensibly has reclamation liabilities to manage at its other properties that fall
under regulatory regimes that may or not manage liability in a responsible manner. For instance,
in May 2016 the Auditor General of British Columbia found that provincial taxpayers were left
responsible for least $508 million to identify and clean contaminated former mining sites on
public land. The report also notes that British Columbia taxpayers are exposed to the risk of
paying more than twice that amount in future costs, as there is a $1.2 billion shortfall in securities
posted by mining companies under the current regulatory regime. 12 Teck is currently responsible
for the largest proportion of that shortfall of any single mining operator, with only $500 million
posted against total estimated reclamation costs of $1.187 billion in the province. 13
Thirdly, the JRP cannot reliably predict Teck’s current and/or future plans for mergers,
acquisitions, and divestitures pertaining to the Frontier mine in its review of this project
application. Critically, should the JRP issue an approval of this application, an additional
Environmental Assessment would not be required if Teck were to sell the rights in part or in full
to another operator that might not have the same degree of diversified and multi-jurisdictional
holdings to offset the liability risk of the Frontier project.
For these reasons, is unreasonable for the other assets in Teck’s corporate portfolio to be factored
in to the Panel’s review of the liability management approach and financial security options
proposed for the Frontier mine.

12 B.C. Auditor, An Audit of Compliance and Enforcement of the Mining Sector (2016).
https://www.bcauditor.com/sites/default/files/publications/reports/OAGBC%20Mining%20Report%20FINAL.pdf
13

Rob Shaw, “B.C. government’s liability for contaminated sites balloons to $508 million,” Vancouver Sun, June 30,
2016. https://vancouversun.com/news/politics/b-c-governments-liability-for-contaminated-sites-balloons-to-508million
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2.3 Inadequacies of the Mine Financial Security
Program
2.3.1 Teck’s preferred liability management approach
In the response to Question 5.4(b) in the JRP’s Information Request 5, Teck states preference for
a liability management approach wherein the current MFSP structure will be used. Teck outlines
the following:
“Where an approval holder (i) has MFSP assets at least three times greater than the
MFSP liability, (ii) is 15 years or more from the end of its reserves, and (iii) is keeping
current with its reclamation plans, additional security above the base security is not
required. The base security for the Project (an oil sands mine without an upgrader) is $30
million. Based on Teck’s economic assumptions and evaluation, Teck anticipates that
posting additional security beyond the base security of $30 million will not be required
until 2051, when the reserve life index falls below 15.00. Once the reserve life index falls
below 15.00, Teck will post the additional Operating Life Deposit as identified in the
MFSP throughout the remaining life of the mine.”
Moreover, Teck’s response to question 5.4(c) in the JRP’s Information Request 5 emphasizes a
“[commitment] to complying with MFSP” with the recognition in the future this might include
requirements to post additional financial security under the Tailings Management Framework.
Teck thereafter provides three options for additional security payments under the auspices of the
MFSP.
While it is understandable that Teck would use the MFSP structure when designing its liability
management approach in Alberta as the province’s existing financial security program for the
sector, the JRP must duly consider in its review of this application the July 2015 report by the
province’s Auditor General that deemed the MFSP program to be gravely inadequate in providing
financial security in the oilsands mining sector. 14 As it exists today, the MFSP fundamentally
misrepresents the liability risk to the Crown incurred by oilsands mines and improperly transfers
significant public liability to future generations of Albertans. Sub-sections 2.3.2-2.3.4 of this
submission will now outline these inadequacies.

2.3.2 Asset to liability approach is deeply flawed
Under the current structure of the MFSP, oilsands developers may offer undeveloped oilsands
reserves as collateral for their liability costs. As a result, only about 3% of the $27 billion
estimated by the AER in costs to reclaim existing oilsands mining sites is currently held in

14

Auditor General of Alberta, Report of the Auditor General of Alberta (2015), 25.
https://www.oag.ab.ca/webfiles/reports/OAG%20Report%20July%202015.pdf
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securities by the province. 15 Moreover, there is a gross lack of transparency regarding the
methodologies used to calculate the AER’s $27 billion estimate, and it is therefore not possible
for stakeholders to independently verify the assumptions that have been made regarding treatment
technologies and closure outcomes for tailings ponds. As technologies to treat and reclaim fluid
tailings to date have consistently resulted in higher costs and longer timelines than originally
anticipated, 16 it stands to reason that the $27 billion estimate reflects a conservative estimate of
the sector’s liability.
Flaws in the current methodologies used to calculate assets and liability under the MFSP further
compound the likelihood that the AER’s $27 billion estimate is lower than actual liabilities in the
oilsands mining sector. 17
Firstly, the liability calculation methodologies under the MFSP are flawed, particularly in relation
to capturing total costs to reclaim boreal wetlands and to treat and reclaim fluid tailings. The
MFSP guide lacks detailed direction on what liabilities to include and how to factor in
uncertainty, risk, and contingency. This is highly problematic as there are significant risks and
uncertainties associated with how quickly and effectively various tailings treatment technologies
will ensure progress towards self-sustaining landscapes. Indeed, no treatment technologies
deployed to date have demonstrated long-term commercial success, and the reclamation of more
complex substrates such as fluid tailings has not been achieved to date at a commercial scale.
Secondly, regarding the asset calculation methodology under the MFSP, the 2015 Auditor
General’s report states “the MFSP asset calculations do not incorporate a discount factor to reflect
risk, use a forward price factor that underestimates the impact of future price declines, and treat
proven and probable reserves as equally valuable.” The Auditor General recommends that
Alberta Environment and Parks “review the asset calculation to ensure it is not overestimating
asset values [and] demonstrate that it has appropriately analyzed and concluded on the potential
impacts of inappropriately extended mine life in the calculation.” 18
The need for the Auditor General's recommended review of the asset calculation under the MFSP
is reinforced by provincial, federal and global commitments to curb the most dangerous impacts
of climate change, which will directly impact carbon-intensive fuels. This increases the likelihood
that the Alberta oilsands may not be developed as currently planned. If this occurs, the remaining

15

Alberta Energy Regulator, Mine Financial Security Program – Security and Liability (2017).
https://www.aer.ca/documents/liability/MFSP_Liability.pdf

16

Jodi McNeill, “Three strikes and you’re out?” Pembina Institute, December 19, 2016
http://www.pembina.org/blog/three-strikes-and-you-re-out
17 On August 15, 2017, the Pembina Institute, Alberta Wilderness Association, and Keepers of the Athabasca made a
submission to the Tailings Management Framework – Mine Financial Security Program multi-stakeholder working
group, held by the Government of Alberta. This submission discusses defects in the liability and asset calculation
methodologies under the MFSP Guide.
18

Report of the Auditor General of Alberta (2015), 25.
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bitumen assets that are currently undeveloped will be worth far less than previous estimates. 19 As
a result, using an asset-to-liability approach exposes the Crown to the potential liability of failed
bitumen mine and processing plant operations. Despite industry’s intentions to the contrary, there
are many precedents for mining companies walking away from closure and reclamation
responsibilities when asset values decline. 20
It follows that the asset-to-liability approach of the MFSP exposes Alberta and Canadian
taxpayers to considerable unfunded liabilities beyond those currently held in the program. As the
Alberta Auditor General notes, “[b]ecause the MFSP has been designed using an asset-to-liability
approach rather than a full security approach, Albertans bear a degree of risk that reclamation will
not be completed by the mine operator.” 21
This is especially concerning in light of the inherent uncertainties associated with the long-term
economic viability for oilsands mining in the 21st century. These uncertainties are a function of
unknown future international oil prices, accelerating global transitions toward decarbonized
energy systems, and the comparatively high start-up and operations costs of the oilsands mining
industry. 22 If in the next several decades an existing operator is unable to complete extraction of
their reserves for economic reasons, it is unlikely that the province or another operator will be
able to do it viably either.
Moreover, the Redwater Energy Corp. (Redwater) legal case 23 has raised serious concerns about
the extent to which taxpayers are protected from the economic and environmental liabilities
incurred by Alberta’s resource extraction industries. 24 Alberta-based Redwater declared
bankruptcy in 2015, and the company’s secured creditor and receiver argued that they should be
permitted to use the profits of the company’s assets to pay off loans while renouncing
responsibility for the company’s liabilities. When the AER brought the company to court over the
matter, the Alberta Court of Queen’s Bench ruled in favour of the creditors. On appeal, the
Alberta Court of Appeal upheld the Court of Queen’s Bench decision. The AER appealed the
Court of Appeal decision to the Supreme Court of Canada. A decision from the Supreme Court of
Canada is still pending. Should the Supreme Court of Canada uphold the Alberta Court of Appeal
decision, it will confirm that receivers acting on behalf of defaulting companies are not legally

19 Branko Bošković and Andrew Leach, Leave It in the Ground? Incorporating the Social Cost of Carbon into Oil
Sands Development (2017), University of Alberta School of Business Research Paper No. 2920341.
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2920341
20

Canada’s Ecofiscal Commission, Responsible Risk: How putting a price on environmental risk makes disasters less
likely (2018). https://ecofiscal.ca/wp-content/uploads/2018/06/Ecofiscal-Commission-Risk-Pricing-ReportResponsible-Risk-July-11-2018.pdf
21

Report of the Auditor General of Alberta (2015), 27.

22

Leave It in the Ground?

23

Court of Queen’s Bench of Alberta, Redwater Energy Corporation (Re), 2016 ABQB 278.
https://www.canlii.org/en/ab/abqb/doc/2016/2016abqb278/2016abqb278.html?resultIndex=1
24

Jodi McNeill, “A liability iceberg in Alberta exposed by the Redwater case,” Pembina Institute, April 26, 2018.
http://www.pembina.org/blog/liability-iceberg-alberta-exposed-redwater-case
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obligated to address outstanding liabilities of failed companies, but they are entitled to utilize
outstanding assets.
This possible outcome of the Redwater case further compounds the fiscal and environmental risk
posed to Alberta — and, likely Canadian — taxpayers of using the existing MFSP’s asset-toliability approach for financial security. Should oilsands mines become economically nonviable
in the coming decades of the 21st century, insolvent operators and their bankers will be effectively
incentivized to walk away from billions of dollars in clean-up obligations without penalty.

2.3.3 Failure of the MFSP to incent progressive reclamation
To date, very little progress has been made on reclamation of the landscape disturbed since
oilsands mining at an industrial scale commenced in 1967. Of a total 95,302 ha disturbed, 6,339
ha is reported as permanently reclaimed and only 104 ha has been certified as reclaimed. 25 As the
Auditor General states, “[i]f incentives are not in place to reclaim lands as soon as reclamation is
possible, mine sites may remain disturbed for longer than necessary and Albertans face a larger
risk that they will end up having to pay the eventual reclamation costs.” 26
Since its introduction in 2011 the MFSP has not meaningfully incented more timely and effective
reclamation efforts in the sector. Under the current program, operators set their own targets for
reclamation activities and tailings treatment, and if they don’t meet those targets management
actions may be imposed by the regulator. The current system thereby encourages operators to set
less ambitious reclamation targets to avoid the risk of being in non-compliance.

25

“Regional Totals for Reclamation and Disturbance Tracking, by Year.”

26

Report of the Auditor General of Alberta (2015), 27.
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3.1 Full security option
Teck’s response to Question 5.4(b) in the JRP’s Information Request 5 provides project liability
estimates. Teck estimates the total life-of-project liability to be $11.8 billion, maximum liability
to peak at $4.3 billion, and liability at EML to be $2.9 billion.
In the maximum liability scenario, the highest liability for the project would be reached at the end
of the year in 2037 when the fluid tailings inventory will reach 230 Mm3 in ETA1. This volume
will be processed at the centrifuge facility over seven years. If the mine should close in 2037,
54% of the Project Disturbed Area will be unreclaimed, with the total cost estimate under the
MFSP of $4.3 billion.
Teck then states that under the current MFSP, if the company chooses or is required to provide
full security, it would provide $4.3 billion. As per Section 5.1 of the MFSP Guide, the program
provides an option whereby approval holders may elect to pay the full amount of financial
security any time an MFSP annual report is submitted. With full financial security in place, the
approval holder is not subject to MFSP deposits or triggers, and reporting requirements are
reduced.
The Pembina Institute recommends that this full security option under Section 5.1 of the MFSP
Guide be set as a condition of any forthcoming approval decision to be issued by the JRP for the
Frontier Mine. However, this recommendation is put forth with four important caveats.

Caveat 1: Payment schedule and management actions for noncompliance must be delineated
Under the full security option in Section 5.1 of the MFSP guide, the approval holder for the
Frontier Mine must be required to submit their financial security estimate to the director of the
AER no later than June 30 each year using the appropriate form in the MFSP annual report
(Schedule 3 of the MFSP Guide). The amount of financial security will be based on the MFSP
liability calculations, and certified by the approval holder’s designated financial representative.
As per Section 5.1.2 of the MFSP Guide, the approval holder of the Teck Frontier Mine may
request return of all or part of the security posted when reclamation work is done that results in a
significant decrease in MFSP liability. This includes facility demolition, remediation of an area,
or surface reclamation of an area.
In alignment with the arguments made in 2.2.2 that the Teck Frontier Mine should be able to
cover its own liability if it is an economically viable project, the security required will be
equivalent to disturbance over time. This would equate to a smaller amount at the outset of
operations and increase over time to the maximum of $4.3 billion in 2037, and decrease thereafter
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as reclamation activities are deemed successful. This would result in the phased return of deposits
to the operator.
Finally, management actions for non-compliance must be clearly delineated should the operator
of the Teck Frontier mine fail to post the required security at any point. This should include a
range of options, ranging from financial penalties to forced project closure. Clear triggers should
be delineated for these various management actions, to ensure stakeholders and the Alberta public
can independently verify whether Teck is in compliance and, if not, whether the regulator is
enforcing the decision.

Caveat 2: Must be binding upon sale or transfer of license
Any forthcoming conditions of approval must clearly state that the full security option under
Section 5.1 of the MFSP Guide is required for the Frontier Mine, and that this requirement will
be binding upon the sale of rights to the project to another operator at any time in the future.

Caveat 3: Must be secured with a letter of credit or cash
In its response to question 5.4(c) of the JRP's Information Request 5, Teck provides three options
for posting additional security payments (in order of preference):
1. Secure against Project resource or other Alberta resource owned by Teck
2. Letter of credit
3. Cash
Option 1 must be omitted from consideration, as it is not a permitted form of security under
Section 21 of the EPEA Conservation and Reclamation Regulation.
Per Section 4.6 of the MFSP Guide, Options 2 and 3 (letter of credit 27 or cash deposit) are both
valid options for posting security.

Caveat 4: Costs must be verified by a third-party audit
According to the MFSP guide, liability is defined as “[t]he sum of the third-party (fair value)
costs to suspend, abandon, remediate, and surface reclaim all the disturbed land associated with
the approval.” Furthermore, third-party costs are defined as “the costs to suspend, abandon,
remediate, and surface reclaim a site that would be reasonably accessible by the Government of
Alberta, or another third party, in the event of an unexpected default of the operation.
Pursuant to the concerns raised in Section 2.3.2 of this submission concerning lack of clarity and
transparency in the MFSP Guide’s calculation methodologies for both assets and liabilities, an
audit of Teck’s MFSP submissions is recommended to verify the estimates that have been
provided prior to the commencement of operations. Per Section 7.4 of the MFSP Guide, a Level 4
27

As defined on page 52 of the MGSP guide.
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audit (i.e. a detailed audit by a third-party auditor reporting to the AER) is recommended prior to
commencement of operations and every five years thereafter.
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EXECUTIVE
SUMMARY
ES.1.

Introduction

The United Nations Framework Convention on
Climate Change (UNFCCC) is an international
treaty established in 1992 to cooperatively address
climate change issues. The ultimate objective of the
UNFCCC is to stabilize atmospheric greenhouse gas
(GHG) concentrations at a level that would prevent
dangerous interference with the climate system.
Canada ratified the UNFCCC in December 1992,
and the Convention came into force in March 1994.
To achieve its objective and implement its
provisions, the UNFCCC lays out several guiding
principles and commitments. Specifically,
Articles 4 and 12 commit all Parties to develop,
periodically update, publish and make available
to the Conference of the Parties (COP) their
national inventories of anthropogenic emissions
by sources and removals by sinks of all GHGs not
controlled by the Montreal Protocol.1
Canada’s National Inventory is prepared and
submitted annually to the UNFCCC by April 15 of
each year, in accordance with revised Guidelines
for the preparation of national communications
by Parties included in Annex I to the Convention,
Part I: UNFCCC reporting guidelines on annual
inventories (UNFCCC Reporting Guidelines),
adopted through Decision 24/CP.19 at COP 19 in
Warsaw in 2013. The annual inventory submission
consists of the National Inventory Report (NIR) and
the Common Reporting Format (CRF) tables.

The inventory GHG estimates include carbon
dioxide (CO2), methane (CH4), nitrous oxide (N2O),
perfluorocarbons (PFCs), hydrofluorocarbons
(HFCs), sulphur hexafluoride (SF6) and nitrogen
trifluoride (NF3) in the following five sectors: Energy;
Industrial Processes and Product Use; Agriculture;
Waste; and Land Use, Land-Use Change and
Forestry (LULUCF). The GHG emission and
removal estimates contained in Canada’s GHG
inventory are developed using methodologies
consistent with the Intergovernmental Panel on
Climate Change’s (IPCC) 2006 Guidelines for the
preparation of National GHG Inventories. In line
with the principle of continuous improvement, the
underlying data and methodology for estimating
emissions are revised over time; hence, total
emissions in all years are subject to change as
both data and methods are improved.
In May 2015, Canada indicated its intent to
reduce GHG emissions by 30% below 2005
levels by 2030. In December 2015 at COP 21,
Canada, alongside the other countries of
the world, reached an ambitious and
balanced agreement to fight climate change.
Since 2005 was adopted as a base year for
both Canada’s 2020 and 2030 targets many of
the metrics in this report are presented in that
context, in addition to the 1990 base year as
required by the UNFCCC Reporting Guidelines.

Under the United Nations Environment Programme (UNEP), the Montreal Protocol
on Substances that Deplete the Ozone Layer is an international agreement designed
to reduce the global consumption and production of ozone-depleting substances.
1

Canada—National Inventory Report 1990–2016—Part 1
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The Pan-Canadian Framework
on Clean Growth and Climate Change

E

Established on December 9, 2016, the Pan-Canadian
Framework on Clean Growth and Climate Change is a
comprehensive plan to reduce emissions across all sectors of
Canada’s economy, as well as to stimulate clean economic
growth and build resilience to the impacts of climate
change. The Framework was developed collaboratively by
Canada’s federal, provincial and territorial governments
with input from Indigenous Peoples as well as from
businesses, non-governmental organizations and Canadians
across the country. It builds on the early leadership of
provinces and territories and the diverse array of policies
and measures already in place across Canada to reduce
greenhouse gas emissions and enhance resilience in all
sectors of the economy.
Actions taken under the Pan-Canadian Framework,
supported by significant federal investments, will support
Canada’s efforts to meet its target to reduce GHG
emissions by 30% below 2005 levels by 2030, as committed
under the Paris Agreement. Canada’s latest emissions
projections, which were published in the Seventh National
Communication and Third Biennial Report to the UNFCCC
in December 2017, indicate that the policies in the PanCanadian Framework are putting the country on track to
meet its target. The Pan-Canadian Framework will drive
both near- and longer-term reductions and has established
processes to enhance ambition over time, setting Canada
on a pathway consistent with its Mid-Century Long-Term
Low-GHG Development Strategy. Canada’s GHG inventory
plays a key role in keeping Canadians informed of progress
made in reducing GHG emissions.
Pricing carbon pollution is central to Canada’s plan. The
Government of Canada has outlined a benchmark for
pricing carbon pollution that will build on existing provincial
systems, and which gives provinces and territories the
flexibility to implement either an explicit price-based system
or cap-and-trade systems. It sets common criteria that all
systems must meet, in order to ensure that they are fair and
effective. As part of the benchmark, the federal government
committed to develop and implement a federal carbon
pricing backstop system in any province or territory that
requests it or that does not have a carbon pricing system in
place in 2018 that meets the benchmark. Carbon pricing will
help influence investment and purchasing decisions towards
lower carbon-intensive options.
In addition to carbon pricing, the complementary mitigation
measures included in the Framework will enable Canada
to achieve emissions reductions across all sectors, both
in the near-term and as part of a longer-term strategy.

4

Expanding the use of clean electricity and low-carbon
fuels are foundational actions that will reduce emissions
across the economy. Canada is taking action to reduce
energy use by improving energy efficiency, encouraging
fuel switching and supporting innovative alternatives. In the
built environment sector, this includes developing “net-zero
energy ready” building codes.
Actions in the transportation sector include increasingly
stringent standards for light- and heavy-duty vehicles, as
well as taking action to improve efficiency and support fuel
switching in the rail, aviation, marine and off-road sectors.
Zero-emissions vehicles will be supported through the
development of a national strategy and through investments
in supportive infrastructure such as charging stations. To
reduce emissions from industrial sectors, Canada published
draft regulations to achieve a reduction in methane
emissions from the oil and gas sector, including offshore
activities, by 40%–45% by 2025. Canada has also finalized
regulations to phase down the use of hydrofluorocarbons in
line with the Kigali Amendment to the Montreal Protocol.
The Pan-Canadian Framework also recognizes the
importance of building climate resilience and sets out
measures to help Canadians understand, plan for and take
action to adapt to the unavoidable impacts of climate
change. A number of measures are being developed in
this area with a focus on infrastructure, information and
capacity-building, and health. This includes a particular focus
on supporting Canada’s Indigenous Peoples and northern
and remote communities, which are particularly vulnerable
to the effects of climate change.
The Framework also includes support for clean technology
and innovation, including for early-stage technology
development, establishing international partnerships and
encouraging “mission-oriented” research to help generate
innovative new opportunities to reduce emissions.
In its first year of implementation, federal, provincial and
territorial governments have already made good progress
in putting the Pan-Canadian Framework into action, as
reported on December 9, 2017, in the First Annual Synthesis
Report on the Status of Implementation (ECCC 2017).
Governance, reporting and oversight structures have been
established to track progress and ensure success. Funding
has been mobilized to support many of the new actions
included in the Framework, including significant transfers
from the federal government to the provincial and territorial
governments. Work is underway to implement carbon
pricing systems across Canada, and governments have
made significant progress on complementary measures to
reduce emissions across the economy.
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Section ES.2 of this Executive Summary summarizes the
latest information on Canada’s net anthropogenic
(i.e. human-induced) GHG emissions over the
2005–2016 period and links this information to
relevant indicators of the Canadian economy.
Section ES.3 outlines the major trends in emissions
from each of the IPCC sectors.
For the purposes of analyzing economic trends
and policies, it is useful to allocate emissions to
the economic sector from which they originate.
Section ES.4 presents Canada’s emissions by
the following economic sectors: Oil and Gas,
Electricity, Transportation, Heavy Industry, Buildings,
Agriculture, Waste and Others. Throughout this
report, the word “sector” generally refers to activity
sectors as defined by the IPCC for national GHG
inventories; exceptions occur when the expression
“economic sectors” is used in reference to the
Canadian context.

Overview, National
GHG Emissions

ES.2.

In 2016, the most recent annual dataset in
this report, Canada’s GHG emissions were
704 megatonnes of carbon dioxide equivalent
(Mt CO2 eq),2 a net decrease of 28 Mt or 3.8%
from 2005 emissions (Figure S–1).3 Annual emissions
fluctuated between 2005 and 2008, dropped
in 2009 and gradually increased thereafter.
In 2016, the Energy Sector (consisting of Stationary
Combustion, Transport and Fugitive Sources)
emitted 572 Mt of greenhouse gases, or 81% of

Section ES.5 details GHG emissions for Canada’s
13 sub-national jurisdictions. Finally, as Canada’s
annual inventory submission to the UNFCCC
embodies almost two decades of learning and

Unless explicitly stated otherwise, all emission estimates given in Mt represent
emissions of GHGs in Mt CO2 eq.
2

Throughout this report, data are presented as rounded figures. However, all
calculations (including percentages) have been performed using unrounded data.
3

Canadian GHG Emissions Trend (2005–2016) (excluding LULUCF)
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improvements, Section ES.6 provides some detail
on the components of this submission and outlines
key elements of its preparation.
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Canada’s total GHG emissions (Figure S–2). The
remaining emissions were largely generated by the
Agriculture and Industrial Processes and Product
Use Sectors (approximately 8% each), with minor
contributions from the Waste Sector (3%). In 2016,
the LULUCF Sector removed 28 Mt of CO2 from the
atmosphere, 7 Mt more than in 2005.
Canada’s emissions profile is similar to that of most
industrialized countries, in that CO2 is the largest
contributor to total emissions, accounting for 79% of
total emissions in 2016 (Figure S–3). The majority of the
CO2 emissions in Canada result from the combustion
of fossil fuels. Methane (CH4) emissions in 2016

Figure S–2 Breakdown of Canada’s Emissions
by IPCC Sector (2016)*
ENERGY–Stationary
Combustion Sources
317 Mt CO2 eq
(45%)

WASTE
19 Mt CO2 eq
(2.6%)

AGRICULTURE
60 Mt CO2 eq
(8.5%)

*Note: Totals may not add up due to rounding.

Figure S–4

6

Over the long term, Canada’s economy has
grown more rapidly than its GHG emissions. As a
result, the emissions intensity for the entire economy
(GHG per GDP) has declined by 35% since 1990
and 19% since 2005 (Figure S–4 and Table S–1).

Figure S–3 Breakdown of Canada’s Emissions
by GHG (2016)*

ENERGY–Transport
199 Mt CO2 eq
(28.3%)

INDUSTRIAL PROCESSES
AND PRODUCT USE
53 Mt CO2 eq
(7.6%)

amounted to 96 Mt or 14% of Canada’s total. These
emissions consist largely of fugitive emissions from
oil and natural gas systems, agriculture and landfills.
Nitrous oxide (N2O) emissions mostly arise from
agricultural soil management and transport, and
accounted for 37 Mt or 5% of Canada’s emissions
in 2016. Emissions of synthetic gases (HFCs, PFCs, SF6
and NF3) constituted slightly less than 2%.

CO2
559 Mt CO2 eq
(79%)

CH4
96 Mt CO2 eq
(14%)

ENERGY–Fugitive
Sources
56 Mt CO2 eq
(7.9%)

HFCs, PFCs ,SF6 & NF3
13 Mt CO2 eq
(1.9%)

Total: 704 Mt CO2 eq

Indexed Trend in GHG Emissions and GHG Emissions Intensity (1990–2016)
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Emissions and Trends
by IPCC Sectors

The decline in emissions intensity since 1995
(Figure S–4) can be attributed to fuel switching,
increases in efficiency, the modernization of
industrial processes and structural changes in the
economy. Section ES.3 provides more information
on trends in GHG emissions.

ES.3.

Trends in Emissions

Canada represented approximately 1.6% of total
global GHG emissions in 2014 (CAIT 2017), although
it is one of the highest per capita emitters.
Canada’s per capita emissions have dropped
substantially since 2005, when this indicator
was 22.7t, reaching a new low of 19.4 in 2016
(Figure S–5).

Table S–1

E

Over the 2005–2016 period, total emissions
decreased by 28 Mt or 3.8% (Figure S–6). The
Energy Sector dominated this trend, with emission
decreases of 25 Mt (7%) in Stationary Combustion
Sources and 5 Mt (8%) in Fugitive Sources (Table S–2).
In addition, there was a decrease of 2 Mt (3%) in
the IPPU Sector, a decrease of 1 Mt (1%) in the
Agriculture Sector and a decrease of 3 Mt (12%) in
the Waste Sector. Over the same period, emissions

Trends in Emissions and Economic Indicators, Selected Years

Year
Total GHG (Mt)
Change since 2005 (%)

GDP (Billion 2007$)
Change since 2005 (%)

GHG Intensity (Mt/$B GDP)
Change since 2005 (%)

2005

2010

2011

2012

2013

2014

2015

732

694

700

707

716

716

714

2016
704

NA

-5.2%

-4.5%

-3.5%

-2.2%

-2.2%

-2.5%

-3.8%

1 503

1 584

1 633

1 659

1 698

1 747

1 763

1 787

NA

5.4%

8.7%

10.4%

13.0%

16.3%

17.3%

18.9%

0.49

0.44

0.43

0.43

0.42

0.41

0.40

0.39

NA

-10.1%

-12.1%

-12.6%

-13.5%

-15.9%

-16.9%

-19.1%

Notes:
GDP data source: Statistics Canada a
NA = not applicable

Canadian per Capita GHG Emissions (2005–2015)
23.0
22.7

22.6

22.5
22.2

GHG/Capita (t CO2 eq/capita)

Figure S–5

22.0

21.8

21.5

21.0
20.4

20.5

20.3

20.3

20.3

20.4
20.2
19.9

20.0

19.4

19.5

19.0

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

Year

Population data source: Statistics Canada b
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Since 2009, when emissions were at their lowest in
recent years, emission increases can be attributed
to increases in Mining and Upstream Oil and Gas
Production (21 Mt); in the number of light-duty

gasoline trucks (8 Mt) and heavy-duty diesel
vehicles in operation (5 Mt); in the consumption
of halocarbons, SF6 and NF3 (5 Mt); and in the
application of inorganic nitrogen fertilizers (3 Mt).
During the same period, there was a 16 Mt decrease
in emissions from electricity generation, which partly
offset the growth in emissions.

Figure S–6

Trends in Canadian GHG Emissions by IPCC Sector (2005–2016)

Figure S–7

Changes in Emissions by IPCC Sector (2005–2016)
Energy
(Transport)
7 Mt
(4%)

10

5

Net Change in Emissions (Mt CO2 eq)

E

from Transport increased by 7 Mt (4%) partially
offsetting the decreases from the other sectors
(Figure S–7).

0

-5
Energy
(Fugitive Sources)
-5 Mt
(-8%)

-10

IPPU
-2 Mt
(-3 %)

Agriculture
-1 Mt
(-1%)

-15

-20

-25

-30

8

Total Change:
-28 Mt
(-4%)

Energy
(Stationary
Combustion)
-25 Mt
(-7%)
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Waste
-3 Mt
(-12%)

0200
Table S–2

Canada’s GHG Emissions by IPCC Sector, Selected Years

Greenhouse Gas Categories

2005

2011

2012

2013

2014

2015

2016

E

Mt CO2 equivalent

TOTAL1,2

732

700

707

716

716

714

704

ENERGY
a.

595

573

574

584

588

585

572

Stationary Combustion Sources

342

320

319

322

325

322

317

Public Electricity and Heat Production

125

94

91

87

84

87

84

20

18

19

18

18

17

17

Petroleum Refining Industries
Mining and Upstream Oil and Gas Production

68

83

89

93

96

96

100

Manufacturing Industries

48

44

44

45

45

44

42

1

1

1

1

1

1

1

Commercial and Institutional

32

30

28

29

31

30

30

Residential

46

46

42

44

46

43

39

2

4

4

4

4

4

4

192

197

197

202

200

202

199

Construction

Agriculture and Forestry
b.

Transport
Domestic Aviation

8

6

7

8

7

7

7

129

139

140

144

141

142

143

Railways

7

8

8

7

8

7

7

Domestic Navigation

6

6

6

5

5

5

4

Road Transportation

c.

Other Transportation

43

39

36

38

40

41

40

Fugitive Sources

61

55

58

60

63

61

56

Coal Mining
Oil and Natural Gas
d.

CO2 Transport and Storage

INDUSTRIAL PROCESSES AND PRODUCT USE

1

1

1

2

1

1

1

59

54

57

59

62

60

55

0

0

0

0

0

0

0

55

53

57

54

52

51

53

a.

Mineral Products

10

8

9

8

8

8

8

b.

Chemical Industry

9

6

6

6

6

7

7

20

17

17

15

15

14

16

5

9

9

9

10

11

12

10

13

16

15

13

11

11

c.

Metal Production

d.

Production and Consumption of Halocarbons, SF6 and NF3

e.

Non-Energy Products from Fuels and Solvent Use

f.

Other Product Manufacture and Use

AGRICULTURE

1

0

0

1

0

0

1

60

55

57

59

58

59

60
25

a.

Enteric Fermentation

31

25

25

25

25

24

b.

Manure Management

9

8

8

8

8

8

8

c.

Agricultural Soils

19

20

22

24

23

23

24

0.05

0.03

0.04

0.05

0.05

0.05

0.05

1

2

2

3

2

3

3

21

19

18

18

18

19

19
16

d.

Field Burning of Agricultural Residues

e.

Liming, Urea Application and Other Carbon-containing Fertilizers

WASTE
a.

Solid Waste Disposal

19

17

16

16

16

16

b.

Biological Treatment of Solid Waste

0

0

0

0

1

1

1

c.

Wastewater Treatment and Discharge

1

1

1

1

1

1

1

d.

Incineration and Open Burning of Waste

LAND USE, LAND-USE CHANGE AND FORESTRY

1

1

1

1

1

1

1

-21

-32

-34

-32

-33

-26

-28

a.

Forest Land

-160

-160

-160

-160

-160

-150

-150

b.

Cropland

-11

-12

-12

-12

-12

-11

-11

c.

Grassland

1

1

2

2

1

1

1

d.

Wetlands

3

3

3

3

3

3

3

e.

Settlements

f.

Harvested Wood Products

4

4

4

4

4

4

4

140

130

130

130

130

130

130

Notes:
1. National totals exclude all GHGs from the Land Use, Land-Use Change and Forestry Sector.					
2. This summary data is presented in more detail at open.canada.ca.									

Canada—National Inventory Report 1990–2016—Part 1

9

0201

E

Going forward, the measures established through
the Pan-Canadian Framework on Clean Growth
and Climate Change have been designed to
influence emissions trends across all sectors.
Carbon pricing will apply to a broad set of emission
sources throughout Canada, while complementary
mitigation actions across the economy aim to
support additional emissions reductions. This includes
a broad suite of measures to further decarbonize
Canada’s electricity sector; reduce emissions from
fuels used in transportation, buildings and industry;
improve the efficiency of transportation systems,
buildings and industrial operations; and protect
and enhance Canada’s carbon sinks. In addition,
support for clean technology and innovation will
support new emission reduction opportunities.
Chapter 2 provides more information on trends in GHG
emissions from both 1990 and 2005 and their drivers.4
Further breakdowns of emissions and a complete
time series can be found at open.canada.ca.
The following describes the emissions and trends of
each IPCC sector in further detail.

Energy – 2016 GHG Emissions (572 Mt)
In 2016, GHG emissions from the IPCC Energy Sector
(572 Mt) were 3.9% lower than in 2005 (595 Mt).
Within the Energy Sector, the 32 Mt increase
in emissions from Mining and Upstream Oil and
Gas Production was offset by a 41 Mt decrease in
emissions from Public Electricity and Heat Production.
Decreasing energy generation from coal and oil,
accompanied by an increase in hydro, nuclear and
wind generation, was the largest driver of the 32%
decrease in emissions associated with Electricity
and Heat Production between 2005 and 2016. The
permanent closure of all coal generating stations in
Ontario by 2014 was the driving factor.5 Minor emission
fluctuations over the period reflect variations in the
mix of electricity generation sources.6
GHG emissions from Manufacturing Industries
decreased by 5.8 Mt between 2005 and 2016,
4
The complete NIR can be accessed here: http://unfccc.int/national_reports/
annex_i_ghg_inventories/national_inventories_submissions/items/10566.php

consistent with both a 16% decrease in energy use
and an observed decline in output7 in these industries.
Oil production has been driven primarily by a rapid
rise in the extraction of bitumen and synthetic
crude oil from Canada’s oil sands operations,
where total output has increased by 145% since
2005. This rising production has contributed to the
32 Mt increase in fuel consumption emissions from
Mining and Upstream Oil and Gas Production.
However, from 2010 to 2016 the emission intensity
of oil sands operations themselves dropped by
approximately 15% as a result of technological and
efficiency improvements, fewer venting emissions
and reductions in the percentage of crude bitumen
being upgraded to synthetic crude oil.
The majority of transport emissions in Canada are
related to Road Transportation, which includes
personal transportation (light-duty vehicles and trucks)
and heavyduty vehicles. The growth in road transport
emissions is largely due to more driving. Despite a
reduction in kilometres driven per vehicle, the total
vehicle fleet has increased by 38% since 2005, most
notably for trucks (both light- and heavy-duty),
leading to more kilometres driven overall.

Industrial Processes and Product Use –
2016 GHG Emissions (53 Mt)
The Industrial Processes and Product Use Sector
covers non-energy GHG emissions that result from
manufacturing processes and use of products, such
as limestone calcination in cement production
and the use of HFCs and PFCs as replacement
refrigerants for ozone-depleting substances (ODSs).
Emissions from the IPPU Sector contributed 53 Mt
(7.6%) to Canada’s 2016 emissions.
Emissions from most industries decreased in 2008
and 2009 compared with the previous year
respectively. A notable exception is the 6.9 Mt
(136%) increase in emissions from the use of HFCs
between 2005 and 2016.
The aluminium industry has decreased its process
emissions since 1990, largely due to technological
improvements introduced to mitigate PFC
emissions. The overall decrease in GHG emissions

Ontario Power Generation News, April 15, 2014; http://www.opg.com/news-andmedia/news-releases/Pages/news-releases.aspx?year=2014, accessed 2018 January).

5

The mix of electricity generation sources is characterized by the amount of fossil
fuel vs. hydro, other renewable sources and nuclear sources. In general, only fossil fuel
sources generate net GHG emissions.
6

10

See, for example, Energy Consumption by the Manufacturing Sector, 2016,
Statistics Canada Daily, October 31, 2016; http://www.statcan.gc.ca/dailyquotidien/161031/dq161031d-eng.pdf (accessed 2018 January 9).
7
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from chemical industries since 1990 is primarily the
result of the closure in 2009 of the sole Canadian
adipic acid plant located in Ontario; since 2009 the
emissions from chemical industries have remained
relatively stable.

Agriculture – 2016 GHG Emissions (60 Mt)
The Agriculture Sector covers non-energy GHG
emissions relating to the production of crops and
livestock. Emissions from Agriculture accounted
for 60 Mt, or 8.5% of total GHG emissions for Canada
in 2016, down 1% (0.6 Mt) from their peak in 2005.
In 2016, Agriculture accounted for 30% of national
CH4 emissions and 77% of national N2O emissions.
The main drivers of the emission trend in the
Agriculture Sector are the fluctuations in livestock
populations and the application of inorganic
nitrogen fertilizers to agricultural soils in the Prairie
provinces. Since 2005, fertilizer use has increased,
while livestock populations peaked in 2005 and
decreased sharply until 2011. In 2016, emissions
from livestock digestion (enteric fermentation)
accounted for 41% of total agricultural emissions,
and the application of inorganic nitrogen fertilizers
accounted for 22% of total agricultural emissions.

Waste – 2016 GHG Emissions (19 Mt)
The Waste Sector includes GHG emissions from the
treatment and disposal of liquid and solid wastes.
Emissions from Waste contributed 19 Mt (2.6%) to
Canada’s total emissions in 2016 and 21 Mt (2.9%)
in 2005.
The primary source of emissions in the Waste Sector is
Solid Waste Disposal (SWD) (16.4 Mt CO2 eq in 2016),
which includes municipal solid waste (MSW) landfills
(12.9 Mt in 2016) and wood waste landfills (3.5 Mt
in 2016). In 2016, Solid Waste Disposal accounted
for 88% of Waste emissions, while Biological Treatment
of Solid Waste (composting), Wastewater Treatment
and Discharge, and Incineration and Open Burning of
Waste contributed the remaining 12%.
Methane emissions from publicly and privately
owned MSW landfills make up 96% of emissions
from SWD; these emissions decreased by 14%
between 2005 and 2016. Of the 26 Mt CO2 eq of
CH4 generated by MSW landfills in 2016, only 13 Mt

(50%) were actually emitted to the atmosphere. A
small portion (6% or 1 Mt) of the generated CH4 was
oxidized by landfill cover material. A larger portion
(44% or 11 Mt) was captured by landfill gas collection
facilities compared with 32% of generated CH4
captured in 2005.

Land Use, Land-Use Change and Forestry –
2016 (Net GHG Removals of 28 Mt)
The Land Use, Land-Use Change and Forestry (LULUCF)
Sector reports anthropogenic GHG fluxes between the
atmosphere and Canada’s managed lands, including
those associated with land-use change and emissions
from Harvested Wood Products (HWPs), which are
closely linked to Forest Land.
In this sector, the net flux is calculated as the sum of
CO2 and non-CO2 emissions to the atmosphere and
CO2 removals from the atmosphere. In 2016, this net
flux amounted to removals of 28 Mt, which, if included,
would decrease total Canadian GHG emissions
by 3.9%. The LULUCF estimates separate the impact of
significant natural disturbances on managed forests
(wildfires and insects), revealing trends associated
with anthropogenic forest management activities.
Additional information on the changes made this year
can be found in Chapter 6.
Net removals from the LULUCF Sector have fluctuated
over recent years, increasing from 21 Mt in 2005
to 49 Mt in 2009 and have since decreased to 28 Mt
in 2016. Fluctuations are driven mainly by variations
in emissions from HWP and removals from Forest Land
that are closely tied to harvest rates.
Net removals from Forest Land have fluctuated
between 160 Mt to a minimum of 150 Mt over the
period between 2005 and 2016, as forests recover
from peak harvest rates and insect disturbance in the
mid-2000s. Over this same period, emissions from HWPs
originating from domestic harvest declined from 140 Mt
in 2005 to a low of 120 Mt in 2009 (the year of the lowest
harvest rates), and have since increased to 130 Mt
in 2016. Approximately 29% of HWP emissions result from
long-lived wood products reaching the end of their
economic life decades after the wood was harvested.
Hence emission and removal patterns in both HWPs
and Forest Land are influenced by recent forest
management trends and by the long-term impact of
forest management that occurred in past decades.
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Current net removals from Cropland are similar to
those in 2005. GHG removals in cropland peaked
in 2009 at 12.1 Mt and have since declined as a
result of an increase in the conversion of perennial to
annual crops on the Prairies, the declining effect of
conversion to conservation tillage and slower rates
of agricultural expansion onto forest land.
The conversion of forests8 to other land uses is a
prevalent, yet declining, practice in Canada and
is mainly due to forest conversion to settlements
for resource extraction and cropland expansion.
Emissions due to forest conversion fell from 16 Mt
in 2005 to 14 Mt in 2016.

Canadian Economic Sectors

For the purposes of analyzing economic trends and
policies, it is useful to allocate emissions to the economic
sector from which the emissions originate. In general, a
comprehensive emission profile for a specific economic
sector is developed by reallocating the relevant
proportion of emissions from various IPCC subcategories.
This reallocation simply recategorizes emissions under
different headings and does not change the overall
magnitude of Canadian emissions estimates.
GHG emissions trends in Canada’s economic
sectors from 2005 to 2016 are consistent with those
described for IPCC sectors, with the Oil and Gas and
Transportation economic sectors showing emission
increases of 16% and 7% respectively since 2005
(Figure S–8 and Table S–3). These increases have been

Forest conversion emissions are incorporated within sums of emissions of other
land-use categories; therefore, the values of 14 and 16 Mt reported here are included
in the sums associated with the other land-use category totals.
8

Figure S–8

ES.4.

Breakdown of Canada’s Emissions by Economic Sector (2016)
Waste & Others
41 Mt CO2 eq
(6%)

Agriculture
72 Mt CO2 eq
(10%)

Oil and Gas
183 Mt CO2 eq
(26%)

Buildings
81 Mt CO2 eq
(12%)

Electricity
79 Mt CO2 eq
(11%)

Heavy Industry
75 Mt CO2 eq
(11%)
Total: 704 Mt CO2 eq

Transportation
173 Mt CO2 eq
(25%)

Note: Totals may not add up due to rounding.

Table S–3

Canada’s GHG Emissions by Economic Sector, Selected Years
1990

2005

2011

2012

2013

2014

2015

2016

Mt CO2 equivalent

NATIONAL GHG TOTAL

603

732

700

707

716

716

714

704

Oil and Gas

107

158

161

172

180

187

184

183

94

120

88

85

82

79

81

79

Transportation

122

162

171

173

176

173

174

173

Heavy Industry1

97

86

80

79

77

77

76

75

Buildings

74

86

87

85

86

88

85

81

Agriculture

58

73

69

70

73

71

72

72

Waste & Others2

51

48

44

43

43

41

42

41

Electricity

Notes: 								
Totals may not add up due to rounding.								
Estimates presented here are under continuous improvement. Historical emissions may be changed in future publications as new data becomes available and methods and models are refined
and improved.								
1. Heavy Industry represents emissions arising from non-coal, -oil and -gas mining activities, smelting and refining, and the production and processing of industrial goods such as
paper or cement.								
2. “Others” includes Coal Production, Light Manufacturing, Construction & Forest Resources.								
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more than offset by emission decreases in Electricity
(34%), Heavy Industry (13%) and Waste & Others (13%).
Further information on economic sector trends can
be found in Chapter 2. Additional information on the
IPCC and economic sector definitions, as well as a
detailed cross-walk between IPCC and economic
sector categories can be found in Part 3 of this report.

Provincial and Territorial
GHG Emissions

ES.5.

Emissions vary significantly by province as a result
of population, energy sources and economic
structure. All else being equal, economies based on
Figure S–9

Table S–4

resource extraction will tend to have higher emission
levels than service-based economies. Likewise,
provinces that rely on fossil fuels for their electricity
generation emit relatively more greenhouse gases
than those that rely more on hydroelectricity.
Historically, Alberta and Ontario have been the
highest emitting provinces. Since 2005, emission
patterns in these two provinces have diverged.
Emissions in Alberta increased from 231 Mt in 2005
to 263 Mt in 2016 (14%), primarily as a result of the
expansion of oil and gas operations (Figure S–9 and
Table S–4). In contrast, Ontario’s emissions have
steadily decreased since 2005 (by 44 Mt or 22%),
owing primarily to the closure of coal-fired electricity
generation plants.

Emissions by Province in 2005, 2010 and 2016

GHG Emissions by Provinces / Territories, Selected Years
GHG Emissions (Mt CO2 eq)1

Year

Change (%)

1990

2005

2011

2012

2013

2014

2015

2016

GHG Total (Canada)

603

732

700

707

716

716

714

704

2005–2016
-3.8%

NL

9.3

9.9

10.0

9.4

9.4

10.4

10.6

10.8

PE

1.9

2.0

2.1

2.0

1.7

1.7

1.7

1.8

NS

19.6

23.2

20.9

19.2

18.2

16.4

16.6

15.6

NB

16.1

20.1

18.7

16.8

14.8

14.4

14.3

15.3

QC

86.6

86.5

81.7

79.5

79.9

78.0

78.4

77.3

ON

179.2

204.7

172.5

169.1

168.4

165.4

162.9

160.6

MB

18.3

20.2

19.0

20.2

20.9

20.9

20.8

20.9

SK

44.7

68.9

69.0

71.3

74.0

77.4

79.5

76.3

AB

174.1

231.0

243.8

256.1

264.9

268.6

266.9

262.9

BC

51.1

63.3

59.3

60.3

60.9

60.4

59.4

60.1

YT

0.5

0.5

0.7

0.7

0.6

0.4

0.5

0.4

NT

NA

1.6

1.4

1.5

1.4

1.5

1.7

1.6

NU

NA

0.4

0.5

0.6

0.7

0.7

0.6

0.7

8.7%
-10%
-33%
-24%
-11%
-22%
3.5%
10.7%
14%
-5.1%
-19%
3%
58%

Notes: 								
1. Totals may not add up due to rounding.
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Quebec experienced a 9.2 Mt (11%) decrease from
its 2005 emissions level, while British Columbia had a
decline of 3.2 Mt (5.1%). Emissions in Saskatchewan
increased by 7.4 Mt (11%) between 2005 and 2016 as
a result of activities in the oil and gas industry, potash
and uranium mining and transportation. Emissions in
Manitoba as well as Newfoundland and Labrador
have also increased since 2005, but to a lesser extent
(0.7 Mt or 3.5% and 0.9 Mt or 8.7% respectively).
Provinces which have seen more significant
decreases in emissions include New Brunswick
(4.8 Mt, or a 24% reduction), Nova Scotia (7.6 Mt, or
a 33% reduction) and Prince Edward Island (0.2 Mt,
or a 10% reduction).

National Inventory
Arrangements

ES.6.

Environment and Climate Change Canada is
the single national entity with responsibility for
preparing and submitting the National Inventory
to the UNFCCC and for managing the supporting
processes and procedures.
The institutional arrangements for the preparation of
the inventory include formal agreements supporting
data collection and estimate development;
a quality management plan, including an
improvement plan; the ability to identify key
categories and generate quantitative uncertainty
analysis; a process for performing recalculations due
to improvements; procedures for official approval;
and a working archive system to facilitate thirdparty review.
Submission of information regarding the national
inventory arrangements, including details on
institutional arrangements for inventory preparation,
is also an annual requirement under the UNFCCC
reporting guidelines on annual inventories (see
Chapter 1, Section 1.2).

electronically. The NIR contains the information to
support the CRF tables, including a comprehensive
description of the methodologies used in compiling
the inventory, the data sources, the institutional
structures, and the quality assurance and quality
control procedures.
Part 1 of the NIR includes Chapters 1 to 8. Chapter 1
(Introduction) provides an overview of Canada’s
legal, institutional and procedural arrangements for
producing the inventory (i.e. the national inventory
arrangements), quality assurance and quality control
procedures as well as a description of Canada’s
facility emission-reporting system. Chapter 2 provides
an analysis of Canada’s GHG emission trends in
accordance with the UNFCCC reporting structure, as
well as a breakdown of emission trends by Canadian
economic sectors. Chapters 3 to 7 provide
descriptions and additional analysis for each sector,
according to UNFCCC reporting requirements.
Chapter 8 presents a summary of recalculations and
planned improvements.
Part 2 of the NIR consists of Annexes 1 to 7, which
provide a key category analysis, an inventory
uncertainty assessment, detailed explanations
of estimation methodologies, Canada’s energy
balance, completeness assessments, emission
factors and information on ozone and aerosol
precursors.
Part 3 comprises Annexes 8 to 13, which present
rounding procedures, summary tables of GHG
emissions at the national level and for each
provincial and territorial jurisdiction, sector and gas,
as well as additional details on the GHG intensity of
electricity generation. Detailed GHG data is also
available on the Government of Canada’s Open
Data website: http://open.canada.ca/data/en/
dataset/779c7bcf-4982-47eb-af1b-a33618a05e5b.

Structure of Submission
The UNFCCC requirements include the annual
compilation and submission of both the National
Inventory Report (NIR) and the Common Reporting
Format (CRF) tables. The CRF tables are a series
of standardized data tables, containing mainly
numerical information, which are submitted

14
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Introduction
Part 1 of the Standard for Establishing and Assigning Benchmarks is adopted by the Carbon Competitiveness
Incentive Regulation (the “Regulation”), under the authority of section 61 of the Climate Change and Emissions
Management Act (the “Act”). Part 1 of the Standard is enforceable as law.
In addition to the legal requirements in Part 1 of this standard, persons responsible must comply with the Act, the
Regulation, and all other applicable laws.
Part 2 of the Standard for Establishing and Assigning Benchmarks sets out additional requirements for persons
responsible.
Any changes to this Standard from version 1.0 are effective as of the date of publication.
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Part 1 – Regulatory Details
Definitions
1(1) Terms that are defined in the Act and Regulation are incorporated into and become part of this standard.
(2)

In this standard,
(a)

“ammonia” means a colourless compound with the chemical formula NH3 that is typically produced
by steam-methane reformation, followed by the reaction of hydrogen with atmospheric nitrogen. For
ammonia produced by a fertilizer plant, ammonia is the gross production from the ammonia plant. For
ammonia produced in the metals sector, the ammonia is the ammonia sales;

(b)

“baseline emissions obligation” means the baseline emissions obligation identified in a Baseline
Obligation form described in section 6(1)(d);

(c)

“calcined coke” means a carbon-rich solid that is typically produced by the heating of green coke in a
rotary kiln at high temperatures to remove residual volatile hydrocarbons;

(d)

“high value chemicals” means all ethylene and associated by-products that result from the ethylene
production process, including but not limited to propylene, butadiene, and benzene, but excluding
associated hydrogen production;

(e)

“iso-octane” means an organic compound also known as 2,2,4-Trimethylpentane, with the chemical
formula (CH3)3CCH2CH(CH3)2, that is typically produced by the dimerization of isobutylene
followed by hydrogenation, and includes the pentane by-product resulting from the production of isooctane;

(f)

“landfill gas methane” means methane generated by the anaerobic decomposition of organic waste
materials within a waste management facility at which waste is disposed of by placing it on or in land,
but does not include a land treatment facility, a surface impoundment, a salt cavern or a disposal well;

(g)

“live weight of cattle” means the mass of live animals entering a meat processing facility;

(h)

“nickel + cobalt” also referred to as “Metals” means the total sum of pure nickel and cobalt typically
produced by the refining of ore through pressure hydrometallurgy;

(i)

“natural gas processing” means the treatment of raw natural gas by the extraction of hydrogen
sulphide, carbon dioxide, helium, ethane, natural gas liquids or other substances;

(j)

“natural gas transmission networks” means the network of infrastructure, including pipelines,
designed to transport natural gas from processing facilities to areas of natural gas demand;

(k)

“other fertilizer products” means a product comprising a combination of fertilizer products including
one or more of urea, coated urea, ammonium sulphate, ammonium phosphate, and UAN, but
excluding ammonia and ammonium nitrate;

(l)

“Part 1” means the portion of this standard identified by the subtitle “Part 1 – Regulatory Details”;

(m)

“Part 2” means the portion of this standard identified by the subtitle “Part 2 – Compliance Reporting
Requirements for Persons Responsible”;

(n)

“polyethylene” means a compound typically having the chemical formula of (C2H4)n produced by the
polymerization of ethylene and includes, but is not limited to low density polyethylene (LDPE), linear
low density polyethylene (LLDPE), and high density polyethylene (HDPE);

(o)

“Regulation” means the Carbon Competitiveness Incentive Regulation, as amended;
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(p)

“subbituminous coal” means coal that is recovered or obtained from a coal mine located in the Plains
Region as defined in the Natural Regions and Sub-regions of Alberta published by the department, as
amended or replaced from time to time;

(q)

“this standard” means the Standard for Establishing and Assigning Benchmarks, including the
Introduction, Part 1, and Part 2;

(r)

“upgrading” means the processing of oil sands bitumen primarily into synthetic crude oil to create a
feedstock for further refining;

(s)

“weighted mean sales price” means the weighted mean sales price (WMSP) in Canadian dollars
calculated in accordance with 6.1.5 of Part 2 of this standard.

In the event of a conflict
2(1) If there is any conflict between this standard and the Act or the Regulation, the Act or the Regulation
prevails over this standard.
(2)

If there is any conflict between Part 1 and Part 2 of this standard, Part 1 prevails.

Application for assigned benchmark
3(1) In preparing the application under section 9 of the Regulation, the person responsible for a facility must hire
a third party assurance provider to
(a)

verify the application, and

(b)

prepare a verification report

in accordance with the Standard for Validation, Verification and Audit.
(2)

In an application submitted under section 9 of the Regulation, the person responsible for a facility must
include each of the following:
(a)

the contact information for the person responsible;

(b)

the contact information for the facility;

(c)

the location of the facility;

(d)

information on the boundaries of the facility including at least where imports and exports of fuels,
inputs, products, and CO2 are measured;

(e)

information on the emissions and production from the facility, including but not limited to:
(i)

data related to the total regulated emissions of the facility,

(ii)

production of all products listed in the table in Schedule 2 of the Regulation,

(iii) the amount of electricity imported to the facility,

(f)

(iv)

the amount of heat imported to the facility,

(v)

the amount of hydrogen imported to the facility,

(vi)

any other information required by the director;

a process flow diagram that indicates in schematic detail.
(i) the processes that produce direct emissions at the facility, and
(ii)

each source of direct emissions that typically produces over 1,000 tonnes of carbon dioxide
equivalent and including any of the following

(A) imported carbon dioxide,
Jun 2018

Standard for Establishing and Assigning Benchmarks V2.1

Page 9 of 51

0217
(B) exported carbon dioxide, and
(C) carbon dioxide used as feedstock for the production of urea;
(g)

information for each product the facility produces that requires an assigned benchmark including each
of the following:
(i)

the type of product,

(ii)

the quantity of product produced,

(iii) the direct emissions released as a result of the production of the product,
(iv)

the amount of carbon dioxide produced as a result of the production of the product that is
exported from the facility,

(v)

the amount of carbon dioxide imported on site from a different facility to which the
Regulation applies that is used in the production of the product,

(vi)

in the case of the product urea, the amount of carbon dioxide used by the facility as
feedstock for the production of that urea, and

(vii) any other information required by the director;
(h)

the following forms as prescribed by the director:
(i)

a third party verification report completed under section 3(1)(a) a completed Conflict-ofInterest Checklist,

(ii)

a completed Statement of Qualification form,

(iii) a completed Statement of Verification form,
(iv)

a simplified process flow diagram,

(v)

a completed Quantification Methodology Document (QMD),

(vi)

a completed Statement of Certification form that must be in electronic form, and

(vii) where the person responsible is requesting confidentiality for any of the information
included in the application, a completed Confidentiality Request and supporting
documentation;
(i)

in the case of a person responsible for a facility in or prior to its 3rd year of commercial operation that
is submitting an emissions performance plan, documentation demonstrating that the technology being
applied at the facility meets
(i)

best in class performance, or

(ii)

best available technology that is economically achievable;

and
(j)

any other information required by the director.

Application for facility to be designated as an opted-in facility
4(1) In an application submitted under section 4(2) of the Regulation, the person responsible for a facility must
include each of the following:
(a)

the contact information for the person responsible;

(b)

the contact information for the facility;

(c)

the location of the facility;

(d)

evidence demonstrating that the facility
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(i)

competes directly with a facility to which the Regulation applies, or

(ii)

is in an emissions-intensive trade-exposed sector and that the facility

(A) had total regulated emissions of 50 000 tonnes or more in 2013 or a subsequent year, or
(B) is likely to have total regulated emissions of 50 000 tonnes or more in its third year of
commercial operation;
(e)

information on any benefit that has been or is being provided in respect of the facility under an
initiative of the Government of Alberta, or an agency of the Government of Alberta that may alleviate
the cost of the carbon levy under the Climate Leadership Act in respect of the facility;

(f)

where the facility is a renewable electricity facility:
(i)

the total nominal capacity of the facility,

(ii)

information respecting any renewable electricity support agreement that has been entered
into under section 7(4) of the Renewable Electricity Act with respect to the facility, and

(iii) information on any economic benefits being provided under a program or other scheme that
are attributable to the electricity produced at the facility having been produced from an
energy resource referred to in section 1(1)(dd) of the Regulation;

(2)

(g)

a completed Statement of Certification form that must be in electronic form;

(h)

where the person responsible is requesting confidentiality for any of the information included in the
application, a completed Confidentiality Request and supporting documentation, and

(i)

any other information required by the director.

In preparing the application under section 4(2) of the Regulation, the person responsible for a facility must
comply with the requirement that the Statement of Certification required in section 3(2)(f)(vi) of this
standard must only be signed by a certifying official with signing authority on behalf of the facility.

Application for designation as opted-in facility to be revoked
5(1) In an application submitted under section 4(6) of the Regulation, the person responsible for a facility must
include each of the following:

(2)

(a)

the contact information for the person responsible;

(b)

the contact information for the facility;

(c)

the location of the facility;

(d)

evidence demonstrating how the Climate Leadership Act or any alternate regulatory system applies to
the total regulated emissions of the facility and

(e)

a completed Statement of Certification that must be electronic form.

In preparing the application under section 4(6) of the Regulation, the person responsible for a facility must
comply with the requirement that the Statement of Certification required in section 3(2)(f)(vi) of this
standard must only be signed by a certifying official with signing authority on behalf of the facility.

Application for cost containment designation
6(1) In an application submitted under section 34.2(1) of the Regulation, the person responsible for a facility
must include each of the following:
(a)

the contact information for the person responsible;

(b)

the contact information for the facility;

(c)

the location of the facility;
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(d)

a completed Baseline Obligation form as prescribed by the director for each year for which the person
responsible for the facility is seeking a cost containment designation;

(e)

a certified forecast for the facility of each of the following:
(i)

the true-up obligation,

(ii)

the total regulated emissions,

(iii) production to be sold,
(iv)

net electricity import or export,

(v)

net heat import or export,

(vi)

net hydrogen import or export,

(vii) the weighted mean sales price for each product produced by the facility and sold,
(viii) the amount of royalties that will be paid in respect of the facility to the Government of
Alberta under the Mines and Minerals Act,
(ix)

the amount of royalties that would be paid in respect of the facility to the Government of
Alberta under the Mines and Minerals Act, if the Regulation and the Climate Leadership
Act were not in force, and

(x)

the amount of royalties that would be paid in respect of the facility to the Government of
Alberta under the Mines and Minerals Act, if the true-up obligation for the facility for each
year was equivalent to the baseline emission obligation identified in the Baseline
Obligation Form for that year and the amount of money that a person had to contribute to
obtain a fund credit in that year was $15,

for each year for which the person responsible for the facility is seeking a cost containment
designation;
(f)

information on any benefit that has been, is being, or will be provided to the person responsible for
the facility in respect of the facility under an initiative of the Government of Alberta, or an agency of
the Government of Alberta;

(g)

information on the timeframe for facility permanent closure, temporary closure, or intentional
operation at reduced capacity, where applicable;

(h)

where the person responsible is requesting confidentiality for any of the information included in the
application, a completed Confidentiality Request and supporting documentation;

(i)

the amount of royalties that would have been paid in respect of the facility to the Government of
Alberta under the Mines and Minerals Act, for each of the three years of commercial operation
immediately preceding the date the application is submitted under section 34.2(1) of the Regulation,
if the Regulation, the Specified Gas Emitters Regulation, and the Climate Leadership Act were not in
force during that time; and

(j)

any other information required by the director.

(2) In the financial statements for the facility required under section 34.2(2)(b) of the Regulation, the person
responsible for the facility must include at a minimum each of the following:
(a)
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(b)

if applicable, confirmation that the quantity of each product produced by the facility and sold, as
reported under subsection (2)(a), is equal to the quantity of product produced by the facility and sold
as reported under the Mines and Minerals Act, and where there is a discrepancy, an explanation for
the discrepancy;

(c)

the weighted mean sales price for each product produced by the facility and sold, based on the actual
sales price of transactions for the product sold from the facility;

(d)

if applicable, confirmation that the weighted-mean sales price for each product produced by the
facility and sold, as reported under subsection (2)(c), is equal to any sales price as reported under the
Mines and Minerals Act, and where there is a discrepancy, an explanation for the discrepancy;

(e)

if applicable, the amount of royalties paid in respect of the facility to the Government of Alberta
under the Mines and Minerals Act

for each of the three years of commercial operation immediately preceding the date the application is
submitted under section 34.2(1) of the Regulation;
(3) In an emissions reduction plan submitted under section 34.2(2)(c) of the Regulation, the person responsible for
a facility must include at least each of the following:
(a)

all specified gas emissions and sources at the facility which are intended to be impacted by the plan;

(b)

the quantity of emissions offsets and emission performance credits the person responsible for the
facility intends to use in determining the net emissions for the facility for each year for which the
person responsible for the facility is seeking a cost containment designation;

(c)

a description of each proposed emissions reduction project to be implemented under the emissions
reduction plan;

(d)

identification of, and rationale for, the emissions baseline that will be used for each proposed
emissions reduction project;

(e)

the projected reduction in emissions associated with each proposed emissions reduction project;

(f)

a schedule of implementation for each proposed emissions reduction project, including identification
of any project milestones;

(g)

a projected timeframe for expected specified gas emission reductions;

(h)

a monitoring plan to assess emissions reductions over the course of each emission reduction project;

(i)

an estimate of capital costs and annual operating costs required to implement the emissions reduction
plan;

(j)

any benefit that the person responsible has applied for in respect of the facility under an initiative of
the Government of Alberta, or an agency of the Government of Alberta, but that has not yet been
granted that would support capital and operating cost expenditures required to implement the
emissions reduction plan, and the impact on the emissions reduction plan if the application for the
benefit is not approved; and

(k)

a completed Statement of Certification for subsections (a) through (i).

(4) The person responsible for a facility must comply with the requirement that the Statement of Certification
required in section 6(3)(k) must only be signed by a certifying official with signing authority on behalf of the
facility.
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Effective date
7

This standard is effective January 1, 2018.
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Part 2 – Policy Development and Benchmark Setting
1.0 Regulatory Overview
1.1 Purpose of this Document
The purpose of this document is to assist persons responsible for facilities that are regulated by, or considering
application to be regulated by, the Carbon Competitiveness Incentive Regulation (the “CCIR” or “the
Regulation”). The document outlines the methods for establishing and assigning emissions intensity benchmarks
that apply to the production of goods and processes at regulated facilities.
This document outlines how benchmarks are developed, including data sets and methodology used for calculating
benchmarks. It also outlines criteria detailing opt-in eligibility and the application process for opt-in to the CCIR.
Additional information regarding details on emissions scope and coverage, tightening rate, review periods, the
assignment of transition allocation benchmarks, and the eligibility and application process for cost containment is
also provided.
1.2 Overview of the Regulatory Program
The CCIR was introduced for facilities emitting 100,000 or more tonnes of carbon dioxide equivalent (CO2e) per
year as part of the Climate Leadership Plan. Under the Regulation, the opportunity to opt-in to be regulated by the
CCIR is provided to facilities below this threshold. The Regulation reduces carbon costs for these industries when
compared to the carbon levy and provides top performers credits for low emissions intensity. The Regulation also
supports comparability with carbon pricing in other jurisdictions. This is intended to help to maintain industry
competitiveness in Alberta.
This Regulation is enabled by the Climate Change and Emissions Management Act (2003). The Specified Gas
Reporting Regulation (SGRR) (AR 251/2004), requires facilities that meet or exceed a specified gas emission
threshold to report their greenhouse gas (GHG) emissions. Any facility regulated under CCIR must report under
SGRR.
1.3 Regulation Review Period
The CCIR must be reviewed by the end of its fifth year in force, and on or before every fifth year thereafter. The
first review will be completed by January 1, 2023). The five-year reviews will be comprehensive and include all
policy elements of the CCIR.
In addition, the CCIR is required to undergo an interim assessment by December 31, 2020, which will include
review of the following policy elements:




Stringency, which shall consider:
o Carbon price and impacts associated with any federal price on carbon
o Tightening rate
Establishment and/or review benchmarks based on new entrant and opted-in facilities
Transition from assigned benchmarks to established benchmarks, where applicable.

1.4 New Entrants to the Regulation
Specific consideration is required for facilities that enter the CCIR from 2018 on through one of the following
means:



By virtue of becoming an opted-in facility,
By meeting or exceeding total regulated emissions (TRE) of 100,000 tonnes CO2e emissions per year,

In addition, the director may designate a facility to be in a particular year of commercial operation under the
following circumstances:
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As described in Section 1(4), if the facility is experiencing, or has experienced, significant disruption
during commissioning resulting in the facility having significantly lower production than anticipated for
an extended period of time; if the facility is undergoing, or undergone, significant expansion or change;
or, if the director considers it important to make the designation.
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As described in Section 1(5.1), if the person responsible for a facility requests the director to designate
that the facility is in year 3, or a subsequent year, of commercial operation, such a request must be
submitted to the director on or before November 30 of the year for which the designation is requested.

This section describes the regulatory treatment for facilities in years 0, 1, 2, or 3 of commercial operation.
Figures 1 and 2 provide the regulatory pathways for facilities entering the CCIR in 2018 and 2019 or subsequent
years, respectively. In these figures, the first partial year of commercial operations is considered to be “Year 0”,
while the first full year of commercial operation is considered to be “Year 1”, the second full year of commercial
operation is considered “Year 2” and so forth.
Facilities not covered by the regulatory pathways illustrated should contact the director for further guidance.
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Figure 1: New Entrant Regulatory Pathway for 2018.
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Figure 2: New Entrant Regulatory Pathway for 2019 and Subsequent Years.
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2.0 Ability to Opt-in and Revoke Opt-in
Opt-in is the ability of facilities not covered under the CCIR as per section 3(1) (a) of the Regulation to enter the
CCIR and receive an exemption from the carbon levy.
Facilities may be permitted to opt-in to the CCIR if they fall under one of the following two categories:



The facility competes directly with another facility that is regulated under the CCIR.
The facility has had, or is likely to have in Year 31, a TRE of at least 50,000 tonnes of emissions of CO2e
per year, and is an Emission Intensive Trade Exposed (EITE) sector as defined in section 4 of the CCIR.

Facilities considering opting in are strongly encouraged to assess the cost of complying with the regulatory
requirements under CCIR against costs under the carbon levy. Emissions included under the CCIR may exceed
those under the carbon levy. Opted-in facilities are subject to all regulatory reporting and compliance obligations,
many of which will require third party verification and other expenses, which are wholly the responsibility of the
facility.
The opt-in application process is described in part 2, section 2.3 of this standard. Where a facility’s application to
the CCIR is accepted, the person responsible for the facility will be required to determine whether any products
that are produced by the facility have an established benchmark as set out in the Table in Schedule 2 of the CCIR.
Facilities that produce products for which no established benchmark exists may apply for an assigned benchmark
by following the process described in Part 2, section 5.8 of this standard. A facility may have a combination of
established and assigned benchmarks for the different products that are produced by the facility.
Opted in facilities may apply to opt-out of the Regulation by applying to have their designation as an opted-in
facility revoked under certain circumstances. If the director revokes the opted-in designation the facility will be
subject to carbon pricing under the carbon levy and/or requirements imposed under an alternative regulatory
system.
2.1 Emissions-intensive Trade-exposed Criteria
The EITE criteria are derived from an assessment of all sectors in the economy on their degree of emissions
intensiveness and trade exposure. Sectors are assessed as high, medium or low emissions intensiveness and high,
medium or low trade exposure. The criteria are then combined to determine an assessment of the EITE level of
the sector. Only sectors that are considered high EITE using these criteria qualify as EITE sectors under the
CCIR.
Figure 3: Emissions Intensity and Trade Exposure.

Year 3 means a facility in its third year of commercial operation, where commercial operation is as defined in section 1(3) of the CCIR or
where designated by the director in section 1(5.1) of the CCIR.
1
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Emissions intensiveness and trade exposure is measured using Statistics Canada data on the value of goods and
services in the Alberta economy. The EITE level of Alberta sectors is evaluated at the level of best available data.
Most sectors are evaluated at a four digit North American Industry Classification System (NAICS) code using
data from 2013. A detailed list of sectors evaluated by NAICS code is available in Appendix A.
Trade exposure is the intensity of trade with jurisdictions outside Alberta as defined in section 4(1) of the CCIR.
Emissions intensiveness is calculated as the full carbon pricing costs of the sector divided by the gross value
added for the sector. It measures the costs to industry in the absence of output-based allocations to protect against
carbon leakage.
The full carbon pricing costs are determined as follows:
1. For sectors that did not include facilities that were regulated under the SGER between 2013 and 2015:
The cost of the carbon levy at $30 per tonne applied to the fuel use by each sector for fuels covered under
the levy.
2. For sectors that include facilities covered under the SGER between 2013 and 2015: A carbon price of $30
applied to estimates of total direct emissions, not including CO2 emissions from biomass, from the sector.
EITE criteria is established by sector not product. However, if a facility that exceeds the 50,000 tonnes of CO2e
threshold qualifies under the application process as part of an EITE sector, it can opt-in to the Regulation and will
be eligible to receive a benchmark for one or more of its products.
2.2 Applicability Criteria
2.2.1 Opt-in
Facilities that produce a product listed in Table 1 may apply to opt in as there are currently facilities producing
these products that are required to comply with the CCIR as a result of past emissions exceeding 100,000 tonnes
of CO2e. Note that facilities that opted in under SGER in 2017 will not automatically be considered opted-in to
the CCIR. These facilities may apply to opt-in under the CCIR.
Table 1 may be updated as more facilities become subject to the CCIR and new products become covered under
the Regulation. Please see the Alberta Climate Change Office (ACCO) website for the most up to date version of
this table.
Table 1: Sectors and Products that Compete Directly with Facilities regulated by CCIR
Sector

Product

North American Product Classification System

Chemical

Carbon Black

2711251

Chemical

Ethylene

2632111

Chemical

Ethylene Glycol

2711315
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Chemical

Iso-octane

2632131

Chemical

Linear Alpha Olefins

2632131

Chemical

Pentane

2632131

Chemical

Styrene Monomer

2632121

Chemical

Calcined Coke

2611112

Chemical

Hydrogen

2711115

Chemical

Methanol

2711315

Chemical

Polyethylene

2811121

Coal Mines

Bituminous Coal

144112

Coal Mines

Sub-bituminous Coal

144121

Fertilizer

Ammonia

2721122

Fertilizer

Ammonium Nitrates

2721122

Fertilizer

Ammonium Phosphate

2721131

Fertilizer

Ammonium Sulphate

2721122

Fertilizer

Urea

2721111

Food Processing

Live Weight of Cattle

1111111

Forest Products

Pulp

25112

Metals

Cobalt

1552321

Metals

Nickel

1531111

Mineral

Cement

465111

Mineral

Lime

4651311

Mineral

Magnesium Oxide

Natural Gas Processing

Natural Gas

2911441

2

142
1

Natural Gas Processing

Natural Gas Liquids

143

Oil Sands

Bitumen

141121

Power Plant

Electricity

146111

Refining

Refined Petroleum Products 261

Upgrading

Synthetic crude oil

14113

Facilities that meet the definition of EITE and have had, or expect to have, a TRE of 50,000 tonnes or more may
also opt-in. An EITE sector is defined in section 4(1)(b) of the Regulation.
A list of EITE sectors that include at least one facility that met or exceeded the 50,000 tonne threshold in 2013
through 2015 are included in Table 2.
Table 2 may be updated from time to time. Please see the ACCO website for the most up to date version of this
table.
Table 2: Sectors that are Emissions Intensive and Trade Exposed and include at least one facility that
meets or exceeds 50,000 tonnes (as of 2015)3
NAICS

Name

211113
211114
212100

Conventional oil and gas extraction1
Non-conventional oil and gas extraction
Coal mining

Conventional oil and gas facilities exempt from the carbon levy under section 15(1)(d) of the Climate Leadership Act will not be permitted to
opt-in. See section 2.2.3 for further details.
2

3

Services are excluded from EITE consideration under opt-in.
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221100
311200
311300
322100
324100

Electric power generation, transmission and distribution
Grain and oilseed milling
Sugar and confectionery product manufacturing
Pulp, paper and paperboard mills
Petroleum and Coal Product Manufacturing

325100

Basic chemical manufacturing

325300

Pesticide, fertilizer and other agricultural chemical manufacturing
Non-metallic mineral product manufacturing (including Lime and Cement and Concrete Product
Manufacturers)
Iron and steel mills and ferro alloy manufacturing
Non-ferrous metal (except aluminum) production and processing
Pipeline transportation of natural gas

327000
331110
331400
486210

Facilities that fall under one of the North American Industry Classification System (NAICS) codes listed in Table
2 may apply to opt-in under the CCIR.
In addition, any other facility that has TRE that meets or exceeds, or expects to meet or exceed, 50,000 tonnes
CO2e and is of the view that their sector meets the EITE criteria may apply to opt-in to the CCIR. Persons
responsible for such facilities are encouraged to contact the Department to discuss their application. Applications
must be supported by documentation that demonstrates they meet the relevant criteria, generated at the expense of
the facility.
2.2.2. Opt-out (Application to Revoke an Opted-In Facility Designation)
Only opted-in facilities that have not exceeded 100,000 tonnes in any year since 2003 may apply to have their
designation as an opted-in facility revoked. A facility that intends to opt-out of the CCIR must present evidence
that its emissions coverage will be comparable under the carbon levy or an alternative regulatory system, or a
combination of both.
Application guidelines are described in section 2.3.
2.2.3. Opt-in and Opt-out for Conventional Oil and Natural Gas Sector
Due to the exemption from the levy until January 1, 2023 for the conventional oil and gas industry, these facilities
will not be permitted to opt-in or out of the CCIR. Eligibility for the carbon levy exemption is outlined by Alberta
Treasury Board and Finance.4
The CCIR will apply to conventional oil and gas facilities that have a TRE of 100,000 tonnes CO2e or more in
2003 or any subsequent year, regardless of current emission levels.
2.2.4. Opt-in for Renewable Electricity Facilities
Renewable electricity facilities will be permitted to opt-in to the CCIR provided they meet the requirements set
out in section 4 of the CCIR and the application requirements set out in Part 1 of this standard.
Renewable electricity facilities seeking to opt-in to the CCIR must demonstrate that they meet the requirements in
4(11)(b) of the CCIR.
2.3 Application to Opt-in and Opt-out
A person responsible for a facility of the view that it meets the requirements outlined in section 4 of the CCIR
may apply to the director to opt-in. The application must be received by June 1 of the year proceeding the year

4

For further information regarding the Oil and Gas Carbon Levy Exemption please see www.finance.alberta.ca/publications/tax_rebates/carbon-levy/SN-CL-5.html or http://www.finance.alberta.ca/publications/tax_rebates/carbonlevy/forms/CL-Exemption-Guide.pdf.
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they intend to opt-in. For 2018 and 2019, facilities can apply to opt-in for the 2018 compliance year until
September 1, 2018.
The person responsible for a facility applying to opt-in to the CCIR must follow these procedures:
1. Complete the Opt-In Application Form provided on the Alberta Environment and Parks (AEP) website.
As part of the application, the person responsible for the facility will be required to:
a. Confirm that the facility produces one of the products listed in Table 1 of part 2 of this standard,
or
b. Confirm that the NAICS code for the facility is a NAICS code listed in Table 2 of part 2 of this
standard and TRE met or exceeded 50,000 tonnes in any year since 2013 or is expected to exceed
50,000 tonnes in its third year of commercial operation, or
c. Provide evidence that demonstrates that the facility:
i. Competes directly with a facility to which the CCIR applies, or
ii. Meets the definition of EITE in the CCIR and has a TRE that exceeded 50,000 tonnes in
any year since 2013 or is expected to exceed 50,000 tonnes in its third year of
commercial operation.
d. Provide information on benefits that have been or are being provided to a facility under an
initiative of the Government of Alberta, or an agency of the Government of Alberta that may
alleviate the cost of the carbon levy under the Climate Leadership Act in respect of the facility;
2. The facility’s Opt-In Application must include a Statement of Certification signed by a certifying official
who has the authority to bind the company. An electronic copy of the signed statement is acceptable.
The person responsible for the facility must submit the Carbon Competitiveness Incentive Regulation Opt-In
Application electronically to AEP.GHG@gov.ab.ca. Separate email submissions are required for each facility
seeking to opt into CCIR. An email confirming receipt of the application will be sent to the applicant.
As part of the review of the application, the director may reach out to the applicant to request additional
information. Once the review is complete, the director will send the applicant a letter indicating whether the
facility is designated an opted-in facility. If the facility is designated an opted-in facility, the person responsible
for the facility must submit a request to the Alberta Treasury Board and Finance (TBF) to receive an exemption to
the carbon levy and any carbon levy already paid for during the calendar year, if applicable.
A person responsible for a facility applying to revoke their designation as an opted-in facility must follow these
procedures:
1. Complete the Opt-In Revocation Application Form provided on the AEP website. As part of the
application, the person responsible for the facility will be required to provide information on the
emissions coverage that will apply to the facility if they are no longer covered under the CCIR.
2. The facility’s Opt-In Revocation Application must include a Statement of Certification signed by a
certifying official who has the authority to bind the company. An electronic copy of the signed statement
is acceptable.
The Opt-In Revocation Application must be submitted electronically to AEP.GHG@gov.ab.ca. Separate email
submissions are required for each facility. An email receipt will be sent to the applicant.
As part of the review of the opt-in revocation application, the director may reach out to the applicant with
questions or to request additional information. Once the review is complete, the director will send the facility a
letter indicating whether the facility’s opted-in designation has been revoked. The facility is responsible for
contacting Alberta Treasury Board and Finance to ensure compliance with the Climate Leadership Act.

3.0 Emissions Scope in Total Regulated Emissions (TRE)
All regulated specified gases regulated are set out in Schedule 1 of the CCIR.
Facility emissions are reported in the following source categories: stationary fuel combustion, industrial processes
(IP), on-site transportation, venting and flaring, fugitives, formation CO2, waste and wastewater emissions, and
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emissions from the use of HFCs, PFCs and SF6. Biomass CO2 emissions are reported under the Specified Gas
Reporting Regulation (SGRR), but not included in the calculation of TRE.
This section outlines important information regarding emission coverage under the CCIR.
3.1 Exported CO2
All CO2 sent off-site is included in a facility’s TRE calculation. This includes CO2 that has not been emitted to the
atmosphere and has been sent from the facility to an off-site location, including CO2 sent off-site as waste, for
storage or sold as a product. Exported CO2 is not included in the CO2 reported under any other source category,
other than imported CO2 if applicable.
3.2 Imported CO2
CO2 received on-site which has already been reported as exported CO2 from another facility subject to the CCIR,
is subtracted from the facility’s direct emissions to calculate the facility’s TRE. This includes CO2 used on site.
3.3 CO2 for the Production of Urea
Where CO2 is used as a feedstock for the production of urea, the amount of CO2 used as a feedstock is included in
the facility’s TRE.
3.4 Biomass Emissions
Biomass CO2, CH4, and N2O emissions are generated from the combustion or decomposition of biomass from
plant materials and animal waste.
Biomass CO2 emissions are not included in direct emissions. As such, biomass CO2 emissions are excluded from
the benchmark setting and TRE, and are not counted toward the emissions threshold for inclusion into the CCIR;
however, these emissions are required to be reported under the SGRR.
CH4 and N2O emissions from biomass decomposition including waste and wastewater, or from biomass
combustion, are included in benchmark setting and are also included in calculating the facility’s TRE and
emissions threshold for inclusion into the CCIR.
3.5 Formation CO2
Natural gas or other types of hydrocarbon gas mixtures contain various amounts of carbon dioxide, known as
formation CO2. Formation CO2 is included in both benchmark setting and TRE.
3.6 Industrial Process Emissions
Industrial process (IP) emissions are defined in Part 1 of the Standard for Completing Greenhouse Gas
Compliance and Forecasting Reports. IP emissions are included in the TRE. The inclusion of IP emissions in the
benchmarking process takes into consideration the difficulty to reduce these emissions see Part 2, section 4.1.1 for
details.

4.0 Benchmark Development
There are two general categories of benchmarks: established benchmarks and assigned benchmarks. Transition
allocation benchmarks may also be assigned in 2018 and 2019. See Part 2, section 5.7 for details. Cost
containment allocation benchmarks may be assigned for facilities that have a cost containment designation. See
Part 2, section 6.4.2 for details.
Where an established benchmark is available for one or more products produced at a facility, the person
responsible for the facility is required to calculate their output-based allocation (OBA) using the established
benchmark(s) for the relevant products.
Where an established benchmark is not available for a product produced at a facility, benchmarks are generally
assigned using the facility production-weighted average benchmarking approach, with economic impact testing
for potential stringency reduction (see Part 2, section 5.2 for more information on assigned benchmarks).
In cases where the person responsible for a facility applies for an assigned benchmark in or before Year 3 of
commercial operation, the person responsible for the facility can apply for an assigned benchmark of 100% of
Jun 2018

Standard for Establishing and Assigning Benchmarks V2.1

Page 24 of 51

0232
production-weighted average emissions. This application must include documentation demonstrating the facility
meets best in class performance or employs best available technology that is economically achievable.
4.1 Emissions Scope for Benchmark Calculation
4.1.1 Industrial Process Emissions
IP emissions are included in established benchmarks at 100% of sector production-weighted average, or 100% of
facility production-weighted average for assigned benchmarks and are not subject to a tightening rate. IP emission
treatment in the refining sector is an exception to this, where the benchmark is based on the Alberta complexityweighted barrel (AB-CWB) factor, including IP emissions.
4.1.2 Indirect Emissions
All benchmarks and output-based allocations (OBAs) are adjusted to account for emissions associated with the
import or export of electricity, heat, and hydrogen.
The emissions from imported electricity, heat and hydrogen are added to the facility’s TRE when determining the
established and assigned benchmarks. The output-based allocation for regulated facilities is then ‘scope adjusted’
to deduct indirect emissions from the facility’s allocation. Scope-adjustment means that the allocation associated
with imported products is subtracted from the product allocations to determine the output-based allocation (OBA)
the facility receives.
Indirect emissions associated with electricity, heat and hydrogen are included in the benchmark setting for all
facilities. However, emissions associated with imported hydrogen are excluded from the calculation of indirect
emissions for the Refining sector. The complexity-weighted barrel (CWB) formulas and coefficients adequately
incorporate hydrogen into production calculations, and the associated OBAs.
4.1.3 Cogeneration Treatment (Stand-alone and Integrated)
Emissions associated with cogeneration facilities that are an integrated part of a facility covered under CCIR are
reported as part of the facility’s TRE. Facilities receive allocations associated with net exports of electricity and
industrial heat. A consistent allocation is applied in setting product benchmarks. Stand-alone cogeneration meets
the definition of a facility under the CCIR. For benchmarking purposes, imports of heat and electricity from
stand-alone cogeneration facilities are added to the emissions of the importing facility in the same manner as
imports of heat or electricity from any other source. A scope-adjustment is applied when determining the outputbased allocation for that facility.
4.1.4 Fugitive Emissions
Sector specific considerations are applied to the treatment of fugitive emissions when setting established
benchmarks, however, fugitive emissions are included in setting assigned benchmarks. Fugitive emissions are
included in the TRE for all facilities across product categories and benchmarks.
4.2 Product Categories
Under the CCIR discrete product categories are established to facilitate comparison of emissions performance
across facilities producing similar products.
Product categories for which established benchmarks have been determined are listed in the Table in Schedule 2
of the CCIR. Current product categories with assigned benchmarks are described in part 2, section 5.2 of this
standard. For products where product categories have not been specified in the Regulation or in this standard,
facilities may apply for an assigned benchmark for a new product category. The application will be required to
provide additional information to support the addition of a new product category.
The director may assign a benchmark for a product category not listed in Schedule 2, Table 1 of the Regulation or
part 2, section 5.2 of the standard. In determining whether a benchmark is appropriate the director will, subject to
the availability of data, assess the EITE status of the product category, taking into consideration the EITE criteria
used to determine sector level EITE.
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4.2.1 Complexity-Weighted-Barrel (CWB)
The CWB approach represents refinery production for the purpose of reporting emissions intensity and
developing benchmarks. The CWB methodology accounts for various refinery sizes and process complexities in
determining production values, reporting refinery output with the standardized volume metric of the CWB.
The Canadian CWB (Can-CWB) was developed specifically for the Canadian Fuels Association and Ontario
Refineries. The Can-CWB methodology and factors have been revised for the Alberta facilities to produce an
Alberta CWB (AB-CWB). This revision adopts a majority of Can-CWB data, and includes updated factors for
coking, hydrogen production, steam and electricity to reflect specific conditions within Alberta and to work
within the multi-product framework of the CCIR.
The methodology for quantification of the AB-CWB is described in the Standard for Completing Greenhouse Gas
Compliance and Forecasting Reports and Quantification Methodologies for the Carbon Competitiveness Incentive
Regulation and the Specified Gas Reporting Program (Quantification Methodologies). The person responsible for
the facility must ensure they are using the most up to date version of the Quantification Methodologies document.
4.3 Benchmark Reference Years
For facilities in Year 4 or a subsequent year of commercial operation, assigned benchmarks will be calculated
based on the most recent three calendar years of data. The director has the authority to request data from alternate
years for assigned benchmark setting, where appropriate.
For facilities in Year 3 of commercial operation, assigned benchmarks will be calculated based on Years 1 and 2
of verified operating data, or a minimum of 24 consecutive months of representative operating data.
For facilities with an assigned benchmark, the director may review and assign a new benchmark under section 10
of the CCIR. The director may also review and assign a new transition allocation benchmark under section 36 of
the CCIR if the director is of the opinion the benchmark is inaccurate or the product or production process has
significantly changed. In 2018 and 2019, the director may review and assign a new benchmark under section
35(3) of the CCIR if the director is of the opinion that a new benchmark is appropriate.
The director may depart from the approach set out above in certain circumstances. In these cases, the director
would consider the approach taken for establishing reference years for established and assigned benchmarks for
2018:



For 2018 benchmarks, three years of data (2013, 2014, and 2015) were used for benchmark development
for the majority of cases. Data was selected to represent the most recent years available at the time of
benchmark setting.
For bituminous and sub-bituminous coal and mined bitumen, 5-year and 1-year data sets were used
respectively, as 2013-2015 does not provide a representative dataset to establish and assign benchmarks
for these sectors.

5.0 Benchmark Calculation Methodology
The information below describes the methodological approach to be used for establishing and assigning
benchmarks.
5.1 Established Benchmark Approaches
For established benchmarks, each regulated facility receives the same benchmark for each defined product.
Current established benchmarks are listed in Schedule 2 or the CCIR. New established benchmarks will be
considered during future CCIR reviews. This will occur as part of the interim review which will be completed by
January 1, 2021, and the five year reviews (the first of which will occur by January 1, 2023). Development of new
established benchmarks will take into consideration the methodology used to determine the established
benchmarks currently included in the CCIR. Relevant alternative methodologies may also be considered.
For established benchmarks, a production-weighted average approach, starting at 80% of production-weighted
average, is applied. Based on results from economic impact analyses, in some instances, benchmarks may be
adjusted upward in 10% increments from a:
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80% of production-weighted average benchmark, to a
90% or 100% of production-weighted average benchmark

Economic impact analysis for upward benchmark adjustment is outlined in part 2, section 5.4.2. Additionally,
where a benchmark emissions intensity is lower (more stringent) than the best-performing facility within a sector
of two or more facilities, a ‘best-in-class’ benchmark would typically be applied. Applying the best-in-class
benchmark ensures that no benchmark is more stringent than the emissions performance of the best performing
facility producing the product.
In certain circumstances, other approaches were applied to established benchmarks currently in place. Current
benchmarking approaches are outlined in Table 3.
Table 3: Benchmarking approach for sector-product categories
Sector

Sector - Product Categories

Product Benchmarking Approach

Electricity

Mega-Watt Hour

Good-as-best-gas (best-in-class combined cycle
gas) 5

In situ Bitumen

Top quartile production-based benchmark6

Mined Bitumen

Top quartile production-based benchmark7

Refining – Alberta Complexity-Weighted
Barrel

Best-in-class

Bituminous coal

Best-in-class

Ammonia

90 per cent of production-weighted average

Ammonium Nitrate

Best-in-class

Cement

100 per cent of production-weighted average

Hardwood Kraft Pulp

Best-in-class

Softwood Kraft Pulp

80 per cent of production-weighted average

Industrial Heat

Based on a standard boiler efficiency. 8

Hydrogen

Equivalent to the hydrogen benchmark under
the AB-CWB methodology for refining. 9

Oil and Gas

Coal
Fertilizers
Minerals
Forest Products

Cross-Sectoral

Methodology for calculating best in class, top-quartile production based and production-weighted emissions
average benchmarks are outlined in part 2, sections 5.3 -5.5 of this standard.
In some instances, sectors with more than one SGER regulated facility presented data issues that necessitated the
use of assigned benchmarks. These approaches are outlined below.
5.2 Assigned Benchmark Approaches
Assigned benchmarks are developed where there is no established benchmark for a given product. Assigned
benchmarks will be developed for each facility, in accordance with section 5.3 Assigned Benchmark Protocol.
Section 5.3 Assigned Benchmark Protocol is consistent with the approach taken to determining assigned
benchmarks for facilities regulated under the SGER in 2017.
Assigned benchmarks are typically provided where only one facility regulated under the CCIR in the province is
producing a given product. Assigned benchmarks generally take a production-weighted average approach as

5

Based on recommendations from the Climate Leadership Panel

6

Based on recommendations from the Climate Leadership Panel

7

Based on recommendations from the Climate Leadership Panel

8

Due to cross-sectoral nature of production of industrial heat

9

Based on international best practices.
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described in section 5.5.2 Facility Production-Weighted Average Emissions Intensity Benchmarks. The
stringency of assigned benchmarks is determined in accordance with section 5.4.2 Stringency Adjustments.
Exceptions to this approach are as follows:





In three instances (upgrading, natural gas processing and multi-product chemicals) the data available was
insufficient to develop established benchmarks for 2018. Benchmarks for these sectors will be
transitioned to product benchmarks as soon as feasible.
For the two product categories referred to below where more than one facility produces the product,
assigned benchmarks are applied. These benchmarks are expected to continue to be assigned rather than
established benchmarks for the foreseeable future.
1. Other Fertilizer Products: Due to the small proportion of emissions of these products.
2. Natural Gas Transmission Networks: Due to the difficulty in determining a single consistent
production metric.
Benchmarks for landfill gas methane and live cattle weight follow a specific methodology related to
specific circumstances of individual facilities.

Table 4: Current assigned benchmark approaches for sectors with two or more facilities.
Sector
Oil and Gas

Fertilizer
Chemical

Sector - Product Categories

Benchmarking Approach

Upgrading

80% of facility production-weighted average

Natural Gas Processing

80% of facility production-weighted average

Natural Gas Transmission Networks

80% of facility production-weighted average

Other Fertilizer Products

80% of facility production-weighted average

Multi-product chemicals

10

80% of facility production-weighted average

Product categories where only one facility that is currently covered under the CCIR producing a product include:












Linear Alpha Olefins,
Calcined Coke,
Iso-Octane,
Carbon Black,
Sub-Bituminous Coal,
Methanol,
Lime,
Magnesium Oxide,
Nickel + Cobalt,
Live Cattle Weight and
Landfill Gas Methane.

5.3 Assigned Benchmark Protocol
In general, a ‘production-weighted average” approach starting at 80% of production-weighted average, is used to
develop an assigned benchmark for individual facilities. Based on economic impact analysis, in some instances
benchmarks may be adjusted upward in 10% increments from:



80% of production-weighted average, to
90%, or 100% of production-weighted average

Economic impact analysis and upward benchmark adjustment is outlined in part 2, section 5.4.

10

Multi-product chemicals refers to facilities that produce tow or more high value chemicals, polyethylene, ethylene glycol, and styrene, and
any other chemical specified by the director.
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Benchmark stringency adjustments for new entrants that will be assigned benchmarks for facilities in Year 3 or
subsequent operating years, will follow the following rules:
1. When an assigned benchmark is provided for a product that is already produced by more than one facility
under the CCIR, the assigned benchmark will be based on a facility production-weighted average
emissions intensity that applies the same percentage of production-weighted average as the other
facilities producing the product under the CCIR, based on the historic facility data. A product benchmark
as determined under section 5.5.3 to 5.5.5 may also be assigned where available.
2. When an assigned benchmark is provided for a product that is produced by only one other facility
regulated by CCIR, the assigned benchmark will be based on a facility production-weighted average
emissions intensity benchmark subject to economic testing to determine the appropriate percent of
production-weighted average as per part 2, section 5.4.
3. When an assigned benchmark is provided for a product where there is no established benchmark or
previously assigned benchmark, the assigned benchmark will be based on facility production-weighted
average emissions intensity benchmark subject to economic testing to determine the appropriate percent
of production-weighted average as per part 2, section 5.4.
4. Notwithstanding 2 and 3 above, in 2018 and 2019 the director may assign all facilities producing the
same product, facility production-weighted average emissions intensities that apply the same percentage
of production-weighted average or the same product benchmark as determined under section 5.5.3 to
5.5.5 and based on economic tests for a group of two or more facilities.
A person responsible for a facility that is in or before the facility’s third year of commercial operation may apply
for a benchmark of 100% of production-weighted average if it can demonstrate it employs best in class or best
available technology that is economically achievable. See part 2, section 5.9 for details.
The director may consider departures from this approach where necessary to account for facility or sector specific
circumstances. In these cases, the rationale for such departures will be provided to the affected facility(ies).
5.4 Economics Impact Analysis and Stringency Adjustments
5.4.1 Facility Economic Impact Analysis Overview in 2018
Facility economic impacts are assessed to help inform the need for adjustments in benchmark stringency for new
established and assigned benchmarks. The Government of Alberta will conduct the same or substantively similar
analyses to those used in setting previous benchmarks, to inform future benchmark stringency adjustments.
The economic impact assessment compares the SGER 2015 costs to the incremental cost impact of different
CCIR scenarios. Assessment of incremental costs also incorporates facility abatement estimates, supply chain
costs, cost-pass through estimates, and tax and royalty interactions. Product prices, as well as other key
assumptions were based on publicly available data and reviewed by industry participants.
To estimate economic impacts, sales and profit tests are applied to determine operational vulnerability at each
regulated facility. Operational vulnerability is seen to occur at a threshold where incremental CCIR compliance
costs above SGER 2015 costs exceed 3% of sales or 10% of profit at a facility. Profit or sales impacts are used to
inform stringency adjustments, described in part 2, section 5.4.2.
5.4.2 Stringency Adjustments
Assessment of economic impacts when determining the benchmark stringency include, but are not limited to, the
following criteria established by the Government of Alberta. Where economic impact analysis indicates an
exceedance of any of the following thresholds, stringency of the established or assigned benchmark should be
reduced:




Percent of Production exceeding Sales Test > 10% (from facility level impact analysis)
Percent of Production exceeding Profit Test > 25% (from facility level impact analysis)
Impact to Sector - consideration of additional sector level macro-economic impact analysis

Sectors must exhibit:
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Established and assigned benchmark levels for any given product category are adjusted upward in 10%
increments, based on the above from 80% production-weighted average, to 90% production-weighted average, to
100% production-weighted average, stopping where thresholds were no longer triggered. Where a sector has only
one facility producing a product, facility benchmarks are adjusted upwards based on the above criteria. The
application of the economic tests to assigned benchmarks is outlined in part 2, section 5.3.
Exceptions to this approach may occur where the application of this general approach is not considered reasonable
given the specific circumstances of the sector.
5.5 Benchmarking Emissions Intensity
The following information provides the emissions intensity calculations used to develop assigned and established
benchmarks.
5.5.1 Emissions Information Used to Set Assigned Benchmarks
TRE emissions for a reference period are used to set the benchmarks, see part 2, section 4.3 on benchmark years
for further detail.
Emissions information for the reference period is attributed to products where facilities produce more than one
product.


For facilities that produce electricity, heat or hydrogen, as well as another product, deemed emissions for
the exported electricity, heat or hydrogen are subtracted from the facility’s total TRE for the reference
years. The deemed emissions level is equal to the benchmark for electricity, heat or hydrogen in the year
the facility enters the CCIR times the production of the exported electricity, heat or hydrogen for the
facility.
For all other multi-product facilities emissions are divided between the products based on a methodology
approved by the director. For oil sands mining and upgrading emissions are divided between the mines
and upgraders based on a methodology approved by the director.
Industrial Process emissions must be reported separately from other TRE.




Applicants for assigned benchmarks should contact the director for further information on approved methods for
dividing emissions when applying for an assigned benchmark.
5.5.2 Facility Production-Weighted Average Emissions Intensity Benchmarks
To calculate a facility production-weighted average emissions intensity benchmark for the year a facility enters
the CCIR (YE) of x% of production-weighted average for product j using a reference period from reference year 1
(RY1) to reference year n (RYn), the following equation is used:

𝐵𝐴𝑗−𝑌𝐸,𝑥% = [𝑥% ×

∑𝑅𝑌𝑛
∑𝑅𝑌𝑛
𝑌=𝑅𝑌1(𝑇𝑅𝐸𝑗−𝑌 + 𝐼𝑛𝑑𝑖𝑟𝑒𝑐𝑡 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑗−𝑌 − 𝐼𝑃 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑗−𝑌 )
𝑌=𝑅𝑌1 𝐼𝑃 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑗−𝑌
]
+
𝑅𝑌𝑛
∑𝑌=𝑅𝑌1 𝑃𝑗−𝑌
∑𝑅𝑌𝑛
𝑌=𝑅𝑌1 𝑃𝑗−𝑌

The same equation was used to calculate benchmarks for 2018 for facilities covered under the CCIR as of January
1st, 2018.
Where,
𝑩𝑨𝒋−𝒀𝑬,𝒙%
𝐼𝑃 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑗−𝑌
𝑃𝑗−𝑌
𝑇𝑅𝐸𝑗−𝑌

is the assigned benchmark for product j for the facility in the year a facility enters the CCIR
(YE) for a production-weighted average benchmark of x%;
are the IP emissions for product j for the facility for year Y of the reference period;
is the production for product j for the facility in year Y of the reference period.
is the total regulated emissions (TRE) for product j for the facility for year Y of the reference
period.

𝑇𝑅𝐸𝑗−𝑌 = DE𝑗−𝑌 – ICO2𝑗−𝑌 + ECO2𝑗−𝑌 + UCO2𝑗−𝑌
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Where,
𝐃𝐄𝒋−𝒀

is the direct emissions for product j for the facility in year Y of the reference period;

ICO2𝑗−𝑌

is the amount of carbon dioxide expressed in tonnes imported on site during the year Y of the
reference period from a different facility to which the CCIR, or for reference years prior to
2018, the SGER applies, for product j for a facility;

ECO2𝑗−𝑌

is the amount of carbon dioxide expressed in tonnes exported from the facility for product j
during year Y of the reference period;

UCO2𝑗−𝑌

is the amount of carbon dioxide expressed in tonnes used by the facility as feedstock for the
production of urea during year Y of the reference period .

𝐼𝑛𝑑𝑖𝑟𝑒𝑐𝑡 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑗−𝑌

are the indirect emissions for product j for the facility in year Y of the reference period.

𝐼𝑛𝑑𝑖𝑟𝑒𝑐𝑡 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑗−𝑌 = (𝐼𝐸𝑗−𝑌 × 𝐵𝐸𝐸−𝑌𝐸 ) + (𝐼𝐻𝑒𝑗−𝑌 × 𝐵𝐸𝐻𝑒−𝑌𝐸 ) + (𝐼𝐻𝑦𝑗−𝑌 × 𝐵𝐸𝐻𝑦−𝑌𝐸 )
Where,
IEj-Y

is the total electricity imported by the facility for the product j in year Y of the reference period
expressed in megawatt hours;
is the import of heat for the facility for the product j in year Y of the reference period expressed
in gigajoules;

IHej-Y

(a)
in the case of a facility producing a product with a benchmark unit of “Alberta
complexity weighted barrel” is zero, and
(b)
in the case of any other facility, is the hydrogen imported by the facility for the
product j in year Y of the reference period, expressed in tonnes;
is the established benchmark for electricity for the year the facility enters the CCIR;
is established benchmark for heat for the year the facility enters the CCIR;
is the established benchmark for hydrogen for the year the facility enters the CCIR.

IHyj-Y

BEE-YE
BEHe-YE
BEHy-YE

5.5.3 Product Production-Weighted Average Emissions Intensity Benchmarks
To calculate a product production-weighted average emissions intensity benchmark for product j, set at x% (e.g.
80/90/100%) of sector production-weighted average, for a sector that includes m facilities:
𝐵𝐸𝑗−𝑌0 ,𝑥% = [𝑥% ×
+

𝑚
𝑅𝑌𝑛
∑𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦
𝑖=𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 1 ∑𝑌=𝑅𝑌1(𝑇𝑅𝐸𝑗−𝑌−𝑖 + 𝐼𝑛𝑑𝑖𝑟𝑒𝑐𝑡 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑗−𝑌−𝑖 − 𝐼𝑃 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑗−𝑌−𝑖 )
𝑚
∑𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦
∑𝑅𝑌𝑛
𝑖=𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 1 𝑌=𝑅𝑌1 𝑃𝑗−𝑌−𝑖

]

𝑚
𝑅𝑌𝑛
∑𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦
𝑖=𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 1 ∑𝑌=𝑅𝑌1 𝐼𝑃 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑗−𝑌−𝑖
𝑚
∑𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦
∑𝑅𝑌𝑛
𝑖=𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 1 𝑌=𝑅𝑌1 𝑃𝑗−𝑌−𝑖

Where,
𝑩𝑬𝒋−𝒀𝟎,𝒙%

is the established benchmark for product j in the year the year the established benchmark comes
into effect (Y0) for an x% production-weighted average benchmark;

𝑇𝑅𝐸𝑗−𝑌−𝑖

is the total regulated emissions for product j at facility i in year Y;

𝐼𝑃 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑗−𝑌−𝑖

is the IP emissions for product j at facility i in year Y;

𝐼𝑛𝑑𝑖𝑟𝑒𝑐𝑡 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑗−𝑌−𝑖

is the indirect emissions for product j at facility i in year Y;

𝑃𝑗−𝑌−𝑖

is the production associated with product j at facility i in year Y.

All remaining variables in this equation are previously defined.
IP emissions are included at 100% of sector production-weighted average.
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5.5.4 Product Best-in-Class Benchmarks
Best-in-Class benchmarks equal the lowest facility production-weighted emissions intensity in the sector.
For example, if there are seven facilities in a sector with production-weighted average emission intensities,
calculated as per the equation in part 2, section 5.5.3 where IP emissions are equal to zero for all facilities. Then
the best in class facility is derived by listing the facilities in increasing order – 0.2051, 0.3522, 0.4034, 0.4220,
0.5568, 0.5784, 0.5823 tonnes CO2e per unit production. The established benchmark for this product category
would be set at 0.2051 tonnes CO2e per unit production, which is the emissions-intensity of the best performing
facility.
If facilities include IP emissions, then the best in class benchmark is set equal to the emissions-intensity of the
best performing facility (excluding IP emissions) plus the sector production-weighted average IP emissions
intensity:
𝐵𝐸𝑗−𝑌0 ,𝐵𝑒𝑠𝑡−𝑖𝑛−𝐶𝑙𝑎𝑠𝑠
∑𝑅𝑌𝑛
𝑌=𝑅𝑌1(𝑇𝑅𝐸𝑗−𝑌 + 𝐼𝑛𝑑𝑖𝑟𝑒𝑐𝑡 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑗−𝑌 − 𝐼𝑃 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑗−𝑌 )
=[
]
∑𝑅𝑌𝑛
𝑌=𝑅𝑌1 𝑃𝑗−𝑌

𝐵𝑒𝑠𝑡 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦

+

𝑚
𝑅𝑌𝑛
∑𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦
𝑖=𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 1 ∑𝑌=𝑅𝑌1 𝐼𝑃 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑗−𝑌−𝑖
𝑚
∑𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦
∑𝑅𝑌𝑛
𝑖=𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝑖 𝑌=𝑅𝑌1 𝑃𝑗−𝑌−𝑖

Where,
𝑩𝑬𝒋−𝒀𝟎 𝑩𝒆𝒔𝒕−𝒊𝒏−𝑪𝒍𝒂𝒔𝒔

is the established benchmark for product j in the year the established benchmark comes into
effect (Y0) for a best in class benchmark.
All remaining variables in this equation are previously defined.

Refining is an exception to this approach. IP emissions from hydrogen production are included in the CWB
factors, the best-in-class emissions intensity for refining is set equal to the overall emissions-intensity of the best
performing facility.
5.5.5 Product Production-Based Top-Quartile Benchmarks
To establish production-based top-quartile benchmarks, facilities are listed in order from lowest to highest
emissions intensity, along with their annual production. The facility that breaches 25% of cumulative production
becomes the ‘benchmark-setter’, and the benchmark is established at the emissions intensity of that facility.
As an illustrative example, the seven facilities are listed in order of lowest to highest emissions intensity in Table
5 along with their cumulative production. The facility that breaches the 25% mark becomes the benchmark-setter.
In this case, Facility B is the benchmark-setter, and the benchmark is established at 0.3522 tonnes CO2e per unit
of production.
Table 5: Illustrative example of how the production-based top quartile benchmarking approach is applied
across seven facilities.
Facility

Emissions Intensity (tonnes CO2e /
unit of production)

Production
(tonnes)

Cumulative Production
(tonnes)

Cumulative
Production (%)

Facility A
Facility B
Facility C
Facility D
Facility E
Facility F
Facility G

0.2051
0.3522
0.4034
0.4220
0.5568
0.5784
0.5823

27,000
32,000
15,000
40,000
37,000
29,000
21,000

27,000
59,000
74,000
114,000
151,000
180,000
201,000

13
29
37
57
75
90
100
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The illustrative example applies to a product with no IP emissions. If IP emission were to apply, then the topquartile benchmark is established at the emissions intensity of the facility that breaches 25% of cumulative
production (excluding IP emissions) plus the sector production-weighted average IP emissions intensity.
𝐵𝐸𝑗−𝑌0 ,𝑇𝑜𝑝 𝑄𝑢𝑎𝑟𝑡𝑖𝑙𝑒

∑𝑅𝑌𝑛
𝑌=𝑅𝑌1(𝑇𝑅𝐸𝑗−𝑌 + 𝐼𝑛𝑑𝑖𝑟𝑒𝑐𝑡 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑗−𝑌 − 𝐼𝑃 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑗−𝑌 )
=[
]
∑𝑅𝑌𝑛
𝑌=𝑅𝑌1 𝑃𝑗−𝑌
+

𝑇𝑜𝑝 𝑄𝑢𝑎𝑟𝑡𝑖𝑙𝑒

𝑚
∑𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦
∑𝑅𝑌𝑛
𝑖=𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 1 𝑌=𝑅𝑌1 𝐼𝑃 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑗−𝑌−𝑖
𝑚
∑𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦
∑𝑅𝑌𝑛 𝑃
𝑖=𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝑖 𝑌=𝑅𝑌1 𝑗−𝑌−𝑖

Where,
𝑩𝑬𝒋−𝒀𝟎,𝑻𝒐𝒑 𝑸𝒖𝒂𝒓𝒕𝒊𝒍𝒆

is the established benchmark for product j in the year the established benchmark comes into
effect (Y0) for a top quartile benchmark;
All remaining variables in this equation are previously defined.

5.5.6 Significant Figures
All established and assigned benchmarks are rounded to four significant figures.
5.6 Tightening Rate
A tightening rate is an annual reduction of established and assigned benchmarks.
All established and assigned benchmarks will be subject to a 0% tightening rate in 2018 and 2019. A 1% annual
tightening rate will be applied to benchmarks effective January 1, 2020. The tightening rate is applied to all
emissions covered under the benchmark, except for IP emissions, which are not subject to tightening.
For assigned benchmarks the tightening rate will be applied when the benchmark is assigned or prior to 2020. The
linear tightening rate for each assigned benchmark is calculated by:

𝑇𝑖𝑔ℎ𝑡𝑒𝑛𝑖𝑛𝑔𝑅𝑎𝑡𝑒𝐴 = 1% × ( 𝐵𝐴𝑗−𝑌𝐸,𝑥% −

∑𝑅𝑌𝑛
𝑌=𝑅𝑌1 𝐼𝑃 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑗−𝑌
)
∑𝑅𝑌𝑛
𝑌=𝑅𝑌1 𝑃𝑗−𝑌

Where,
is the tightening rate for an assigned benchmark;
𝑻𝒊𝒈𝒉𝒕𝒆𝒏𝒊𝒏𝒈𝑹𝒂𝒕𝒆𝑨
All remaining variables in this equation are previously defined.

The assigned benchmark in any given year n where n is equal to 2020 or later, is equal to:
BAj-Yn = BAj-Yn-1 – TighteningRateA
For established benchmarks, a tightening rate has incorporated in each of the established benchmarks found in the
Table in Schedule 2 of the CCIR. The tightening rate for established benchmarks is calculated by:
𝑇𝑖𝑔ℎ𝑡𝑒𝑛𝑖𝑛𝑔𝑅𝑎𝑡𝑒𝐸 = 1% × ( 𝐵𝐸𝑗−𝑌0 −

𝑛
𝑅𝑌𝑛
∑𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦
𝑖=𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 1 ∑𝑌=𝑅𝑌1 𝐼𝑃 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑗−𝑌−𝑖
𝑛
∑𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦
∑𝑅𝑌𝑛
𝑖=𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝑖 𝑌=𝑅𝑌1 𝑃𝑗−𝑌−𝑖

)

Where,
𝑻𝒊𝒈𝒉𝒕𝒆𝒏𝒊𝒏𝒈𝑹𝒂𝒕𝒆𝑬
𝐵𝐸𝑗−𝑌0
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is the tightening rate for an established benchmark;
is the established benchmark in the year the established benchmark comes into effect (Y 0).
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All remaining variables in this equation are previously defined.

The established benchmark in any given year n where n is equal to 2020 or later, is equal to:
BEj-Yn = BEj-Yn-1 – TighteningRateE
The tightening rates should be rounded to the number of decimal places as the benchmark.
5.7 Phase-in/Transition Allocation Benchmarks
Facility compliance obligations under the CCIR will be phased-in over three years for all sectors except the
electricity sector. To maintain a full marginal price signal, transition allocation benchmarks will be provided to
facilities based on historic performance, generally using the same emissions and production data used to develop
the benchmarks. The transition allocation benchmarks are determined so that facilities’ compliance obligation in
2018 will be reduced by an amount equal to 50% of the expected true-up obligation in the reference years and
facilities’ compliance obligation in 2019 will be reduced by an amount equal to 25% of the expected true-up
obligation in the reference years.



No facility’s expected true-up obligation will be less than the 2016 true-up obligation for that facility
under SGER, in tonnes of CO2e (referred to as the SGER 2016 compliance floor) due to transition
allocation benchmarks.
Where the full expected true-up obligation is less than the facility’s 2016 true-up obligation under SGER,
the facility will receive a transition allocation benchmark equal to zero for each product the facility
produces.

The transition allocation benchmark applies to facilities in both compliance and crediting positions. Each facility
will receive a transition allocation benchmark for each product they produce, as determined by the following rules
and equations:
1. Where a facility’s expected true up obligation is negative, the SGER 2016 compliance floor does not
apply.
a. For any facility, where a BTAk-2018 or BTAk-2019 calculated under this section for a product is a
negative value, it represents a preliminary BTAk-Y. If the OBA calculated under section 36(3) of
the CCIR using any preliminary negative BTAs given to the facility is less than the facility’s
TRE, the director will assign BTAs equal to zero for each product produced by the facility for
that year.
b. The director will confirm the BTAk-Y value for each product of a facility that was assigned a
preliminary negative BTAk-Y by March 31, 2019 and 2020 using the most recent data available.
Additional facility information may be requested by the director to complete this process.
2. Where a facility’s expected true-up obligation is greater than zero but less than COSGER 2016 the transition
allocation benchmark is set to zero for each product the facility produces..
3. The transition allocation benchmark for a product will be calculated using the lesser of TASGER 2016 and
TA2018 in 2018 and the lesser of TASGER 2016 and TA2019 in 2019.
The expected true-up obligation is used to determine the application of the SGER 2016 floor:
1

𝑇𝑂𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 = 𝑛 [∑𝑅𝑌𝑛
𝑌=𝑅𝑌1 (𝑇𝑅𝐸𝑌 − (∑𝑖 (𝐵𝐸𝑖−𝑌𝐸 𝑃𝑖−𝑌 ) + ∑𝑗(𝐵𝐴𝑗−𝑌𝐸 𝑃𝑗−𝑌 ) – ((𝐵𝐸𝐸−𝑌𝐸 𝑥 𝐼𝐸−𝑌 ) +
(𝐵𝐸𝐻𝑦−𝑌𝐸 𝐼𝐻𝑦−𝑌 ) + (𝐵𝐸𝐼𝐻𝑒−𝑌𝐸 𝐼𝐻𝑒−𝑌 ))))]
Where,
n
is the number of reference years being used;
All remaining variables in this equation are previously defined.

In general, the reference years (RY1 to RYn) applied for calculating the transition allocation benchmark will be
the same years as those used to calculate the benchmark. However, in circumstances where a facility began
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commercial operation after 2013, more recent reference years, including any year up to 2019, may be used to
calculate the transition allocation benchmarks.
The transition allocations for 2018 are calculated as:
𝑇𝐴2018 = 0.5 𝑇𝑂𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑
The transition allocations for 2019 are calculated as:
𝑇𝐴2019 = 0.25 𝑇𝑂𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑
𝑇𝐴𝑆𝐺𝐸𝑅2016 = 𝑇𝑂𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 − 𝐶𝑂𝑆𝐺𝐸𝑅2016
Where,
COSGER2016 is the actual 2016 compliance obligation for the given facility under SGER.
The transitional allocation benchmark is calculated as:
𝑇𝐴
𝐵𝑇𝐴𝑘−𝑌 =

𝑃𝑘 𝐵𝑘
∑ 𝑃𝑘 𝐵𝑘

𝑃𝑘

Where,
BTAk-Y
Bk
Pk
𝑇𝐴

is the transition allocation benchmark for the facility for year Y for each product k;
is the assigned or established benchmark that applies to the facility for product k;
is the production for the facility for product k;
is 𝑇𝐴2018 , 𝑇𝐴2019 , 𝑜𝑟 𝑇𝐴𝑆𝐺𝐸𝑅2016 , or zero, whichever is applicable for the facility for year Y
based on the conditions described in this section.

5.8 Application for an Assigned Benchmark
A person responsible for a regulated facility producing a product that does not have an established benchmark
may submit an application for an assigned benchmark, if the director has not already assigned a benchmark for
that product. Except for 2018, assigned benchmark applications are required to be received by the director by June
1 of the year in which the assigned benchmark will be used to determine the facility’s output-based allocation. In
2018, the application must be received by Sept. 1, 2018.
The following procedures are provided for the submission of an assigned benchmark application:
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Complete the assigned benchmark application form which is available on AEP’s website, as amended
from time to time. Information must include at least the following:
a. Emissions and production information as outlined in the form, and in accordance with the
prescribed quantification methodologies, where available. In the case of a new product type or
uncertainty on how to allocate emissions between products, the applicant should contact the
director for further guidance.
b. The person responsible for the facility must follow the procedures in the form to calculate an
assigned benchmark of 100% of production-weighted average for facility products that do not
have an established benchmark. The director may upon review of the application, assign the
appropriate benchmark for the facility taking into account the benchmark assigned to other
facilities producing the same product, and the procedures outlined in part 2, section 5.3.
c. A person responsible for a facility up to the third year of commercial operation can apply for a
benchmark of 100% of production-weighted average emissions if they submit sufficient
emissions performance information, in accordance with part 2, section 5.9.
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The Standard for Completing Compliance and Forecasting Reports provides requirements related to the
QMD and Standard for Validation, Verification and Audit for verification requirements.

The assigned benchmark application must be submitted electronically to AEP.GHG@gov.ab.ca. Electronic copies
of the signed statements are acceptable. An email receipt will be sent to the applicant. The director or department
staff may reach out to the applicant during the review with questions or to request additional information.
Following the completion of the review of the application, the director will notify of the decision to assign a
benchmark and indicate the benchmark that has been assigned.
5.9 Emissions Performance Plan Submission
In an application for an assigned benchmark, a person responsible for a facility in up to its third year of
commercial operation can apply for an assigned benchmark of 100% of production-weighted average emissions if
they submit documentation demonstrating best in class performance or best available technology that is
economically achievable (BATEA). Where the product is new to Alberta, demonstration of best in class
performance or BATEA will need to draw on evidence from other jurisdictions.
In addition to the requirements outlined for an assigned benchmark application in part 1 and in section 5.8 of part
2, documentation supporting best in class performance claims may contain the following information:




Environmental impact assessment or qualified consulting report detailing abatement and emissions
reduction equipment utilized at the facility.
Environmental impact assessment or qualified consulting report detailing expected emissions intensity in
10 subsequent years of operation.
Detailed comparison of facility emissions intensity per unit output with comparable facilities in Canada
(required, where available) and across international jurisdictions (where reliable data are available).

Using the information above, and any other information considered relevant, the person responsible for a facility
should provide justification detailing how the facility employs ‘best-in-class’ emissions performance technology
and expected real-world performance. The director will review the documentation and assign the appropriate
benchmark. The director may request additional information to support this decision.

6.0 Ability to Receive Cost Containment Designation and Revoke Cost
Containment Designation
The cost containment program provides additional relief mechanisms to facilities who are likely to experience
economic hardship attributable to incremental compliance costs under the CCIR. Only facilities regulated under
the CCIR are eligible to receive a cost containment designation.
Facilities may receive a cost containment designation if they can demonstrate that they are likely to experience
economic hardship attributable to incremental compliance costs under CCIR. This economic hardship can be
demonstrated using either of the following two criteria:



Incremental compliance costs as defined in part 2 section 6.1.2 exceed 3% of facility sales for a facility in
a sector whose trade-exposure is designated as high or very high.
Incremental compliance costs as defined in part 2 section 6.1.2 exceed 10% of facility profits for a facility
in a sector whose trade-exposure is designated as high or very high.

In considering whether to issue a cost containment designation in respect of a facility, the Minister may only
consider economic hardship tests that have been incorporated into this standard. Facilities may propose alternative
economic hardship tests that demonstrate economic hardship attributable to incremental compliance costs, other
than the sales and profit tests defined in part 2, sections 6.1.3 and 6.1.4, which may be considered for adoption
into this standard.
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Facilities considering applying for cost containment are strongly encouraged to assess the associated
administrative costs prior to making an application. Applications require additional reporting, validation and
auditing. Facilities that are admitted to the cost containment program will be subject to additional regulatory
reporting obligations, which will require auditing, third party verification, and third party validation. These
additional costs are wholly the responsibility of the facility and will not be considered as part of incremental
compliance costs when assessing eligibility for cost containment relief mechanisms.
The cost containment designation application process is described in part 2, section 6.2 of this standard.
If the Minister revokes the cost containment designation the facility will remain subject to the CCIR.
6.1 Economic Hardship Criteria
In order to be eligible for a cost containment designation, a facility must demonstrate it is likely to experience
economic hardship attributable to incremental compliance costs under the CCIR for at least one compliance year
in the period from 2018 through 2022.

6.1.1 Economic Hardship Attributable to Incremental Compliance Costs
A facility is considered likely to experience economic hardship attributable to incremental compliance costs under
the CCIR when:



The facility belongs to a sector that exhibits is high or very high trade exposure. The trade exposure levels
of sectors regulated under the CCIR are listed in Table 7 of Appendix A, and
The facility’s incremental compliance costs result in failing of the sales or profit tests defined in part 2,
sections 6.1.3 and 6.1.4, respectively, of this standard.

Sectors with low or medium trade exposure are assumed to have very high cost pass through and are therefore are
unlikely to experience economic hardship attributable to incremental compliance costs under the CCIR. For this
reason facilities from these sectors should not proceed to the sales or profits tests in sections 6.1.3 and 6.1.4 of
Part 2.
For all other sectors any cost pass through is expected to be reflected through an increase in the actual sales price
of the product, therefore cost pass through factors are not applied to these facilities. Cost pass through factors are
not included in the sales and profit tests applied under the cost containment program.
The sales and profit tests are used to further measure the economic hardship attributable to the incremental
compliance costs under the CCIR. Sales and profit tests applied here are similar to those described in section
5.4.1, with several key adjustments; the increased cost of intermediate goods are excluded from the sales and
profit tests due to the difficulty of measuring the real increase in supply chain costs, and cost pass through factors
are not applied in the sales and profit tests applied under this program.
6.1.2 Incremental Compliance Costs
For a facility with high or very high trade exposure, the incremental compliance cost is the facility’s estimated net
CCIR compliance cost in a given year minus its estimated net compliance costs if the SGER 2015 emissions
policy was applied in that same given year, as estimated in the Baseline Obligation Form. Incremental compliance
cost is estimated on a post-tax and post-royalty basis as defined by the equation below for single-product
facilities, or facilities producing a single product and who export electricity produced by cogeneration. A facility
producing multiple products should contact the director for further guidance on a suitable method to determine
incremental compliance cost.
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Incremental Compliance Cost CCIR−Y
= [((𝑇𝑟𝑢𝑒𝑈𝑝 𝑂𝑏𝑙𝑖𝑔𝑎𝑡𝑖𝑜𝑛 × 𝐹𝐶 𝑃𝑟𝑖𝑐𝑒)𝐶𝐶𝐼𝑅−𝑌 − (𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑂𝑏𝑙𝑖𝑔𝑎𝑡𝑖𝑜𝑛 × $15)𝑌 )
+ ∆𝑇𝑎𝑥 + ∆𝑅𝑜𝑦𝑎𝑙𝑡𝑦]
Where,
FC PriceCCIR-Y

is the amount of money that a person must contribute to the Climate Change and
Emissions Management Fund (CCEMF) to obtain one fund credit for year Y.
Fund credit prices to be assumed for CCIR from 2018 through 2022 can be found
in Table A5 of Appendix A.

TrueUp ObligationCCIR-Y

is the true-up obligation as defined in the Regulation, for the facility for year Y.

BaselineEmissionsObligationY

is the baseline emissions obligation for the facility for year Y.

ΔTax

= [(𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑂𝑏𝑙𝑖𝑔𝑎𝑡𝑖𝑜𝑛 × $15)𝑌 − (𝑇𝑟𝑢𝑒𝑈𝑝 𝑂𝑏𝑙𝑖𝑔𝑎𝑡𝑖𝑜𝑛 ×
𝐹𝐶 𝑃𝑟𝑖𝑐𝑒)𝐶𝐶𝐼𝑅−𝑌 ] × 27%

ΔRoyalty

is the royalties in respect of the facility reported in accordance with section
6(1)(e)(viii) for year Y, minus the royalties in respect of the facility reported in
accordance with section 6(1)(e)(x) for year Y.

Y

is the year in which the incremental compliance cost is being estimated or
determined.

A facility should contact the director if further guidance is required with respect to the facility accounting of any
of the terms in this equation.
6.1.3 Sales Test
The sales test is the ratio of facility’s incremental compliance costs to its gross sales revenue in a given year. A
facility fails the sales test when its Facility Sales Ratio (FSR) in year Y is greater than or equal to 0.03 according
to the following equation, and it is part of a sector whose trade exposure is high or very high.

FSR 𝑌 =

𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙 𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 𝐶𝑜𝑠𝑡𝐶𝐶𝐼𝑅−𝑌
∑𝑖,𝑗 ∑𝑚(P𝑆𝑜𝑙𝑑 x Sales Price)𝑖,𝑗−𝑌,𝑚

Where,
FSRY

is the sales ratio for the facility for year Y.

i

is each product of the facility that has an established benchmark.

j

is each product of the facility that has an assigned benchmark.

mi,j

is each sale in year Y of each product i or j produced by the facility.

PSold,i,j-Y,m

is the amount of product i or j sold by the facility in year Y at a given sales price
(benchmark unit).

Sales Pricei,j-Y,n

is the price for which product i or j is sold in each transaction in year Y ($ per benchmark
unit).
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A facility should contact the director if further guidance is required with respect to the facility accounting of
production sold or sales price transactions.

6.1.4 Profit Test
The profit test is the ratio of facility’s incremental compliance costs to an estimate of its earnings before interest,
taxes, and amortization (EBITA) in a given year. A facility fails the profit test when its Facility Profit Ratio (FPR)
in year Y is greater than or equal to 10% of its EBITA according to the following equation, and it is part of a
sector whose trade exposure is high or very high:

FPR 𝑌 =

𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙 𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 𝐶𝑜𝑠𝑡𝐶𝐶𝐼𝑅−𝑌
∑𝑖,𝑗 ∑𝑚(P𝑆𝑜𝑙𝑑 × Sales Price × PM)𝑖,𝑗−𝑌,𝑚

FPRY

is the facility profit ratio (FPR) for year Y;

PM,j-Y,m

is a facility’s profit margin for product i or j sold in year Y. The estimates are developed using
revenue minus expenses before interest, taxes, and amortization adjustments (EBITA), expressed
as a ratio between 0 and 1. Profit margins (PMs) to be used in the calculation are included in
Table A6 of Appendix A. Where the PM value in Appendix A is based on four digit NAICS
industry group, the department may instead use a PM value based on the six digit NAICS sector
data, if the facility can demonstrate through an independent, third-party verified submission to the
director that the four digit NAICS code PM value is not representative of the sector’s
profitability.

A facility should contact the director if further guidance is required with respect to the facility accounting of
production sold, sales price transactions, or profit margins.

6.1.5 Weighted-Mean Sales Price
Facilities must include the weighted-mean sales price (WMSP) assumed in the forecast for each product sold from
the facility in each year in its cost containment application, and must also report the actual WMSP for each sold
product from the facility in its annual emissions reduction plan report. The WMSP shall be determined as follows:

𝑊𝑀𝑆𝑃 𝑖,𝑗−𝑌 =

∑𝑚(𝑃𝑠𝑜𝑙𝑑 × 𝑆𝑎𝑙𝑒𝑠 𝑃𝑟𝑖𝑐𝑒)𝑖,𝑗−𝑌
∑𝑚(𝑃𝑠𝑜𝑙𝑑 )𝑖,𝑗−𝑌

Where,
WMSPi or j-Y

is the weighted-mean sales price (WMSP) for each product i or j sold by a facility in year Y ($
per benchmark unit).

6.1.6 Alternative Economic Hardship Tests
Facilities may propose alternative economic hardship tests that demonstrate economic hardship attributable to
incremental compliance costs, other than the sales and profit tests defined in part 2, sections 6.1.3 and 6.1.4,
respectively, which may be considered for adoption into this standard. Alternative economic hardship tests may
consist of variations of the existing sales and profit tests, or may consistent of new economic hardship test
methodologies. Alternative economic hardship tests may be conducted at either the sector or facility level, so long
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as the test can be equitably applied across all sectors or facilities within a sector. In considering whether to issue a
cost containment designation in respect of a facility, the Minister may only consider economic hardship tests that
have been incorporated into this standard.

6.1.7 Significant Figures
All sales and profit test results are rounded to two significant figures.
6.2 Application for Cost Containment Designation
The person responsible for a facility should provide notice of intent to the director 6 to 8 weeks prior to applying
for a containment designation under section 34.2 of the CCIR. Refer to the Standard for Validation, Verification
and Audit for information on the recommended audit process.
An application for cost containment designation must be completed using the Cost Containment Designation
Application Form provided on the Alberta Environment and Parks (AEP) website.
The Baseline Obligation form calculates the emissions obligation that the facility would have experienced if it
were under the regime outlined in the Specified Gas Emitters Regulation in 2015 for a given year. Specifically:






Emissions intensity targets are based on a reduction below facility historic average emissions intensity.
New facilities have an emissions intensity target of 2% below baseline levels in their fourth year of
commercial operation increasing by 2% per year to a maximum of 12%. Existing facilities receive an
emissions intensity target of 12% below baseline levels.
Total Annual Emissions as calculated under the Specified Gas Emitters Regulation are used rather than
Total Regulated Emissions. For example, under this regulation industrial process emissions are excluded
from the calculations.
Cogeneration emissions are incorporated in a manner that differed from the CCIR. Indirect emissions for
electricity, heat and hydrogen are not included in the emissions calculations.

In the Baseline Obligation form, the baseline emissions intensity for a facility is the Baseline emissions intensity
assigned under SGER for 2017. For a facility that did not have a baseline emissions intensity assigned for 2017,
the baseline emissions intensity is estimated using the baselines years as described under section 4.3 of this
standard.
The Statement of Certification included in the application must be signed by a certifying official who has the
authority to bind the company. An electronic copy of the signed statement is acceptable.
The person responsible for the facility must submit the Cost Containment Designation Application Form
electronically to ACCO.CCP@gov.ab.ca. Separate email submissions are required for each facility seeking to
receive a cost containment designation. An email confirming receipt of the application will be sent to the
applicant.
A request to revoke a cost containment designation must be signed by a certifying official who has the authority
to bind the person responsible. An electronic copy of the signed statement is acceptable.
6.3 Cost Containment Relief Mechanisms
Facilities who receive a cost containment designation may be eligible for the following relief mechanisms:
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The first form of relief provided will be removing the credit usage limit for the facility.
Next, if increased credit usage is insufficient to relieve economic hardship attributable to incremental
compliance costs, priority will be given to providing relief through Industrial Energy Efficiency (IEE)
and other program grants if applicable.
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Finally, the director may assign a compliance cost containment allocation benchmark for a product of
the facility.

A facility should indicate its desired cost containment relief mechanism(s) in its cost containment designation
application.
The total value of cost containment relief received by a cost containment designated facility will be limited to
100% of the facility’s maximum compliance obligation in a given compliance year (i.e. its true-up obligation
multiplied by the fund price for the year), except for cost containment designated facilities receiving IEE grant
funding. IEE grant funding will be dispersed such that the sum of compliance flexibility value, plus the value of
all benefits received from the Government of Alberta which originate from the Climate Change Emissions
Management Fund (CCEMF) or carbon levy (including IEE grant funding, but excluding funding provided for
adaptation projects at the facility) will not exceed 100% of the facility’s cumulative total maximum compliance
obligation through the end of 2022 for years in which it is designated as a cost containment facility. This
mechanism for disbursing IEE grant funds will allow for faster deployment of grant funding to emissions
reductions projects at the cost containment facility, which in many instances will reduce the duration of time that
a facility will require cost containment relief. Further details regarding IEE Cost Containment Grants will be
available the on AEP website.

6.3.1 Compliance Flexibility
A facility which is issued a cost containment designation by the Minister for the purposes of section 34.6 of the
Regulation will receive full compliance flexibility pursuant to section 34.6(1). This allows a facility to use
emissions offsets (EOs) and emissions performance credits (EPCs) of any non-expired vintage for 100% of its
true-up obligation.
6.3.1.1. Compliance Flexibility Valuation
Compliance flexibility must be valued in order to ensure that a cost containment designated facility does not
receive cost relief benefits exceeding the maximum value of its true-up obligations.
The valuation of the compliance flexibility benefit received by a cost containment designated facility in a given
year is determined as follows:
CFVY = [TrueUp Obligation × (FC Price × 0.15) × (1 − CUL)] CCIR−Y
Where,
CFVY

is the compliance flexibility valuation (CFV) assessed for additional compliance
flexibility granted to a facility with a cost containment designation ($ in year Y);

CULY

is the facility’s credit usage limit (CUL), which represents the ratio of the
combined maximum of emission offsets and emission performance credits to the
true-up obligation of the facility for year Y if it were subject to section 19(5) and
19(6) of the Regulation.

And where FC Price and TrueUp ObligationCCIR-Y have the same definition as in section 6.1.2 of Part 2 of this
standard.
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Note: A proxy value of 0.15 x FC PriceY is applied in the above equation to represent the market discount of
EPCs and EOs relative to the fund price. The director may consider alternative methods and values for
compliance flexibility valuation where it can be demonstrated that the value a facility derives from compliance
flexibility is significantly different than what is obtained using the default values in the equation above.
The compliance flexibility valuation for a cost containment facility is rounded to the nearest dollar.
6.3.2 Compliance Cost Containment Allocation Benchmarks (BCCAs)
6.3.2.1. Compliance Cost Containment Eligibility Facility Sales and Profit Ratios
A facility may be eligible for a compliance cost containment allocation benchmark, expressed as a formula, if
either the BCCA Eligibility FSR or the BCCA Eligibility FPR in year Y is expected to be greater than or equal to
0.03 or 0.1, respectively. The actual true-up obligation will be calculated at end of each year based on then
historic data.

BCCA Eligiblity FSR Y =

[Incremental Compliance Cost Y − CFVY − GOAFunding Y ]
∑i,j ∑m(PSold × Sales Price)i,j−Y,m

BCCA Eligiblity FPR Y =

[ Incremental Compliance Cost Y − CFVY − GOAFunding Y ]
∑i,j ∑m(PSold × Sales Price × PM)i,j−Y,m

Where,
BCCA Eligibility FSRY

is the facility sales ratio for year Y used to determine eligibility for a compliance
cost containment allocation benchmark. The BCCA Eligibility FSR is the
original facility sales ratio from part 6.1.3. of this standard modified to include
the value of compliance flexibility and total funding received by the facility in
year Y from the Government of Alberta or one its agencies, where the funds
originate from the CCEMF or the carbon levy, except for funds dedicated to
climate change adaptation efforts at the facility;

BCCA Eligibility FPRY

is the profit ratio for the facility for year Y used to determine eligibility for a
compliance cost containment allocation benchmark, which is the original sales
ratio test from part 6.1.4 of this standard modified to include the value of
compliance flexibility and total funding received by the facility in year Y from
the Government of Alberta or one its agencies, where the funds originate from
the CCEMF or the carbon levy, except for funds dedicated to climate change
adaptation efforts at the facility;

GOAFundingY

is the total funding received by the facility in year Y from the Government of
Alberta or one its agencies where the funds originate from the CCEMF or the
carbon levy (except for funds dedicated to adaptation efforts at the facility), plus
total carryover from previous years where this funding was in excess of the
amount required to bring the facility sales ratio and profit ratio down to 0.03 and
0.10, respectively, when the facility had a cost containment designation.

Where, Incremental Compliance CostY has the same meaning as in section 6.1.2; Psold and Sales Price have the
same meaning as in section 6.1.3; PM has the same meaning as in section 6.1.4; and CFVY has the same meaning
as in section 6.3.1.1.
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All compliance cost containment eligibility facility sales and profit ratio results are rounded to two significant
figures.
6.3.2.2. Determination of Compliance Cost Containment Benchmark Allocations (BCCAs)
Compliance cost containment allocation benchmarks will be determined according to the following rules and
equations:
1. The compliance cost containment benchmark allocation for a product (BCCA) will be calculated so that
the facility will no longer exceed the sales or profit thresholds, net of the cost containment benefits
received via compliance flexibility and any benefits received which originate from the CCEMF or the
carbon levy, excluding those funds used for adaptation.
2. The BCCA value will be rounded to the nearest fourth significant figure at which the facility sales or
profit test ratios no longer exceed either 0.03 or 0.1, respectively) subject to the condition that the BCCA
not result in the facility earning any EPCs.
3. For any facility, where a BCCAl-Y calculated under this section for a product is zero or a negative value,
then the director will not assign a BCCA to the facility for that year.
The director will assess a facility’s cost containment designation application, and in subsequent years will assess
its emission reduction plan reports, in order to determine whether the facility may be eligible for a BCCA in the
upcoming compliance year. If the facility is determined by the director as likely to be eligible for a BCCA for the
upcoming year, the director will issue a letter to the facility requesting that it determine the BCCA value for its
applicable product(s) in accordance with this standard. The facility will then include its BCCA value(s) as part of
its OBA calculation in its annual CCIR compliance report.
Compliance cost containment allocation benchmarks will be determined according to the following equation:

𝐵𝐶𝐶𝐴𝑙−𝑌(𝑛+1) = 𝐵𝐶𝐶𝐴𝑙−𝑌(𝑛) +

1
𝑃𝑙−𝑌 × 𝐹𝐶 𝑃𝑟𝑖𝑐𝑒𝐶𝐶𝐼𝑅−𝑌

×

𝑆𝑎𝑙𝑒𝑠 𝑃𝑟𝑖𝑐𝑒𝑙−𝑌 × 𝑃𝑙−𝑌
× 𝐶𝑛
∑𝑖,𝑗 𝑆𝑎𝑙𝑒𝑠 𝑃𝑟𝑖𝑐𝑒 × 𝑃𝑖,𝑗−𝑌

The value of BCAAl-Y can then be solved iteratively, using the following equations, where the incremental
compliance cost, and C are updated at each iteration. Start by calculating incremental compliance costs with the
cost containment benchmark set to zero and iterating (index n) until the cost containment benchmark converges to
the fourth significant figure:
𝐵𝐶𝐶𝐴𝑙−𝑌(0) = 0

A𝑛 ($) = 𝐴𝑐𝑡𝑢𝑎𝑙 𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙 𝐶𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 𝐶𝑜𝑠𝑡𝑌𝑛 − 𝐶𝐹𝑉𝑌 − GOAFunding 𝑌 − 0.03 × ∑ ∑(PSold × Sales Price)i,j−Y,m
i,j

m

𝐁𝒏 ($) = 𝑨𝒄𝒕𝒖𝒂𝒍 𝑰𝒏𝒄𝒓𝒆𝒎𝒆𝒏𝒕𝒂𝒍 𝑪𝒐𝒎𝒑𝒍𝒊𝒂𝒏𝒄𝒆 𝑪𝒐𝒔𝒕𝒀𝒏 − 𝑪𝑭𝑽𝒀 − 𝐆𝐎𝐀𝐅𝐮𝐧𝐝𝐢𝐧𝐠 𝒀 − 𝟎. 𝟏 × ∑ ∑(𝑷𝐒𝐨𝐥𝐝 × 𝐒𝐚𝐥𝐞𝐬 𝐏𝐫𝐢𝐜𝐞 × 𝐏𝐌)𝐢,𝐣−𝐘,𝐦
𝐢,𝐣

𝐦

𝐶𝑛 ($) = 𝑀𝐴𝑋𝐼𝑀𝑈𝑀(𝐴𝑛 , 𝐵𝑛 )
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Where,
Actual Incremental Compliance CostYn

is the nth iterative estimate of incremental compliance cost for
the facility in year Y determined using the equation in part 2,
section 6.1.2 of this standard using actual third-party verified
facility emissions and production data submitted as part the
facility’s annual emission reduction plan and compliance report.
Because royalty and tax effects are both included in incremental
compliance costs and a function of incremental compliance
costs, cost containment allocations need to be solved iteratively.

Pl-Y

is the production for each product l for the facility during year Y.

And where, Pi,j has the meaning of Pi and Pj as in section 5(1) of the Regulation Psold and Sales Price have the
same meaning as in section 6.1.3; PM has the same meaning as in section 6.1.4; CFVY has the same meaning as in
section 6.3.1.1; and GOAFundingY has the same meaning as in section 6.3.2.1.
BCCA values determined using the equations above must also satisfy the following conditions to ensure that the
compliance cost containment allocation benchmark will not result in the facility generating EPCs:
1. If the director has not assigned a transition allocation benchmark for any product of the facility for the
compliance year, then the total BCCA value(s) for the facility must be limited such that the product of the
BCCA value(s) and the total production of the product(s) to which BCCAs are assigned at the facility for
the year cannot exceed the facility’s true-up obligation for the year as defined by the following
relationship:

∑(𝐵𝐶𝐶𝐴𝑙−𝑌 𝑥 𝑃𝑙 )
𝑙

≤ 𝑇𝑅𝐸 − ∑(𝐵𝐸𝑖−𝑌 𝑥 𝑃𝑖 ) − ∑(𝐵𝐴 𝑗−𝑌 𝑥 𝑃𝑗 )
𝑖

𝑗

+ ((𝐵𝐸𝐸−𝑌 𝑥 𝐼𝐸 ) + (𝐵𝐸𝐻𝑦−𝑌 𝑥 𝐼𝐻𝑌 ) + (𝐵𝐸𝐼𝐻𝑒−𝑌 𝑥 𝐼𝐻𝑒 ))

Where each term that is given a meaning in Section 5(1) or 34.6(5) of the Regulation has that same meaning.
2. If the director has assigned a transition allocation benchmark for any product of the facility for the
compliance year, then the total BCCA value(s) for the facility must be limited such that the product of the
BCCA value(s) and the total production of the product(s) to which BCCAs are assigned at the facility for
the year cannot exceed the facility’s true-up obligation for the year as defined by the following
relationship:
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∑(𝐵𝐶𝐶𝐴𝑙−𝑌 𝑥 𝑃𝑙 )
𝑙

≤ 𝑇𝑅𝐸 − ∑(𝐵𝐸𝑖−𝑌 𝑥 𝑃𝑖 ) − ∑(𝐵𝐴 𝑗−𝑌 𝑥 𝑃𝑗 )
𝑖

𝑗

+ ((𝐵𝐸𝐸−𝑌 𝑥 𝐼𝐸 ) + (𝐵𝐸𝐻𝑦−𝑌 𝑥 𝐼𝐻𝑌 ) + (𝐵𝐸𝐼𝐻𝑒−𝑌 𝑥 𝐼𝐻𝑒 )) − ∑(𝐵𝑇𝐴 𝑘−𝑌 𝑥 𝑃𝑘 )
𝑘

Where each term is given a meaning in Section 5(1) or 34.6(6), and 36(3) of the Regulation has that same
meaning.
The compliance cost containment allocation benchmark value is rounded up to the next fourth significant figure to
ensure that the facility BCCA sales and profit ratios are less than the respective thresholds of 0.03 or 0.1.
6.4 Emissions Reduction Plan
6.4.1 Emissions Reduction Plan
The forecast included as part of the emission reduction plan should include two different scenarios:
1. A baseline for the emissions reduction plan where the certified forecast is based on continuation of
facility operation under projected continued emissions intensity performance without implementation of
the emissions reduction plan.
2. Emission reduction plan project(s) where the certified forecast is based on implementation of the
emissions reduction plan. If an applicant intends to use Government of Alberta grant funding as part of its
emissions reduction plan project(s), then this facility should assume that it will receive grant funding from
the Government of Alberta for these projects in accordance with applicable grant program funding
criteria. The emissions reduction plan should also state the impact on the plan if the application for this
funding is not approved. The emission reduction plan project(s) may need to be updated as part of the
annual emissions reduction plan report per Section 34.4(3) of the Regulation in order to reflect any
changes based on actual grant funding amounts and terms and conditions of the grants.
In the case that the emissions reduction plan extends beyond the years for which the person responsible for the
facility is seeking a cost containment designation, the plan must demonstrate that the person responsible will
implement all known emissions abatement opportunities that have marginal abatement costs less than or equal to
the cost of a fund credit in respect of the facility in each year.
A facility should contact the director if further guidance is required with respect to the contents of the emissions
reduction plan.

6.4.2 Annual Emissions Reduction Plan Report
Please refer to the Standard for Completing Greenhouse Gas Compliance and Forecasting Reports for further
information regarding the Annual Emissions Reduction Plan Report.
6/4/2018

X
Justin Wheler
Executive Director Regulatory and Compliance
Signed by: Justin.Wheler
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APPENDIX A
Table A1: Fuel prices applied to CANSIM Table 381 003311, 2013 to convert value of fuel used to
emissions.11, 12
Fuel

Price 2013

Units

Source

Diesel

1.1725

$ per Litre

Gasoline

1.1095

$ per Litre

Propane

0.7727

$ per Litre

CANSIM table 326-0009 (Diesel fuel
at self-service filling stations, Average
of Calgary and Edmonton) 13
CANSIM table 326-0009 (Regular
unleaded gasoline at self-service
filling stations, Average of Calgary
and Edmonton)14
From Natural Resource Canada
Website15

Natural Gas Industrial
Natural Gas Commercial
Natural Gas Residential
Weighted average price of
Natural Gas

3.02
4.04
5.785
3.4334

$ per GJ
$ per GJ
$ per GJ
$ per GJ

Light Fuel Oil Industrial
Light Fuel Oil Commercial
Light Fuel Oil Residential
Heavy Fuel Oil Industrial
Heavy Fuel Oil Commercial
Heavy Fuel Oil Residential

15.85
28.51
28.51
7.925
14.255
14.255

$ per GJ
$ per GJ
$ per GJ
$ per GJ
$ per GJ
$ per GJ

Jet Fuel

1.14

$ per Litre

11

From National Energy Board End-use
Prices adjusted for inflation at 1.5%16
Calculated using consumption weight
of natural gas use by industrial,
commercial, and residential users.
National Energy Board End-use Prices
adjusted for inflation at 1.5%17
There is no publicly available price of
heavy fuel oil at the provincial level.
The historical ratio of heavy fuel oil
price to the light oil price is used to
calculate the heavy fuel oil price. This
ratio is around 0.5.
This price is not publicly available. It
is assumed the jet fuel price is the
average of gasoline and diesel price
based on the historical trends.

Statistics Canada Supply and Use (CANSIM 381-0033): http://www5.statcan.gc.ca/cansim/a26?lang=eng&id=3810033

Emissions from Coal: Since the price for coal is not available, the emissions from the electricity sector is used to estimate the emissions
from coal. The total emissions of electricity generation are extracted from the National Inventory Report and emissions from other fuel types
used in the electricity sector are subtracted from this number to derive the emissions from coal. This number is then used as a proxy for coal
emissions per dollar consumption of coal in all other sectors.
12

13http://www5.statcan.gc.ca/cansim/a26?lang=eng&retrLang=eng&id=3260009&&pattern=&stByVal=1&p1=1&p2=37&tabMode=dataTable&cs

id

14http://www5.statcan.gc.ca/cansim/a26?lang=eng&retrLang=eng&id=3260009&&pattern=&stByVal=1&p1=1&p2=37&tabMode=dataTable&cs

id

15http://www2.nrcan.gc.ca/eneene/sources/pripri/prices_bycity_e.cfm?productID=6&locationID=8&locationID=10&locationID=100&locationID=

11&locationID=74&locationID=9&frequency=M&priceYear=2013&Redisplay

16

https://www.neb-one.gc.ca/nrg/ntgrtd/ftr/2013/ppndcs/pxnds-eng.html National Energy Board and Stats Canada
17
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Table A2: Emissions factors applied to fuel use calculated based on Table A118:
Type of Fuel

Emission Factor

Unit

Diesel
Light Fuel Oil
Gasoline
Natural Gas
Heavy Fuel Oil
Jet Fuel
Propane

0.0028
0.0027
0.0024
0.0020
0.0031
0.0025
0.0015

tonnes per Litre
tonnes per Litre
tonnes per Litre
tonnes per Cubic Metre
tonnes per Litre
tonnes per Litre
tonnes per Litre

Table A3: Conversion Factors applied
Type of Fuel

Conversion Factor

Conversion Units

Natural Gas
Light Fuel Oil
Heavy Fuel Oil

26.81
27.03
23.96

GJ to Cubic Metre
GJ to Litre
GJ to Litre

Table A4: Sectors evaluated based on NAICS Codes (based on 2013 data) 19 20
NAICS

Name

111400

Greenhouse, nursery and floriculture production

111A00

Crop production (except greenhouse, nursery and floriculture production)

112500

Aquaculture

112A00

Animal production (except aquaculture)

113000

Forestry and logging

114000

Fishing, hunting and trapping

115300

Support activities for forestry

115A00

Support activities for crop and animal production

211113

Conventional oil and gas extraction

211114

Non-conventional oil extraction

212100

Coal mining

212210
212220

Iron ore mining
Gold and silver ore mining

212230

Copper, nickel, lead and zinc ore mining

212290

Other metal ore mining

212310

Stone mining and quarrying

212320

Sand, gravel, clay, and ceramic and refractory minerals mining and quarrying

212392

Diamond mining

18

19

Emission Factors from the Annex 6 of National Inventory Report (1990-2013):
http://www.publications.gc.ca/site/eng/9.506002/publication.html

NAICS codes were evaluated in the groupings for which data available from Statistics Canada. In some cases, the codes represent multiple
NAICS codes. The subsectors included or excluded for each grouping are described in the description for each sector.
20
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212396

Potash mining

21239A

Other non-metallic mineral mining and quarrying (except diamond and potash)

21311A

Support activities for oil and gas extraction

21311B

Support activities for mining

221100

Electric power generation, transmission and distribution

221200

Natural gas distribution

221300

Water, sewage and other systems

236100

Residential building construction

236200

Non-residential building construction

23C100

Transportation engineering construction

23C200

Oil and gas engineering construction

23C300

Electric power engineering construction

23C400

Communication engineering construction

23C500

Other engineering construction

23D000

Repair construction

23E000

Other activities of the construction industry

311100

Animal food manufacturing

311200

Grain and oilseed milling

311300

Sugar and confectionery product manufacturing

311400

Fruit and vegetable preserving and specialty food manufacturing

311500

Dairy product manufacturing

311600

Meat product manufacturing

311700

Seafood product preparation and packaging

311800

Bakeries and tortilla manufacturing

311900

Other food manufacturing

312110

Soft drink and ice manufacturing

312120

Breweries

3121A0

Wineries and distilleries

312200

Tobacco manufacturing

31A000

Textile and textile product mills

31B000

Clothing and leather and allied product manufacturing

321100

Sawmills and wood preservation

321200

Veneer, plywood and engineered wood product manufacturing

321900

Other wood product manufacturing

322100

Pulp, paper and paperboard mills

322200

Converted paper product manufacturing

323000

Printing and related support activities

324110

Petroleum refineries

3241A0

Petroleum and coal product manufacturing (except petroleum refineries)

325100

Basic chemical manufacturing

325200

Resin, synthetic rubber, and artificial and synthetic fibres and filaments manufacturing

325300

Pesticide, fertilizer and other agricultural chemical manufacturing

325400

Pharmaceutical and medicine manufacturing

325500

Paint, coating and adhesive manufacturing

325600

Soap, cleaning compound and toilet preparation manufacturing
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325900

Other chemical product manufacturing

326100

Plastic product manufacturing

326200

Rubber product manufacturing

327300

Cement and concrete product manufacturing

327A00

Non-metallic mineral product manufacturing (except cement and concrete products)

327410

Lime manufacturing

331100

Iron and steel mills and ferro-alloy manufacturing

331200

Steel product manufacturing from purchased steel

331300

Alumina and aluminum production and processing

331400

Non-ferrous metal (except aluminum) production and processing

331500

Foundries

332100

Forging and stamping

332300

Architectural and structural metals manufacturing

332400

Boiler, tank and shipping container manufacturing

332500

Hardware manufacturing

332600

Spring and wire product manufacturing

332700

Machine shops, turned product, and screw, nut and bolt manufacturing

332800

Coating, engraving, heat treating and allied activities

332A00

Cutlery, hand tools and other fabricated metal product manufacturing

333100

Agricultural, construction and mining machinery manufacturing

333200

Industrial machinery manufacturing

333300

Commercial and service industry machinery manufacturing

333400

Ventilation, heating, air-conditioning and commercial refrigeration equipment manufacturing

333500

Metalworking machinery manufacturing

333600

Engine, turbine and power transmission equipment manufacturing

333900

Other general-purpose machinery manufacturing

334100

Computer and peripheral equipment manufacturing

334200

Communications equipment manufacturing

334400

Semiconductor and other electronic component manufacturing

334A00

Other electronic product manufacturing

335100

Electric lighting equipment manufacturing

335200

Household appliance manufacturing

335300

Electrical equipment manufacturing

335900

Other electrical equipment and component manufacturing

336110

Automobile and light-duty motor vehicle manufacturing

336120

Heavy-duty truck manufacturing

336200

Motor vehicle body and trailer manufacturing

336310

Motor vehicle gasoline engine and engine parts manufacturing

336320

Motor vehicle electrical and electronic equipment manufacturing

336330

Motor vehicle steering and suspension components (except spring) manufacturing

336340

Motor vehicle brake system manufacturing

336350

Motor vehicle transmission and power train parts manufacturing

336360

Motor vehicle seating and interior trim manufacturing

336370

Motor vehicle metal stamping

336390

Other motor vehicle parts manufacturing
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336400

Aerospace product and parts manufacturing

336500

Railroad rolling stock manufacturing

336600

Ship and boat building

336900

Other transportation equipment manufacturing

337100

Household and institutional furniture and kitchen cabinet manufacturing

337200

Office furniture (including fixtures) manufacturing

337900

Other furniture-related product manufacturing

339100

Medical equipment and supplies manufacturing

339900

Other miscellaneous manufacturing

481000

Air transportation

482000

Rail transportation

484000

Truck transportation

486200

Pipeline transportation of natural gas

Table A5: Climate Change Emissions Management Fund (CCEMF) Credit Price Assumptions
Year

CCEMF Credit Price
($ per Tonne CO2eq)

2015

$15

2016

$20

2017

$30

2018
2019
2020
2021
2022

$30
$30
$30
$40
$50

Table A6: Profit Margin Ratios for Industry Groups or Sectors21
NAICS

Industry Group or Sector

Profit
Margin
Ratio

3251

Basic Chemical
Manufacturing

23.6%

3241

Petroleum and coal product
manufacturing

12.5%

2121

Coal Mining

11.1%

211110

Oil and Gas Extraction (except
oil sands)

21.3%

2211

Electric power generation,
transmission, and distribution

25.0%

3253

Pesticide, Fertilizer and other
agricultural chemical
manufacturing

13.6%

21
Profit Margins are developed based on Statistics Canada data amongst other sources. NAICS codes were evaluated in the groupings for
which data available from Statistics Canada. In some cases, the codes represent multiple NAICS codes. The subsectors included or excluded
for each grouping are described in the description for each sector.
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3116

Meat product manufacturing

3.2%

3273

Cement and concrete product
manufacturing

10.1%

3274

Lime and gypsum product
manufacturing

13.1%

211114

Oil sands extraction

27.8%

3221

Pulp, paper and paperboard
mills

5.0%

4862

Pipeline transportation of
natural gas

6.2%

3314

Non-ferrous metal (except
aluminium) production and
processing

0.9%

5622

Waste treatment and disposal

2.0%

Table A7: Trade Exposure by Sector22:
Trade
Exposure

NAICS

Name

331400

Non-ferrous metal (except aluminum) production and processing

Very High

327410

Lime manufacturing

Very High

325300

Pesticide, fertilizer and other agricultural chemical manufacturing

Very High

211113

Conventional oil and gas extraction

Very High

211114

Non-conventional oil and gas extraction

212100

Coal mining

Very High

322100

Pulp, paper and paperboard mills

Very High

486210

Pipeline transportation of natural gas

Very High

327A00

Other non-metallic mineral product manufacturing except Lime and Cement
and Concrete Product Manufacturers

Very High

311600

Meat Product Manufacturing

Very High

325100

Basic chemical manufacturing

High

324100

Petroleum and Coal Product Manufacturing

High

327300

Cement and concrete product manufacturing

High

562000

Waste management and remediation services

Medium

221100

Electric power generation, transmission and distribution

Very High

Low

22

This table includes sectors currently regulated under the CCIR, and may be added to from time to time as new
sectors become regulated under the CCIR.
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Page 51 of 51

TAB 11

0259
Million Metres³
Year

Million Barrels

Total

Total
Total Synthetic
Crude Oil

Total NonUpgraded Bitumen

Total Synthetic
Crude Oil
Mining

Thermal In Situ

Primary and
Conventional

Total NonUpgraded Bitumen
Mining

Thermal In Situ

Primary and
Conventional

1995

8.69

0.00

8.69

0.00

7.04

1.65

54.68

0.00

54.68

0.00

44.31

10.37

1996

9.64

0.00

9.64

0.00

6.91

2.73

60.64

0.00

60.64

0.00

43.47

17.17

1997

13.88

0.00

13.88

0.00

8.99

4.89

87.33

0.00

87.33

0.00

56.59

30.74

1998

16.67

0.00

16.67

0.00

10.87

5.80

104.90

0.00

104.90

0.00

68.39

36.51

1999

15.36

0.00

15.36

0.00

10.40

4.97

96.69

0.00

96.69

0.00

65.44

31.25

2000

16.74

0.00

16.74

0.00

9.76

6.98

105.35

0.00

105.35

0.00

61.45

43.91

2001

17.48

0.00

17.48

0.00

10.63

6.85

110.00

0.00

110.00

0.00

66.88

43.12

2002

17.56

0.00

17.56

0.00

10.79

6.77

110.51

0.00

110.51

0.00

67.90

42.61

2003

20.24

0.00

20.24

0.00

13.85

6.40

127.39

0.00

127.39

0.00

87.14

40.25

2004

22.46

0.00

22.46

0.00

15.86

6.60

141.34

0.00

141.34

0.00

99.82

41.52

2005

25.44

0.00

25.44

0.00

18.49

6.94

160.07

0.00

160.07

0.00

116.38

43.69

2006

28.65

0.00

28.65

0.00

21.51

7.13

180.28

0.00

180.28

0.00

135.38

44.89

2007

31.10

0.00

31.10

0.00

22.92

8.18

195.70

0.00

195.70

0.00

144.22

51.48

2008

113.85

38.00

75.85

41.91

25.66

8.29

716.45

239.16

477.29

263.71

161.45

52.14

2009

130.79

44.40

86.39

47.87

29.59

8.93

823.07

279.44

543.63

301.25

186.21

56.18

2010

139.70

46.11

93.59

49.73

35.54

8.33

879.16

290.17

588.99

312.94

223.62

52.42

2011

150.61

49.37

101.24

51.79

40.14

9.30

947.75

310.67

637.08

325.93

252.61

58.54

2012

164.48

52.46

112.02

54.10

47.07

10.85

1,035.08

330.15

704.93

340.44

296.19

68.30

2013

175.27

54.31

120.96

56.64

52.23

12.10

1,102.96

341.75

761.21

356.43

328.66

76.12

2014

189.04

55.36

133.67

60.21

61.07

12.39

1,189.60

348.40

841.20

378.93

384.31

77.96

2015

203.38

56.63

146.75

67.40

68.49

10.86

1,279.87

356.39

923.48

424.13

431.00

68.34

2016

201.71

54.07

147.63

66.73

72.01

8.90

1,269.33

340.27

929.06

419.91

453.13

56.01

2017

133.93

59.78

74.15

74.15

0.00

0.00

842.84

376.21

466.62

466.62

0.00

0.00

2018

11.70

5.30

6.41

6.41

0.00

0.00

73.65

33.33

40.32

40.32

0.00

0.00

The production totals for Syncrude Aurora North, Canadian Natural Upgrading Limited Jackpine Mine are prior to the froth treatment.
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Capping oil sands emissions
Transitioning to an output-based allocation approach and a legislated limit to oil sands emissions under the Climate Leadership Plan.

We're consulting on the Oil Sands Advisory Group's recommendations for implementing a 100 megatonne limit on
emissions in the oil sands.
Provide input on the oil sands emissions limit

Alberta today
The oil sands sector accounts for roughly one-quarter of Alberta’s annual emissions. Oil sands facilities are currently charged a
Specified Gas Emitter Regulation (SGER) levy based on each individual facility’s historical emissions, irrespective of how intense (e.g.
tonnes of GHG per barrel produced) or efficient that operation has been. Oil sands operations currently emit roughly 70 Megatonnes
(Mt) per year. There is currently no limit on oil sands emissions, either by facility or industry-wide.

Getting to 2030
Alberta will transition to an output-based allocation approach for the carbon price and will legislate an overall limit to oil sands GHG
emissions. These will create the conditions for the oil sands sector to innovate and become more globally competitive.
Alberta’s new approach includes the following:
https://www.alberta.ca/climate-oilsands-emissions.aspx
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An oil sands specific output-based allocation approach will replace the current approach. A $30/tonne carbon price will be
applied to oil sands facilities based on results already achieved by high performing facilities — to drive towards reduced emissions
and carbon competitiveness, rather than rewarding past intensity levels.
A legislated emissions limit on the oil sands of a maximum of 100Mt in any year with provisions for cogeneration and new
upgrading capacity. This limit will help drive technological progress and ensures Alberta’s operators have the necessary time to
develop and implement new technology that takes more carbon emissions out of every barrel and helps bend Alberta’s overall
emissions trajectory downward.

Alberta can’t let its emissions grow without limit. But we can grow our economy by applying technology to reduce our carbon output per
barrel.
The 100 Mt limit provides room for growth and development of our resource as a basis for a strong economy. Overall, Alberta’s new
approach will incent changes that see the number of produced barrels increase relative to associated emissions. The future production
achievable within the annual 30Mt “room” in the limit will be higher than at any time in our past or present. And Alberta will be able to
sell its product into global markets as one of the world’s most progressive and forward-looking energy producers.
A legislated emissions limit is an unprecedented step, taken as part of new climate leadership. It can help change the debate about
Alberta’s most important export and the infrastructure needed to get it to market
The annual emissions limit was jointly recommended to government by Canadian and international leaders in Alberta’s oil sand industry
and leaders in Canadian and international environmental organizations. Government will begin immediately to seek the advice of the
industry, regulators, environmental organizations and Indigenous and Metis communities on the implementation of the 100 Mt limit.

Actions
Oil Sands Advisory Group

Advises government on the oil sands aspects of the Climate Leadership Plan.

Climate Technology Task Force

Led stakeholder engagement to guide Alberta’s investments in innovation and technology to reduce greenhouse gas emissions.

https://www.alberta.ca/climate-oilsands-emissions.aspx
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Climate Leadership Plan
Climate Change Advisory Panel consultation results

https://www.alberta.ca/climate-oilsands-emissions.aspx
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2.1.2 Bitumen production
Bitumen represents by far the largest remaining portion of Canada’s oil resources. It is recovered by surface
mining as well as drilling where deposits are too deep to be mined. Oil sands deposits are widespread in
northern Alberta, as illustrated in Figure 64. However, the mineable portion is exclusively within the
Athabasca region and largely confined to the Wabiskaw-McMurray deposit. Elsewhere bitumen is
recovered from greater depths by in situ methods using conventional wells and thermally heated cyclicsteam and steam-assisted gravity drainage (SAGD) wells.
Figure 64: Distribution of oil sands regions in northern Alberta.78

78

Alberta Energy Regulator, 2016, Report data for ST-98 2016 reserves report.
https://www2.aer.ca/t/Production/views/CrudeBitumenFigureR3_1Albertasoilsandsareasandselectdeposits/FigureR3_1Alb
ertasoilsandsareasandselectdeposits?:embed=y&:showShareOptions=true&:display_count=no
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Figure 65 illustrates the geographical distribution of wells recovering bitumen in northern Alberta. Bitumen
in the Cold Lake and Peace River regions is mainly recovered by cyclic-steam wells as well as by bitumen
wells without thermal stimulation. In the Athabasca region production is mainly from SAGD wells as well as
surface mining.
Figure 65: Distribution of bitumen wells by type in northern Alberta.
Non-thermal bitumen wells are in orange, cyclic-steam wells are in blue and steam-assisted gravity drainage
(SAGD) wells are in yellow. Note that most of these are multi-well pads.79

The development of SAGD technology in the 1990s marked a major improvement in the ability to recover
in situ bitumen. SAGD uses horizontal well pairs, one well for steam injection to heat the reservoir and a
second for bitumen recovery. Cyclic-steam wells, on the other hand, alternate periods of steam injection
with production, while bitumen wells use no thermal heating to produce bitumen (bitumen and cyclicsteam wells may be vertical or horizontal).

79

Data from Drillinginfo, December 2015
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The difference in average well productivity for these different technologies is striking, as illustrated in
Figure 66. SAGD wells averaged 572 barrels per day in 2015 compared to 64 barrels per day for cyclic-steam
wells and 35 barrels per day for bitumen wells. The per-well upfront cost of a SAGD project is higher,
however, given the need for a steam generation plant, pipelines to distribute the steam and collect the
bitumen, and the drilling of horizontal well pairs.
Figure 66: Average bitumen production per well for different technologies and number of producing
bitumen wells in Alberta. 80

80

Data from Drillinginfo, December 2015; production is 12 month centred moving average
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Given the superior productivity of SAGD wells, it is no surprise that SAGD produced 61% of in situ bitumen
in 2015 with just 1,450 producing wells, compared to 19% from 4,200 cyclic-steam wells and 20% from
7,800 bitumen wells, as illustrated in Figure 67. Cenovus has a good field tour guide for its Foster Creek
project, the first application of SAGD on a commercial scale, which illustrates that the life of a SAGD well at
full production is five to 10 years, with a wind-down phase of an additional six or more years before the
well must be abandoned.81
Figure 67: Bitumen production by well type from 1980 to 2015. 82

81
82

Cenovus Field Tour Guide, accessed September 2016, https://www.cenovus.com/invest/docs/FC-Field-Tour-Handout.pdf
Data from Drillinginfo, December 2015; 12 month centred moving average

0272

Canada’s Energy Outlook 74

2.1.2.1 BITUMEN RESERVES
The Alberta Energy Regulator (AER) produces an in-depth review of bitumen resources and production
each year. In its 2016 edition, the AER reports an “initial in-place” bitumen resource of 1,845 billion barrels,
of which 83% is in the Athabasca region and 93% is too deep to be mined. The distribution by region is
illustrated in Figure 68. In 2015, 82% of bitumen was recovered from the Athabasca region, 16% from the
Cold Lake region and 2% from the Peace River region.
Figure 68: Initial in-place bitumen resources by region according to the Alberta Energy Regulator.83
Athabasca area contains 83% and the Wabiskaw-McMurray Formation in the Athabasca area contains 52%. Just
7% is potentially surface mineable.

The AER’s resource assessments are accepted by the NEB and are used here, but like the NEB’s estimates
they don’t conform to Canadian regulatory standards under National Instrument 51-101. The AER reports
that 11.4 billion barrels of bitumen have been recovered as of the end of 2015, with a further 23.9 billion
barrels of “reserves under active development.” These “reserves” are not categorized by probability, as
required, but otherwise qualify as “reserves” under NI 51-101. The AER reports an additional bitumen
resource of 141.5 billion barrels to make up its total “remaining established reserves” of 165.4 billion barrels.
The latter are more correctly termed “contingent resources” under NI 51-101, as they are not under
development as is required to be termed “reserves,” nor have they been definitively proven to be
commercially extractable based on the information provided by the AER.

83

Alberta Energy Regulator, 2016, Report data for ST-98 2016 reserves report.
http://www1.aer.ca/st98/tables/crude_bitumen/table_R3_6.html
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Figure 69 illustrates the AER’s “initial established reserves” of bitumen in 2015. Although 81% of the
remaining portion of these reserves is too deep for surface mining, the subset “reserves under active
development” is predominantly surface mineable. One of the reasons for this is the amount of energy
required for in situ development, which increases operating costs even though initial start-up costs are
lower for in situ extraction compared to mining.
Figure 69: Initial established reserves of bitumen by recovery method and development in 2015 according
to the Alberta Energy Regulator.84
Under development (Billion barrels): Mineable = 21.2; In situ = 2.7; Total = 23.9.
Not under development: Mineable = 10.9; In situ = 130.6; Total = 141.5.

2.1.2.2 LIMITATIONS ON LONG-TERM BITUMEN PRODUCTION
Given that bitumen represents Canada’s main hope for growing and even maintaining crude oil production
in the long term, it is useful to consider constraints to its development. These include the following:
•

•

84

85

Oil sands have higher emissions per unit of production than conventional oil, and Canada has
committed to emissions reductions of 30% below 2005 levels by 2030. Alberta has imposed a cap
on oil sands emissions of 100 megatonnes per year, some 47% above 2014 levels, which will cap
production at some point. More stringent emissions reductions through the periodic reviews
required under the Paris Agreement will add further pressure to reduce oil sands production,
given that it is one of the largest sources of Canadian emissions.
Oil sands have a lower energy return on energy investment (EROI) than most other oil sources
owing to the large inputs of energy required, which accounts for their higher emissions.85 The
highest EROI is from mining, but the majority of the reserve is only recoverable using in situ
methods, hence the average EROI will decline overtime as mineable reserves are exhausted. When
EROI approaches a breakeven point it makes no energetic sense to pursue further extraction.

Alberta Energy Regulator, 2016, Report data for ST-98 2016 reserves report.
http://www1.aer.ca/st98/tables/crude_bitumen/table_R3_1.html
Energy return on energy investment, or EROI, is the ratio of all energy inputs required for production compared to the
amount of energy contained in the produced oil.
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•

Companies, when given the choice, develop the highest-quality, cheapest resources first, to
maximize return on investment. These are the thickest, highest-quality parts of the deposits with
the highest EROI and lowest emissions per unit of production. Notwithstanding the large
“established reserves” purported by the AER, the questions remain: What portion of these
resources are recoverable at a net energy (and financial) profit, and what are the emissions
consequences of recovering lower and lower quality portions of the resource in the future?

Each of these is dealt with in more detail below.
2.1.2.2.1 Life cycle assessment of emissions
There are many life-cycle assessments of greenhouse gas emissions for various crude oil sources. Virtually
all of these show that oil sands emissions are considerably higher than most other conventional crude oil
sources. For example, according to a 2009 study done by the U.S. Department of Energy’s National Energy
Technology Laboratory, oil sands emissions are roughly twice that of conventional Canadian oil on a wellto-tank basis,86 as illustrated in Figure 70.
Figure 70: Well-to-tank emissions for various crude oil sources to produce diesel fuel (Kg CO2e/MMBtu =
kilograms of carbon dioxide per million British Thermal Units).87

A more comprehensive life-cycle assessment that also includes emissions from the combustion of refined
products is presented in Table 6. Well-to-wheels emissions for oil sands synthetic crude oil range from
36% to 56% higher than the best-performing crude oil, and from 19% to 37% higher than conventional
Canadian oil from Saskatchewan. Given that the tank-to-wheels portion of emissions is quite similar for
most oils, the bulk of the variation is in the well-to-tank portion of the supply chain. Oil sands synthetic

86

87

“Well-to-tank” emissions include extraction and preprocessing, transport to refinery, refining, and transport to point of use.
“Tank-to-wheels” emissions include the combustion of the refined product as motor fuel or other end uses. “Well-towheels” emissions include the full lifecycle from extraction to final end use.
NETL 2009, An Evaluation of the Extraction, Transport and Refining of Imported Crude Oils and the Impact on Life Cycle
Greenhouse Gas Emissions. http://ethanolrfa.org/wp-content/uploads/2015/09/An-Evaluation-of-the-ExtractionTransport-and-Refining-of-Imported-Crude-Oils-and-the-Impact-on-Life-Cycle-Greenhouse-Gas-Emissions-.pdf
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crude oil emissions on a well-to-tank basis are 179% to 297% higher than the best-performing crude oil,
and from 93% to 161% higher than conventional Canadian oil from Saskatchewan.
Table 6: Carbon dioxide emissions for representative crude oils on a well-to-tank and tank-to-wheels
basis (kgCO2e/barrel = kilograms of carbon dioxide equivalent per barrel of oil).
Well-to-tank emissions of oil sands such as Suncor Synthetic H are 297% higher than the best-performing oil
(Kazakhstan Conventional–Tengiz) and 161% higher than Canadian conventional oil from Midale, Saskatchewan.88
Well to
tank

Tank to
wheels

Well to
wheels

Well to
tank %

Tank to
wheels %

342.7

390.4

733.1

46.7%

53.2%

Nigeria High Flaring (Obagi)

262.7

442.5

705.2

37.3%

62.7%

Canada Oil Sands Mining and Upgrading (Suncor Synthetic H)

254.6

441.2

695.8

36.6%

63.4%

US California Heavy Oil with Steam (Midway-Sunset)

289.8

404.2

694

41.8%

58.2%

Canada Oil Sands Mining and Upgrading (Syncrude Synthetic)

251.8

428.9

680.7

37.0%

63.0%

Indonesia Heavy Oil with Steam (Duri)

279.2

375.8

655

42.6%

57.4%

Nigeria High Flaring (Bonny)

194.2

442.5

636.7

30.5%

69.5%

Venezuela Orinoco Heavy Oil (Hamaca)

199.8

433.4

633.2

31.6%

68.4%

US California Heavy Oil with Steam (South Belridge)

214.1

409.2

623.3

34.3%

65.6%

Canada Oil Sands Mining and Upgrading (Suncor Synthetic A)

179.1

427.4

606.5

29.5%

70.5%

US California Conventional Heavy Oil (Wilmington-Duffy)

147.5

410.1

557.6

26.5%

73.6%

Canada Oil Sands In situ (Cold Lake Dilbit)

189.1

355.5

544.6

34.7%

65.3%

UK Offshore (Brent)

135.1

408.6

543.7

24.9%

75.2%

US Conventional with High Gas (Alaska North Slope)

119.7

421.6

541.3

22.1%

77.9%

Brazil Deep Offshore (Lula)

97.4

431

528.4

18.4%

81.6%

Iraq Conventional (Zubair)

106.8

418.6

525.4

20.3%

79.7%

Brazil Conventional Heavy Oil (Frade)

121.8

394

515.8

23.6%

76.4%

Russia Deep Offshore (Chayvo)

96.3

417.8

514.1

18.7%

81.3%

Canada Conventional High Water (Midale)

97.6

411.8

509.4

19.2%

80.8%

Angola Conventional (Girassol)

73.4

430.5

503.9

14.6%

85.4%

US Average Crude Oil Refined (2005)

91.2

409.9

501.1

18.2%

81.8%

Angola Conventional Heavy Oil (Kuito)

69.6

425.7

495.3

14.0%

85.9%

UK Offshore (Forties)

84.4

406.5

490.9

17.2%

82.8%

Crude Oil Source (kgCO2e/barrel)
China Conventional Heavy Oil (Bozhong)

US GOM Deep Offshore (Mars)

67

422.6

489.6

13.7%

86.3%

79.9

408.6

488.5

16.4%

83.6%

Canada Offshore (Hibernia)

55.1

421.9

477

11.6%

88.4%

Kuwait Conventional (Ratawi)

60.8

414

474.8

12.8%

87.2%

US Tight Oil (Bakken)

US GOM Deep Offshore (Thunder Horse)

58.7

413.6

472.3

12.4%

87.6%

Azerbaijan Conventional (Azeri)

50.2

419.5

469.7

10.7%

89.3%

Nigeria Conventional (Agbami)

68.9

388.7

457.6

15.1%

84.9%

US Tight Oil (Eagle Ford)

88

49

408.6

457.6

10.7%

89.3%

Norway Offshore (Ekofisk)

39.5

411.8

451.3

8.8%

91.3%

Kazakhstan Conventional (Tengiz)

64.1

382.1

446.2

14.4%

85.6%

ARC Financial, 2016, Crude Oil Investing in a Carbon Constrained World - see Table 3, based on data from the Oil-Climate
Index by the Carnegie Endowment for International Peace, NETL (for US average - see previous footnote), and IHS (for Eagle
Ford tight oil), http://www.arcfinancial.com/assets/693/Crude_Oil_Investing_in_a_Carbon_Constrained_World.pdf
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Oil sands operators have made considerable improvements in emissions per barrel of bitumen over recent
years. They have also added cogeneration plants, which use some process gas (but mainly increasing
amounts of purchased gas, according to the AER) to generate electricity needed for production as well as
to feed some electricity into the Alberta grid, displacing coal generation and hence improving emissions
performance. These improvements are likely reaching the law of diminishing returns, however, and
emissions performance can be expected to worsen as lower-quality portions of the bitumen resource are
accessed.
2.1.2.2.2 Energy return on energy investment
Energy return on energy investment (EROI) is reported to be about 17:1 for global oil and 11:1 for US oil, on
average.89 Oil sands EROIs for the bulk of the recoverable resource are considerably below this given the
large inputs of energy required, mainly in the form of natural gas. In situ oil sands EROIs average about 4:1
(81% of remaining recoverable bitumen), whereas mining operations with upgrading average about 8:1 (see
Table 7). This only considers the purchased gas from external sources required to fuel the process. It does
not consider the energy needed to build the facilities, power the mining equipment and pumps, produce
and transport the diluent needed to move bitumen through pipelines, etc., and therefore must be
considered an upper limit of actual EROI if all energy inputs were accounted for. Brandt et al (2013) have
produced a thorough analysis of net energy returns for oil sands that came up with similar values.90 They
point out, however, that if the energy inputs used in the calculation include transport and refining to the
point of use (well-to-tank), the EROI of bitumen produced by in situ methods is closer to 2:1.
Table 7: Energy return on energy investment (EROI) of oil sands given extraction method and
upgrading based on inputs of purchased gas only.
(Considerable amounts of produced and process gas are also used, but these sources amount to “selffuelling” and are therefore not considered in the calculations.) Estimates of purchased gas used per barrel
are from the Alberta Energy Regulator (mcf/bbl = thousand cubic feet of gas per barrel of oil).91
Purchased gas consumption (mcf/bbl)

EROI

Extraction method

Min

Max

Mean

Max

Min

Mean

Mining bitumen only

0.4

0.6

0.5

14.50

9.66

11.60

Mining with upgrading

0.6

0.8

0.7

9.66

7.25

8.28

1

2

1.5

5.80

2.90

3.87

1.2

2.2

1.7

4.83

2.64

3.41

In situ bitumen only
In situ with upgrading

Thus, oil sands are a low-quality source of oil, both energetically and in terms of emissions, compared to
conventional crude. New greenfield oil sands SAGD projects without upgrading will not be built unless oil
prices reach $US85 per barrel, according to a recent analysis by the Petroleum Technology Alliance of
Canada (PTAC).92 Prices needed for new greenfield standalone mining projects are even higher, at

89

90

91

92

Murphy DJ. 2014 The implications of the declining energy return on investment of oil production. Phil. Trans. R. Soc. A 372:
20130126. http://dx.doi.org/10.1098/rsta.2013.0126
Brandt et al., 2013, The energy efficiency of oil sands extraction: Energy return ratios from
1970 to 2010, Energy Volume 55, 15 June 2013, Pages 693–702.
Alberta Energy Regulator, 2016, ST-98, In situ and standalone mine purchased gas requirements
http://www1.aer.ca/ST98/tables/supply_cost/table_1_4.html . The estimate of upgrading purchased gas requirement (.2
mcf/bbl) is from Alberta Energy Regulator, 2011, ST-98, Table 3-10.
Petroleum Technology Alliance of Canada, March 31, 2015, Needs Assessment for Partial and Field Upgrading, 15p; the
$US85/barrel price estimate for SAGD and the $US105.50 estimate for standalone mining includes the cost of diluent and
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$US105.50 per barrel. PTAC points out that greenfield mining projects with upgrading require prices that
are only marginally higher than mining projects without upgrading ($US109.50 per barrel). This is due in
part to the fact that upgraded bitumen (synthetic crude oil) does not require a 30% blend of diluent to
move it through pipelines, which is a considerable cost savings. Nonetheless, new bitumen projects are
unlikely unless the price of oil goes higher (WTI oil price was $US60 per barrel as of this writing93). Existing
projects will continue to operate, however, as upfront capital expenditures have already been made and
operating costs vary between $C19.31 and $C32.75 per barrel, depending on extraction method and degree
of upgrading.94
2.1.2.2.3 High-grading the bitumen resource
As pointed out previously, the term “reserves” has a specific meaning under Canadian security regulations
in that they must be technically and economically recoverable. It is by no means assured that what the
Alberta Energy Regulator terms “initial established reserves” meets this test. In fact, up until 1999,
prominent compilers of global oil reserve statistics, such as BP and the Oil & Gas Journal, carried much
smaller numbers on their books for the oil sands. In 1999, with a stroke of the pen, reported oil sands
reserves went from 43.1 billion barrels in the previous year to 175.2 billion barrels, as BP accepted the AER’s
number.95 The BP Statistical Review of World Energy is a widely used handbook on global energy reserves,
however, the company is careful to include a disclaimer:
The data series for proved oil and gas reserves in BP Statistical Review of World Energy June 2016 does
not necessarily meet the definitions, guidelines and practices used for determining proved
reserves at company level, for instance, as published by the US Securities and Exchange
Commission, nor does it necessarily represent BP’s view of proved reserves by country.
Given that companies target the highest-quality portion of oil sands deposits first, and there has been
abundant exploration to identify these areas, it remains to be seen how much of the AER’s “initial
established reserves” can actually be recovered at a financial and a net-energy profit.

93
94
95

transportation to move the bitumen to market in the US. The supply cost of in situ SAGD bitumen at the well is estimated at
$CA50.90/barrel, and the supply cost of standalone mining at the mine mouth is estimated at $CA71.10/barrel by PTAC.
West Texas Intermediate (WTI) is a North American benchmark oil price.
PTAC op. cit.
BP Statistical Review of World Energy data workbook, 2016, http://www.bp.com/content/dam/bp/excel/energyeconomics/statistical-review-2016/bp-statistical-review-of-world-energy-2016-workbook.xlsx
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Figure 71 illustrates the distribution of the oil sands resource in the Athabasca Wabiskaw-McMurray
deposit, which contains 52% of the “initial established reserves” and all of the mineable oil sands. As can be
seen, pay thickness is highly variable, with the thickest parts falling into the surface mineable area.
Although pay thickness as depicted in this figure is a primary indicator of economic viability, the actual
economics depend on the nature of the distribution of this pay, as several pay intervals have been
aggregated in some areas to make this map. Other oil sands deposits show similar variability.
Figure 71: Pay thickness in the Athabasca Wabiskaw-McMurray deposit, which contains 52% of the oil
sand’s “initial established reserves.”96
“SMA” indicates the general boundaries of the surface mineable area, with the solid black line indicating a more
accurate delineation of the mineable/in situ boundary.

96

Alberta Energy Regulator, 2016, ST-98, Figure R-3.6,
https://www2.aer.ca/t/Production/views/CrudeBitumenFigureR3_6BitumenpaythicknessofAthabascaWabiscawMcMurraydeposit/FigureR3_6BitumenpaythicknessofAthabascaWabiscawMcMurraydeposit?:embed=y&:showShareOptions=true&:display_count=no

0279

Canada’s Energy Outlook 81

Figure 72 illustrates surface mineable development with an overlay of bitumen pay thickness, showing that
the thickest, most attractive portions of the resource are already being developed. Although there are still
some attractive areas yet to be developed, more than half of the thickest surface mineable pay is under
development.
Figure 72: Overlay of the Athabasca Wabiskaw-McMurray deposit pay thickness on a satellite image of
surface mining development in the surface mineable area north of Fort McMurray.97
The left- and right-hand images cover exactly the same area. The solid line marks the approximate boundary of
mineable and in situ resources. See Figure 71 for location. SAGD wells are indicated in yellow (these are multi-well
pads).

97

Alberta Energy Regulator, 2016, ST-98, Figure R-3.6,
https://www2.aer.ca/t/Production/views/CrudeBitumenFigureR3_6BitumenpaythicknessofAthabascaWabiscawMcMurraydeposit/FigureR3_6BitumenpaythicknessofAthabascaWabiscawMcMurraydeposit?:embed=y&:showShareOptions=true&:display_count=no, Satellite image from Google Earth. Data from
Drillinginfo, December 2015.
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Figure 73 illustrates a similar overlay for Cenovus Energy’s Foster Creek in situ SAGD project. As with surface
mineable resources, Foster Creek is understandably focused on the thickest parts of the deposit, which is
restricted to a relatively small part of the total area underlain by bitumen in this area.
Figure 73: Overlay of Athabasca Wabiskaw-McMurray deposit pay thickness on satellite image of the
Cenovus Foster Creek project, which is the first commercial SAGD operation.98
The upper and lower images cover exactly the same area and contours of pay thickness are shown on both images.
See Figure 71 for location. SAGD wells are indicated in yellow (these are multi-well pads). The economic pay
thickness is relatively restricted in this area and is being fully exploited.

Figure 74 (next page) illustrates the distribution of the initial in-place resources by pay thickness (the inplace resource distribution by deposit is illustrated in Figure 68).99 Some 90% of the overall resource area
and 79% of the in-place resource has a pay thickness of less than 15 metres. Although resources shallow
enough for surface mining average about 26 metres thick, existing mines have focused on only the thickest
subset of this, in the 30–70 metre range (see Figure 72). In situ projects such as Foster Creek have focused
on portions of the deposit with pay in the 20–50 metre range on the AER’s map (see Figure 73).

98

99

Alberta Energy Regulator, 2016, ST-98, Figure R-3.6,
https://www2.aer.ca/t/Production/views/CrudeBitumenFigureR3_6BitumenpaythicknessofAthabascaWabiscawMcMurraydeposit/FigureR3_6BitumenpaythicknessofAthabascaWabiscawMcMurraydeposit?:embed=y&:showShareOptions=true&:display_count=no, Satellite image from Google Earth. Data from
Drillinginfo, December 2015.
Note that the Alberta Energy Regulator states “the deposit is treated as a single bitumen zone and the pay is accumulated
over the entire geological interval.”, hence the thicknesses on the AER pay thickness map in Figures 70-72 could include
zones not considered for extraction based on a full economic evaluation and hence may overstate the actual economic pay
thickness. See AER ST-98-2016 “Pay thickness discussion”,
http://www1.aer.ca/st98/data/crude_bitumen/BitumenPayThicknessDiscussion.pdf
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Figure 74: Initial in-place oil sands resources by pay thickness.100
Also shown is the cumulative area underlain by bitumen in each pay thickness class. Some 90% of the resource area
and 79% of the in-place resources have a pay thickness of less than 15 metres, but most extraction is currently from
areas with pay thicknesses of greater than 20 metres.

Although oil sands resources are reported to be vast, the thickest and highest-quality portion of them are
being developed now and are being sold off mostly for export at low prices that bring in little benefit in
terms of royalties and taxes compared to earlier years. Oil sands reserves that are recoverable at a financial
and net-energy profit are likely considerably smaller than the AER’s “initial established reserve” estimates
(which do not conform to the regulatory protocols of National Instrument 51-101). Furthermore, emissions
are growing as production rises, making Canada’s greenhouse gas commitments ever more difficult to
achieve. What will be left when the highest-quality resources are gone will be the thinner, higher-cost,
more energy- and emissions-intensive resources, which will require ever higher prices to break even and
make Canada’s climate commitments even more difficult to meet.
2.1.2.2.4 Bitumen production outlook
The National Energy Board’s Energy Futures report makes three projections of bitumen production through
2040 with different assumptions of price and market accessibility.101 In addition, the Alberta government
has announced a Climate Leadership Plan that will cap emissions from the oil sands at 100 megatonnes
(Mt) per year.102

100
101

102

Alberta Energy Regulator, 2016, ST-98, Table R-3.7, http://www1.aer.ca/st98/tables/crude_bitumen/table_R3_7.html
National Energy Board Energy Future October 2017, https://www.neb-one.gc.ca/nrg/ntgrtd/ftr/2017/2017nrgftr-eng.pdf
appendices https://apps.neb-one.gc.ca/ftrppndc/dflt.aspx?GoCTemplateCulture=en-CA
Alberta Government, November 2015, Climate Leadership Report to Minister,
http://www.alberta.ca/documents/climate/climate-leadership-report-to-minister.pdf .
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Environment and Climate Change Canada’s latest report to the United Nations on Canada’s greenhouse gas
emissions contains estimates for the oil sands.103 These are subdivided into extraction by “mining” and “in
situ” methods, as well as “upgrading” to synthetic oil. Collectively these summed to 71 Mt in 2015, the most
recent year for which data are available. This means that a 100-Mt cap will allow a 41% growth in emissions
above the 2015 level. To evaluate the impact of the emissions cap on the NEB’s bitumen production
projections, the average emissions per unit of production from the most recent four years were used to
calculate future emissions for the NEB projections. Figure 75 illustrates the production implications.104
Bitumen production in all three NEB production cases is constrained by the cap, beginning in 2024, at a
production rate of between 3.3 and 3.4 million barrels per day (mbd), or 39% above 2016 levels. Bitumen
production would be constrained by .98 mbd in 2040 in the NEB reference case with the cap. Given the
current low oil price environment, and the previously discussed thresholds needed for new projects, new
greenfield oil sands projects are unlikely unless prices move higher, hence even increasing oil sands
production to the cap remains uncertain. This could change relatively quickly, however, given changes in
the global supply/demand balance and remembering that the price was over $US100 per barrel as recently
as 2014.
Figure 75: Marketable bitumen production in the National Energy Board’s production scenarios through
2040.
Raw bitumen is converted into upgraded bitumen with a volume loss of 14%, so the volumes here reflect delivered
quantities. Production in the reference case can grow 39% over 2016 levels before being limited by the emissions
cap. 105

103

104

105

Environment Canada, April 2017, National Inventory Report 1990-2015: Greenhouse Gas Sources and Sinks in Canada,
http://unfccc.int/files/national_reports/annex_i_ghg_inventories/national_inventories_submissions/application/zip/hrv2017-nir-26may17.zip
For more detail on the assumptions used in determining production under the Alberta oil sands emissions cap see: David
Hughes, 2017, Will the Trans Mountain pipeline and Tidewater Access raise Prices and Save Canada’s oil industry?, Canadian
Centre for Policy Alternatives.
https://www.policyalternatives.ca/sites/default/files/uploads/publications/2017/05/Trans%20Mountain%20Pipeline%20a
nd%20Tidewater%20Access%20FINAL.pdf
Data from NEB Energy Futures 2017; emissions from ECCC NIR report 2017
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Under the emissions cap, the NEB reference case production scenario would see the extraction of 46% of
remaining mineable bitumen reserves, and 15% of remaining in situ reserves, from 2016 to 2040. Given the
uncertainties of the NEB’s estimates, and the fact that the highest-quality and most economic resources
are extracted first, this is a significant inroad on the best part of the bitumen resource—particularly the
mineable portion, which has the lowest emissions and highest EROI. The cap allows for aggressive growth
in production, which will make meeting Canada’s emissions-reduction commitments under the Paris
Agreement extremely difficult to achieve given that oil sands emissions will grow from 9.8% of Canada’s
emissions in 2015 to 19.3% in 2030 if the Paris Agreement commitment is met.106

2.1.3 Overall oil production outlook
Figure 76 illustrates the NEB’s reference case forecast for Canadian oil production through 2040, not including
Alberta’s oil sands emissions cap. Bitumen production nearly doubles whereas conventional production increases
by 25% from 2016 levels. According to this forecast, 71% of Canadian oil production will be bitumen by 2040.
Figure 76: The National Energy Board’s “reference” case projection of Canadian oil production through
2040 by province and oil type.107
Also shown are the overall “higher carbon price” and “technology” production cases as well as Canadian demand,
which is projected to peak in 2021 and decline by 7% through 2040.

106

107

The Paris Agreement commits Canada to a 30% reduction of greenhouse gas emissions below 2005 levels by 2030. This
amounts to a reduction to 517 Mt/year in 2030. See Environment Canada, 2016, Canada’s Emission Projections in 2020 and
2030 (Mt CO2 eq), https://www.ec.gc.ca/ges-ghg/default.asp?lang=En&n=8BAAFCC5-1
Data from National Energy Board 2000–2005; National Energy Board Energy Future October 2017, https://www.nebone.gc.ca/nrg/ntgrtd/ftr/2017/2017nrgftr-eng.pdf appendices https://apps.nebone.gc.ca/ftrppndc/dflt.aspx?GoCTemplateCulture=en-CA (data and reference case demand); Emissions from Environment
Canada, National Inventory Report, released April, 2016. See Table A10-2 for emissions by economic sector,
http://unfccc.int/files/national_reports/annex_i_ghg_inventories/national_inventories_submissions/application/zip/can2016-nir-14apr16.zip (conventional includes NGLs).
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Executive Summary
Each year the Canadian Energy Research Institute (CERI) publishes its long-term outlook for
Canadian oil sands production and supply in conjunction with an examination of oil sands supply
costs. This is the twelfth edition of CERI’s oil sands supply cost and development projects update
report. Like past editions of the report, several scenarios for oil sands developments are explored.
Also, given the assumptions for the current cost structure, an outlook for future supply costs will
be provided.

Supply Cost Results
Supply cost is the constant dollar price needed to recover all capital expenditures, operating
costs, royalties and taxes and earn a specified return on investment. Supply costs in this study
are calculated using an annual discount rate of 10 percent (real), which is equivalent to an annual
return on investment of 12 percent (nominal) based on the assumed inflation rate of 2 percent
per annum.
Based on these assumptions, the supply costs of crude bitumen for a greenfield SAGD and an
expansion phase SAGD have been calculated. Figure E.1 illustrates the supply costs for these
projects. The plant gate supply costs, which exclude transportation and blending costs, are
C$44.70/bbl for a SAGD project and C$28.66/bbl for an expansion phase of SAGD. A comparison1
of field gate costs from the February 2017 update with this year’s supply costs indicates that,
after adjusting for inflation, the supply cost for a greenfield SAGD producer has not changed
significantly, increasing by 1 percent.
After adjusting for blending and transportation, the WTI equivalent supply costs at Cushing are
US$60.17/bbl and US$51.59/bbl for a greenfield and expansion SAGD, respectively. A summary
of costs is presented in Chapter 2, Table 2.6. At current WTI prices of just above US$66/bbl,2
these projects are decidedly economic. The relative position of oil sands projects against other
crude oils is comparatively competitive, and as oil prices are expected to increase, so will the
profitability of oil sands projects. There are risk factors that might affect project economics, such
as market access, exchange rate, future oil prices, project costs, etc. Some of these impacts were
evaluated through a sensitivity analysis.

1

Direct cost comparison is not recommended and only shown to illustrate the direction of change. Because some changes were
made in the project assumptions regarding carbon policy as well as project economics, a direct comparison of costs is not
favoured.
2 At the time of writing, WTI prices traded at US$66.52/bbl.
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Figure E.1: Total Field Gate Bitumen Supply Costs
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While capital costs and the return on investment account for a substantial portion of the total
supply cost, Alberta stands to gain $4.43 to $7.81 in royalty revenues for each barrel of oil
produced on average, over the life of an oil sands project. On a percentage basis, these range
from 15.5 to 17.5 percent share of total supply cost.

Production Forecast – Three Scenarios
Figure E.2 illustrates the possible paths for production under three scenarios. For an oil sands
producer, a project’s viability relies on many factors such as, but not limited to, the demandsupply relationship between production, operating and transportation costs (supply side) and the
market price for blended bitumen and SCO (demand).
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Total production from oil sands areas totalled 2.77 MMBPD in 2017, comprised of in situ (thermal
and cold bitumen) production of 1.51 MMBPD and mining production of 1.27 MMBPD within the
boundaries of oil sands areas.3 Total production in 2016 was 2.54 MMBPD, meaning oil sands
production grew 9.2 percent year-over-year. Production from oil sands includes an increasing
share of Alberta’s and Canada’s crude oil production. In 2017, non-upgraded bitumen and SCO
production made up 61 percent of total Canadian crude production and 82 percent of Alberta’s
total production.
In the High Case Scenario, production from mining and in situ projects (thermal and cold
bitumen) is set to grow to 3.4 MMBPD by the end of the decade and 5 MMBPD in 2030, peaking
at an all-time high of 7.5 MMBPD by 2038. In the Low Case Scenario production rises to 3.1
MMBPD in 2020, 3.4 MMBPD by 2030 and flattens to 4.0 MMBPD by the end of the forecast
period. CERI’s Reference Case Scenario provides a base case of the oil sands production.
Projected production volume will increase to 3.2 MMBPD by 2020 and 4.1 MMBPD in 2030,
peaking at 5.5 MMBPD by 2038.
Figure E.2: Bitumen Production Projections
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Bitumen production in CERI’s Reference Case grows by an average annual of approximately
130,000 BPD or just over 3 percent per year. The production level is expected to reach the 3
MMBPD mark by the end of 2018 and continue to grow moderately. The growth rate will be
slower in the first half of the forecast period than in the last; in particular, the annual growth rate
3

Totals may not add up due to rounding. Historical production from the Alberta provincial regulator.
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between 2018 and 2028 is 2 percent. In contrast, annual growth rate between 2018 and 2038 is
almost double, at 3.76 percent. The slight decline in 2016 is the result of wildfires in northern
Alberta that happened mid-2016 affecting oil sands projects. The 2028 estimated drop of 125,000
BPD is due to project’s end date assumption of projects, in this case, it is one of the older oil
sands mines coming offline.

Oil Sands Economic Contribution
The overall contribution of the Canadian oil and gas industry to the Canadian GDP amounted to
$108 billion in 2017 or nearly 6.5 percent share of total Canadian GDP, which is a half percent
higher than the 2016 contribution.4 Oil sands represent a significant portion of the oil and gas
sector, bringing in almost half, or $44.2 billion, of the $108 billion.
The industry is projected to contribute $1.4 trillion to the Canadian GDP over the next 10 years.5
Most of the impact will be felt in Alberta, but Saskatchewan is a growing contributor as more oil
sands projects from that province are coming online. Despite a decrease in capital and operating
expenditures (which drive the economic impacts modelling), governments will still benefit from
tax revenues. Those are estimated to be $139 billion in federal tax revenues and $86.7 billion in
provincial taxes over the forecast period.
According to their latest labour outlook,6 total employment growth in the oil sands sector is
expected to be 4,000 jobs by 2021 as companies shift their spending from expansion to
maintenance, and repair and optimization of their operations. The total direct employment in
the oil sands is forecast to be 32,883 jobs in 2021 (see Figure E.3).

4

Statistics Canada, CANSIM, Table 379-0031.
Base numbers are sourced from CERI Study 166, “Economic Impacts of Canadian Oil and Gas Supply in Canada and the US
(2017-2027)”. August 2017. Then adjusted for lower production level.
6 PetroLMI. “Labour Market Outlook 2017 to 2021: Canada’s Oil and Gas Industry”. March 2017.
5
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Figure E.3: Oil Sands Sector Labour Demand (# of jobs)
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Emissions
Figure E.4 illustrates total emissions projection for the Reference Case production forecast. The
on-site emissions projection includes emissions from existing upgrading, electricity or fugitive
emissions and flaring. Current on-site emissions projected to grow from 72 MT/year in 2017 to
103 MT/yr in 2030, breaching the emissions cap of 100 MT. Increasing production in this sector
makes meeting international commitments increasingly difficult to achieve, and thus there is
interest in reducing the amount of GHGs emitted to extract bitumen from the oil sands and
generate synthetic crude oil. In CERI Study 164, the Institute detailed several techno-economic
paths on how to grow oil sands production and reduce overall emissions.7

7

CERI Study 164, “Economic Potentials and Efficiencies of Oil Sands Operations: Processes and Technologies”, March 2017.
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Figure E.4: Oil Sands Emissions by Project Type
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Chapter 1: Introduction
Background
The collapse in oil prices worldwide has affected the industry and slowed the pace of upstream
investment around the world – including in heavy crude oil development in Canada. In addition,
in 2017, the world witnessed global super-majors departing oil sands by selling off their Canadian
assets. However, these departures brought opportunities for Canadian companies to purchase
quality assets that have been foreign-owned. These transitions solidified positions of Canadian
oil producers for a new wave of growth.
Canada is still among the top five global crude oil producers. Synthetic crude oil (SCO) and
bitumen production are expected to grow, albeit at a slower pace. The need for expansion in
existing oil pipeline capacity comes at the forefront of challenges that the oil sands industry is
facing today, in addition to oil prices. As Western Canadian crude oil production continues to
grow, the economic benefits to the nation will depend on the ability to connect this growing
supply with downstream demand.
It is also important to stress how some excess capacity is crucial to be able to manage pipeline
maintenance times and to provide flexibility for new market development. Constraints in pipeline
capacity and the lack of access to existing and new demand centres have deepened the discount
between WTI and Western Canadian crudes and hence have had a severe impact on the netbacks
realized by Canadian producers. With the ongoing opposition of federally-approved Kinder
Morgan’s Trans Mountain pipeline expansion and Enbridge’s Line 3, doubts are mounting as to
whether export pipeline capacity will increase by approximately 1 million barrels per day,
alleviating some existing constraints in the mid-term. Also, crude by rail still serves markets
where pipeline capacity is non-existent or constrained.
On the supply side, because of the rapid growth in American oil production, inland refining
markets in the US Midwest (current recipients of most of the Canadian heavy imports) have been
flooded with cheap, high quality tight crude oil, which leaves Canadian heavy sour crude oil
subject to price markdowns (due to lower quality and bottlenecks in their delivery infrastructure).
This situation provides Canadian producers with a financial incentive to expand market access in
the United States, Canada, and beyond. It also highlights the risk of overreliance on limited export
markets and the need for options.
The US Gulf Coast (USGC) is one of the world’s largest refining centres, and its considerable heavy
oil processing capacity presents the largest opportunity for Western Canadian heavy crude oil
supply. Canadian heavy crude oil competes for market share in the US Gulf Coast with heavy
crude oil from Latin American producers, mainly Mexico, Venezuela, Brazil and Ecuador. Mexico
and Venezuela are the main heavy crude oil exporters to the US Gulf Coast, accounting for over
45 percent of total crude oil imports to that region.
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Western Canadian production has always had limited access to the USGC market, especially
because of the lack of infrastructure connecting Cushing, Oklahoma to refineries in Texas. To
support market access to the Gulf Coast, more than 1.2 MMBPD of pipeline capacity from the US
Midwest to the Texas Gulf Coast has been installed.
Expansion of pipeline infrastructure and shipping routes to international markets and the US
would create opportunities for Canadian oil producers and benefit the Canadian economy.
Allocating exports to other markets such as Asia and Europe also reduce dependence on the US
market, which used to be Canada’s number 1 customer. Until it became our number 1
competitor.
Although the need to expand and reach new markets for oil sands is pressing, production and
pipeline projects associated with oil sands have come under increased scrutiny, contributing to
delays and uncertainty. Although not every factor will influence future markets for oil sands,
some of the most prominent ones include federal and provincial regulatory processes, local
concerns, greenhouse gas emissions and climate change policies, as well as Indigenous People’s
rights in Canada.
Production and capital investment forecasts for the oil sands industry are estimated to continue
to increase into the future, albeit with some reduction on capital spending in the near term as a
result of low crude prices and an overall global economic downturn. The nature of new project
development in the oil sands has changed. Ten years ago, the industry was dominated by
megaproject mines and upgraders each built by several thousand people. Since then, the sector
has transformed into smaller, more manageable in situ projects. Notwithstanding the
uncertainties around market access and lower crude oil prices, oil sands production is expected
to grow.
If the advantage in tight oil plays goes to companies who move quickly to secure acreage and
climb steep learning curves to economic oil production (and the steep downward curve of
production decline), then the advantage in the oil sands goes to companies that effectively
deliberate over the risks of multi-decade operations. Heavy oil differentials, pipeline capacity
limitations and a volatile oil price all play a role in these considerations, but they invariably take
a back seat to larger and more global oil supply and demand fundamentals.
Another factor that plays a role in the pace of oil sands development after global and regional
supply and demand fundamentals is the provincial and federal governments’ climate change
policies – an increased carbon tax and absolute emissions cap in Alberta, federal carbon pricing,
and changes to the environmental assessment of major infrastructure projects.
CERI’s oil sands production forecast shows growth of bitumen production over the next 20 years.
The plans to expand oil sands production, increase pipeline takeaway capacity and gain access to
other markets are still, however, dependent on key elements that must align for the industry.
CERI believes these elements are:
May 2018
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favourable oil prices at levels where oil sands projects can be economic,
implementing cost-cutting measures through the adoption of improved processes and
technologies,
continuous improvement in an environmental performance among oil sands
producers,
appropriately managing project planning with a realistic timeline and budget, and
the ability to collaborate effectively in a competitive environment.

Approach
Similar to past editions of this report, three scenarios for oil sands developments are explored.
In addition, given the assumptions for the current cost structure, an outlook for future supply
costs will be provided.
The purpose of this report is to:
•

•
•
•

Provide the reader with a better understanding of the current status of Canadian oil sands
projects, both existing and planned. The status assessment covers the full spectrum of
activities and technologies, such as in situ, mining, and integrated production; and
facilities for upgrading crude bitumen to synthetic crude oil (SCO).
Explore the future direction of oil sands development, including projections of
production, investments, operating costs, natural gas, emissions and diluent
requirements.
Estimate the supply cost, including costs associated with carbon emissions, for greenfield
projects as well as expansion phases.
Provide an update on the economic impacts of oil sands development.

CERI’s oil sands projections and supply cost analysis is used by industry, governments, and other
stakeholders as part of their market analysis. This report relies upon up-to-date information
available on project announcements (updated to the end of 2017), and market intelligence
gathered by CERI’s oil sands team.
This year’s report presents project vintages and production capacities of existing and planned
projects. Within CERI’s oil sands database, the projects are identified by type (e.g., mining and
extraction, in situ, upgrading), location, and extraction technologies (including pilot projects).
Similarly, upgrading facilities are characterized by technology, and by type (i.e., stand-alone or
integrated with crude bitumen extraction facilities).
All the above information for both existing and future projects is presented at the aggregate
industry level (i.e., oil sands industry as a whole) throughout this report. The oil sands projects
are classified according to their stage of development.
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Organization of the Report
Chapter 1 highlights the background of the study and presents the objective and the scope.
Chapter 2 presents the assumptions and methodology used in the supply cost assessment,
followed by results for supply costs and sensitivities.
Chapter 3 highlights the assumptions and methodology used in the oil sands forecasting model
and presents scenario-based production projections, followed by projections of capital
investment, operating costs, natural gas and diluent demand, emissions and economic impacts
for the Reference Case Scenario.
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Chapter 2: Oil Sands Supply Costs
Introduction
Oil sands developers and dedicated research and development (R&D) have stimulated the
employment of innovative technologies to recover crude bitumen from Alberta’s oil sands
resources. The result is a commercially viable industry that effectively competes on the world
scale with conventional and other energy sources.
The extraction of Alberta’s oil sands is currently based on two methods: in situ and mining. In
situ recovery consists of primary recovery, thermal recovery, solvent-based recovery, and hybrid
thermal/solvent processes. Surface mining and extraction1 could be either a stand-alone mine or
integrated with an upgrader. Within in situ and mining methods, various technologies to extract
valuable bitumen from the oil sands are utilized.2 Future R&D will focus on increasing recoverable
reserves, reducing costs, improving product quality and enhancing environmental performance.
Industry, government and community stakeholders will continue to carry out R&D if there is a
perceived commercial incentive to do so. For more information on what technologies and
processes are being developed, refer to CERI Study 164.3
This chapter discusses CERI’s supply cost methodology and assumptions and presents supply cost
results.

Methodology and Assumptions
Supply cost, sometimes referred to as break-even price, is the constant dollar price needed to
recover all capital expenditures, operating costs, royalties and taxes, and earn an acceptable
return on investment. For this study, supply costs are calculated in constant 2017 dollars. CERI
has used imperial units of measurement for production volumes and reserves. Oil supply costs
and prices are stated in imperial units, either in Canadian dollars per barrel (C$/bbl) or US dollars
per barrel (US$/bbl).
CERI’s model solves for a break-even oil price – that is, the oil price that gives a net present value
(NPV) of zero – with a real discount rate of 10 percent. The model also has the flexibility to vary
inputs, thus allowing for estimation of the supply cost by extraction method required to bring
forth new oil sands projects.
Supply costs have been calculated for the raw bitumen at the source field location. To place these
values in a market context, supply costs have been calculated in terms of equivalent prices for
marketable crude oil (e.g., blended bitumen) at key Alberta market centers (i.e., Hardisty and
1Within

mining and extraction, various technologies are used to support the extraction process and transportation of oil sands.
While each technology has some advantages and disadvantages, they have all been categorized as mining and extraction for
this report and are treated as one technology type.
2The reader is assumed to have some familiarity with each extraction method. Detailed descriptions of the extraction
technologies are available from CERI Study 122 and 126.
3 CERI Study 164. “Economic Potentials and Efficiencies of Oil Sands Operations: Processes and Technologies”. March 2017.

May 2018

0307
6

Canadian Energy Research Institute

Edmonton), and in terms of the corresponding equivalent market price of West Texas
Intermediate (WTI) crude oil at Cushing, Oklahoma. This required that CERI make several
assumptions about market pricing relationships – described later in this chapter.
Although each project is different in its geographical location, quality of reserves and financial
structure, this analysis relies heavily on capital and operating cost estimates prepared for a more
generic project. Here, CERI evaluates a typical greenfield steam-assisted gravity drainage (SAGD)
project, and an expansion of an existing SAGD project, reflecting the changes in the oil sands
industry. While significant production comes from integrated mining projects, no new mining
projects have been announced; hence the supply cost analysis does not extend to a mining
project. The majority of new proposed and announced in situ projects will use SAGD technology
or a variation of it, like a hybrid steam/solvent technology. More innovative in situ technologies
were evaluated in CERI’s report addressing costs and environmental performances of new
processes and technologies.4

Design Assumptions
The Canadian oil sands industry is facing several cost-related and market issues that have affected
the economic viability of some oil sands projects. Capital and operating costs play the most
important role in determining the supply costs. The assumptions that underpin each project are
presented in Table 2.1. The data for capital and operating costs are collected from CanOils
database, as well as public sources, such as company annual reports, investor presentations,
company announcements, etc., and is averaged across projects according to extraction method.
These costs reflect today’s economy and are representative of costs for typical greenfield
investment; they do not reflect opportunities for reduced supply costs that are available to
industry.
The project design parameters are typical of the industry’s projects that are being built today; a
production flow rate of 30,000 BPD is assumed for SAGD projects. The energy requirements have
been estimated according to the design parameters and reflect today’s use of natural gas and
electricity feedstock. The natural gas requirement for a SAGD plant is 35,910 GJ/d (~2.8 steam to
oil ratio or SOR) to reflect recent history – currently, the SOR among SAGD operators varies
between 1.5 to 7 barrels of steam per barrel of bitumen, with the bulk of projects operating in
the SOR range of 2.5-3 bbl/bbl. It is assumed that in situ projects do not generate any excess
electricity and that in situ projects purchase electricity from the provincial grid.5

4
5

CERI Study 164. “Economic Potentials and Efficiencies of Oil Sands Operations: Processes and Technologies”. March 2017.
In situ with co-generation capability is not evaluated.
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Table 2.1: Design Assumptions

Measurement Units
Project Design Parameters
Stream day capacity
bbl of bitumen per day
Production Life
years
Capacity Factor (Annual Average)
%
Capital Expenditures (2017 CAD Dollars)
Initial
Millions of dollars
Dollars per bbl of capacity
Sustaining
(Annual Average)
Millions of dollars/year
Operating Working Capital
Days payment
Operating Costs (2017 CAD Dollars)
Total Operating Costs
Millions of dollars/year
Non-Energy Operating Costs
Millions of dollars/year
Energy Requirements
Natural Gas
GJ per day
Electricity Purchased
MWh/d
Electricity Sold
MWh/d
Other Project Assumptions
Abandonment and
Reclamation
percent of total capital

SAGD

SAGD
Expansion

30,000
30
90%

30,000
30
90%

$1,200.0
$40,000.0

$600.0
$20,000.0

$43.8
45

$21.9
45

$123.2
$86.2

$104.0
$72.8

35,910
300
0

35,910
300
0

2%

2%

Source: CanOils, CERI

With oil prices determined in the context of the global market, capital costs are one of only a few
parameters operators directly control that have an impact on project economics. Historically, oil
sands projects have experienced significant inflationary pressures as projects progressed towards
completion. Labour shortages, material scarcity, administrative and engineering delays have all
contributed to cost overruns. Capital cost increases ultimately eroded returns for producers.
With the downturn in the oil prices globally – 2014-2016 and even into 2017 – capital spending
in new projects has experienced a decline, as more projects were being postponed and even
cancelled. Nevertheless, a handful of producers are building new projects or expanding existing
facilities with expansion phases. The capital cost estimates used in the supply cost calculations
are estimates for the projects that are or will be under construction in the 2018-2019 timeframe.
The capital requirements range from SAGD expansion phase estimate of $17,000/b/d to a newbuild of $65,000/b/d of flowing capacity. In this context, two estimates were taken for supply
cost calculations – greenfield project with $40,000/b/d of flowing capacity and an expansion
phase with $20,000/b/d of flowing capacity.
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The sustaining capital costs reflect sustaining capital requirements that are consistent with the
industry estimates: sustaining capital costs are $4.00/bbl of capacity for a greenfield SAGD
project and $2/bbl of capacity for an expansion phase.
Total operating costs have been decreasing year-on-year for the majority of existing projects, in
situ and mining. The total operating costs for selected projects are shown in Figure 2.1. The
sampled operating costs for in situ producers, shown in the top part of Figure 2.1, have declined
by 6 percent on average from 2009 to 2016 in real 2017 dollars; for mining producers – the
decline of sampled operating costs, shown in the bottom part of the Figure, was not as large as
for in situ producers, costs declined by an average of 2 percent from 2009 to 2016 in real 2017
dollars.
Figure 2.1: Total Operating Costs for In Situ and Mining Projects (C$2017/bbl)
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The operating cost estimates for supply costs calculation are 2016 costs of existing in situ projects
and are assumed to represent operating costs for new projects going forward. The total operating
costs and non-energy portion of costs are shown in Table 2.1. The non-energy related portion is
about 70 percent of total operating costs.
Oil sands projects are energy-intensive, consuming large quantities of natural gas, electricity,
diesel and chemicals, which are often purchased on the market and hence the energy-related
portion of operating costs is very dependent on the prices of natural gas, electricity and other
products used as an energy feedstock. To approximate the energy-related portion of operating
costs for an in situ producer, natural gas and electricity prices are used together with their
consumption.
While research continues on finding ways to use less natural gas, it is still the primary fuel source
for the oil sands industry. Hence, the cost of gas is important and has become a significant
component of the total supply cost framework. To approximate the cost of natural gas
purchases, a forecast of Henry Hub natural gas prices was obtained from the US EIA’s Annual
Energy Outlook (AEO) 2018 for the period 2016 to 2050. Prices were then transformed to 2017
dollars and converted to AECO-C basis gas prices to reflect better the actual cost paid by
producers for natural gas. CERI used an AECO-C/Henry Hub differential of US$1.25/MMBTU, and
a field premium of C$0.27/GJ. In reality, in situ producers would utilize the associated natural gas
that is produced (not all in situ projects have an associated gas production), and might not be
purchasing the full volume that is required, and hence, the overall cost for natural gas might be
lower. For supply cost purposes, however, it is assumed that producers purchase natural gas from
the market.
Figure 2.2 displays field prices paid by oil sands producers. Since 2010, natural gas prices have
been bouncing in the range between $2 and $4/GJ. Since 2014, with the oil price decline, gas
prices followed suit. Over the long term, prices are estimated to increase to a sub $5/GJ mark in
real 2017 dollars, growing at 2 percent between 2017 and 2049.
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Figure 2.2: Natural Gas Price Forecast (C$2017/GJ)
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Source: EIA, CERI

Another significant input to oil sands operations is electricity. Prices play a key role in determining
the cost of electricity as feedstock to oil sands projects. The 2017 Alberta average hourly pool
price was $22.19/MWh.6 Due to low natural gas prices in the province, Alberta is currently
experiencing historically low electricity prices. It is expected that, in the future, electricity rates
will be higher as the province transitions to a cleaner grid by retiring its coal power plants and
adding 30 percent or more of renewable generation options as directed by the Alberta Climate
Leadership Plan. The main challenge for Alberta’s electricity sector is ensuring sufficient reliable
capacity is available to satisfy the electricity demand upon the retirement of coal-fired generating
units by 2030.7 These changes together with a higher carbon tax indicate an increase in electricity
prices in Alberta.
To estimate the cost of electricity for supply cost calculations, the 2017 Alberta average hourly
pool price (CAD$/MWh) was used and inflated at an annual inflation rate (i.e., in real terms prices
are forecast to remain flat). This forecast is not reflective of Alberta pool prices and considers a
possibility of increased use of cogeneration for in situ projects, which would lower the overall
energy-related portion of the operating costs. Over the next decade, it is probable that in situ
projects will move towards cogeneration, with units sized to match a projects’ steam and
electricity load or potentially even sell the excess electricity to the provincial grid.

6

Alberta Electric System Operator 2017 Annual Market Statistics, March 2018. https://www.aeso.ca/market/market-andsystem-reporting/annual-market-statistic-reports/
7 CERI Study 168. “A Comprehensive Guide to Electricity Generation Options in Canada”. February 2018.
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For the purposes of calculating supply costs, in situ projects are assumed to purchase electricity
from the Alberta grid at the current low level of prices. Figure 2.3 illustrates the electricity price
forecast.
Figure 2.3: Electricity Price Forecast (C$2017/MWh)
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Source: AESO, CERI

Light-Heavy Differential
To place oil sands supply costs of a barrel of bitumen in a market context, they have been
calculated in terms of equivalent prices for marketable crude oil (e.g., blended) at key Alberta
market centers (i.e., Hardisty and Edmonton), and in terms of the corresponding equivalent
market price of WTI crude oil at Cushing, Oklahoma. This required CERI to make a number of
assumptions about market pricing relationships. Of particular importance is the light-heavy
differential, specifically the differential between light WTI and heavy WCS.
All crude oil is not valued equally. A light oil that is low in sulphur content (i.e., sweet) is more
valuable to refiners than heavy oil with higher sulphur content (i.e., sour), because it is less
energy-intensive to refine light sweet crude, and the resulting petroleum products are of higher
quality. Thus, refining heavy sour grades require more complex refining operations. The market
value of each crude stream, therefore, reflects the crude characteristics as well as the refined
products yield from such crude. The price difference between a barrel of light sweet oil and a
barrel of heavy sour oil represents the light-heavy or quality price differential.
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Two of the most important physical crude qualities are density (as measured by API gravity) and
sulphur content. Figure 2.4 illustrates those characteristics for various crudes from around the
world (including various pricing benchmarks) and places Canadian crudes in the context of crude
oil quality. It becomes very clear that bitumen-derived crudes measure high in sulphur content
and low on gravity as compared to some other crudes.
Figure 2.4: Densities and Sulfur Content of Crude Oils
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Almost all the Canadian crude oil exports are transported to refineries in Canada and the US with
the largest share originating in Alberta. The two main distribution hubs in Alberta are located
near Edmonton and Hardisty – the price point for WCS as a heavy crude benchmark. Launched
in 2004 by Encana Corporation (now Cenovus Energy), Canadian Natural Resources Limited,
Talisman, and Petro-Canada (now Suncor), the WCS is a blend of conventional Western Canadian
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heavy oil and crude bitumen that has been blended with sweet SCO and diluents.8 Table 2.2
compares the characteristics of the WCS blend with two other heavy crude oils.9 Currently, WCS
prices are closely linked to WTI because the majority of WCS crude is shipped to the US Midwest
market, for which the historical benchmark has been WTI. WCS crude is sold at a discount to WTI
because it is a lower quality crude, producing a positive light-heavy differential.
Table 2.2: Crude Oil Characteristics

Gravity (API0)
Carbon Residue (Wt %)
Sulphur (Wt %)
TANa (mo KOH/g)
a

WCS Target

Maya

Mars

19-22
7.0-9.0
2.8-3.2
0.7-1.0

21.8
13
3.5
0.3

30.4
5.5
1.9
0.68

TAN – Total Acid Number, measured in mg of potassium hydroxide needed to neutralize one gram of oil.

Source: Paterson, Shaun, “Restructuring the Canadian Heavy Oil Markets: The Case for a Large Heavy Oil Stream”,
Encana Corporation presentation to the Canadian Heavy Oil Association, February 3, 2005,
http://www.choa.ab.ca/ documents/Feb0305.pdf.

Maya is considered close in quality to WCS, yet Maya is a waterborne crude with readily available
access to US Gulf Coast refiners and represents the potential price/market WCS producers could
realize/access. Historically, Maya traded at a premium to WCS. Mars is a medium sour benchmark
in the US, and produced offshore Gulf of Mexico, 130 miles from the coast. It is of a higher quality
than Maya and WCS but has a relatively high sulphur content in comparison to other medium to
medium-heavy crudes.
As the US tight oil production rose, flooding the US with extra crude supply and squeezing the
outflow pipeline capacity in the Cushing, Oklahoma hub, the price for WTI at the hub, which had
historically run in close parity with an international benchmark, North Sea Brent, became
depressed and started to disconnect from the global benchmark. Discounts deepened, affecting
essentially all inland lower-48 crude grades, as well as WCS (since it is priced off WTI). Since
January 2011, these discounts have been steep and have been considered ‘structural’ as seen in
Figure 2.5.10 Since the reversal of the Seaway pipeline and construction of the southern leg of
the Keystone XL in 2013 to connect Cushing to the Gulf of Mexico, WTI prices have increased,
narrowing the differential between Brent and WTI, but not near its historical norm of US$2-5/bbl,
8

While WCS or dilbit is a blend of bitumen, conventional and synthetic crudes, its main crude quality parameters (both API
gravity and sulfur content) are very similar to those of other western Canadian conventional heavy sour blends such as Lloyd
Blend, Bow River, and other heavy sour conventional blends produced in Alberta and Saskatchewan. Cold Lake Blend is another
dilbit blend that trades in large volumes. Other dilbits include Access Western Blend, Borealis Heavy Blend, Christina Dilbit
Blend, Peace River Heavy, Seal Heavy, Statoil Cheecham Blend, and Wabasca Heavy (see: http://crudemonitor.ca/home.php)
9Paterson, Shaun, “Restructuring the Canadian Heavy Oil Markets: The Case for a Large Heavy Oil Stream”, Encana Corporation
presentation to the Canadian Heavy Oil Association, February 3, 2005, http://www.choa.ab.ca/ documents/Feb0305.pdf.
Accessed on January 11, 2011.
10 Another example is WTI versus Light Louisiana Sweet (LLS), a coastal crude, which prior to 2011 traded at $1/bbl discount to
WTI but has recently traded at $24/bbl premium to WTI.
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potentially indicating two things: either the two markets are no longer correlated and prices are
representative of regional markets only or the market to market connectivity is not sufficient to
increase WTI prices to Brent levels (sans transportation costs) or a combination of both.
Besides the lack of appropriate pipeline capacity between the US markets, the problem is further
exacerbated by the lack of export pipeline capacity from Western Canada to the US, thus
depressing WCS prices against WTI and other crudes, like Mexican Maya. Maya is considered
close in quality to WCS, yet Maya is a waterborne crude with readily available access to US Gulf
Coast refiners and represents the potential price/market WCS producers could realize/access.
Historically, WCS has tended to trade at a discount to Maya,11 averaging an annual discount of
US$6.50/bbl between 2005 and 2010, but the differential started to widen and reached as much
as US$48/bbl in February 2013. Recently, with rail bringing in more crude from Canada to the
Gulf, that differential narrowed again.
Since the launch of WCS, the price has been tracking the movements of WTI closely with periodic
fluctuations. In turn, the differential between WTI and WCS has fluctuated from a low of just
under US$6/bbl in April 2009 to a high of US$37/bbl in February 2013, and more recently
US$27.20/bbl in March 2018 with an average differential for 2017 at about US$12/bbl. In the first
three months of 2018, it ballooned to US$27.20/bbl.
The data series for WCS prices comes from the Baytex Energy website,12 while Brent and WTI
prices are sourced from the US EIA from January 2005 to March 2018. Figure 2.5 illustrates the
selected historical benchmark price series and WTI-WCS differential.
While the WTI-WCS differential has been much discussed and pondered upon by media, industry
and government, empirical evidence shows that the differential fluctuates over time, that is, it
narrows and widens based on market conditions. While this fluctuation is hard to estimate in
the long-term, the data support an assumption of a long-term average WTI-WCS differential of
US$15/bbl. Therefore, based on the historical data, the light-heavy differential (not including
transportation costs) is assumed to be constant at US$15/bbl. Over time as more blended
bitumen and SCO continue to penetrate existing as well as new markets such as the US Gulf Coast
and markets outside of North America, the light heavy differential might narrow in the future to
just a quality-based.

11

Maya has in turn historically traded at a US$7-9/bbl discount to WTI reflecting mainly quality differences. On the other hand,
Maya has historically traded at a $10/bbl discount to Light Louisiana Sweet (LLS), which further reflects the light-heavy
differential in the coastal area (more reflective of a global light-heavy differential).
12 http://www.baytexenergy.com/operations/marketing/benchmark-heavy-oil-prices.cfm
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Figure 2.5: Light-Heavy Differentials (US$/bbl)
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Crude Oil Transportation Costs
The supply cost is calculated for raw crude bitumen produced in the field. This bitumen supply
cost is converted to prices of marketable blended bitumen at key Alberta market centres
(Edmonton and Hardisty), and to an equivalent market price of WTI crude oil at Cushing,
Oklahoma. For non-integrated projects, blending costs are estimated through accounting for the
volume of diluent required per barrel to bring the bitumen blend to a density that meets pipeline
specifications, the cost of diluent, and the cost of transporting diluent to the field. Based on
recent industry data, a 5 percent premium for a diluent cost above WTI price has been removed,
given the increased supply of condensate from domestic sources and pipeline imports from the
US. Transporting the blend from the field to Hardisty is assumed to be C$1.00 per barrel.
Transportation costs from Hardisty to Cushing have been adjusted upward to US$5.25 per
barrel.13 Per barrel transportation costs from the field to Hardisty, and Edmonton to Cushing,
Oklahoma, are assumed to rise at an annual inflation rate of 2.0 percent.
The transportation cost assumptions above are based on pipeline transportation costs.
Alternatively, it is possible for bitumen and its blends to be transported via rail to destined export
markets. Rail transportation costs have historically been higher than those of pipeline, but
continued market access and pipeline logistics constraints increased the use of ‘crude-by-rail’
among producers. In January 2018, Canadian producers shipped 145 MBPD, a 20 percent increase
from January 2017.

13

CAPP, “Crude Oil Forecast, Markets & Transportation”, June 2017.
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Figure 2.6: Crude by Rail Shipments
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Rail also offers optionality on what is shipped, the coil and insulated (C&I) rail cars can transport
bitumen with little or zero need for diluent. In comparison, diluted bitumen or dilbit via rail would
use the same amount of diluent as dilbit in pipelines or around 30%. Railbit will require about
17% diluent and cleanbit would require no diluent at all. As current pipeline constraints persist,
widening the differential between WCS and WTI, rail can increase its crude-by-rail rates, but both
Canadian railway companies, CN and CP, demand long-term take-or-pay contracts and higher
rates to add locomotives and train crews to move oil because they fear the business will
evaporate once new export pipelines come on stream.14
According to Transportation Safety Board of Canada (TSB) data,15 there has been on average 66
rail incidents over the 2008-2016 period with a release of 200 or more litres (~1.3 barrels) of “low
vapour pressure flammable liquids16” (Figure 2.7). The largest number of incidents happened in
the 2013-2014 period. After the Lac-Mégantic, Quebec tragedy, various safety regulations were
enforced on rail transportation of hydrocarbon liquids, and as a result, the number of incidents
in the rail industry with dangerous flammable goods has decreased by three times. The ratio of
goods moved to the number of incidents per year has increased from 1,759 thousand barrels in

14

Financial Post. “Crude-by-rail price hikes expected to put pressure on western oil producers”. March 20, 2018.
http://business.financialpost.com/transportation/rail/crude-by-rail-price-increases-expected-to-put-pressure-on-westernproducers.
15 Transportation Safety Board of Canada. http://www.tsb.gc.ca/eng/stats/rail/index.asp
16 As the TSB does not specify the type of goods involved, these 66 incidents would include all flammable products: gasoline and
aviation turbine fuel, fuel oils and crude petroleum, gaseous hydrocarbons, including liquid petroleum gas (LPG's), and other
refined petroleum and coal products.
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2013 to 5,137 thousand barrels for rail in 2016, but still falls much behind pipelines performance
with 221,227 thousand barrels for 2012 and 1,401,973 thousand barrels for 2016.
Figure 2.7: Pipeline and Rail Crude Shipment Incidents
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Economic and Taxation Assumptions
Rate of Return
The supply cost estimates presented in this study have been calculated using cash flow models
similar to those used by industry and governments. The costs have been calculated using an
annual discount rate of 10 percent (real). This is equivalent to an annual return on investment of
12.0 percent (nominal) based on the assumed average inflation rate of 2.0 percent per annum.
Companies may evaluate individual investments using higher discount rates; these would
translate to higher supply costs than those presented here.
Within the supply cost model, federal and provincial corporate income taxes have been assumed
constant at 15 percent17 and 12 percent,18 respectively.
Capital Depreciation
Currently, most machinery, equipment and structures used to produce income from an oil sands
project, including buildings and community infrastructure related to worker accommodations,
are eligible for a capital cost allowance (CCA) rate of 25 percent under Class 41 of Schedule II to

17

Effective January 1, 2012, the federal rate dropped to 15 percent from 16.5 percent.
Effective July 1, 2015, the provincial corporate rate increased from 10 to 12 percent.
http://www.finance.alberta.ca/publications/tax_rebates/corporate/overview.html
18

May 2018

0319
18

Canadian Energy Research Institute

the Income Tax Regulations.19 In addition to the regular CCA deduction, an accelerated CCA has
been provided since 1972 for assets acquired for use in new mines, including oil sands mines, as
well as assets acquired for major mine expansions (i.e., those that increase the capacity of a mine
by at least 25 percent). In 1996, this accelerated CCA was extended to in situ oil sands projects.
This change ensured that both types of oil sands projects are accorded the same CCA treatment.
The accelerated CCA takes the form of an additional allowance that supplements the regular CCA
claim. Once an asset is available for use, the taxpayer is entitled to deduct CCA at the regular
rate. The additional allowance allows the taxpayer to deduct up to 100 percent of the remaining
cost of the eligible assets, not exceeding the taxpayer's income for the year (calculated after
deducting the regular CCA). This accelerated CCA provides a financial benefit by effectively
deferring taxation until the cost of capital assets has been recovered from project earnings.
This incentive helped to offset some of the risk associated with early investments in the oil sands
and contributed to the development of this resource. Over time, however, technological
developments and changing economic conditions have led to major investments that have
moved the sector to a point where the majority of Canada's oil production will soon come from
oil sands. As a result, this preferential treatment is no longer required. Budget 2007 phased out
the accelerated CCA for oil sands projects – both mining and in situ.20 The regular 25 percent CCA
rate will remain in place. To provide stability, and in recognition of the long lead time involved in
some oil sands projects, the following transitional relief was provided:
•

•

the accelerated CCA will continue to be available in full for:
- assets acquired before March 19, 2007, and
- assets acquired before 2012 that are part of a project phase on which major
construction began before March 19, 2007
for other assets, the additional accelerated allowance will be gradually phased down over
the period 2011 to 2015 (when it will be eliminated), according to the schedule set out
below.

The percentage allowed will decline each calendar year, as shown in Table 2.3 (prorated for offcalendar taxation years).

19

Property acquired by a taxpayer for the purpose of gaining or producing income from a bituminous oil sands project in
Canada will generally be included in Class 41.
http://www.cra-arc.gc.ca/E/pub/tp/it476r/it476r-e.html#Bituminoussandsprojects. Accessed on February 28, 2012.
20 To the extent that the accelerated CCA for oil sands projects induces incremental oil sands development that could
contribute to environmental impacts such as greenhouse gas emissions, air and water contaminants, water usage, and
disturbance of natural habitats and wildlife, these changes could help reduce such incremental impacts.
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Table 2.3: Phase-Out Schedule
Year

Allowable % of
Additional Allowance

2010
2011
2012
2013
2014
2015

100
90
80
60
30
0

Source: Budget Plan 2007, Annex 5.

For the purposes of this report, it is assumed that the transitional relief is not applicable for the
supply cost calculation of our greenfield projects and hence the phase-out schedule is applied as
set in Table 2.3.
Oil sands operations are assumed to commence construction on January 1, 2018, and begin
operating on January 1, 2020. The projects will continue to operate until the end of 2049, based
on a 30-year project life.
Carbon Tax
In 2016, the Alberta Government enacted changes to its carbon policy. The new Climate
Leadership Plan is a strategy to reduce emissions while diversifying the provincial economy.
Several key aspects include:
•
•
•
•
•

implementing an economy-wide carbon price on greenhouse gas emissions;
retiring coal-generated electricity by 2030;
developing more renewable energy;
capping oil sands emissions to 100 megatonnes per year
reducing methane emissions by 45% by 2025.

Alberta will implement a $30/tonne carbon price for oil sands facilities to drive towards reduced
emissions. A legislated maximum emissions limit of 100 Mt per year, with provisions for
cogeneration and new upgrading capacity, will help drive technological progress. The carbon
price started at $20/tonne of CO2eq. on January 1, 2017 and increased to $30/tonne on January
1, 2018. Post-2018, the federal carbon tax assumption is adopted.21 The federal carbon tax will
be $40/tonneCO2eq. in 2021 and increase to $50/tonne in 2022 and subsequent years.

21

Federal Government. https://www.canada.ca/en/services/environment/weather/climatechange/technical-paper-federalcarbon-pricing-backstop.html
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On January 1, 2018, the Carbon Competitiveness Incentive (CCI) regulation replaced the Specific
Gas Emitters Regulation (SGER).22 Similar to SGER, the CCI regulation applies to facilities that
emitted 100,000 tonnes or more of greenhouse gases in 2003, or a subsequent year. Facilities
that emit less than 100,000 tonnes have a choice to opt-in according to guidelines provided in
the Regulation document. The new policy prescribes product-specific emission performance
standards or benchmarks that replace the past uniform intensity-based reduction approach. This
replaces the existing intensity targets, which are based on GHG reductions per unit of production
regardless of the type of product. Access to flexibility mechanisms (such as the ability to purchase
Alberta-based offsets or pay into the existing technology fund in lieu of reducing operational
emissions) is expected to continue to be a compliance option for large emitters.
CERI’s supply cost model incorporates the newly established benchmarks for oil sands
production. While there are options that a producer can exercise to comply with the policy, the
model assumes that a producer pays the carbon tax on emissions above the established
benchmarks. The benchmarks are shown in Table 2.4.
Table 2.4: Established Benchmarks for Oil Sands Production
In Situ Bitumen
Unit

tonnesCO2eq./m3

2018
0.3504
2019
0.3504
2020
0.3469
2021
0.3434
2022
0.3399
2023+ BE=BEY-1 - 0.0035

kgCO2eq./bbl

55.7075
55.7075
55.1510
54.5946
54.0382
BE=BEY-1 - 0.5564

Mining Bitumen
tonnesCO2eq./m3

0.1954
0.1954
0.1934
0.1914
0.1894
BE=BEY-1 - 0.0020

kgCO2eq./bbl

31.0652
31.0652
30.7472
30.4293
30.1113
BE=BEY-1 - 0.3180

Note: The values in the rows for 2020, 2021 and 2022 reflect the application of an annual 1% tightening rate. BE is
established benchmark for the year. BEY-1 is established benchmark for the previous year.
Source: Alberta Government. “Carbon Competitiveness Incentive Regulation”. CERI converted the unit from tonnes
CO2eq./m3 of bitumen to kgCO2eq./bbl of bitumen.

The benchmarks are based on existing best performers’ emission profiles, i.e., benchmarks equal
to the lowest facility production-weighted emission intensity in the sector. For example, the
established benchmark for in situ bitumen of 0.3504 tonnes CO2eq./m3 (or 55.71 kgCO2eq./bbl)
of bitumen for the 2018-2019 period translates to a project with a SOR of approximately 2-2.3.
Currently, projects’ emissions per barrel vary from low to high levels. Figure 2.8 illustrates historic
emission intensities for selected projects from 2009 to 2015.

22

For more information on the Regulation: https://www.alberta.ca/carbon-competitiveness-incentive-regulation.aspx.
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Figure 2.8: Emission Intensities by Project (kgCO2eq./bbl bitumen)
120.000

kgCO2eq./bbl
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20.000
0.000
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Christina Lake Phase 1A Cenovus Energy Inc.

Firebag Phase 1 & 2 Suncor Energy Inc.

Foster Creek Phase 1a - c Cenovus Energy Inc.

Jackfish Phase 1 Devon Canada

Senlac Phase 1 CNRL

Surmont Stage 1 ConocoPhillips Canada Ltd

AOSP Muskeg River Phase 1 CNRL

AOSP Jackpine Phase 1A CNRL

2015

Source: CanOils, CERI

Table 2.5 below presents the average change in emissions intensity for mining and SAGD
production. Mining emissions intensity has improved by an annual average of 4% from 2009 to
2015. SAGD production emissions intensity improvements have averaged 1.4% over the same
period.
Table 2.5: Annual Emissions Intensity for Bitumen Production, 2009-2015

SAGD Avg
Mining Avg

kgCO2eq./bbl
kgCO2eq./bbl

2009

2010

2011

2012

2013

2014

2015

94.65
36.65

84.31
37.09

82.56
37.04

81.73
35.35

83.20
32.19

82.00
31.86

85.67
29.04

2009-15
CAGR
-1.4%
-4.0%

Royalty Assumptions
The Alberta oil sands royalty regime is based on the net revenue system whereby the oil sands
producer pays a lower royalty rate based on gross revenues until the point at which the producer
has recovered all the allowed project costs (those incurred up to three, and in some cases up to
five, years prior to the approved effective date) plus a return allowance based on current LongTerm Government Bond Rates (LTBR) issued by the Government of Canada (floor risk).23 After
payout has been achieved, the project proponent pays the higher of gross revenue royalties
based on a gross revenue royalty rate or net revenue royalties based on a higher net revenue
royalty rate. Prior to 2009, the rates were fixed at 1 percent of gross revenues (pre-payout) and
25 percent of net revenues (post-payout). After 2009, royalty rates are calculated based on the
Canadian dollar price of a barrel of WTI and are fixed at a floor of 1 percent (gross) and 25 percent
23

Assumed to be 2.4 percent.
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(net) when the price is below C$55/bbl, increasing linearly to a ceiling of 9 percent (gross) and 40
percent (net) when the price of WTI is above C$120/bbl as shown in Figure 2.9.
The gross revenue of the project is defined as the revenue collected from the sale of oil sands
products (or the equivalent fair market value) less the costs of any diluents contained in any
blended bitumen sold. Allowed costs are those incurred by the project operator to carry out
operations, and to recover, obtain, process, transport, or market oil sands products recovered,
as well as the costs of compliance with environmental regulations and with the termination of a
project, abandonment and reclamation of a project site.24
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Figure 2.9: Alberta Bitumen Royalty Rates

C$/b of WTI

Source: CERI

Oil Prices
Turning to the oil price projection, a distinct set of drivers will determine futures prices in the
medium- and long-term. Short- to medium-term prices are primarily dependent on expectations
of supply and demand balances (measured by the global stock changes), but they are also
impacted by factors such as geopolitics, speculation and overall market sentiment. Contrary to
this, in the long-term prices are mostly driven by the cost factors of producing a marginal barrel.
In this case, a rising marginal barrel cost is expected as a result of increasingly complex supply
developments, such as oil sands projects, tight oil plays in more complex geological structures,
deep-water and potentially Arctic fields. On the other hand, the drive for more efficiencies and
innovative technology will partially limit the rise in exploration and production (E&P) costs.

24

Government of Alberta, 2012. Service Alberta, Queen’s Printer, Laws Online/Catalogue, Legislation, Mines and Minerals Act,
Oil Sands Royalty Regulation, 2009
(http://www.qp.alberta.ca/574.cfm?page=2008_223.cfm&leg_type=Regs&isbncln=9780779732272), accessed on January 26,
2012.
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To better understand this year’s supply cost results, an oil price projection was required. The
forecast of the WTI price was obtained from the EIA’s AEO 2018, for the period 2016 to 2050.
Prices were adjusted to constant 2017 dollars and converted to Canadian dollars as shown in
Figure 2.10. Since the summer of 2014, when crude markets experienced a major decline in oil
prices as a result of burgeoning supply, prices started to increase as the market fundamentals are
coming into balance and crude inventories have started to get depleted. The Organization of
Petroleum Exporting Countries (OPEC) and non-OPEC production cuts which started late 2016
took some time to show up in the supply/demand numbers, but later in 2017 helped to push up
crude prices as crude inventories started to fall. At its annual November 2017 meeting, OPEC
extended the supply deal in place through the end of 2018 and placed additional caps on Libyan
and Nigerian production. This decision and evidence of compliance have since supported prices
at their highest levels all year. With world oil prices now back in the mid-$60s and exporter
revenue increasing, there is less pressure on OPEC members to cheat on the deal.
Prices in the near term (insert graph in Figure 2.10) will be around C$60-$65/bbl, before
increasing to C$80/bbl at the end of the decade. Over the forecast period of 2018 to 2050 real
prices will grow at 2.5%, reaching almost C$140/bbl by 2050.
Figure 2.10: WTI Price Forecast (CDN$2017/bbl)
$160.00
$140.00

CAD$2017/bbl

$120.00
$100.00
$100.00
$80.00
$60.00
$40.00
$20.00
$-

$80.00
$60.00
$40.00

2015 2016 2017 2018 2019 2020
$20.00

2049

2047

2045

2043

2041

2039

2037

2035

2033

2031

2029

2027

2025

2023

2021

2019

2017

2015

2013

2011

2009

2007

$-

Source: EIA, CERI

US-Canadian Exchange Rate
Since the summer of 2014, the price of oil has plummeted to its lowest point in years – and so
has the Canadian dollar, continuing an ongoing debate on how closely the two are related.
Canada’s dollar is often viewed as a petrocurrency because its movements often track oil prices
(see Figure 2.11). In simple terms, a petrocurrency is a currency of an oil-producing country —
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such as Canada — whose oil exports as a share of total exports are sufficiently large enough that
the currency’s value rises and falls along with the price of oil. In other words, a petrocurrency
appreciates when oil prices rise and depreciates when oil prices fall.
The most recent 50 percent decline in oil prices in summer 2014 coincides with the depreciation
of the Canadian dollar. Given the oil price forecast and high correlation factor between the
exchange rate and oil prices,25,26 an exchange rate of US/CDN$0.80 will be assumed in the supply
cost calculation. This represents a 20 percent drop from previous assumptions of parity between
the two currencies.
Figure 2.11: CDN/US Exchange Rate
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Supply Cost Results
Based on these assumptions, the supply costs of crude bitumen for a greenfield SAGD and an
expansion phase SAGD have been calculated. Figure 2.12 illustrates the supply costs for these
projects. The plant gate supply costs, which exclude transportation and blending costs, are
C$44.70/bbl for a SAGD project and C$28.66/bbl for an expansion phase of SAGD. A comparison27
of field gate costs from the February 2017 update with this year’s supply costs indicates that,

25

http://news.ubc.ca/2015/04/16/is-the-canadian-dollar-a-petrocurrency/
http://www.bankofcanada.ca/wp-content/uploads/2012/02/workshop-exchange-rates-june2011-Ferraro-Rogoff-Rossipresentation.pdf
27 Direct cost comparison is not recommended and only shown to illustrate the direction of change. Because some changes
were made in the project assumptions regarding carbon policy as well as project economics, a direct comparison of costs is not
favoured.
26

May 2018

0326
Canadian Oil Sands Supply Costs and Development Projects (2018-2038)

25

after adjusting for inflation, the supply cost for a greenfield SAGD producer has not changed
significantly, increasing by 1 percent.
Figure 2.12: Total Field Gate Bitumen Supply Costs
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$44.70

$28.66
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$20
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SAGD 10% ROR (a)

Fixed Capital (Initial & Sustaining)
Operating Working Capital
Fuel (Natural Gas)
Other Operating Costs (incl. Elec.)
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Income Taxes
Emissions Compliance Costs
Abandonment Costs

a

$19.33
$0.41
$4.57
$9.02
$7.81
$2.87
$0.67
$0.03

Expansion SAGD 10%
ROR (a)
$9.67
$0.21
$4.57
$7.65
$4.43
$1.45
$0.67
$0.01

$0

Return on capital included.

Source: CERI

After adjusting for blending and transportation, the WTI equivalent supply costs at Cushing are
US$60.17/bbl and US$51.59/bbl for a greenfield and expansion SAGD, respectively. A summary
of costs is presented in Table 2.6. At current WTI prices of just above US$66/bbl,28 these projects
are decidedly economic. The relative position of oil sands projects against other crude oils is
comparatively competitive, and as oil prices are expected to increase, so will the profitability of
28

At the time of writing, WTI prices traded at US$66.52/bbl.
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oil sands projects. There are risk factors that might affect project economics, such as market
access, exchange rate, future oil prices, project costs, etc. Some of these impacts were evaluated
through a sensitivity analysis in the next section.
Table 2.6: Supply Costs Summary
SAGD 10% ROR (a)

Expansion SAGD
10% ROR (a)

$0
10%
2017

$0
10%
2017

Discounted

Discounted

Included
$19.33
$0.41
$4.57
$9.02
$0.03
$7.81
$2.87
$0.67

Included
$9.67
$0.21
$4.57
$7.65
$0.01
$4.43
$1.45
$0.67

$44.70

$28.66

0.0
0.0

0.0
0.0

Total Supply Cost (C$/b)

$44.70

$28.66

Blend Product @ Hardisty in C$/b
Blend Product @ Hardisty in US$/b
Blend Product's WTI Equivalent @ Edmonton in US$/b
WTI Equivalent (US$/b)

$49.90
$39.92
$54.92
$60.17

$39.17
$31.34
$46.34
$51.59

Supply Cost
Net Present Value (C$ Millions)
Discount Rate
Base Year

Costs (C$/b)
Return on Investment
Fixed Capital (Initial & Sustaining)
Operating Working Capital
Fuel (Natural Gas)
Other Operating Costs (incl. Elec.)
Abandonment Costs
Royalties
Income Taxes
Emissions Compliance Costs

Subtotal
Electricity Sales
Subtotal

Source: CERI

The resulting impact on the overall cost of an oil sands project broken down by percentage share
is shown in Figure 2.13. It is assumed that emission compliance costs are royalty deductible, as is
currently the case. While capital costs and the return on investment account for a substantial
portion of the total supply cost, the province stands to gain $4.43 to $7.81 in royalty revenues
for each barrel of oil produced on average, over the life of an oil sands project. On a percentage
basis, these range from 15.5 to 17.5 percent share of total supply cost (see Figure 2.13).
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Figure 2.13: Oil Sands Supply Costs – Reference Case Scenario (% Contribution)
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Source: CERI

Supply Cost Sensitivities
The presented costs for oil sands projects also need to be analyzed in terms of how sensitive
costs are to changes to some of the input variables. The ranges used for sensitivities are
summarized in Table 2.7.
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Table 2.7: Assumptions for Sensitivity Analysis
Parameter

Sensitivity

Initial Capital Cost
Sustaining Capital Cost
Non-Energy Operating Costs
Discount Rate
SOR

+/-25%
+/-25%
+/-25%
+/-2%
+/-25%

Source: CERI

Bitumen supply cost sensitivities for a greenfield SAGD and an expansion phase SAGD are
represented graphically in Figures 2.14 and 2.15.
Figure 2.14: Supply Cost Sensitivity – 30 MBPD SAGD Project
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The results indicate that SAGD supply cost is the most sensitive to changes in the initial capital
expenditures and the assumed discount rate, SOR is another factor that impacts the supply costs.
If initial capital is 25 percent higher than the original estimate, the field-gate supply cost rises to
$50.81/bbl from $44.70/bbl, in contrast, supply cost decreases to $39.09/bbl if initial capital is
25 percent lower. If the discount rate is raised to 12 percent real, the supply cost is estimated to
increase by $5.79/bbl and when it is decreased to 8 percent real, the cost will decrease by
$4.92/bbl from its base of $44.70/bbl.
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Figure 2.15: Supply Cost Sensitivity – 30 MBPD Expansion SAGD Project
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For an expansion phase SAGD, the supply cost will increase to $31.80/bbl and decrease to
$25.52/bbl if the initial capital cost increases or decreases by 25 percent, respectively. The
discount rate increase to 12 percent will increase the supply cost by $2.55/bbl and a decrease to
8 percent will result in a $2.54/bbl drop in the base supply cost of $28.66/bbl.
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Chapter 3: Oil Sands Projections
Based on the supply cost results and given the oil price forecast, the last chapter concluded that
greenfield SAGD and expansion phase SAGD oil sands projects are economic. The past mega-large
projects like open-pit mines are no longer the trend forward, development of additional phases
to existing brownfield facilities cost less than greenfield development and are seen as a way to
future growth. Low oil prices have caused companies to announce capital spending cuts, the
exchange rate to drop and operating costs to fall. However, an improvement in oil prices in the
latter part of this decade indicates that oil sands projects present a profitable long-term
investment. This does not imply that every oil sands project will move from concept to reality.
Nor does it imply that every oil sands project should go forward. Inevitably, some projects will
experience delays for a variety of reasons, including but not limited to those related to financing
and transportation and environmental performance.
This chapter presents CERI’s view of where oil sands production might be heading. A discussion
of the methodology used to develop the projections is followed by the assumptions used to delay
or cancel oil sands projects. CERI’s oil sands projections for bitumen, SCO, natural gas
requirements, strategic and sustaining capital, operating costs, and emissions are then provided.
Special focus is given to the Reference Case Scenario and discussed in more detail at the end of
the chapter.

Methodology and Assumptions
CERI’s methodology for projecting bitumen and SCO production remains unchanged from past
reports. Projections are based on the summation of existing and new projects, with a variety of
assumptions pertaining to the project schedule and delays, technology, and state of
development. The method by which projects are delayed, or the rate at which production comes
on-stream, is based upon CERI’s understanding of oil market dynamics and specific characteristics
of oil sands projects.
The scenarios are the Reference Case, High Case, and Low Case. The Reference Case
incorporates existing and future oil sands project developments subject to two constraints:
project startup delays, and capacity curtailments. The Low Case scenario assumes lower bitumen
production growth relative to the Reference Case. The growth rate in bitumen production
incorporated into the Low Case is half of the average annual growth rate in the Reference Case.
The High Case scenario assumes higher bitumen production growth relative to the Reference
Case with a growth rate approximately 1.5 times higher than the growth rate in the Reference
Case.

Delay Assumptions
On-stream projects are assumed to be in production until the end of the project (unless new
phases were added); projects that are under construction will proceed with minimal delays and
reach their nameplate capacity. Projects further along the regulatory process are given shorter
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delays and have higher probabilities of proceeding to their announced production capacity. Given
the current economic downturn, projects that have been announced, but have not yet entered
the regulatory process with a disclosure document are given the longest delays.
Delays and probabilities, as measured by a probability fraction, for each phase of the regulatory
approval process, are based upon reasonable estimates of the length of time each phase could
take. As compared to delay years and capacity curtailments of last year’s update, this year sees
an increase in the number of delay years for some categories and a decrease in probabilities of
reaching full capacity. Another factor that is contributing to this increase in delays and capacity
curtailments is that existing export pipeline capacity is not sufficient to transport the incremental
volumes of future produced bitumen and SCO and has an impact on the project announcements
and construction. Although the federal government had approved the expansion of the Trans
Mountain pipeline and Line 3 refurbishment and expansion,1 both projects are facing opposition
and hence incremental growth in oil sands production post-2018 will face market access
challenges, unless there is a significant increase in rail transport, additional export pipeline
capacity or a reduction in the amount of diluent used to transport non-upgraded bitumen.

Oil Sands Production – Three Scenarios
The projection of crude bitumen and SCO production is dependent on information provided by
oil sands producers. This includes data on production capacity provided to the Alberta regulator,
in addition to other publicly available documents, such as annual reports, investor presentations
and press releases. The projections include production from existing projects as well as new
projects that are under construction, approved, awaiting approval, and announced.2 This year
the projection period is 2018 to 2038, inclusive.
Figure 3.1 illustrates the possible paths for production under the three scenarios. For an oil sands
producer, a project’s viability relies on many factors, such as but not limited to the demandsupply relationship between production, operating and transportation costs (supply side) and the
market price for blended bitumen and SCO (demand). Oil prices, high construction costs, the
probability of construction and regulatory delays, availability of suitable and accessible refinery
capacity, and environmental performance metrics and other risk factors have and might cause
significant delays for projects.
Availability of the right skilled labour could also be a risk factor. According to the 2017 labour
update by PetroLMI,3 the addition of operations roles will be somewhat offset by the loss of
capital-related jobs as major projects that were under construction prior to the 2014 downturn
move into operation in 2017 and 2018. In situ operations will add workers as additional
production comes on stream. Meanwhile, there will be a decrease in the number of upgrading
1

John Pail Tasker. “Trudeau cabinet approves Trans Mountain, Line 3 pipelines, rejects Northern Gateway”.
http://www.cbc.ca/news/politics/federal-cabinet-trudeau-pipeline-decisions-1.3872828. Accessed on November 29, 2016.
2 Announced projects are assigned with high uncertainties regarding timing and project production capacities.
3 The Petroleum Labour Market Information (PetroLMI) Division of Enform. “Labour Market Outlook 2017 to 2021: Canadian Oil
and Gas Industry”. March 2017.
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jobs as investment in this sub-sector slows considerably following completion of projects
currently under construction.
Total production from oil sands areas totalled 2.77 MMBPD in 2017, comprised of in situ (thermal
and cold bitumen) production of 1.51 MMBPD and mining production of 1.27 MMBPD within the
boundaries of the oil sands areas.4 Total production in 2016 was 2.54 MMBPD, meaning the oil
sands production grew 9.2 percent year-over-year. Production from oil sands includes an
increasing share of Alberta’s and Canada’s crude oil production. In 2017, non-upgraded bitumen
and SCO production made up 61 percent of total Canadian crude production and 82 percent of
Alberta’s total production.
In the High Case Scenario, production from mining and in situ projects (thermal and cold
bitumen) is set to grow to 3.4 MMBPD by the end of the decade and 5 MMBPD in 2030, peaking
at an all-time high of 7.5 MMBPD by 2038. In the Low Case Scenario production rises to 3.1
MMBPD in 2020, 3.4 MMBPD by 2030 and flattens to 4.0 MMBPD by the end of the forecast
period. CERI’s Reference Case Scenario provides a base case of the oil sands production.
Projected production volume will increase to 3.2 MMBPD by 2020 and 4.1 MMBPD in 2030,
peaking at 5.5 MMBPD by 2038 (see Figure 3.1 and Table 3.1).
Table 3.1: Oil Sands Production Forecast (MBPD)

High Case
Reference Case
Low Case

2020

2025

2030

2035

2038

3,388
3,239
3,097

3,977
3,528
3,129

4,970
4,090
3,367

6,735
5,143
3,928

7,485
5,465
3,990

Source: CERI

4

Totals may not add up due to rounding. Historical production from the Alberta provincial regulator.
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Figure 3.1: Bitumen Production Scenarios
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Achieving any of the levels of production outlined in the three scenarios requires a substantial
number of inputs, of which capital (both strategic and sustaining) and natural gas are critical.
Without the required capital, an oil sands project cannot be constructed. The project, with
current technologies, cannot operate without an abundant and affordable supply of natural gas.
Lastly, once the facility is operating there is an ongoing need for sustaining capital to ensure that
production volumes stay at their design capacities. These and other requirements are discussed
in the next section.

Reference Case Scenario
This section will focus on the results of CERI’s Reference Case Scenario. Projections of bitumen
production, capital and operating costs, economic impacts, diluent, natural gas and emissions are
included in the discussion.

Oil Sands Production – Historic and Forecast
A comparison is presented between CERI’s Reference Case production and other agencies’
forecasts, such as CAPP,5 the AER,6 and the NEB7 that report oil sands forecasts. Figure 3.2
illustrates the comparison of bitumen production between CERI and the three agencies. CERI’s
total production projection from oil sands areas spans from 2018 to 2038, inclusive. All four
5

CAPP, “Canadian Crude Oil Forecast and Market Outlook”, June 2017
AER ST-98, 2018.
7 NEB, “Canada’s Energy Future: Energy Supply and Demand Projections to 2035 – Energy Market Assessment 2013”, October
2017.
6
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outlooks are relevantly similar up to 2030. CAPP and AER projections stop at around that time;
only the NEB’s forecast is long term. CERI’s Reference Case production in the latter part of the
forecast period is projected to grow faster than the NEB’s. This is supported by an assumption of
a continual increase in oil prices which would attract more greenfield development.
Bitumen production in CERI’s Reference Case grows by an average annual of approximately
130,000 BPD or just over 3 percent per year. The production level is expected to reach 3 MMBPD
by the end of 2018 and continue to grow moderately. The growth rate will be slower in the first
half of the forecast period than in the last; in particular, the annual growth rate between 2018
and 2028 is 2 percent. In contrast, the annual growth rate between 2028 and 2038 is almost
double, at 3.76 percent. The slight decline in 2016 is the result of wildfires in northern Alberta
that happened mid-2016 affecting oil sands projects. The 2028 estimated drop of 125,000 BPD is
due to project’s end date assumption of projects, in this case, it is one of the older oil sands mines
coming offline.
Figure 3.2: Bitumen Production Forecast – Comparison

Source: CERI, AER, CAPP, NEB.
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Illustrated in Figure 3.3 are the production projections by extraction type. Total mined bitumen
production is expected to increase from 1.3 MMBPD in 2017 to its peak of almost 1.6 MMBPD by
2027, and remain flat for the rest of the period. The decrease in mining production in 2028 is due
to one of the phases of a legacy mine coming offline before another phase starts operations. The
remainder of the projection period remains flat.
Since 2012, in situ production continues to be higher than mining. Production is expected to
increase continuously from 1.5 MMBPD in 2017 to a peak of 3.7 MMBPD in 2038, growing at 4.7
percent annually, as a result of the addition of new proposed projects, the expansion of existing
and construction of approved projects. The share of bitumen production from mining will
continue to decrease – from 45 percent in 2017 to 28 percent in 2038. By the end of the
projection period in 2038, in situ bitumen accounts for the majority of incremental bitumen
barrels.
Figure 3.3: Bitumen Production by Extraction Type – Reference Case
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Natural Gas Demand
The oil sands industry increasingly accounts for a larger portion of the provincial gas market in
Alberta. Overall, natural gas demand growth in the province of Alberta over the coming decade
is expected to come primarily from the industrial sector including oil sands, power generation
and petrochemical sectors. The oil sands industry increasingly accounts for a larger portion of the
provincial gas market in Alberta.
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Figure 3.4 displays the range for thermal energy/gas intensity factors developed by CERI8 for the
different project types including extraction processes such as mining, in-situ (SAGD, CSS,
Primary/EOR, and electric-heating technologies), upgrading projects such as coking and
hydrocracking, as well as integrated extraction (mining or SAGD) and upgrading projects. Figure
3.5 displays (natural gas equivalent) hydrogen intensity factors for upgrading projects.
The ranges were calculated based on statistical methods which are meant to capture most of the
collected data values (excluding large outliers), with a median value illustrated by the black
square-shaped marker, while the blue diamond-shaped marker displays the latest empirical value
collected for a given project type (where applicable), which is generally an average for 2014 (or
2013, depending on data availability).
Figure 3.4: Oil Sands Industry Thermal Energy Intensity Factors by Project Type
(GJ/bbl of Output)
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Thermal energy intensity factors are higher for in situ thermal projects on average than for mining
projects as a result of a higher gas requirement for steam generation. Natural gas use is the
largest contributor to total energy requirements for thermal in situ projects. On the other hand,
upgrading facilities require natural gas for hydrogen production. Hydrogen is used in the primary
upgrading stage at hydro-cracking upgraders and in all upgrading projects with secondary

8

For more information on how these factors were developed, see CERI Study 151, “Oil Sands Industry Energy Requirements
and Greenhouse Gas (GHG) Emissions Outlook (2015-2050). August 2015.
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upgrading processes for the purpose of hydro-treating. This allows for the production of clean
sweet SCO (or fractions thereof such as naphtha and diesel fuel).
Figure 3.5: Oil Sands Industry Hydrogen Energy Intensity Factors by Project Type
(GJ/bbl of Output)
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Hydrogen is mainly produced at upgrading operations from natural gas purchases via steam
methane reforming (SMR). SMR is a two-step process that produces hydrogen from methane.
Some upgraders will use internally produced fuel gas to produce hydrogen. In some areas where
industrial integration exists, upgrading operations have the option of purchasing pure hydrogen
streams from nearby industrial facilities.9
Thermal energy and hydrogen intensity factors are converted to a volumetric basis in order to
come up with an estimate for gas demand for the oil sands industry by project type. Figure 3.6
displays the results of such analysis.
Figure 3.6 also illustrates the total oil sands demand for gas (including natural gas, fuel gas,
syngas, and associated gas) for the purpose of meeting thermal energy requirements and
feedstock for hydrogen production. The oil sands industry’s natural gas purchases refer to
marketable natural gas purchased from the market, for meeting thermal energy and hydrogen
requirements, after accounting for internally produced and utilized gas sources.

9

As an example, upgrading projects can purchase hydrogen streams from nearby refineries and petrochemical facilities.
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Total gas demand for the oil sands industry is expected to increase from almost 3.4 billion cubic
feet per day (BCFPD) in 2017 to almost 6.6 BCFPD by 2038. Total gas purchases made up 70
percent of total gas demand in 2017.
The majority of the growth in gas demand from the industry is expected to come in the form of
thermal energy demand requirements for SAGD projects, followed by mining and upgrading
projects. Under the assumption of constant energy intensity factors in the Reference Case, this
trend is primarily the result of an evolving product mix on a project-type basis rather than
technological changes.
Figure 3.6: Natural Gas Demand and Purchases for Thermal Energy and Hydrogen Production
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Diluent Demand
Diluent is an important component of oil sands operations for transportation purposes. Adding
diluent brings bitumen to pipeline specifications and allows it to flow. Currently, domestic
sources and imports of condensate satisfy the diluent demand for bitumen production.
In oil sands operations, demand for diluent is driven by non-integrated projects whose primary
output is a crude bitumen blend such as WCS. The diluent pool, in turn, is made up of various
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components including light crudes such as SCO and condensates (ultra-light crude), but also
natural gas liquids (NGLs) such as butane, but most importantly, pentanes plus. More recently,
butane and propane are being used to pilot solvent-aided in situ projects, where a combination
of steam and solvent aids in the extraction of bitumen, thus reducing the need for natural gas to
create steam and reducing overall GHG emissions from the production process.
While the choice of diluent used by different project operators is based on economic and
technical considerations,10 pentanes plus remains the diluent of choice for oil sands operators.
Figure 3.7 displays the estimated demand for diluent by project type and by diluent type.
Figure 3.7: Diluent Demand by Type of Diluent

Source: AER, CERI

Total demand for diluent for 2017 was almost 0.7 MMBPD including pentanes plus and
condensate, SCO, and butane. The diluent demand is expected to rise in tandem with bitumen
production, as more in situ projects come online, requiring diluent for transportation, assuming

10

See CERI Study 133, “Canadian Oil Sands Supply Costs and Development Projects (2012-2046). May 2013.
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no technological breakthroughs.11 Total demand will rise from the current level to over 1.6
MMBPD by 2038.
The demand for diluent is met through domestic supply and imports from the US. Production of
pentanes plus, a predominant fuel used as a diluent, is estimated by the AER to remain flat for
the foreseeable future at just under 270,000 BPD. A combination of factors including the
continued focus of gas producers on liquids-rich and “oily” gas plays like the Duvernay, and the
potential commissioning of liquefied natural gas projects (LNG) in British Columbia could change
the production forecast in the upward direction.
Meanwhile, it is important to consider that diluent import requirements are a function of local
production volumes and overall demand levels. CERI’s diluent demand projection is based on the
premise crude bitumen would be blended, that is, no field upgrading will occur, in which case
diluent demand for blending purposes could decrease. Partial upgrading, among other
technologies, could impact how bitumen is processed and transported (i.e., without minimal or
no addition of diluent).
Alternatively, crude bitumen could be moved by rail, and this will increasingly be the case under
continued market access and pipeline logistics constraints, this is not to say that crude-by-rail is
not experiencing its own issues like non-availability of rail cars, required train personnel, capacity
and back-logs on transporting other commodities. Regardless, rail can move bitumen with little
to no diluent required.12
Last, but not least, in the context of diluent import requirements it is important to consider the
infrastructure required to move such volumes to the Alberta diluent market. Diluent import
infrastructure includes pipelines such as the Southern Lights pipeline and the Cochin pipeline
which was reversed and switched over from propane to diluent service. Other infrastructure
includes rail terminals dedicated to diluent service in the Edmonton/Fort Saskatchewan area, as
well as a terminal on the Kitimat coast that moves diluent via rail to Alberta.
Overall, diluent demand levels will be driven by the production of crude bitumen blends rather
than synthetic crude from oil sands operations. Given that demand is well above and beyond
local production levels, diluent will continue to be imported in large volumes. Rail transportation
of bitumen has the potential to reduce diluent demand depending on the type of blend/product
transported but also to add to the diluent pool supply by making use of diluent haul-backs.
Technologies, such as partial upgrading, could also create products that meet pipeline
specifications without additional diluent.

11

CERI Study 164, “Economic Potentials and Efficiencies of Oil Sands Operations: Processes and Technologies”, March 2017.
Dilbit via rail would use the same amount of diluent as dilbit in pipelines or around 30%. Railbit will require about 17% diluent
and cleanbit would require no diluent at all. Railbit and cleanbit would require coil and insulated (C&I) rail cars for
transportation purposes.
12
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Transportation Capacity
The assessment of future production is not limited by transportation capacity. One assumption
is that pipelines and rail will provide the needed service to move additional volumes of bitumen.
Figure 3.8 indicates the amount of existing pipeline transportation capacity and the contribution
of new pipeline projects including Enbridge Line 3, the TMX expansion and the new KXL pipeline.
Figure 3.8: Crude Pipeline Transportation Capacity from Western Canada
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The current existing export pipeline capacity out of western Canada is 4 MMBPD. In the long run,
under the Reference Case, bitumen production is expected to grow, and the need for expansion
in existing oil pipeline capacity comes at the forefront of challenges that the oil sands industry is
facing today. As western Canadian crude oil production continues to grow, the leverage of these
resources for economic benefits to the nation will depend on the ability to connect this growing
supply with downstream demand.
It is also important to stress how some excess capacity is crucial to be able to manage pipeline
maintenance times and to provide flexibility for new market development. Not to mention that
constraints in pipeline capacity and the lack of access to existing and new demand centres have
deepened the discount between WTI and western Canadian crudes and hence have had a severe
impact on the netbacks realized by Canadian producers.
With the federal government approving the expansion of Kinder Morgan’s Trans Mountain
pipeline and Enbridge’s Line 3 replacement, export pipeline capacity would increase by almost 1
MMBPD (Expansion of TMX – 590,000 BPD and Line 3 replacement – 370,000 BPD), alleviating
some existing constraints in the mid-term. However, both projects face significant opposition and
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further delays. In January 2018, Kinder Morgan said that the Trans Mountain expansion with a
ballooned cost of $7.4 billion13 could be facing a one-year delay, with a new onstream date of
December 2020.14 Enbridge’s Line 3 replacement project is facing similar uncertainty. The
company says the $8.2 billion project’s start time is planned for the end of 2019. If TransCanada’s
Keystone XL is revived, it will add another 830,000 BPD, but the project has been in development
for nearly a decade. With recently secured 20-year commitments from shippers in the amount of
500,000 BPD,15 TransCanada might move forward. It has not officially green-lighted the project
and is still working toward a final investment decision (FID). CERI has estimated its potential
onstream year to be 2021.
In the meantime, producers may use rail to move their products. The terminal outbound capacity
in Alberta and Saskatchewan is approximately 750,000 BPD but only 20% is utilized. Rail capacity
is indeterminate and ever changing, influenced by the use of assets and resources (capacity of
railcar fleet, rail crews and the power of locomotives), the management of flow and operations
and the overall basic rail track infrastructure (track structure, sidings double track).16

Emissions
Greenhouse gas (GHG) emissions are a major area of environmental concern in the oil sands
sector. Increasing concentrations of anthropogenic (i.e., human-produced) GHGs in the
atmosphere are a major driver of climate change attributed to human activity. GHGs influence
climate by trapping radiation from the earth’s surface, resulting in an overall warming effect on
the planet. This can lead to a number of potentially adverse outcomes such as changing climate
patterns (for example, increased or decreased precipitation) and rising sea levels.
Total Canadian emissions of CO2eq were 732 Mt or 1.6 percent of global emissions,17 and of these
emissions, 9.3 percent came from the oil sands sector.18 The effects of the sector on Canada’s
total emissions and ability to meet international commitments to GHG abatement are
substantial. Canada has committed under the Paris Agreement of 2015 to decrease emissions by
30 percent below 2005 levels by the year 2030. Canada’s 2050 reduction targets are set at 80
percent below 2005.

13

https://www.kindermorgan.com/pages/business/canada/tmep.aspx
CTV News. “Timeline: Key dates in the history of Trans Mountain pipeline”. April 15, 2018.
https://www.ctvnews.ca/business/timeline-key-dates-in-the-history-of-the-trans-mountain-pipeline-1.3886032 Accessed on
April 23, 2018.
15 Financial Post. “Keystone XL pipeline gets enough shipper support to go ahead” January 18, 2018.
http://business.financialpost.com/commodities/energy/transcanada-concludes-open-season-for-keystone-xl-project-confirmssupport. Accessed on April 23, 2018.
16 Quorum Corporation website, Railway Capacity Background & Overview, Rev: 10/12/05, pp. 1-2.
17 Environment and Climate Change Canada. “National Inventory Report 1990-2014: Greenhouse Gas Sources and Sinks in
Canada”.
18 Environment and Climate Change Canada.
14
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Besides the international commitment, Alberta’s Climate Change Leadership Plan includes an
emissions cap on the oil sands industry in the order of 100 Mt of CO2eq. Not exceeding the
absolute cap is of importance to government and industry.
There are two methods to consider when looking at emissions performance. The first is GHG
emissions intensity, which is the emissions in CO2 equivalents per barrel of bitumen or synthetic
crude oil produced. Emissions intensity is valuable for examining whether changes in operating
conditions at a project level have been effective in light of changing production volumes. The
second is the bulk emissions for a project. A project can make significant efforts to reduce GHG
emissions, but total emissions can still rise if bitumen production has risen at a faster rate than
emissions have fallen. Looking at bulk emissions can obscure progress made to curb GHGs, but
this metric is important to examine as the climate response of emissions will not depend on how
many resources were extracted during the emission of these gases.
Figure 3.9 illustrates the total emissions projection for the Reference Case production forecast.
The on-site emissions projection includes emissions from existing upgrading, electricity or
fugitive emissions and flaring. Current on-site emissions projected to grow from 72 MT/year in
2017 to 103 MT/yr in 2030, breaching the emissions cap of 100 MT. Increasing production in this
sector makes the meeting of international commitments increasingly difficult to meet, and thus
there is interest in reducing the amount of GHGs emitted to extract bitumen from the oil sands
and generate synthetic crude oil. In CERI Study 164, the Institute outlined several technoeconomic paths on how to grow oil sands production but reduce overall emissions.
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Figure 3.9: Oil Sands Emissions by Project Type
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Capital Investment and Operating Costs
After two years of deep capital cuts, total capital investment in Alberta’s oil and gas sector
increased in 2017 to C$33.6 billion (an almost 30 percent increase from 2016), despite a
continued decrease in the oil sands sector. Oil sands capital spending is expected to stay weak in
2018 and remain flat until the end of the decade. A few producers may actually boost their
budgets, but the majority keep deferring new projects in the short term, focusing instead on
sustaining existing facilities and lowering costs of production.
Total capital spending requirements are broken down by project type and are illustrated in Figure
3.10. Over the 21-year projection period from 2018 to 2038 inclusive, the total initial and
sustaining capital required for all projects is projected to be C$406.5 billion under the Reference
Case Scenario, almost $100 billion lower than last year’s projection. Capital investment for in situ
projects surpasses the capital spent for mining projects, which is consistent with the ongoing
trend to invest more into in situ projects rather than mining. From 2018 to 2038, it is projected
that almost C$122 billion (initial and sustaining) will be invested into mining projects and C$262
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billion will be invested into in situ thermal and solvent as well as primary and EOR cold bitumen
projects. Upgrading projects see the least amount of capital spent, amounting to C$22 billion.
Figure 3.10: Total Capital Invested by Project Type
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Historical and forecast capital expenditures from 2007 to 2038 are shown in Figure 3.11. As
evidenced in the industry, capital expenditures on oil sands projects have been on the decline
since 2014, coinciding with a decrease in oil prices. Investment fell by 30 percent to C$15.4 billion
in 2016 and a further estimated 17 percent in 2017. In addition, capital expenditures in 2018 are
forecast to decrease to around C$12 billion. The 2014 peak spending of almost $34 billion in not
projected.
Going forward, overall capital expenditures average $19 billion per year in the 2018-2038
forecast period, growing at approximately 2 percent. There are lingering risk factors that could
impact the capital outlay outlook – further deferral of higher-cost projects; successful
deployment of cost-reduction strategies; uncertainty on how the industry will meet a 100
megatonne cap on oil sands emissions; and uncertainty over export pipeline development
projects. Expenditures in the oil sands are expected to be invested in new thermal projects or
primarily aimed at sustaining capital and expanding existing projects.
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The methodology related to estimating capital investment is related to project capacity additions
in the form of expansions of existing projects and greenfield development.
Figure 3.11: Total Oil Sands Capital Expenditures by Project Type
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Historical and forecast operating costs by project type are presented in Figure 3.12. As can be
seen, total operating costs have been declining since 2014 with a year-on-year decrease of 10
percent in 2015 and 8 percent in 2016. This is the result of not only declining oil prices, but oil
sands project operators have managed to reduce their overall operating cost per barrel of
bitumen or SCO produced. Over the forecast period, total operating costs are expected to
increase in line with increased production levels, averaging $22.7 billion per year.
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Figure 3.12: Total Oil Sands Operating Costs
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Oil Sands Economic Contribution
The oil sands industry is a significant contributor to the provincial and Canadian economies in the
form of royalty and land payments and taxes. It also employs thousands of people. The sector
has experienced sustained cost-cutting, restructuring and deeper than anticipated job losses
since the oil price collapse in 2014. This resulted in an 8 percent reduction in labour in 2015 and
2016, which translates to approximately 28,924 workers directly employed in Canada’s oil sands
sector at the end of 2016 according to PetroLMI.19
According to their latest labour outlook,20 total employment growth in the oil sands sector is
expected to be 4,000 jobs by 2021 as companies shift their spending from expansion to
maintenance, and repair and optimization of their operations. The total direct employment in
the oil sands is forecast to be 32,883 jobs in 2021 (see Figure 3.13).

19
20

PetroLMI. “Oil Sands Labour Demand Outlook to 2020 Update” December 2016.
PetroLMI. “Labour Market Outlook 2017 to 2021: Canada’s Oil and Gas Industry”. March 2017.
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In 2017, the workforce requirements will reflect the transition of capital projects into operation.
In oil sands mining the growth is expected to occur in production-related jobs. The addition of
operations roles will be somewhat offset by the loss of capital-related jobs as major projects that
were under construction prior to the downturn move into operation in 2017 and 2018. In situ
projects will add workers as additional production comes on stream. Meanwhile, there will be a
decrease in the number of upgrading jobs as investment in this sub-sector slows considerably
following completion of projects currently under construction.
Figure 3.13: Oil Sands Sector Labour Demand Forecast (# of jobs)
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The continued focus on decreasing costs, increasing operational efficiencies and sustaining
labour productivity gains will have an impact on oil sands workforce requirements between 2018
and 2021. Jobs added in the forecast period will be primarily in occupations that support
production as well as the maintenance and optimization of existing operations. The sector is also
expected to enhance operational productivity through technology, including additional
automation.
A decrease in growth-related capital spending and a shift towards sustaining and maintenance
projects that drive operational reliability and efficiency will determine the make-up of labour
skills required. Table 3.2 describes the skills that will be desired in the next five years.
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Table 3.2: Top 10 Oil Sands Occupations with Greatest Expansion

Source: PetroLMI

In August 2017, CERI published very detailed results of economic contributions that the industry
brings to Canada and the US over the next ten years.21 The impact outlook was done using last
year’s Reference Case bitumen production forecast. This year, the Reference Case production
projections are lower by 12 percent in comparison to last year’s levels. Hence, the economic
impact results were adjusted accordingly.
The overall contribution of the Canadian oil and gas industry to the Canadian GDP amounted to
$108 billion in 2017 or nearly 6.5 percent share of total Canadian GDP, which is a half percent
higher than the 2016 contribution.22 Oil sands represent a significant portion of the oil and gas
sector, bringing in almost half, or $44.2 billion, of the $108 billion.
The industry is projected to contribute $1.4 trillion to the Canadian GDP over the next 10 years.23
Most of the impact will be felt in Alberta, but Saskatchewan is a growing contributor as more oil
sands projects from that province are coming online. Despite a decrease in capital and operating
expenditures (which drive the economic impacts modelling), governments will still benefit from
tax revenues. Those are estimated to be $139 billion in federal tax revenues and $86.7 billion in
provincial taxes over the forecast period.

21

CERI Study 166, “Economic Impacts of Canadian Oil and Gas Supply in Canada and the US (2017-2027)”, August 2017.
Statistics Canada, CANSIM, Table 379-0031.
23 Base numbers are sourced from CERI Study 166, “Economic Impacts of Canadian Oil and Gas Supply in Canada and the US
(2017-2027)”. August 2017. Then adjusted for lower production level.
22
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Chapter 4: Conclusion
The steep global decline in oil prices has impacted the crude oil industry extensively and has
slowed the pace of upstream investment around the world – including in heavy crude oil
development in Canada. Since then, oil prices rebounded to the level conducive to increased
production. CERI’s oil sands projections show that in the long run, bitumen production is
expected to grow, albeit at a slower growth rate than previously forecasted. The growth in the
bitumen production from the provinces of Alberta and Saskatchewan (which is also starting to
develop its oil sands resources) would provide a net benefit to those provincial economies and
nationally.
CERI forecast three scenarios based on different economic factors for bitumen production. In the
High Case Scenario, production from mining and in situ projects (thermal and cold bitumen) is
set to grow to 3.4 MMBPD by the end of the decade and 5 MMBPD in 2030, peaking at an alltime high of 7.5 MMBPD by 2038. In the Low Case Scenario, production rises to 3.1 MMBPD in
2020, 3.4 MMBPD by 2030 and flattens to 4.0 MMBPD by the end of the forecast period. CERI’s
Reference Case Scenario provides a base case of the oil sands production. Projected production
volume will increase to 3.2 MMBPD by 2020 and 4.1 MMBPD in 2030, peaking at 5.5 MMBPD by
2038.
Figure 4.1: Bitumen Production Projections
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However, the growth is dependent on several factors. GHG emissions are a major environmental
concern in the oil sands sector. Increasing concentrations of anthropogenic (i.e., humanproduced) GHGs in the atmosphere are a major driver of climate change attributed to human
activity. This can lead to a number of potentially adverse outcomes such as changing climate
patterns (for example, increased or decreased precipitation) and rising sea levels.
Total Canadian emissions of CO2eq were 704 Mt in 2016, a net decrease of 28 Mt or 3.8 percent
from 2005 emissions.24 In 2016, the Energy Sector (consisting of Stationary Combustion,
Transport and Fugitive Sources) emitted 572 Mt of greenhouse gases or 81% of Canada’s total
GHG emissions. The effects of the sector on Canada’s total emissions and ability to meet
international commitments to GHG abatement are substantial. Canada has committed under the
Paris Agreement of 2015 to decrease emissions by 30 percent below 2005 levels by the year 2030.
Canada’s 2050 reduction targets are set at 80 percent below 2005.
Besides the international commitment, Alberta’s Climate Change Leadership Plan includes an
emissions cap on the oil sands industry of 100 Mt of CO2eq. Not exceeding the absolute cap is of
importance to government and industry. CERI shows in this report that under the Reference
Case, without any improvements, emissions cap will be reached by 2029-2030.25 Under the
scenario where the historic trend of decreasing intensities is assumed, the emissions cap is not
reached for the forecast period. In order for emission intensities to continue to decline, process
innovation using commercial and near-commercial technologies would have to be implemented
throughout the bitumen extraction sector.
The lack of available export capacity is another challenge that the oil sands industry is facing. In
last year’s report, CERI predicted that starting in 2018-2019, without additional pipeline capacity,
the crude exports will be locked in and will have no market access. This is exactly what happened.
As a result, the price differential started to widen again, the value of bitumen started to decline,
producers started to store their crude or had to apportion it for pipeline transport, and rail use
started to increase as well.
Expansion of pipeline infrastructure and shipping routes to international markets and the US
would create opportunities for Canadian oil producers and benefit the Canadian economy as
well. Allocating exports to other markets such as Asia and Europe also reduce dependence on
the US market, which used to be Canada’s number 1 customer. Until it became our number 1
competitor.
The oil sands industry is a significant contributor to provincial and Canadian economies in the
form of royalty and land payments, and taxes. In the latest Alberta Government Budget, bitumen
royalties are estimated at $1.8 billion in 2018-19, $573 million lower than in 2017-18, due
24

Environment and Climate Change Canada. “National Inventory Report Executive Summary 2018”.
https://www.canada.ca/en/environment-climate-change/services/climate-change/greenhouse-gas-emissions/sources-sinksexecutive-summary-2018.html
25 In last year’s update, the emissions cap was reached sooner than in this year’s forecast. This is explained by the lower
production level forecast.
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primarily to the wider light-heavy oil price differential and higher exchange rate.26 The US$5
increase to WTI is more than offset by the differential discount. Royalties are forecast to increase
to $2.9 billion by 2020-21. The main drivers are increasing oil prices, higher production and lower
project costs.
The sector also employs thousands of people. The sector has experienced sustained cost-cutting,
restructuring and deeper than anticipated job losses since the oil price collapse in 2014. This
resulted in an 8 percent contraction in labour in 2015 and 2016, which translates to
approximately 29,000 workers directly employed in Canada’s oil sands sector at the end of 2016
according to PetroLMI.27 According to their latest labour outlook,28 total employment growth in
the oil sands sector is expected to be 4,000 jobs by 2021 as companies shift their spending from
expansion to maintenance, repair and optimization of their operations. The total direct
employment in oil sands is forecast to amount to 32,883 in 2021.
Overall, the challenge is to balance the benefits of oil sands production for Canada, with citizen
concerns for the environment. Technology innovation provides a good solution to achieve both.
In the long-term, new technologies and processes for bitumen production can reduce production
costs, creating more value for industry and government, and at the same time reduce GHG
emissions.

26

Alberta Government. “Fiscal Plan: Budget 2018”. https://open.alberta.ca/dataset/8beb5614-43ff-4c01-8d3bf1057c24c50b/resource/68283b86-c086-4b36-a159-600bcac3bc57/download/2018-21-Fiscal-Plan.pdf#revenue
27 PetroLMI. “Oil Sands Labour Demand Outlook to 2020 Update” December 2016.
28 PetroLMI. “Labour Market Outlook 2017 to 2021: Canada’s Oil and Gas Industry”. March 2017.
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Executive Summary
Whenever the WTI price increases by one Canadian dollar, Canadian GDP is estimated to gain
about $1.7 billion.1 Similarly, a reduction in production costs of Canadian oil is likely to bring a
comparative benefit to the economy. The Bank of Canada estimates that the lower oil and
commodity prices since 2014 resulted in a 1 percent drop in Canada’s GDP and a loss of ~$60
billion in national income2. These underscore the role of production cost reductions in the
competitiveness of Alberta’s oil sands industry and the Canadian economy in general.
Given the unstable and current low oil price environment, booming US shale oil production,
global oil supply glut, increasingly stringent emissions regulations, and social pressure to reduce
GHG emissions, the survival or growth of the oil sands industry will depend on how quickly it can
innovate to address these challenges.
This study shows that the costs and emissions challenges facing the oil sands industry are real
and serious, and if not urgently addressed may stunt the growth of the industry. The 100
MtCO2eq. emissions per year cap imposed on the oil sands industry will be reached by 2028. This
means that the industry has about 10 years to act in order to continue oil sands production
growth by reducing its emissions intensity. On the other hand, high bitumen supply cost is
another important factor that makes oil sands production less competitive relative to other
competing world crude oils.
This study identifies clear technological pathways that will enable the oil sands industry to
significantly reduce costs as well as emissions. Six technology configurations that reduce both
bitumen supply costs and GHG emissions are identified: one for brownfield and five for greenfield
developments. With the implementation of any of the configurations, chances of reaching the
100 MtCO2eq./year cap are reduced to zero within the study period (2016-2036).

1

Millington, D., 2016. Low crude oil prices and their impact on the Canadian economy. Canadian Energy Research
Institute Study Report No. 156. February 2016. Available online at
http://resources.ceri.ca/PDF/Pubs/Studies/Study_156_Full_Report.pdf
2
Statement made by Lynn Patterson, the Deputy Governor of Bank of Canada at the Edmonton Chamber of
Commerce on March 30, 2016
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Table E.1: Optimal Technology Configurations for Brown and Greenfield Developments
Compatible Processes and Technologies
Water and
Business Management &
Wells and Well
Reservoirs
Waste
Data Analytics
Pads
(RES)
Treatment
(BM)
(WWP)
(WWT)
Brownfield development
Magox
Steam flood
Steam
precipitation
Steam solvent
management
Solvent
and CO2
conversion
Greenfield development
Steam with
Steam/CO2
CO2 coco-injection
injection
Evaporator
Steam with
Steam
CoGen
Digitalization
Steam flood
Well pad
Steam-solvent
of EPC
management standardization
Chemical
Steam
water
Solvent
Steam-solvent
treatment
Cogen
Pure
Pure Solvent
Solvent

Steam
Generation
(SG)

OTSG

DCSG
SOFC
RT-OTSG
SOFC

Source: CERI

The technology configurations that meet the minimum costs and emissions objective criteria will
allow for significantly more room for oil sands production growth. These technology
configurations have the potential to reduce bitumen supply cost by 34-40 percent, reduce fuelderived emissions from in situ oil sands production by more than 80 percent, and consequently
delay the time until the emissions cap is reached by several decades.
Figure E.1 shows the impact on supply cost and emissions by the identified optimal technology
configurations applicable to green and brownfields.
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Figure E.1: Combined Impact of Technologies under Different Cost and
GHG Emissions Scenarios

Source: CERI

Reducing emissions usually comes with a cost penalty. Interestingly, the results of this study
prove otherwise. They show that emissions and cost reduction objectives are not adversely
related. This means the two objectives can be achieved simultaneously. Even more interesting is
the fact that by simply choosing to implement the minimum cost objective configuration,
dramatic emissions cuts are made as a result.
The different technology configurations (in Table E.1 and Figure E.1) result in new direct
emissions profiles3 for the oil sands industry and these are compared with the business as usual
profile (BAU with policy changes4) and the 100 MtCO2 cap in Figure E.2.

3

Based on the oil sands production forecast generated in CERI’s 2016 oil sands update.
The profiles in Figure E.2 include current direct and indirect emissions of all the oil sands production methods
(mining, in situ, enhanced oil recovery and primary heavy oil production) and upgrading.
4
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Figure E.2: GHG Emissions Profile for the Oil Sands Industry and the
100 MtCO2/year Emissions Cap
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The new GHG emissions profiles5 based on the optimal cost and emissions technology
configurations will allow for oil sands production growth. These technology configurations have
the potential to reduce bitumen supply cost by 40 percent, and avoid reaching the 100 Mt CO2eq.
per year cap during the study period (2016-2036).
However, further research and development work is needed to de-risk the promising
technologies through pilot and field demonstration studies if the prospects of delivering these
costs and emissions reductions are to be realized. For more information on possible ways of how
to fuel a greener and more cost competitive oil sands industry, see the Appendix.

5

Based on the oil sands production forecast generated in CERI’s 2016 oil sands update.
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Key Findings
The key findings of this study are presented below:
1. The 100 MtCO2eq. emissions per year cap imposed on the oil sands industry will be
reached by 2028. This means that the industry has about 10 years to act to raise the ceiling
on oil sands growth by reducing its emissions intensity.
2. High bitumen supply cost is another important factor in the competitiveness of the oil
sands industry.
3. Identification of clear technological pathways to significantly reduce costs as well as
emissions. With the implementation of any of the configurations, chances of reaching the
100 MtCO2eq./year cap are eliminated within the study period (2016-2036).
4. The technology configurations that meet the minimum costs and emissions objective
criteria can achieve potential reduction of bitumen supply cost by 34-40 percent, reduce
fuel-derived emissions from in situ oil sands production by more than 80 percent, and
consequently delay the time until the emissions cap is reached by several decades.
5. Emissions and cost reduction objectives are not adversely related. For example, by
choosing to implement the minimum cost objective configuration, dramatic emissions
cuts are made as a result.
6. Further research and development work is needed to de-risk the promising technologies
through pilot and field demonstration studies if the prospects of delivering these costs
and emissions reductions are to be realized.
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Chapter 1: Introduction
Extraction of bitumen from oil sands resources has brought significant economic benefits to the
province of Alberta and across Canada through the delivery of services, tax revenues, royalties
and job creation. However, the oil sands industry is faced with several challenges, including
access to markets, high production costs, and high energy and emissions intensities compared to
conventional and non-conventional crude counterparts.
Figure 1.1: Production Costs and Greenhouse Gas Emissions of World Crude Oils

Source: Rystad Energy, UCube, IHS Energy, CERI.

The two important challenges of high costs and emissions are evident from Figure 1.1, which
shows that West Texas Intermediate (WTI)-equivalent diluted bitumen (dilbit) and bitumen
upgraded to synthetic oil (SCO) have the highest average production costs and GHG emissions
when compared to other world crude oils. For example, the WTI-equivalent price of dilbit and
SCO are US$58.32 and US$56.50, respectively. Emissions-wise, production of dilbit and SCO
results in 74 kgCO2/bbl and 116 kg CO2/bbl, respectively.
On the other hand, the major competing international crudes (e.g., US Shale, Saudi Arabia,
Russia, etc.) have lower average costs and emissions. Therefore, there is an important need to
boost the competitiveness of the oil sands bitumen product from Alberta by reducing its
production costs and associated GHG emissions to equal or lesser values than that of a
conventional crude barrel.
Of the estimated 1.7 trillion barrels (bbl) of oil sands in place hosted in clastic (mainly the Cold
Lake, Peace River, and Athabasca deposits) in Western Canada and carbonate (mainly the

March 2017

0374
2

Canadian Energy Research Institute

Grossmont formation) reservoirs, only about 10 percent (167.9 billion bbl) of the resource is
considered recoverable by using existing technologies.6 About 80 percent of the recoverable
resources are too deep to mine; thus, these can only be extracted using in situ technologies.
Figure 1.2: Pictorial Event Timeline of In Situ Oil Sands Technology Development and
Production Growth

Source: CERI

As shown in Figure 1.2, oil sands bitumen extraction has experienced significant growth through
the development and commercialization of innovative in situ technologies. The two primary in
situ technologies are Cyclic Steam Stimulation (CSS) and Steam-Assisted Gravity Drainage (SAGD),
the latter being the most predominantly applied and the most economically viable technology
for most reservoir types.
The SAGD process came about as a result of technical innovation led by Dr. Roger Butler and his
colleagues.7,8 Most of its development was carried out in the Underground Test Facility (UTF) at
the Alberta Oil Sands Technology and Research Authority (AOSTRA) facility in the late 1970s (see
Figure 1.2).

6

AER, 2012. ST98: Alberta’s energy reserves & supply/demand outlook. Available online at
https://www.aer.ca/data-and-publications/statistical-reports/st98
7
Butler, R.M., McNab, G.S., Lo, H.Y., 1981. Theoretical Studies on the Gravity Drainage of Heavy Oil during Steam
Heating.
8
Butler, R.M., Stevens, D.J., 1981. The Gravity Drainage of Steam-Heated Heavy Oil to Parallel Horizontal Wells. J.
Can. Pet. Technol. 20, 90–96.
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The extraction of bitumen at the levels accomplished today would not have been possible but for
innovation, which remains the key factor in successful oil sands development. Figure 1.2 gives a
historical perspective as to how past innovation efforts in the oil sands yielded significant results
over the years. However, the innovation of many decades ago is no longer adequate in the face
of low oil prices and an increasing demand for sustainable environmental processes and
reduction in greenhouse gas emissions.
Oil sands industry experts and executives, academics and policy makers believe that the current
challenges, particularly those related to high supply costs, energy intensity and emissions are to
be solved through technical innovation. It is expected that industry must keep up with the pace
of innovation to meet the changing commodity price realities and environmental sustainability
expectations of the twenty-first century. Therefore, new and innovative technologies are needed
to exploit the huge reserves in Western Canada in a responsible and sustainable manner.
A few previous studies9,10 cataloged technology options and their potentials and limitations
related to mostly environmental, regulatory and economic impacts in the oil sands. The Council
of Canadian Academies scoped already deployed and emerging technologies that could reduce
the environmental footprint of bitumen extraction and processing. It evaluated the extent to
which existing and emerging technologies can reduce the environmental footprint of all aspects
of oil sands operations.
On the other hand, Findlay (2016)10 explored several aspects of oil sands development and
growth. The study looked at implications of the following on the oil sands growth outlook:
perception, regulation, “social license”, market access, price discount on oil sands bitumen, and
oil sands cost competitiveness and economic outlook.
Though the Council of Canadian Academies described technologies, their potentials and timelines
for commercial deployments, the potential cost and emissions reduction potentials of these
technologies were not assessed or quantified.
There are obvious challenges to embarking on studies that estimate the potential reductions in
cost and emissions of new and emerging technologies. These include:
1. Paucity of information on new and emerging technologies in publicly available literature
given that in most cases the required information is proprietary.

9

Council of Canadian Academies, 2015. Technological prospects for reducing the environmental footprints of
Canadian oil sands. The expert panel on the potential for new and emerging technologies to reduce the
environmental impacts of oil sands development. The Council of Canadian Academies, Ottawa, ON, Canada.
10
Findlay, P.J., 2016. The Future of the Canadian Oil Sands: Growth potential of a unique resource amidst
regulation, egress, cost, and price uncertainty. Report No. WPM 64. Oxford Institute for Energy Studies, Oxford,
UK.
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2. Lack of expertise – it is difficult to assemble a team of experts to carry out a detailed cost
and emissions assessment of all the technologies across the process life cycle of oil
bitumen extraction and supply.
3. Uncertainty in estimating the future cost trajectory of emerging technologies and
processes with the attendant technical and market risks associated with the journey
leading to product development and market deployment.

Objectives and Scope
The objective of this study is to identify new and emerging technology options that can be
deployed in the oil sands industrial sector within the next 5-7 years and assess their potential to
reduce GHG emissions and supply costs. This study is specifically focused on in situ process-based
projects, spanning bitumen production, processing, upgrading, pipelines and transport.
From the options identified, the goal is to build scenarios of industry-wide technology adoption
with the objective of improving the overall economic and environmental performance of the
industry. The adoption scenarios are based on the oil sands production forecast generated in
CERI’s 2016 oil sands update.11

11

Millington, D., 2017. Canadian oil sands supply costs and development projects (2016-2036). Canadian Energy
Research Institute (CERI) Study No. 163. February, 2017. Available online at
http://resources.ceri.ca/PDF/Pubs/Studies/Study_163_Full_Report.pdf
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Chapter 2: In Situ Oil Sands Technologies
In this chapter, the description of new and emerging technologies and processes for deployment
in oil sands bitumen production and upgrading are categorized and presented in seven distinct
process segments.

In Situ Oil Sands Process Segments
The benchmark bitumen production and upgrading facilities are sub-divided into seven segments
that constitute the oil sands process chain. Under each segment (Figure 2.1), different
technologies identified to be deployable in the oil sands within the next 5-7 years are considered.
The process segments include the following: Water and Waste Treatment (WWT), Steam
Generation (SG), Wells and Well Pads (WWP), Reservoirs (RES), Upgrading (UPG), Pipelines and
Transport (PT), and Business Management and Data Analytics (BM).
Figure 2.1: In Situ Oil Sands Production and Processing Segments and their
Associated Technologies

Source: CERI

The WWT segment comprises technologies that can be applied in the following sub-segments:
oil-water separations and water treatment, waste handling and emissions mitigation. The SG
segment involves combustion and boiler technologies whereas the WWP segment is made up of
technologies with potential applications in wells and well pads. Technologies that are applied in
the sub-surface for oil exploration and to mobilize bitumen from the oil sands are listed and
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assessed under the RES segment. Various partial upgrading and deep conversion technologies
are described under the UPG segment. Further, the PPT segment discusses technologies for
pipeline safety, maintenance and monitoring whereas the BM segment is made up of lean
business methods, intelligent business management and data analytics.
In the following sections, the technologies are described highlighting the major issues each
innovation addresses. The strengths, weaknesses and potentials of the technology are presented.

Water/Wastewater Treatment (WWT) Segment
The product from the reservoir is a mixture of bitumen, water and other materials, which needs
to be separated to recover the bitumen product and send the remaining stream forward for
further treatment. The role of the WWT segment is to recover as much pure water as possible
from the produced liquid so that the water can be reused for further production in the process.
Figure 2.2: Wastewater Treatment and Steam Generation Superstructure for
SAGD Bitumen Production

Note: technologies and processes that are alternatives to each other are represented as options
Source: CERI

Figure 2.2 shows a superstructure of various processes and technologies that form the basis of
innovations deployable for water/wastewater treatment. It also shows the interconnections of
the WWT segment with the steam generation stage in a SAGD production facility. The
water/wastewater treatment step can be subdivided into an oil and water separation unit and
water treatment unit.
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Oil and Water Separation
Separating the produced oil completely from the water is very difficult to achieve. This poses a
challenge for the facility due to the tendency of remnant oil to degrade water treatment and heat
transfer performances of the facility. Therefore, the adoption of efficient, reliable and affordable
de-oiling technologies is important for water management in oil sands bitumen production
facilities. Technologies that are used in the oil-water separation include:






Free water knock-out (FWKO)
Skim tank
Induced static flotation (ISF)/Induced gas flotation (IGF)/Dissolved gas flotation (DGF)
Oil removal filter (ORF)
Reverse osmosis filter (RO)

Free water knock-out, skim tank and gas flotation steps separate the product stream from the
reservoir segment into gas, oil and oily water streams. The oily water stream is passed through
an oil removal filter to further remove any entrained oil in the produced water. Various options
of the oil removal filter exist, but the nutshell filter is the most commonly used in oil sands
bitumen processing.
Water Treatment
Here, treatment is aimed to remove hardness and silica from the de-oiled, produced water, and
any make-up water that may be introduced into the process. The following technologies are
available for the water treatment stage:







Evaporator
Lime softener
Filters
Ion exchanger
Electrolytic cell
Zero Liquid Discharge

As shown in Figure 2.2, some pairs of these technologies are mutually exclusive in the process,
whereas others are complementary to each other. Silica and hardness treatment process in the
oil sands industry often consist of three units: warm lime softening (WLS), after-filters, and weak
acid cation (WAC) ion exchange.
Lime softening is used to remove hardness and silica. In the process, hardness ion – calcium and
magnesium ions – react with added chemicals which convert them to small suspended solids.12
Specifically, calcium is removed by converting it to calcium carbonate and magnesium is removed
by converting it to magnesium hydroxide. The particles agglomerate and then settle to the
bottom. Generated clear water can then be removed. The lime softening process can be broken
down into three steps: reaction (converts hardness to low solubility salts), precipitation (happens
after oversaturation of water with low solubility salts), and clarification (sedimentation of
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generated particles) steps.12 The first two steps remove hardness from the produced water and
the third step removes silica. Interestingly, silica can be removed by the precipitated hardness
ions (by adsorption) with additional lime and magnesium hydroxide added to promote silica
precipitation. Generally, the main function of the lime softener is to remove silica to a target of
less than 50 mg/l.13
Lime softening is sub-divided into three categories based on the operating temperature of the
process:




Cold lime softening (15-60 oC)
Warm lime softening (60-85 oC)
Hot lime softening (90-110 oC)

Theoretical hardness in the effluent stream from the lime softening unit is:




Cold lime softening (80-110 mg/L)
Warm lime softening (30-50 mg/L)
Hot lime softening (15-25 mg/L)

The residual hardness in a CLS effluent would be considered too high for SAGD process
requirements. Thus, WLS and HLS are the types that are mostly deployed. The treated effluent
from HLS or WLS can be sent to a boiler to generate steam for injection into SAGD wells. HLS is
preferred for treating water for high pressure boilers, which require feed water with very low
hardness.
Evaporators provide an alternative to the lime softening based treatment process. WLS works
well with water that has a lower total dissolved solids (TDS) content <7000 ppm.14 With higher
TDS, more chemicals are required for the treatment which results in the formation of sludge. This
can make the treatment ineffective and expensive as the amount of treated water coming out
from the softener decreases. Consequently, very high TDS produced water is better treated using
evaporators, and SAGD operators are prioritizing evaporator technologies for silica and hardness
removal.14 Evaporators are known to provide high quality water treatment while maintaining
high water recycle rates. Moreover, seeded slurry evaporative technologies have further
optimized basic evaporators for use in SAGD applications with remnant oil carryover.
Filters are used in every water treatment process configuration. Generally, filtration serves to
remove most of the bigger-sized or precipitated impurities in the water. The use of filters makes
it possible to minimize the need for frequent equipment cleaning and servicing, avoid inefficient
performance, and prevent damage to process components. Moreover, electrolytic water
12

Toghraei, M., 2013. Lime Softening, Engrowth Training Inc.
Dejak, M. and Portelance, S., 2016. The case for elimination of lime softening for produced water feeding OTSGs,
Eco-Tec Inc.
14
Lightbown, V., 2015. New SAGD technologies show promise in reducing environmental impact of oil sand
production, Oil sand and Mining, Vol 1 (2), 2015.
13
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treatment systems can be used instead of an evaporator or lime softener. Such systems apply
the principle of electrolysis to precipitate dissolved ionic species from the produced water.
The filtered effluent from the lime softening step goes to ion exchange softeners. Various
configurations of Weak Acid Cation (WAC) exchangers and/or Strong Acid Cation (SAC)
exchangers can be used, depending on the attributes (TDS) of the feed water, but most operators
use WAC due to increasing TDS from higher recycling rate requirements.15
The ion exchange softeners remove hardness, preventing scale buildup on the heat transfer
surfaces on heat exchangers and the inner walls of the boiler; thereby, helping to maintain more
efficient heat transfer. Adequate removal of hardness is critical for reducing the frequency of
downtimes to clean the boiler tubes. Ion exchange softening is recommended whenever raw
water hardness exceeds 1 ppm.14
In SAGD facilities, which do not have the option of deep-well disposal of the waste blowdown
streams or facilities that aim to satisfy stringent water recycle requirements, zero liquid discharge
(ZLD) is used to eliminate the generation of disposable water streams from the process. 16 Also,
ZLD tries to limit the amount of wastewater that needs to be treated. With minimal wastewater
generation, the necessary equipment for treating the remaining wastewater can then be
determined and deployed according to the characteristics of the wastewater. The popular
approach to ZLD is to use filtration technology to channel the drained liquid to an evaporator,
and the evaporator concentrate can be sent to a crystallizer or spray dryer. As requirements on
water usage and disposal continue to tighten, companies are geared to explore ZLD as an
efficiency improvement and environmental conservation measure.
Challenges in the Water/Wastewater Treatment Segment






Escaped oil from the oil-water separation stage can limit the effectiveness of water
treatment and heat transfer downstream
Water composition: High TDS process affected water consumes more treatment
chemicals and produces more precipitates, resulting in lower recycle rates
Low temperature requirement: most of the existing processes operate at a low
temperature (about 90oC), which requires the use of heat exchangers to cool the mixture
(from about 140 oC) before the separation
Fouling of the ion exchange softener by very small particles generated in the lime
softener, leading to impairment of the performance of the softener and increased
hardness leakage
Some of the small particles (especially magnesium silicates) can get through to the boiler
tubes and deposit there

15

Dejak, M. and Portelance, S., 2016. The case for elimination of lime softening for produced water feeding OTSGs,
Eco-Tec Inc.
16
Lightbown, V., 2015. New SAGD technologies show promise in reducing environmental impact of oil sand
production, Oil sand and Mining, Vol 1 (2), 2015.
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The small particles of calcium and magnesium can pass through undetected by most
hardness analyzers
Evaporators require more capital expenditure and higher energy use
Non-evaporative processes require large blowdown ponds and can be more expensive to
operate due to sludge
GHG emissions intensity of the processes
Need for higher produced water recycle rate
Reliability and operability of the treatment technology 16
Corrosiveness of the process water on equipment
Difficulty of cleaning treatment equipment, especially when fouling is encountered, and
the financial implications (lost production, cleaning costs, etc.) of the downtime
Balancing water management requirements (with respect to the disposed and recycled
amounts) with GHG emissions
Variability of operating conditions between units in the process, e.g., HLS is easier to
manage than WLS but the higher temperature of the treated effluent from HLS is a source
of problems in the downstream ion exchange design and operation17
Difficulty of controlling lime softeners for optimum performance as upsets of the
upstream separation or treatment processes trigger the escape of hardness and further
issues downstream

Emerging technologies in this segment aim to address some of these challenges. In the following
sections, we elaborate on the emerging technologies and processes in the water/wastewater
treatment area of a SAGD plant.
Emerging Water/Wastewater Treatment Technologies for the Oil Sands
CH2M: Adding Dissolved Mg in Lime Softening
This is an operational improvement concept that is applicable to the traditional water treatment
unit with lime softening. In the traditional water treatment with lime softening, Magnesium
Oxide (MgO or Magox) is added to process affected water (PAW) to form Mg(OH)2 which adsorbs
silica for removal from the water treatment segment. At higher pH, native dissolved Mg+2 – which
is Mg from PAW and process recycle – precipitates, thereby reducing the amount of fresh MgO
required to remove the same quantity of silica. Additionally, MgCl 2 which has higher silica
removal efficiency than Magox could be used to remove more silica for a given quantity of
available magnesium.18 This processing approach has an estimated result of about 78 percent
reduction in fresh Magox consumption, with up to $1.23 million in annual Magox cost savings.19
Also, some stack CO2 can be used to generate carbonic acid which can be used to prepare the
Mg(OH)2 required for the treatment, thereby reducing the CO2 footprint of the plant. Other side
17

Toghrai, M., 2013. Water treatment with lime softening. Engrowth Training Inc.
Martins, K., McCloud, M., Karimi, A., 2016. Step change advancement to decrease Magox demand and reduce
silica in lime softening processes in produced water treatment. World Heavy Oil Congress 2016.
19
Assumes magox cost of $600/ton and in situ Magnesium concentration of 2 mg/l.
18
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benefits include reduction of soda ash consumption in the process and the attendant reduction
of the total dissolved solids (TDS) in the processed effluent stream (due to reduced residual
sodium from soda ash addition).18
The silica removal mechanism is understood to be a combination of adsorption and complex ion
formation.20 One challenge with the proposed use of stack CO2 in this process is that, as the gas
is cooled, sulfuric acid is produced by condensation of vapour which would require that
equipment be able to resist strong acids.18 CERI’s calculations indicate that the CO2 sequestered
is so small that it does not offer any significant reduction in emissions of the facility.
GE: Next-Gen SAGD Process Affected Water Treatment Technology
This technology consists of oil-water separation and water treatment. The de-oiling step is a
modification of the conventional de-oiling step by replacing the IGF and WSF with a custom deoiling and high temperature reverse osmosis technology. The water treatment part consists of
an evaporator. The configuration of the de-oiling step and water treatment unit results in an
estimated 40 percent smaller size evaporator requirement, 26 percent lower capital cost, 29
percent lower annual operating cost, and 30 percent lower CO2 emissions; while also improving
plant availability and reducing land footprint.21
Vacom Systems: One-Step Process
It is the combination of heat exchanger and evaporator for water treatment that promises to
prevent scaling and fouling of the boiler. Clear channel heat exchanger and MVR evaporation are
used, and no pre-treatment (TSS removal, oil removal, anti-scalants, softening) is required.22 The
technology uses combinations of process regimes in the heat exchanger, involving process and
mechanical design elements – such as turbulent flow, submerged boiling, low temperature cross
– that have a collective impact on performance. The process can treat high TDS wastewater to
distillate water with less than 50 mg/l TDS, and precipitates salts and brine in a salt slurry.22 The
slurry can be further dewatered for full ZLD. This process is said to be robust under constantly
varying feed wastewater. The elimination of fouling and scaling challenges yield benefits in
uptime and operations. However, additional investment in heat exchangers and the cost of
operating the evaporator might be of concern.

20

Bridle M., 2005. Treatment of SAGD produced water without lime softening, SPE International Thermal
Operations and Heavy Oil Symposium, 1-3 November, Calgary, Alberta, Canada.
21
General Electric & Suncor Energy, 2012. Next generation SAGD produced water treatment technology
development. ESAA Watertech, 2012.
22
Vacom Systems, 2016. Water conservation and oil recovery; One-Step Solution. World Heavy Oil Congress,
September 6-9, 2016, Calgary, Alberta, Canada.
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Eco-Tec: Elimination of Lime Softening for Produced Water Feeding OTSGs
A study by Bridle (2005)23 found that with very low concentrations of hardness ions (magnesium,
calcium and other metals), very little scaling occurs in a normally operating OTSG with high
concentration of silica (350 mg/l) in the feed water. However, the operating guideline for OTSGs
used in SAGD operations requires feed water to the steam generator to contain no more than 50
mg/l of silica.24 But the produced water in the process have silica concentrations of 150-350
mg/l, and is usually treated by lime softening to reduce silica to below 50 mg/l.24 This Eco-Tec
technology proposes that by using efficient configurations of ion exchangers, lime softeners can
be eliminated completely because it appears that it is the interaction of residual hardness with
silica, in the OTSG, that leads to scaling of the boiler. This residual hardness can originate from
very fine particles formed in the lime softener which find their way to the OTSG or impair the
performance of the ion exchange softener so that hardness leakages occur in the ion exchanger.
Various analysis of the scale formed in OTSGs indicate the presence of calcium, magnesium, and
iron, in addition to silica.24
The technology is based on the premise that prevention of silicate scales under OTSG conditions
can be achieved by aggressive control of hardness rather than silica reduction. 24 The level of
hardness that allows elimination of lime softening is reported to be less than 0.1 mg/l.24 The
proposed water treatment system would be made up of advanced filtration which can
significantly reduce oil and solids, followed by ion exchange softening. The ion exchange
softening can be done in a few softener configurations. However, one advanced form, proven in
operation in heavy oil production in California, features advanced brine regenerated SAC/WAC
ion exchanger systems, which can reduce hardness to below 0.1 mg/l and magnesium to parts
per billion proportions in the boiler feed water. The boiler blowdown is concentrated with silica
(about 200 ppm), which can be used to sequester up to 5 percent of the CO2 produced in the
facility. Overall GHG reduction from the process is reported as 10-20 percent. Overall CAPEX and
OPEX reductions are said to be 50-70 percent each.25
Connacher Oil and Gas: Processed Water Treatment with Evaporators
This is an evaporator-based system for water treatment. The use of evaporators in water
treatment results in a boiler feed water stream with high enough quality for a standard drum
boiler to be used in the process. Drum boilers can be desirable because they are less costly to
operate and less water-intensive than OTSGs. The evaporator and drum boiler configuration is
estimated to be able to reduce boiler blowdown to about 3 percent when compared to the typical
20 percent of OTSG’s. 26 There is also an efficiency gain of about 5 percent from using a drum
boiler.

23

Bridle M., 2005. Treatment of SAGD produced water without lime softening. SPE International Thermal
Operations and Heavy Oil Symposium, 1-3 November, Calgary, Alberta, Canada
24
Dejak, M. and Portelance, S., 2016. The case for elimination of lime softening for produced water feeding OTSGs,
Eco-Tec Inc.
25
Assuming water treatment constitutes 30% of overall CAPEX
26
PWC Energy., 2013. Innovation surge sparks oil sands opportunities.
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Evaporators can achieve a produced water recycle rate in excess of 90 percent even for TDS levels
above 24,000 ppm (PWC Energy). However, they are known to have higher energy intensity in
comparison to softeners (due to their electricity or utility steam needs), leading to higher GHG
emissions, about 7 to 8 percent more than a lime softening arrangement.26 However, the
footprint can be significantly lower if electricity related emissions are not included.
Veloia: Seeded Slurry Evaporative Process – Silica Sorption
First generation evaporative processes use large amounts of chemicals (caustic, chelants,
dispersants, etc.) to keep the scaling species soluble. The use of these chemicals is costly and
does not always provide scale-free operation which results in additional chemical or mechanical
cleaning. High-hardness brackish makeup water is particularly difficult to process with elevated
pH levels in the evaporators without pre-treatment. Disposal of high pH evaporator concentrate
also requires large amounts of chemicals in order to produce brine that is suitable for deep-well
discharge. The Silica Sorption Process offers significant improvements in evaporation system
economics and operation when compared to standard evaporative processes by reducing
chemical consumption, precipitating contaminants and providing straightforward disposal
options for evaporator concentrate.
The process eliminates the potential for silica and hardness-related scale by sorbing silica and coprecipitating other compounds onto sorption crystals utilizing commercially available chemicals.
Thus, the process can tolerate higher levels of hardness, remnant oils, and organics in the
evaporation system. This provides the opportunity for use of high-saline, high-hardness make-up
rather than fresh water. Anticipated benefits of this technology include: capital savings by as
much as 25 percent, footprint reductions of 30 percent and operating cost savings by up to $2
per barrel per day when compared to traditional lime softening. Reduced liquid discharge (RLD)
and zero liquid discharge (ZLD) crystallizers can capture more water and reduce more disposal
waste with the silica sorption process.
WorleyParsons: Front-to-back Central Processing Facility
The idea of the front-to-back (FTB) process is to replace the conventional de-oiling and water
treatment units with a different configuration that is made up of a Dissolved Gas Flotation (DGF)
unit, a high temperature electrocoagulation (EC) unit, a filtration step, and rifle tube boiler. An
ion exchanger could be added after the filter press for polishing. The electrocoagulation unit
consists of 7 cells with 220 electrodes which are made of iron.27 An electrical charge is applied to
the electrode, making contaminants such as suspended solids and oily emulsions to cluster while
oxidizing dissolved minerals. Among the anticipated benefits of this technology are: CAPEX
reduction of 32 percent over a conventional water treatment with lime softening and OTSG
boiler, OPEX reduction of $2 per barrel per day, with 6.2 percent reduction of OTSG fuel, annual

27

Nischal, A and Portelance, S., 2016. FTB-CPF as a low-cost alternative for water treatment in heavy oil plants.
World Heavy Oil Congress, September 6-9, 2016, Calgary, Alberta, Canada.
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GHG emissions reduction of 60,000 tons, in addition to about 50 percent land footprint
reduction.27
Electrocoagulation is one of several electrochemical techniques for water treatment. Other
electrolytic cell technologies include sedimentation, flotation, and filtration.27 The EC method
removes the dissolved solids in the produced water by electrically generating the coagulant and
floating the sludge using a gas (methane, nitrogen, hydrogen). It often uses an iron electrode
which ionizes by the release of electrons that are used to precipitate dissolved ions in the
produced water. The high temperature EC process can operate at temperatures nearing 95 oC.
Figure 2.3: Process Flow Diagram of the FTB Process

Source: CERI

As depicted in Figure 2.3, there are four options for handling the blowdown from the process,
including: BD-1, BD-2, BD-3, and solid waste discharge. The first three blowdown options are
reduced liquid discharge (RLD) options, whereas the solid waste discharge option is a zero-liquid
discharge (ZLD) option that may handle 35 percent of the BD-1 stream. A medium pressure
separator (SEP) can remove additional water from the BD-1 stream (about 30 percent mass of
BD-1), while the multiple-effect evaporator (MEE) removes another 35 percent water content.
Some CO2 from the stack gas could be sequestered with the BD-3 or the solid waste streams to
give a small reduction of the process emissions.
ENCON, Saltworks, IDE Technologies: Zero Liquid Discharge Solution
The ENCON ZLD solution uses evaporation technology that allows for handling a wide range of
waste streams. The technology can use either mechanical vapor compression (MVC) or thermal
evaporation, using a variety of heat sources, such as natural gas, propane, fuel oil, waste oil,
steam, or electricity.28 Available capacities range from 40 to 4,000 gallons of distillate per hour

28

ENCON Evaporators, Zero liquid discharge wastewater treatment, Online publication on www.evaporator.com,
accessed September 2016.
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for MVC evaporators and 8 to 400 gallons per hour for thermal evaporators. The reported
operating costs range from US$0.01 to $0.02 per gallon of distillate.28
Saltwork Technologies markets SaltMaker – another ZLD technology – which uses waste heat to
treat the produced water through four humidification-dehumidification steps. The energy
requirement of the process is reported as 8 kWhe/m3 electrical energy and 150-200 kWht/m3
thermal energy at 85oC.29 SaltMaker has a modular design with an automated self-cleaning
capability which can reduce downtime.
IDE Technologies has a ZLD technology that is based on thermal evaporation and crystallization.
They also have a similar technology for produced water treatment. The water treatment
technology is adapted from heavy oil produced water treatment. It uses a multi-effect evaporator
which has different operating conditions within each stage of the system. Its horizontal
orientation enhances energy efficiency and allows for easier management of the evaporator. The
technology is estimated to use 30 percent less power than the conventional evaporator
technologies. The field demonstration is sized for approximately 250 m3/day of produced
water.30
ZLD mainly serves to satisfy regulatory requirements on water and waste management within a
SAGD facility.
Table 2.1 summarizes the discussed water/wastewater treatment technologies.

29

Saltworks, Saltmaker evaporator crystallizer, http://www.saltworkstech.com/saltmaker-evaporator-crystallizer/
IDE Technologies, Falling film evaporator, http://www.ide-tech.com/blog/publication/ide-showcases-falling-filmevaporator-sagd-water-treatment-canada/
30
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Table 2.1: Summary of Water/Wastewater Treatment Technologies
Technology/
Company

Brief Description

Economic Factors

CH2M

Adding Dissolved Mg in
Lime Softening

-78% reduction in fresh
Magox consumption;
-$1.23 million in annual
Magox cost savings

GE: Next-Gen SAGD
process

Custom de-oiling and
high temperature reverse
osmosis technology
Prevention of scaling and
fouling of the boiler

-26% lower capital cost;
-29% lower annual operating
cost
-additional investment in
heat exchanger;
-higher cost of operating the
evaporator
-50-70% reduction in CAPEX
and Opex

Vacom Systems:
One-Step process

Eco-Tec

Elimination of lime
softening for produced
water feeding OTSGs

Connacher Oil and
Gas: Processed
water treatment
with evaporators
Veloia

The evaporator and drum
boiler configuration for
water treatment

WorleyParsons:
Front-to-back
central processing
facility

Configuration of a
Dissolved Gas Flotation
(DGF) unit, a high
temperature
electrocoagulation (EC)
unit, a filtration step, and
rifle tube boiler
Uses evaporation
technology that allows
for handling a wide range
of waste streams

ENCON, Saltworks,
IDE Technologies:
Zero Liquid
Discharge solution
Source: CERI
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Seeded Slurry
Evaporative Process –
Silica Sorption

-about 5% efficiency gain;
- drum boilers are less costly
to operate and less water
intensive than OTSGs.
-as much as 25% capital
savings;
-up to $2/bbl/d operating
cost savings;

-32% Capex reduction;
-Opex reduction of $2/bbl/d.

-flexibility in choosing heat
sources

Environmental Factors
-reduction of soda ash
consumption;
-not significant reduction in
emissions from sequestered
CO2.
-30% lower CO2 emissions;
-reduction in land footprint
-robust under constantly
varying feed wastewater;
-benefits in uptime and
operations
-sequester up to 5% of the
CO2;
-10-20% overall GHG
reduction
-produced water recycle
rate in excess of 90%;
- about 7 to 8 percent
higher GHG emissions
-footprint reductions of
30%;
-Reduced liquid discharge
(RLD) and Zero liquid
discharge (ZLD) crystallizers
can capture more water
and reduce more disposal
waste with the silica
sorption process.
-6.2% reduction of OTSG
fuel;
-60,000 tons annual GHG
emission reduction;
-about 50% land footprint
reduction
-30% less power than the
conventional evaporator
technologies
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Steam Generation (SG) Segment
Steam generation is a critical part of the bitumen production process via Steam Assisted Gravity
Drainage (SAGD). In oil sands in-situ recovery operations, Once-Through Steam Generators
(OTSGs) are the most common type of boilers in use as they are more robust and can handle feed
water with higher TDS content (<8000 ppm). In Western Canada, there about 170-200 OTSGs
installed in various facilities.31 However, OTSGs may face various operational challenges and
should be coupled with a vapor-liquid separator to increase the steam quality prior to injection
into a SAGD well. There are also some Heat Recovery Steam Generators (HRSGs) that are
associated with cogeneration power plants, and a few drum boilers that have been deployed in
recent projects. Drum boilers are considered more reliable and efficient than OTSGs but must
operate with higher quality feed water supply. A hybrid drum boiler known as a Forced
Circulation Oil Sands Steam Generator (FC-OSSG) has also been utilized where it acts much like
an OTSG from a maintenance perspective, but with the operational benefits of a drum boiler. A
large portion of the feed water to the boiler comes from recycled produced water which is
augmented with make-up water that is often drawn from saline aquifers. Table 2.2 shows a
summary of the generally acceptable feed water quality requirements for OTSGs.
Table 2.2: Acceptable Quality of OTSG Feed Water
Attribute
Total hardness
Silica
Total dissolved solids
Oil

Maximum Limit
(mg/l)
0.5
50
10,000
10

Source: Bridle, 2005

The OTSGs are normally designed for 80 percent steam quality, but many run between 70 percent
to 80 percent steam qualities, and 78 percent is considered the industry standard.32,33 Of the
remaining 22 percent that is mostly liquid, about 7 percent is blowdown which could be sent to
a disposal well to get rid of hardness and silica, and about 15 percent is recovered and returned
back to the process. The presence of impurities in the boiler feed water, due to poor treatment
or treatment limitations occasioned by economic and/or operational constraints, necessitate the
retainment of a portion of the fluid as liquid so that the impurities can stay in that phase.33 If the
liquid were to be completely vaporized, the impurities would drop out of solution/sludge and
deposit onto the internal walls of the boiler tubes; creating sites for overheating and likely
damage to the flow channels.

31

Dejak, M. and Portelance, S., 2016. The case for elimination of lime softening for produced water feeding OTSGs,
Eco-Tec Inc.
32
ibid
33
Innovative Steam Technologies Inc., 2016. SQ90 information package.
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The following three main factors affect the operation of a boiler:




Fluid flow regime – the phase(s) of the fluid flowing through the boiler pipes;
Outlet steam quality – the phase(s) of the fluid exiting the boiler pipes;
Radiant heat flux – the quantity of the heat contacting the boiler pipes as the fluid flows
through them.

These factors can be controlled to avoid a dry out in the boiler – which poses the risk of scale
deposition and failure of the pipes. For SAGD operations, the steam and water effluent from the
boiler are separated with the dry steam sent downhole while the water is recycled or disposed.
Table 2.3 shows the typical range of characteristics of the produced and make-up water in SAGD
operations.
Table 2.3: Typical Range of Characteristics of the Produced and Make-up Water in
SAGD Operations
Attribute
Total dissolved solids
Total hardness
Source: Dejak and Portelance (2016)

Produced Water
(mg/l)

Make-up Water
(mg/l)

2,000-8,000
5-1,450

500-25,000
100-6,500

34

Challenges in the Steam Generation Segment









Requirement of vapour-liquid separators to increase the steam quality as a consequence
of the feed water quality and boiler efficiency
Likelihood of OTSGs to experience dry outs in the boiler pipes at higher efficiencies
Increasing feed water TDS content due to continual recycling and make-up water quality
Maintaining the required boiler feed water quality for best performance in the face of
upstream disturbances
Overcoming the impact of poor upstream treatment on boiler performance
The need for routine cleaning of boiler tubes which leads to downtimes and additional
costs
Fouling and scaling by unremoved oil, hardness, silica, and other materials result in lower
efficiencies and potential for damage
Water use and disposal regulations stipulating recycling requirement and blowdown
stream limits

The emerging technologies in the SG segment aim to address some of these challenges. In the
following section, we present the technologies that have been identified.

34

Dejak, M. and Portelance, S., 2016. The case for elimination of lime softening for produced water feeding OTSGs,
Eco-Tec Inc.
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Emerging Technologies for Steam Generation
Innovative Steam Technologies: SQ90TM OTSG Design
This is a commercially available technology for deployment in the oil sands industry. With most
OTSGs in the industry producing 78 percent steam quality, SQ90TM promises to take that to 90
percent while preventing dry outs. The technology is based on the use of rifled pipes within the
radiant section of the OTSG. The use of rifled tubes is common in nuclear reactor designs where
very high heat fluxes can be easily attained. The pipes are designed with a swirl pattern that
induces a rotational flow to the fluid stream, thus, providing an even, wet layer on the pipe wall
which promotes heat transfer to the liquid and reduced risk of dry out.35 The stream travels
through the tubing in a spinning motion, creating a centrifugal force that separates water from
steam using less energy. This is unlike the traditional smooth pipes where liquid droplets tend to
remain in the lower section of the pipe due to the affects of gravity. Figure 2.4 compares the
cross-sectional views of a smooth pipe and a rifled pipe in operation.
Figure 2.4: Flow Profile in a Smooth Pipe and Rifled Pipe, Respectively

Source: IST

The OTSG can be operated in one of three modes: constant dry gas, constant firing rate, or
constant feed water flow rate. Table 2.4 shows the attributes of the technology when operated
at constant dry gas conditions. The technology vendor has also reported that feed water quality
does not have to be better than what is currently being fed to the traditional OTSGs for the
SQ90TM design to achieve 90 percent steam quality. The technology improves boiler efficiency
through the reduction in feed water volumes required for a given steam load, thereby resulting
in reduced water treatment cost.35

35

Innovative Steam Technologies Inc., 2016. SQ90 information package.
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Table 2.4: Attributes of SQ90TM Operated at Constant Dry Gas Conditions
Attribute
Steam quality (%)
Feed water flow rate
per OTSG (kg/hr)
Dry steam flow rate
per OTSG (kg/hr)
Blowdown per OTSG
(kg/hr)
Burner fuel heat
input, LHV (MW)
Fuel consumed per
OTSG (kg/hr)
CO2 production per
OTSG (kg/hr)

Value

Value

Value

78

80

90

130,625

127,359

113,208

101,887

101,887

101,887

28,737

25,472

11,321

78.17

77.26

73.31

8,091

7,998

7,587

17,277

17,075

16,201

Source: IST Inc. (2016)36

There is a CAPEX premium which arises from the rifling of the pipe within the radiant chamber of
the boiler. The overall additional capital cost above the traditional OTSG is reported to be within
2-5 percent. Also, the nature of the pipe design leads to pressure drop, and the pipes must be
cleaned with a special pigging device that can clean the ridges and valleys in the pipe wall.
Natural Resources Canada: Direct Contact Steam Generation
Direct Contact Steam Generation (DCSG) is a technology that allows steam to be produced by
directly contacting water with a hot gas in order to vaporize it without the need for boiler tubes.
The hot gas can be high pressure, high temperature flue gas from the combustion of a fuel with
pure oxygen or air. The use of oxygen is preferable for higher quality steam because nitrogen in
the air moderates the flame temperature, reducing the heat available for vaporization of the
water. The product gas from DCSG is estimated to contain about 90 percent H2O and 10 percent
CO2.37 The entire product gas is to be injected into a reservoir where some of the CO2 is expected
to be sequestered. Due to the nature of the boiler, thermal efficiency of the technology is
estimated to be up to 98 percent. Any CO2 that escapes to the surface can be recovered, by
flashing the produced fluid, and recycled back to the combustor with the produced gas. Process
simulation of DCSG with natural gas as fuel indicated the following potential benefits over a
conventional SAGD process: reduction of produced oily water by 52.1 percent, reduction of total
water-to-oil ratio by about 7.7 percent, decrease of energy intensity of SAGD by up to 7.6 percent,
reduction of GHG emissions and make-up water intake.37 Overall GHG reduction would depend

36
37

Innovative Steam Technologies Inc., 2016. SQ90 information package.
Clements, B.R. and Cairns, P. 2016. HiPrOx direct contact steam generation. Natural Resources Canada.
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significantly on the amount of CO2 that gets stored in the reservoir permanently. The technology
developer estimates that up to 70 percent reduction could be achieved.
Figure 2.5: DCSG Process and Technology Design

Source: NRCan

Further benefits may also be derived through even smaller equipment sizes, greater portability,
ease of separating and capturing CO2, and higher steam production per fuel consumed. It is also
expected that the use of DCSG will shrink much of the water treatment components of the
conventional oil sands CPF into only a de-oiling unit. Figure 2.5 depicts the DCSG unit with its two
compartments for combustion and steam generation.
Although the process is expected to recycle any CO2 that returns to the surface after injection, it
is unlikely that it would be able to store all the CO2 that is injected in the long run as accumulation
of the gas in the reservoir would subsequently saturate it. Moreover, when oxygen is used for
the firing, additional capital and operating cost requirements must be met for the oxygen supply
facility and the air separation process. Other challenges for the technology include high
temperature corrosion in the combustor likely due to the presence of hydrogen sulphide and
organic acids when the process affected water is not treated prior to feeding it into the
combustor. Also, the conditions in the steam generator may warrant the formation of carbonic
acid in the product stream which poses further corrosion concerns.
Solid Oxide Fuel Cells for Cogeneration
Cogeneration is the simultaneous production of electricity and heat to meet power and heating
needs. Typically, a gas turbine (GT) generates the electricity, and a heat recovery steam generator
(HRSG) is used to produce steam. In the solid oxide fuel cell (SOFC), electricity is generated
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directly by chemically reacting a fuel and oxygen, rather than by combustion.38 SOFCs operate at
high temperatures which makes them relatively fuel-flexible. The fuel could be hydrogen,
hydrocarbons or carbon monoxide. A typical design consists of three bonded layers: cathode,
anode, and electrolyte, which separates the electrodes. The electrodes are electronic conductors
and porous enough for gaseous diffusion through the electrode surface to the
electrode/electrolyte interface. The electrolyte is permeable to the oxygen ion but not an
electronic conductor.
As shown in Figure 2.6, oxygen flows across the outer surface of the cathode and reaches the
cathode/electrolyte interface by pore diffusion. At the cathode side interface, the electrolyte
(oxygen ion acceptor), the cathode (electronic conductor), and the pore (source of O2) meet, and
oxygen atoms are ionized with electrons from the cathode. Then the oxygen ions diffuse through
the electrolyte to the anode side interface, where the electrolyte (oxygen ion donor), the anode
(electronic conductor), and the pore supplying the fuel(s) meet.39 An exothermic reaction occurs
on this side; as the fuel(s) reacts with the oxygen ion to produce steam (and CO2 if CO is present)
– transferring electrons to the anode. The product(s) of the reaction are transported toward the
outer surface of the porous anode in order to leave the cell. The product stream can be injected
into the reservoir together with steam generated from the waste heat from the electrochemical
reaction. Typical SOFC combined heat and power efficiency has been reported at about 80
percent at an operating temperature of about 1,000oC.39
Figure 2.6: Illustrative Diagram of a Solid Oxide Fuel Cell Operation

Source: Garrison (2016)40

38

National Energy Technology Laboratory, SOFC Operation. Accessed November 15, 2016.
https://www.netl.doe.gov/research/coal/energy-systems/fuel-cells/operating-principles
39
ibid
40
Garrison, E. 2016. Solid Oxide Fuel Cells. Weblink accessed November 10, 2016:
http://mypages.iit.edu/~smart/garrear/fuelcells.htm

March 2017

0395
Economic Potentials and Efficiencies of Oil Sands Operations:
Processes and Technologies

23

The economics of fuel cells as a heat and power source is found to improve in situations where
the heat and power requirements do not change over time. The chemical reaction produces only
water if only hydrogen is used as fuel, or water and carbon dioxide if a hydrocarbon (which is
used to produce syngas) and/or carbon monoxide are used. Consequently, SOFCs are also ideal
for carbon capture since the other product is water/steam. The challenge with SOFCs is that at a
lower operating temperature the performance of the cells becomes increasingly poor. Reducing
the operating temperature requirements can significantly improve economics as cheaper
materials could be used in the design without compromising the durability of the fuel cells. A
SAGD facility with SOFC could use methane reforming to generate syngas fuel. Therefore, overall
costs and operating costs would be affected by natural gas prices. Data on SOFC capacities and
costs were obtained from the Lazard database.41
CleaverBrooks: Forced-Circulation Oil Sands Steam Generators
Forced-Circulation Oil Sands Steam Generators (FC-OSSG) combines the features of a typical
OTSG with the advantages of a drum-boiler which allows it to operate like a drum-type boiler
while managed like an OTSG. FC-OSSG is designed for ease of operation and maintenance like an
OTSG while maintaining better reliability attributes of drum boilers. However, it differs from
OTSG and drum boilers in that it uses a recirculation pump to draw water from a steam drum and
push it through a heat transfer circuit containing a furnace and evaporator.42 The recirculated
water is heated in the circuit to produce steam. In the steam drum, steam is removed and liquid
water is returned to the heat transfer circuit again. For each cycle, only 20 percent of feed water
is converted to steam.42 And the advantage of operating at a lower steam quality – i.e. high water
content – is that it allows for lower concentrations of impurities in the water and more uniform
temperature on the boiler tubes; since the temperature of the water-filled tube closely matches
the water temperature rather than the hot gas temperature. This translates to lower rates of
failure and cleaning requirements relative to an OTSG.

41
42

Lazard. 2016. SOFC capacities and costs. Available at www.lazard.com
Vasudevan M. 2012. Forced-circulation steam generator for SAGD applications, Cleaver-Brooks, 2012
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Figure 2.7: Illustrative Diagram of the FC-OSSG Technology

Source: Cleaver-Brooks43

Although FC-OSSG can handle water quality upsets and higher steam loads, additional expenses
are needed for the evaporator unit and pumping requirements. Figure 2.7 depicts the design and
operation of the FC-OSSG technology.
ConocoPhillips and Total E&P: Gas-Turbine Once-Through Steam Generator
The Gas-Turbine Once-Through Steam Generator (GT-OTSG) produces both electricity and steam
for SAGD operations. In this technology, waste heat from a turbine exhaust is used to produce
steam in the OTSG. The OTSG uses a special burner that burns natural gas and a portion of the
hot turbine exhaust; which makes the unit operate more efficiently than other cogeneration
configurations while reducing the overall facility emissions. Carbon intensity reduction by this
technology has been estimated at 17 percent (COSIA). However, GT-OTSG may not be able to
satisfy the steam load for SAGD operations if it is designed primarily for power.
Cenovus: Blowdown Boiler
Blowdown water from boilers, which constitutes about 20 percent of the boiler feed water, is
normally disposed of or treated in order to be re-fed to the boiler. This technology allows the
blowdown water to be re-boiled with an evaporator without treatment. It converts about 50
percent of the blowdown water into steam for injection thereby reducing the demand for makeup water by about 50 percent (Cenovus). To incorporate this technology, additional expenses for
the evaporator and electricity use must be taken into consideration.

43

Cleaver-Brooks, 2016. Overview of water treatment systems, Online publication at www.cleaver-brooks.com,
accessed October 2016.
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Table 2.5 summarizes the emerging technologies for steam generation.
Table 2.5: Summary of Steam Generation Technologies
Technology

Brief Description

Economic Factors

Environmental Factors

SQ90TM OTSG
design

Based on the use of rifled
pipes within the radiant
section of the OTSG to
produce higher steam
quality
Technology that allows
steam to be produced by
directly contacting water
with a hot gas in order to
vaporize it without the
need for boiler tubes

-reduced water treatment
cost;
-2-5% additional capital
cost above the traditional
OTSG
-scalability through smaller
equipment sizes, greater
portability;
-ease of separating and
capturing CO2, and higher
steam production per fuel
consumed

-reduction in feed water
volumes required for a
given steam load

Solid Oxide Fuel
Cells for
Cogeneration

Electricity is generated
directly by chemically
reacting a fuel and
oxygen, rather than by
combustion

Forced-Circulation
Oil Sands Steam
Generators
(FC_OSSG)

Combines the features of
a typical OTSG with the
advantages of drumboiler which allows it to
operate like a drum-type
boiler while managed like
an OTSG. FC-OSSG is
designed for

Gas-Turbine OnceThrough Steam
Generator
Blowdown boiler

Produces both electricity
and steam for SAGD
operations.
Allows the blowdown
water to be re-boiled
with an evaporator
without treatment

- economics of fuel cells
can improve in situations
where the heat and power
requirements do not
change over time;
-reducing the operating
temperature requirements
can significantly improve
economics
- ease of operation and
maintenance;
-maintaining better
reliability attributes of
drum boilers
-additional investment
needed for the evaporator
unit and pumping
requirements
-operates more efficiently
than other cogeneration
configurations
-additional expenses for
evaporator and electricity
use have to be taken into
consideration

Direct Contact
Steam Generation

-reduction of produced
oily water by 52.1%;
-reduction of total waterto-oil ratio by about 7.7%;
-decrease of energy
intensity of SAGD by up to
7.6%;
-reduction of GHG
emissions and make-up
water intake
-at high temperatures
fuel-flexible

-can operate at lower
steam quality;
-handles water quality
upsets and higher steam
loads

-17% carbon intensity
reduction
-reducing the demand for
make-up water by about
50%

Source: CERI
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Reservoir (RES) Segment
Both the SAGD and CSS methods of in situ bitumen extraction rely on the injection of high
temperature, high pressure steam into the oil sands reservoir to reduce bitumen’s viscosity from
typically >100,000 cp to under 10 cp, and thus, mobilize the bitumen to the surface.44 The major
challenges facing these technologies include:
1. High Supply Cost – because of high initial capital outlay and operating costs, in situderived bitumen has high supply costs, usually higher than its conventional crude oil
counterparts.
2. High Energy Intensity – the nature of the oil sands reservoir and high viscosity of the
bitumen in the reservoir make bitumen extraction energy intensive.
3. High GHG Intensity – given that in situ extraction processes have high energy intensity,
they consequently generate significant amounts of GHG emissions.
4. High Water Footprint - current in situ extraction processes require the generation and the
injection of steam into the reservoir to mobilize bitumen. Usually, an average of 3
volumetric units of steam is required to produce 1 volumetric unit of water (on cold
volume equivalent basis).
Major technology options have been identified under the RES segment. The RES segment
includes technologies grouped into solvent-based, steam-solvent-based, electromagnetic
technologies and others. These technologies, their types of operation, process areas and key
performance indicators are tabulated in Table 2.6.

44

Gates, I.D., Larter, S.R., 2014. Energy efficiency and emissions intensity of SAGD. Fuel 115, 706–713.
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Table 2.6: Brief Summary of Technologies Assessed in the RES Segment
Technology

Brief Description

2015 CAPEX for
30,000 bbl/day
bitumen capacity

Energy Use
Performance
Indicators

Direct (fuel use)
GHG Emissions

SAGD
(RES Base case).

Uses steam for
30,000 bbl/day
bitumen production.

C$1,192 Million

60.4
kgCO2eq./bbl
from direct
natural gas use
emissions.

Pure solvent (e.g.,
Nsolv and Imperial
Oil’s Cyclic Solvent
Process)

Pure condensing
solvent is used for
bitumen extraction.

SAGD CPF and
overall CAPEX
reduced by 50% and
30-40%, respectively

Steam-solvent (e.g.,
SAP/SA-SAGD)

Uses a combination
of steam and
solvents for bitumen
extraction

Additional $C75.6M
to the SAGD base
case

Electromagnetic
Heating (e.g. ESEIEH)

Uses
electromagnetic
heating combined
with pure solvents
for bitumen
extraction

Chemical Additive
(e.g. steamsurfactant)

Chemicals (e.g.,
surfactants) are
added to steam and
the mixture is
injected into oil
sands reservoirs for
bitumen recovery

CAPEX similar to
pure solvent except
additional
electromagnetic
heating antenna
costs of ~ US$8-10
Million per well-pair
A CAPEX of C$37,000
per flowing barrel.

In situ thermal
extraction (e.g.
SEGD)

Involves combustion
of natural gas and
oxygen in a
horizontal well, and
the heat produced
used to generate
steam from injected
water.

SOR of 3 bbl/bbl.
35,910 GJ/day
natural gas and
300 kWh/day
electricity
required.
75% reduction in
SAGD energy
intensity. OPEX is
similar to that of
SAGD base. No
bitumen uplift.
33-36% SOR
Reduction and
35% natural gas
use reduction
relative to SAGD
base. 10.8%-38%
bitumen
production uplift.
Reduces energy
intensity of the
SAGD base case
by 75%. OPEX is
$10/bbl (2015
values). No
bitumen uplift.
Non-energy OPEX
of C$5.81/bbl.
Energy intensity
of the steamsurfactant
process is 10-15%
less than that of a
SAGD.
Potential
reduction of
natural gas
requirements of a
traditional SAGD
process by 2030%.

CAPEX is about
$30,000-50,000 per
flowing barrel.

75-80%
reduction in
SAGD direct fuelderived
emissions
15%-20%
emissions
reduction
relative to the
SAGD base

Potential to
reduce GHG
emissions by 4559%

Potential to
reduce GHG
emissions by 1015%.

Potential GHG
intensity of 0-10
kgCO2e/bbl.

Source: CERI
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More details about RES technologies are provided below.
Pure Solvent Processes
Solvent-based technologies use pure solvent as a steam replacement for bitumen extraction from
oil sands reservoirs. Examples of this technology are the Nsolv process and Imperial Oil’s cyclic
solvent process (a $100 million, 3 horizontal well pilot injecting propane solvent). The Nsolv
process is assessed here to demonstrate the performance of solvent-based processes.
Nsolv Process
This is a patented solvent-based bitumen extraction process of the Nsolv Corporation. This
technology is in the field testing/demonstration stage. From 2003 to 2007, Nsolv was tested in a
set of experiments. These tests confirmed the key features of the process such as rapid chamber
growth rates, the harmful impact of non-condensable gases, and the enhanced oil quality and
uniform disposition of asphaltenes throughout the extracted sand. Nsolv Corporation announced
in August 2016 that it had processed well over 100,000 cumulative barrels of partially upgraded
oil at its Dover Demonstration Facility. Nsolv claims to have shovel-ready plans to build a 10,000
barrel per day commercial demonstration facility and is in negotiations with major oil producers.
The Nsolv process injects a pure, heated solvent (such as propane or butane) vapor into a
bitumen reservoir where it condenses, delivering heat to the reservoir and subsequently
dissolving the bitumen while leaving high-carbon asphaltenes and heavy metals in situ. The
resulting liquid flows by gravity to a production well where it is pumped to a surface facility.
The surface facility separates out the oil and formation water and purifies the solvent for
reinjection. Solvent is typically naturally occurring propane or butane. The temperature of
operation tends to fall between 40-60oC and at pressures at or near the original reservoir
pressure, allowing for much lower operating pressures than that of SAGD (the Nsolv Dover
Demonstration Facility operates at 600 kPag). The technology has a potential for higher oil rates
than SAGD; however, the percentage production uplift in comparison to a conventional SAGD
process needs to be ascertained. Nsolv published solvent chamber propagation rates of 2.5-3.0
cm per day or up to 3 times those measured with SAGD at the underground test facility.45
Higher quality bitumen with 3 percent asphaltenes is produced compared to 16 percent
asphaltenes in SAGD oil.46 Nsolv produced oil is 13-14 degree API gravity (depending on the
solvent used) after solvent separation compared to 8 degree API of native bitumen. Thus, diluent
requirement for pipeline transportation is reduced by over 50 percent. A physical blend test by
Nsolv showed that their partially upgraded oil required 18 percent diluent to achieve pipeline
specifications. Nsolv claims that process simplification reduces CPF and overall plant capital costs
(see Table 2.6). These estimates include solvent purification units and vaporizers. Due to solvent
recovery limitations (about 11.5 percent of the injected solvent is considered to be make-up),
45

Eichhorn, M., 2016. Observations and Predictions on Field-Scale Solvent Chamber Development. Presented at
the World Heavy Oil Congress, Calgary, Alberta, Canada.
46
Kuhach, J., 2015. Cleaner oil sands production. Presented at the Canadian Heavy Oil Conference, Calgary,
Canada.
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solvent costs are estimated to be in the C$7.68/bbl bitumen range, assuming solvent to oil ratios
of 3 bbl/bbl.
When solvents are considered energy sources, loss of solvents (in reservoirs and in solvent
recovery process) increases the energy intensity of the process significantly. A key potential issue
with a solvent-based recovery scheme is the amount of solvent that stays in the reservoir (called
“hold up”) and must be “topped-up”. In addition, solvent vaporization and purification are
required, and can be considered the most energy intensive operations of the Nsolv process. Nsolv
reports that its process has potential to reduce energy intensity and direct GHG emissions of the
base SAGD process (Table 2.6).
Steam-Solvent Processes
Steam-solvent processes combine the benefits of steam-based SAGD and vapour extraction
(VAPEX). In the VAPEX method, a solvent (propane or butane or their mixture with noncondensable gas) is injected into the reservoir to reduce bitumen viscosity and mobilize bitumen.
Currently there are at least nine SAGD operations that have recently tested or implemented the
steam solvent technology. It has been cited that the base case for future development at the
Narrows Lake, Aspen, Cold Lake Expansion project and most likely at Suncor’s Meadow and Lewis
developments will use steam-solvent processes. The projects that are using steam-solvent
processes include Cenovus Christina Lake (Butane SAP), Cenovus Foster Creek (Butane SAP and
condensate SAP), Connacher Great Divide (SAGD+), Conoco Surmont (e-SAGD), Imperial Cold
Lake (SA-SAGD-), MEG Christina Lake (eMVAPEX), Nexen Long Lake, Statoil Leismer, and Suncor
Mackay. These steam-solvent processes are almost at a commercial stage. Our study focuses on
two major steam-solvent processes that are close to commercialization: the Solvent Aided
Process (SAP) and the Solvent-Assisted SAGD (SA-SAGD) processes.
SAP Process
SAP is a steam-solvent process of bitumen extraction being developed by Cenovus Energy. A pilot
of this process has been implemented at PanCanadian's Senlac Thermal Facility. The SAP method
introduces a small amount of hydrocarbon solvents into the steam used for SAGD bitumen
recovery and mobilization. Solvent concentration of 10 percent wt. of the steam injection rate
seems optimal.47 It is expected that SAP will result in improved SOR (or reduced energy and GHG
intensities) and improved recovery; thus, improved economics.48
Reported results show oil rates increased and the SOR experienced a corresponding decrease.47
For example, energy intensity was reduced by 30 percent (SOR reduction from 2.6 to 1.6 m3/m3)

47
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with a solvent recovery factor that exceeded 70 percent.49 Recent results from a single well pair
using butane co-injection (10 percent-wt.) show a 31 percent reduction in SOR and a 12 percent
increase in oil recovery.50 The solvent recovery factor was reported to be 64 percent50 and no
significant de-asphalting or partial upgrading is obtained.
The SAP CAPEX is similar to that of the SAGD process but an additional C$63 million (2002 values)
would be needed for a 40,000 bbl/day.47 The additional cost is as a result of modifications of the
SAGD facility to allow for solvent storage, treatment, recycle plant, and additional wells. Cenovus
Energy had proposed in a suspended project application submitted to the AER to apply SAP in a
45,000 bbl/day Narrows Lake project that would cost C$1,600M (2013 values).51 For CAPEX
calculations, CERI used SAGD Base Case CAPEX and included solvent recovery unit costs.
Gupta et al. (2002)47 reported an energy intensity reduction from 1 GJ/bbl (6.29 GJ/m3) to 0.7
GJ/bbl (4.4 GJ/m3) – a 30 percent reduction, and SOR is reduced from 2.4 to 1.65 m3/m3.47
Reduction in SOR leads to a 15-20 percent reduction in the CO2 emissions per barrel of oil over a
15-year period.49 Similar to the pure solvent-based extraction methods, the extent of solvent
recovery has a significant impact on the economic and GHG emissions performance of the steamsolvent processes.
SA-SAGD Process
The SA-SAGD process is a steam-solvent process of oil sands bitumen extraction which is being
developed and piloted by Imperial Oil at Cold Lake at the Clearwater formation in Alberta. The
SA-SAGD technology is ready for full-scale commercial application, and is proposed for Imperial
Oil’s Cold Lake Expansion Project with its regulatory application and environmental impact
assessment (EIA) submitted to the Alberta Energy Regulator. In this process, up to 20 vol.% by
volume of hydrocarbon solvent is injected together with 80 vol.% of dry steam in a dual horizontal
well SAGD configuration.52
Results obtained from the SA-SAGD pilot indicate improvements in oil production rates as well
as SOR. Production rates increased from 25-30 m3/day to 40-75 m3/day whereas SOR decreased
from 5.5 m3/m3 to 3-4 m3/m3.52 Solvent recoveries greater than 75 percent can be obtained.
The CAPEX associated with the SA-SAGD is similar to the CSS process but additional CAPEX would
be needed for a solvent recycle plant, storage, and additional wells and treatment. A 45,000
49
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bbl/day plant whose application for development in Aspen was submitted to the AER projected
a capital cost of C$2,333M (2013 dollars).53 However, for CAPEX calculations, we used CERI’s
SAGD Base Case CAPEX and included solvent recovery unit costs.54
Loss of solvent, which could be up to 25 percent of injected solvent, is considered a major
contributor to OPEX. Though pentanes plus (C$104/bbl in 2011 and C$101/bbl in 2012) was the
solvent that was to have been used by Perlau et al. (2013),52 our calculations used propane
(C$22/bbl propane, 2015 values), and assumes no solvent recovery. This is a conservative
assumption given that solvent recovery is possible. Reduction in SOR could lead up to a 30
percent reduction of the CO2 emissions per barrel of oil. Similar issues highlighted for the SAP
process which include solvent pricing, solvent retention in the reservoir and low solvent recovery
factors are important setbacks to the SA-SAGD process.
Electromagnetic Heating Processes
Electromagnetic (EM) heating processes rely on preferential absorption of EM energy as a means
of increasing the temperature of dielectric materials.55 EM waves exert torques on the polar
molecules of water entrained in oil sands. This causes the molecular dipole moments of water to
align themselves with the oscillating electric fields of the EM waves. The interactions of oscillating
polar molecules with their neighbours take place and generate frictional heat, which raises the
temperature of the medium.55
In this study, we focus on two processes that are being developed in partnership with some oil
sands industry players to illustrate the potential of EM-based technologies. These include
enhanced solvent extraction incorporating electromagnetic heating (ESEIEH) and the Radio
frequency (RF) XL processes.
ESEIEH Process
The ESEIEH process is being developed by a consortium which includes Harris Corporation, China
National Offshore Oil Corporation (CNOOC), Devon and Suncor Energy. Following a successful
proof of concept test at Suncor’s mine, Suncor and Harris Corporation initiated a pilot of the
process at the Dover facility. However, the Climate Change and Emissions Management
Corporation (CCEMC) ranked this process as a demonstration project.
The ESEIEH process uses a combination of electricity and solvent to reduce bitumen viscosity to
enhance flow-ability. Similar to the SAGD configuration, the ESEIEH process uses horizontal well
pairs and a radio frequency (RF) antenna as a heat generation medium. The antenna uses
electrical power to produce electromagnetic radiation, which is absorbed by dielectric materials
in the oil sands reservoir and consequently heats and mobilizes bitumen. The heat transfer in the
53
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reservoir is facilitated by the connate water, which is set into vibration when electromagnetically
heated. The purpose of adding a solvent in the process is to further reduce viscosity and enhance
flow-ability. Here, a radio antenna placed inside injection wells heats up injected fluids and fluids
in the surrounding reservoir itself. An example of solvent used is propane or butane.
The ESEIEH process cost is estimated to be at least 120 percent of the conventional SAGD plant
cost. Expert opinion suggests a value of up to 200 percent of the conventional SAGD process
depending on the number of wells, antenna lifespan and performance. The antennas for RF
electromagnetic heating would cost about US$8-10 M per well-pair or US$5-10 M/MW.56 The
OPEX for ESEIEH is $10/bbl (2015 values) which consists of a solvent (propane) cost of $5/bbl and
electricity requirement of about 44 kWh/bbl.57
The ESEIEH process has the potential to reduce GHG emissions by 45-59 percent.57 The lower
range is achieved using Alberta electric grid (CO2 intensity of 760 kgCO2/MWh) whereas the
upper end uses cogeneration (CO2 intensity of 350 kgCO2/MWh). The ESEIEH process has the
ability to reduce energy intensity of the SAGD base case by 75 percent. It reduces SAGD energy
intensity from 1.08 GJ/bbl to 0.16 GJ/bbl.57
RF XL Process
Radio Frequency XL is a radio frequency (RF) technology which is currently being developed by
Acceleware in collaboration with General Electric. RF heating is an emerging technology with the
potential to provide an efficient production solution that competes with or enhances traditional
steam heating and solvent-based techniques used for producing heavy oil. RF harnesses the
energy contained by an EM wave (10 kHz – 100 MHz, corresponding to the RF range), which is
indirectly transferred as heat energy to the oil sands reservoir.
The EM heating process directly heats the connate water. Consequently, the heated connate
water heats up the oil, therefore reducing bitumen viscosity. Similar to the ESEIEH process, the
RF XL process operates through a down-hole deployment of an antenna or applicator which
radiates an EM field into an oil-bearing formation.58 The energy contained in the EM is dissipated
into heat and results in an increased temperature of fluids and rocks.
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The RF XL process has similar cost characteristics with the ESEIEH process. On a per well basis,
the antenna cost is about US$8-$10 million per well-pair or US$5-$10 million/MW.59 Also, solvent
costs are estimated to be similar to that of the ESEIEH process. Energy intensity of this process is
low. Low SORs can be expected because energy requirements for extracting a unit volume of
bitumen from oil sands reservoirs are lower than those required by a traditional SAGD plant.
For example, Vaca et al. (2014)58 reported an effective SOR of 1.8-2.2 and 1.34 for RF heating
with no pressure enhancement and with pressure enhancement, respectively. Application of RF
heating process combined with gas injection required 1-2.5 GJ of instantaneous energy to extract
1 m3 oil against a typical SAGD project which requires an energy/oil ratio of about 9 GJ/m3.
Others
Some of the technologies that do not fall into the solvent-based or steam-solvent process
categories are addressed in this section. These technologies are chemical additive-based or
chemically activated in situ combustion methods. Specifically, two technologies are covered, and
these are the Steam-surfactant process and the Steam Environmental Generated Drainage
(SEGD) process.
Steam-Surfactant Process
The steam-surfactant process is being investigated by several industry players such as Cenovus
Energy, Suncor Energy, etc. These processes exhibit similar characteristics in terms of cost, energy
and environmental performance. In the steam-surfactant process, surfactants (e.g., petroleum
sulfonates) are mixed with other compounds such as alcohol and salt, and added to steam.
Surfactants are expensive and are used in minuscule amounts, so alkalis and salts are usually
combined with surfactants for better performance and economics. The mixture is then injected
into oil sands reservoirs.
Surfactants are amphiphilic organic compounds that contain a hydrophobic group and a
hydrophilic group that make them soluble in organic solvents as well as in water. Thus,
surfactants reduce interfacial tension and capillary pressure between water and oil, making it
easier to sweep both oil and water because of better mixing. A significant reduction of the
interfacial tension can reduce the residual oil saturation and increase the oil displacement
efficiency and the oil recovery factor.60
CAPEX and OPEX reported for the Cenovus Energy steam-surfactant process, which is a typical
representation of the steam-surfactant methods, are used in our calculations. A CAPEX of
59
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C$37,000 per flowing barrel and a C$5.81/bbl non-energy operating costs were reported in the
CanOils Project List.61
It is expected that the use of water-based solvents mixed with surfactants will increase oil
recovery and reduce energy requirements – with minimal associated costs or environmental
footprint. Suncor Energy reported that this approach, which was tested at the pilot scale on three
well pairs at the MacKay River project in 2013, yielded promising results. The pilot testing has
continued on three full pads of mature wells at MacKay River. Injection of surfactants is done in
very small proportions (e.g., 0.01-0.1 percent). It is estimated that the energy intensity of the
steam-surfactant process is 10-15 percent less than that of a traditional SAGD. More information
about this process is presented in the Appendix.
SEGD Process
The SEGD process is an in situ thermal extraction process for oil sands being developed by
Valence Energy Corp. The SEGD process involves the combustion of natural gas and oxygen in a
horizontal well, and produced heat generates steam from injected water. The generated mixture
of steam and hot flue gas from the oxy-combustion of natural gas is used to heat oil sands in the
reservoir. Through gravity drainage, the hot oil and steam condensate drains to a lower
production well where the hot oil and water are pumped to the surface. Instead of generating
steam for in situ bitumen extraction using surface facilities, SEGD generates the steam in the subsurface.
SEGD is expected to reduce CAPEX of a SAGD base case by about $8,000-$10,000 per flowing
barrel. SAGD CAPEX is about $30,000-$50,000/bbl/day but is expected to be lower ($22,000$42,000 bbl/day) as the technology matures. The SEGD OPEX is expected to be comparable to
SAGD.
The SEGD process has the potential to reduce the natural gas requirements of a traditional SAGD
process by 20-30 percent and to achieve a GHG intensity of 0-10 kgCO2e/bbl. The SEGD process
utilizes the combustion steam and water in the reservoir. Thus, SEGD will not require significant
make up water. It requires about 0.2-0.6 m3 of makeup water per m3 of oil. More information
about this process is presented in the Appendix.

Upgrading (UPG) Segment
The upgrading section covers partial or full upgrading technologies that are being developed
mostly by technology vendors and oil sands industry players. Bitumen extracted from oil sands
using any of the commercially viable methods is usually partially or fully upgraded or has added
diluent to enhance its flow-ability. The upgrading or diluent addition step helps to reduce the
viscosity of the extracted bitumen to pipeline specifications. The practice for most SAGD
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operators is to ship dilbit, a bitumen-diluent mixture with an approximate 70:30 (bitumen to
diluent volumetric) ratio.
Diluent is comprised mainly of natural gas condensates, naphtha or a mix of other light
hydrocarbons. The issue with this level of diluent addition is that the diluent takes up 30 percent
of the pipeline volume that would have been used to transport bitumen. Thus, pipeline tariff
costs are incurred on a volume basis not only for bitumen transport but also for diluent transport.
The main challenges addressed in the UPG segment are related to costs associated with partial
or full upgrading, and reduction of diluent addition volumes, high energy and GHG intensities.
Upgrading or partial upgrading technologies that are close to market deployment are presented,
and the technology’s potential to address the above-mentioned challenges are assessed. These
technologies use approaches that involve one or a combination of thermal, mechanical and
chemical methods. The technologies assessed include Enhanced Jetshear (EJS), Cold Catalytic
Cracking (CCC), Desulphurization and Upgrading (DSU), Increased Yields and Qualities (IYQ), HTL
and High Quality (Hi-Q) processes. These technologies, types of operation and key performance
indicators are tabulated in Table 2.7.
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Table 2.7: Brief Summary of Technologies Assessed in the UPG Segment
Technologies

Brief Description

Full upgrading
(UPG segment
benchmark)
EJS

Delayed coking
upgrading, processing
30,000 bbl/day
Uses a reactor to strip
light ends and pumps
resulting in cavitation
and mechanical shearing
Uses liquid catalyst to
convert bitumen to
upgraded product or
directly to diesel
Desulfurizes hydrocarbon
feedstocks using sodium
metal in addition to
hydrotreating

CCC

DSU

IYQ

HTL

Hi-Q

2015 CAPEX for
30,000 bbl/day
bitumen
capacity
C$1,802.3
Million
C$188.3 Million

C$150 Million

C$511.7 Million

Uses molecular weight
reduction and deep
conversion in a crossflow fluidized bed reactor
Uses high temperature
pyrolysis in a circulating
sand bed

C$791.7 Million

Uses mild thermal
cracking and solvent deasphalting process

C$900 Million

C$810 Million

Energy Use and
Performance
Indicators

GHG Emissions
from Fuel Use
and Electricity

661 MJ/bbl natural
gas and 12 kWh/bbl
electricity
43.1 MJ/bbl natural
gas equivalent and 2
kWh/bbl electricity

132 kgCO2/bbl

C$4/bbl catalyst costs
and additional
C$1/bbl for natural
gas and electricity
124 MJ/bbl natural
gas equivalent, 33
kWh/bbl electricity
and operating costs of
about $15/bbl
Energy and operating
costs are assumed to
be similar to delayed
coking upgrading
Energy intensity
reduction of 20%
relative to delayed
coking. Operating
costs are C$2/bbl –
C$4.4/bbl
Operating costs are
C$3/bbl – C$4/bbl

20 kgCO2/bbl

3 kgCO2/bbl

36 kgCO2/bbl

49 kgCO2/bbl

36 kgCO2/bbl

57 kgCO2e/bbl

Source: CERI

The assessment aims to determine primarily the ability of the technology to reduce supply costs
of bitumen and cut greenhouse gas (GHG) emissions. In order to compute the impact of the
technology on the supply cost of oil, capital expenditures (CAPEX) and operating expenditures
(OPEX) obtained from the technology vendors, available literature, and expert elicitation are
used. More details about UPG technologies are provided below.
Enhanced JetShear (EJS) Process
The EJS is a technology of Fractal Systems Inc. The technology is between the field and launch
stages. In 2015, the company announced that it had successfully completed testing of JetShear
at its 1,000 bpd commercial demonstration facility with its partner, a major oil sands producer.
The facility operated for approximately one-year processing over 100,000 barrels demonstrating
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long-term reliability. Fractal’s EJS technology is a moderately high severity partial-upgrading
innovation.
The EJS technology uses a combination of pump and reactor systems to produce a partially
upgraded product through stripping of lighter ends, heating to just below thermal cracking
temperatures and pumping, consequently causing cavitation and mechanical shearing in a
proprietary hammer technology reactor. In addition, the EJS has an olefins removal and low
pressure catalytic hydrogen polishing of the naphtha cut which is later blended with the final
product. These processes yield higher quality bitumen that requires lower diluent volumes to
meet pipeline specifications than the diluent addition process for dilbit production.
Fractal Systems conducted Class 4+ feasibility studies62 of the EJS facility in 2015. They estimated
the economics of the process by assuming the facility is located adjacent to a new or existing
SAGD CPF. For an EJS facility processing 51,100 bbl/day, the CAPEX is C$5,460/bbl/day nameplate
and C$6,266/bbl/day nameplate for an EJS facility processing 34,100 bbl/day bitumen. The latter
CAPEX value is used, being close to the 30,000 bbl capacity basis for our assessments. Operating
costs are estimated using energy and non-energy costs. Energy is required or used as heat,
hydrogen, flare or electricity.
For a 30,000 bbl/day sized EJS with Acid Reduction Process (ARP) facility, the energy intensity is
computed by combining fuel and power requirements:
1.
2.
3.
4.

Heater – 41.1 GJ/hr.
Hydrogen – 12.1 GJ/hr.
Flare – 0.6 GJ/hr., and
Operating Power – 4261.4 Kw

These heater, hydrogen and flare energy values are calculated as natural gas equivalents and
thereafter natural gas cost is calculated. The power cost is also calculated using power
consumption.
The EJS process on its own generates GHG emissions, resulting in an emissions intensity that is
equivalent to dilbit if the products are brought to A WTI basis. However, according to a life cycle
GHG assessment study carried out by ClimateCHECK in 2016, the EJS process brings some GHG
reduction benefits when assessed on a life cycle (wells-to-refinery) basis.
Cold Catalytic Cracking (CCC) Process
The CCC process is an upgrading technology of Bayshore Petroleum. The technology is at field
and demonstration stages. The CCC is a process that uses a proprietary liquid catalyst to convert
bitumen to upgraded product or directly to diesel. The technology operates at 400-450oC and
62

Based on a cost classification system applied in engineering, procurement and construction for process
industries, a Class 4 or 4+ cost estimate is obtained using an estimating method that factors in costs of equipment
and has an expected estimation accuracy of about -30% to +50%.

March 2017

0410
38

Canadian Energy Research Institute

produces a gaseous stream (mainly methane), diesel and solid coke. The CCC process can also be
used for catalytic partial upgrading to convert bitumen to transport-ready bitumen. The partially
upgraded product has the following properties: viscosity (143 mPas) and density (0.89 kg/L).
Hydrogen is not needed in this process and the process does not require high temperatures and
pressures.
The CCC CAPEX is estimated at $8,000 per flowing barrel63 for bitumen to diesel and $5,000/bbl
for partial upgrading. About $4/bbl is the cost associated with the liquid catalyst, about an
additional $1/bbl from natural gas and electricity use. Energy and GHG intensity of partial
upgrading using the CCC process is calculated at an approximate 30 percent reduction with
respect to delayed coking upgrading technology.
Desulphurization and Upgrading (DSU) Process
The DSU process is a technology of Field Upgrading. The technology is currently at a 10 bbl/day
pilot scale, while a 2,500 bbl/day demonstration is planned for 2019. In this process, sodium
metal (Na), H2 and hydrocarbon feedstocks are mixed in a continuous stirred tank reactor
operating at around 350oC and 750 psig. The DSU process uses different types of feedstocks such
as bitumen, heavy oil, vacuum residues, etc. Sulphur in the feedstock reacts with Na (an
exothermic reaction that generates heat) to form sodium sulphide (Na2S), causing hydrogen to
replace the double bonds that sulphur previously occupied. As a result, a low sulphur-containing
an upgraded oil product with lower viscosity (increased by 8-10 degrees API) is produced.
Heavy metals and the Na2S are separated from the upgraded product using a centrifuge. The Na
metal is recovered from the Na2S using an electrolytic method. Major energy inputs of the
process are hydrogen (needed in small amounts – about one-fifth of what the hydrotreating
processes require) and electricity for electrolytic Na recovery. However, the exothermic
formation of Na2S produces the same amount of energy (as heat) output as the electricity input.
Unlike partial upgrading technologies, the oil product from the DSU process is targeted for the
bunker fuel market compared to partial upgrading technology companies whose aim is to reduce
the amount of diluent added to bitumen to make it pipeline-ready. The bunker fuel has a market
size greater than 2 million bbl/day. The market strategy of Field Upgrading stems from an
anticipation of an agreement by the International Maritime Organization’s Marine Environment
Protection Committee to implement the global 0.50 percent sulphur limit by 2020. This
agreement was announced in October 2016. The current sulphur standard is 3.5 percent in
residual heavy fuel oil products. The 0.5 percent sulphur cap is seen in many quarters to be a
challenging goal to realise. However, the DSU’s oil product has only 0.1 percent sulphur content.
Using bitumen as a feedstock, the capital cost is estimated at $35,000/bbl/day whereas the
capital cost is about $30,000/bbl/day for vacuum residue. The operating costs associated with
63
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the conversion of bitumen to low sulphur, upgraded oil is about $15/bbl whereas the operating
costs associated with upgrading vacuum residual oil using the same process is $10/bbl.
The emissions from the process are derived mainly from the H2 production and electricity
generation emissions. The energy requirements of the process include 200 scf H2/bbl and an
electricity requirement of 8 MW for a 10,000 bbl/day plant. Since the cost of elemental Na is
about $2,000/tonne there are obvious concerns that the requirements of Na for a process scaled
up to several tens of thousands of barrels of bitumen per day will drive up the costs of Na if the
Na recovery process is not efficient.
Increased Yields and Qualities (IYQ) Process
The IYQ process is an upgrading technology of ETX Systems. IYQ is registered trademark and an
acronym for increased yields and qualities. This technology is a primary upgrading method, which
focuses on molecular weight reduction and deep conversion. It uses a cross-flow fluidized bed
reactor fluidized by recycled product gas or natural gas. The IYQ technology vaporizes bitumen in
a cross-flow fluidized bed. Natural gas is charged into the bottom of the reactor and the gaseous
products of conversion move upwards by the fluidizing gas and are collected at the top of the
reactor.
Different fractions of the gaseous products are drawn from the reactor, quenched, separated,
and cleaned up. These fractions include a vacuum gas oil (VGO) cut (API gravity of 15.4), a diesel
cut (API gravity of 23.2) and a kerosene cut (API gravity of 32.5). Also, for every barrel of bitumen
processed, 25 kg of coke is produced. ETX Systems claims that the major benefits of the IYQ
process over the delayed coking process include:
1. a 9 percent higher liquid yield per barrel of raw bitumen, IYQ produces approximately
0.89 bbls of distillable liquids compared to approximately 0.80 bbl for delayed coking;
2. increase in quality of the oil; and
3. a reduction in the size of the reactor.
For a 60,000 bbl/day processing capacity, a CAPEX savings of $600 M over the delayed coking
process is reported. Operating costs of the IYQ process are estimated to be similar to that of the
delayed coking process with utility requirements of $5.5-6.0/bbl range.64 Disposal of coke is a
challenge that this process will deal with and consequently, associated coke transport and landfill
costs become significant. Due to the increase in yield, a 10 percent reduction in emissions is
expected when compared to delayed coking.

64
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IYQ is different from most partial upgrading approaches in that it seeks to both maximize the
value of the partially upgraded product through deep conversion as well as eliminate the need
for diluent and provide a pipeline ready product.
Heavy to Light (HTL) Process
The HTL process is a heavy oil upgrading technology of the now liquidated Ivanhoe Energy, whose
intellectual property rights were purchased by FluidOil. The technology is in the demonstration
phase and uses rapid and high temperature (~500oC) pyrolysis in a circulating sand bed. Using a
circulating transport bed of hot sand, heavy feedstock is heated to produce lighter products. The
upgraded products are quenched at the exit of the reactor cyclone and routed to the atmospheric
distillation unit where distillates and lighter materials are sent to product tank and blended with
straight-run oils.65
The process can selectively remove metals, salts, water and nitrogen from the feedstock, while
maximizing the liquid yield, and minimizing coke and gas production. The extent of upgrading
that the process achieves meets pipeline specifications,66 thus diluent needed for pipeline
transportation is eliminated.67 The technology can be deployed in the upstream, at the well head
or integrated into the SAGD operation. This technology is characterized as being in the
demonstration stage.65
The HTL process is economic at feed capacities of 10,000-150,000 bbl/day and the typical Class 4
cost estimate for the HTL plant ranges from C$27,000-C$42,000 per barrel capacity depending
on the capacity. Operating cost is estimated at US$1.8-$3.8/bbl. The process can operate as a net
zero natural gas importer given that it can burn lighter hydrocarbon products to be selfsustaining, but it would require 30-35 kWh/bbl electricity.67 GHG emissions of the process are
more than that of dilbit when compared on a WTI basis. However, the GHG emissions intensity
is lower than that of SCO.
High Quality (Hi-Q) Process
The Hi-Q process is a partial upgrading technology of MEG Energy. This process is in the
demonstration stage with a 3,000 bbl/day unit in construction. The Hi-Q is a mild thermal cracking
and solvent de-asphalting process that converts bitumen to asphalt-free, pipeline-ready, heavy
oil. The Hi-Q process heats bitumen at high temperatures which consequently generate light oil
and a residual fraction. The light oil is collected as upgraded oil whereas the heavy components
are routed to the de-asphalter. At the de-asphalter, the feed is used to produce solid asphaltenes
and lighter liquids.
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Castañeda, L.C., Munoz, J.A. and Ancheyta, J., 2014. Current situation of emerging technologies for upgrading of
heavy oils. Catalysis Today, 220, 248-273.
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Freel, B., Graham, R.G. 2012. Rapid thermal processing of heavy hydrocarbon feedstocks. US Patent 8,105,482.
67
Svrcek, B., Flint, L., Remesat, D., Penner, R., Guo, J. 2016. Partial Upgrading Background Review "White Paper" In
Support of The National Partial Upgrading Program (NPUP). A Report prepared by Revamping & Optimising (ROI)
Inc for AI-EES. AI-EES Contract #2280.
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The lighter liquids are combined with the light oil collected at the first stage of the process to
produce partially-upgraded bitumen requiring much less diluent than crude bitumen. A
combination of mild thermal cracking and solvent de-asphalting processes results in an overall
yield of up to 90 percent.67
Hi-Q CAPEX is estimated to be about $30,000 bbl per flowing capacity68 whereas the OPEX is
estimated to be $3.0/bbl to $4/bbl. Emissions from this process is about 57 kgCO2e/bbl in
addition to bitumen extraction emissions. Hi-Q emissions are reported to be 20 percent lower
than the delayed coking upgrading process.68

Pipelines and Transport (PT) Segment
In this section, we briefly describe pipeline and transport technologies that enable shipment of
produced bitumen or dilbit from the CPF to Hardisty. Transport from Hardisty to terminals in the
United States is outside the scope of this study.
Bitumen pipeline and transport have become an issue of national and international interest
because of the associated environmental and ecological impacts. Key examples are the rejection
of the Keystone XL pipeline by the United States former administration and the opposition to the
Energy East pipeline by environmental groups, First Nations and other communities. Major
challenges facing the PT sector include:
1) Pipeline leakage – the occurrence of pipeline leakage leads to financial and environmental
consequences and public concern
2) Pipeline plugging
3) Pipeline monitoring
Due to the paucity of data, a full economic assessment is not performed but some technologies
are presented to give a qualitative view of costs and emissions reduction potentials in this
segment. These technologies include: 1) Armadillo, 2) Spectrum XLI, and 3) SmartBall. These
technologies are described in detail in the Appendix.

Business Management and Analytics (BM) Segment
Business management and analytics is seen as a formidable accelerator of product and service
innovation in many industries. Digitalization is one of such BM areas that has been around for a
while but the scale and rate of adoption in the oil and gas sector has been minimal. According to
an MIT study,69 the digital maturity of oil companies is among the lowest at 4.68 on a scale of 1
to 10. The reason is that in previous years of high oil prices, more focused effort was put on
productivity than on efficiency. Many pundits now see the digital oil field as a great opportunity
68

Fellows, G.K., Mansell, R., Schlenker, R., Winter, J. 2017. Public-interest benefit evaluation of partial-upgrading
technology. The School of Public Policy Research Papers, University of Calgary, Vol. 10, Issue 1, January 2017.
69
Kane, G.C., Palmer, D., Phillips, A.N., Kiron, D., Buckley, N, 2015. Strategy, not technology, drives digital
transformation. MIT Sloan Management Review and Deloitte University Press, July 2015.
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for the industry. A recent survey70 performed by JuneWarren, General Electric and Accenture
revealed that oil companies unanimously agree on the higher return on investment of digital
technology than other investment opportunities.
Most of the global companies such as GE, BP, Exxon Mobile, Shell, ConocoPhillips, Total, Statoil,
etc., are already active in the digital oil field with some deployments of the technologies in
various offshore sites around the world. Oil sands companies are poised to exploit digitalization
opportunities to improve economic and environmental performance of their operations.
Through the application of sophisticated software and data analysis techniques, operators aim
to improve their key performance indicators (KPIs). This requires a combination of technologies,
processes, and human resources. Essential ingredients of digitalization include: machine learning,
visualization, networking and communication.
The 2015 BP Technology Outlook71 sees a 13 percent cost reduction and a 4 percent increase in
volume production from 2016 to 2050 due to digital oilfield technology. A recent IHS CERA
report72 observes that digitalization improves productivity by 2 percent to 8 percent, with an
operating expense reduction of 5 percent to 25 percent and a capital expenditure reduction from
1 percent to 10 percent (depending on site localization). Concerns about digitalization are the
cost of implementation, cyber security and organizational barriers. Figure 2.8 illustrates the
opportunity areas for implementing digitalization in the oil sands industry. BM technologies
developed by various vendors are presented in the next section.
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JWN, 2015. Digital oil field outlook. JuneWarren, October 2015
British Petroleum, 2015. BP Technology Outlook: Technology choices for a secure, affordable and sustainable
energy future. Available at http://www.bp.com/content/dam/bp/pdf/technology/bp-technology-outlook.pdf
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Edward, T. Adding Value from Digital Oilfield. Available at
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Figure 2.8: Adoption and Implementation of Digitalization in the Oil Sands Industry

Sources: CERI, Mckinsey

Business Management and Analytics (BM) Technologies Segment
There are different technology vendors identified under the BM segment. These technologies,
their types of operation, process areas and key performance indicators are tabulated in Table
2.8.

March 2017

0416
44

Canadian Energy Research Institute

Table 2.8: Brief Description of BM Technologies and their Performance
Company
OPLII

Process Area

AER

Inspection and
operations management
Acoustic optic fiber
sensor
Steam flood and heat
management
Digital regulation

WireIE

Network service

Vista project

Digital engineering
environment

SAS Analytics

Predictive maintenance

SAS Analytics

Production Optimization

SAS
SAGD
Solution

New technology testing
solution

Fotech
Tachyus

Type of Operation
Connecting fields with the
office
Well and pipeline integrity

Principal Cost
Reduction
40-50% inspection costs
Reduction of OPEX

Fluid injection and flow
optimization
Integrated digital repository
and process review/risk
based request screening
Mobile high quality network
as a service
Synchronize and shared
database for project front
end engineering design
Predicting asset failures and
reducing downtime

20% reduction of SOR

Steam flood injection
optimization
Isolating new technology
performance amidst noises

7-15% production uplift

Significant reduction in
time for application
approval
75% reduction of
communication cost
16% reduction of front
end engineering design
70% downtime
reduction

Performance depends
on technology

Source: CERI

A more detailed description of the technologies under the BM segment are presented below.
OPLII Calgary
OPLII Calgary is a software company that provides a software-as-service paperless solution, which
could reduce inspection costs by 40 percent to 50 percent. This tool is an operations and asset
integrity management platform. OPLII extends into remote offline areas, allowing field users to
conduct inspections, log work orders and administer projects via smartphone or tablet. This OPLII
technology enables operators to take control of sites, facilities, equipment, inspections, work
orders, projects, HSE, maintenance and much more – all under the same roof. Functionality
includes dashboard KPIs, easy material transfers and powerful quick-searching capability.
WireIE
WireIE is a company that offers a communications network with low latency and high availability.
The network is applicable at any stage of a project. At the drilling exploration phase, WireIE can
perform complete logistics needed for exploration, operation, shut down and installation of the
network from site to site. The company achieves this by offering three options that best fit the
needed evolution of the life cycle of a project. These options include fiber backhaul, fixed access
modular, and fixed nomadic for drill site.
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During the production phase, WireIE can also offer a communications spectrum, IP video
surveillance, and real-time telemetry. The company estimates 75 percent reduction in cost of
communication from logistics, increased reliability compared to alternative options such as
satellite and the LTE system. It also improves communication quality with only 50 percent of the
cost of a fiber quality connection. It increases the data quality and safety, creating an opportunity
to collect data more broadly from the different systems which is a critical step for any digital oil
strategy.
Tachyus
Tachyus is a software company based in California providing software as service "SAAS" for steam
flood optimization in oil production. It creates value by leveraging Data Physics™, which it
developed for processing data using the speed of data science and machine learning techniques,
coupled with the physical laws and equations that govern reservoir behavior and well
performance, as used in traditional reservoir simulation workflows. Data Physics™ is used for real
time closed loop reservoir management and cash flow optimization by describing, predicting and
prescribing the quantity and placement of injectant fluids required for optimum operations.
The company has a set of applications that optimize fluid injection and cash flow. The most
advanced with respect to commercial application in heavy oil are Atmion and Thermion, with an
existing client base in California. Atmion and Thermion are applicable for thermal oil sands in situ
extraction and heat management.
Atmion and Thermion are best plugged into mature, brownfield projects with high well count and
large quantities of data, or greenfield with 2-3 years’ operation data. It depends on how
frequently data are collected. Together, the software solutions have helped operators realize an
average SOR reduction of 20 percent and/or an average cost reduction of 40 percent and offer
streamlined surveillance for engineers to drive decision-making.
SAS Analytics
SAS is an analytics, business intelligence, and data management company with a track record in
other industries such as automotive, banking, energy, and utilities. SAS software is used for
analytics, business intelligence, and data management. Its oil sands in-situ extraction focus areas
are in asset performance analytics, production optimization, and new field technologies
integration assessment.
Both steam generation plant and reservoirs generate a large volume of physics data
(temperature, pressure, fluid dynamics, etc.). The model documents this massive data set to
extract information needed to send an optimal volume of steam in the reservoir. A complex
model applying multivariate, random forest analysis between sub-cool temperature and
wellhead pressure is used as a proxy to establish a reservoir production profile. The model is
adjusted as reservoir conditions change and for each well. The solution, which is scalable and
requires no programming skills, can be an asset to bridge the existing digital knowledge gap in
the industry.
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SAS claims to have achieved a production increase of about 7 percent to 17 percent in an ongoing
project in Alberta. The company is also exploring predictive asset maintenance opportunities for
monitoring asset performance and predicting failures before they occur. SAS is said to be able to
predict a sub-cool event 21 hours in advance – thus, reducing plant downtime and maintenance
costs through efficient planning and scheduling.
To implement this technology at a SAGD facility, SAS collects and analyzes operational data to
make recommendations on how to improve performance. As with the other data analytics
technologies, field demonstrations must be used to establish the specific performance metrics of
each deployment.
Fotech
Fotech is a UK-based company with offices in Canada and the US. It develops a Distributed
Acoustic Sensor (DAS) for oil and gas wells and pipelines. DAS uses optic fiber and relies on a
small variation of light in the refractive index in the fiber. There is a spectrum of backscattered
mechanism such as Rayleigh, Brillouin that are used in distributed sensing.
Fotech proposes two applications to oil industry well integrity and pipeline integrity
management.
In terms of well integrity, an optic fiber is placed in the well and provides a continuous acoustic
profile. The optic fibre can detect casing breaches, tube and bypass leaking and cement casing
fractures. The primary output of this technology is a real-time intelligence of the well and
downhole tools. It also informs the operation team where production is coming from and the
need for concentrating the steam injection effort in the most productive area. Also, it prevents
and reacts in real-time to sand inflow and leak detection, limits downtime and updates reservoir
seismic data.
For pipeline integrity management, an optic fiber coupled with acoustic sensors is buried along
the pipeline to detect any movement, transform it into data and to transmit the data to the
pipeline monitoring team. The pipeline application helps to prevent intrusion, leak detection,
sound of fluids propagation and warming. It is also used in the pig tracking during pipeline
inspection and cleaning.
When deployed for pipeline inspection, the automated system sends a message directly to the
infrastructure monitor about an intrusion or any digging around the pipeline. The optic fiber has
a life span of 10 to 20 years and can resist high temperatures (300oC) and hydrogenation, and
can provide a constant data stream.
Vista Projects
Vista Projects, an Engineering Procurement and Construction (EPC) company, has recently
promoted the value add of digitalization in the early stages of a project through their integrated
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data portal and dashboard called Aveva Net. The portal offers a project database that can be
shared by all parties involved in the project execution with real-time updating features.
The expected capital cost reduction reported by Vista Projects is 20 percent relative to the bestexecuted CPF projects without integrated procurement and construction. This reduction comes
from minimizing handover costs, compressing the schedule and improving project execution. The
engineering team delivers significant efficiency improvements by:
1. Simplifying the process: All the stakeholders have access to the information they need,
and any modification or adjustment is directly updated to the database. The Aveva
database is said to synchronize in a manner that enhances information exchange rather
than mere flow of emails, spreadsheets, and design patterns.
2. Electronic squad checks: Typically, project reviews required sequential approvals by the
teams involved, including engineering, construction, fabrications, and electrical teams.
Aveva allows this to be done simultaneously as everyone can access all information on a
real-time basis through the shared platform. This could reduce the reviewing hours by
about 40 percent. Any required changes to the project can be generated automatically in
an updated 3D design that would be ready for implementation.
3. Data-centric progress tracking and digital approvals: Any progress is updated in the
shared platform and this helps all stakeholders to align their workflow appropriately.
Vista projects also sees a likely improvement on the environmental performance (relative to a
typical SAGD project) of a project if much of the hard-copied documentation can be avoided.
While using less paper is always a nice achievement to target, the more substantial cost savings
of a digital execution model stem from the potential to minimize construction delays, shorten
the project schedule and reduce handover costs. The Aveva platform is said to achieve about 10
percent reduction of total installed cost and 15 percent to 40 percent reduction of engineering
cost.
Alberta Energy Regulator Innovation and Efficiency Improvement
The Alberta Energy Regulator (AER) is simplifying procedures and increasing transparency by
proposing digital platforms such as Digital Data Submission (DDS), Environmental Site
Assessment Repository (ESAR) and reclamation platforms. Their new application process review
and integrated application are two innovations which reduce regulatory cost for oil companies
and internal workflow within the AER and third-party stakeholders.
Implementation of the new application review process has led to a significant reduction in
processing times. The improvements recorded in the Oil Sands Conservation Act under Directive
078 for new and amended commercial schemes are as follows:




Scheme amend category 1: 21 business days BAU now 10 business days
Scheme amend category 2: 226 business days BAU now 3 to 6 months
Scheme amend category 3: 750 business days BAU now within 1 year.
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The time reduction comes from simplification and streamlining of risk assessment requirements.
The AER also implements an integrated application process for a project by accepting wells, CPF,
storm water ponds, pipelines, roads, and land access applications at the same time and in the
same form. This reduces the entire application process from 7 years to about 1 year. According
to Suncor Energy, the reduction in the application process alone is expected to save about $64
million over the life cycle (25 to 40 years) of its 80,000 barrels per day project at Meadow Creek
in Northern Alberta.
There are also cases where technology innovations have spurred regulation change. The
development of high fidelity Multiphase Flow Meters (MPFM) which allow simultaneous
measurements of the various phases of inflow or outflow of fluids, during development and
production from a well, have resulted in more flexible regulatory requirements which are
acceptable to all stakeholders. Two such MPFM technologies are the EGAR-50 and Schlumberger
VX meter.
Schlumberger describes the VX Spectra surface multiphase flowmeter as using an advanced fullgamma spectroscopy to accurately capture multiphase flow dynamics while enabling real-time
data monitoring and analysis – thus, helping to make better-informed decisions and to maximize
reservoir productivity. The MPFM can meter gas, water, and oil with an accuracy of +/- 2 percent.
The new regulation, driven by the MPFM, is estimated to significantly reduce costs linked to
reporting by reducing the number of meters needed (which is normally one for each fluid phase).

Wells and Well Pads (WWP) Segment
Drilling in viscous sand and carbonate present unique challenges because the oil is poorly
consolidated, sticks to drilling materials, increasing the cost and delaying the completion of the
well. During the past ten years, new solutions such as fluid drilling (Halliburton N-solate Packer
Fluid System) were used to tackle these challenges resulting in improved efficiency of the drilling
operations.
Although bottom line drilling time (time allocated to deepening the hole count from 35 percent
to 50 percent of the total) is optimized, a flat and non-productive time falls out of the control of
drilling companies and increases the cost of drilling.
Rather than looking at technologies delivering incremental efficiencies, this study will target the
organizational change inspired by other industries that offer higher efficiencies and reduces the
cost of drilling.
This section focuses on how lean manufacturing principles apply to drilling operations, and how
the modularization of well pads is a viable option to reduce costs in a low oil price environment.
Lean Manufacturing to Lean Drilling
The core idea of lean manufacturing is to maximize customer value while minimizing waste. Lean
drilling is being considered as a promising way to reduce cost and delays from drilling. However,
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lean drilling was applied during BP’s Andrew project in 1964, but did not receive traction as in
other industries.73 Drilling process improvement can be achieved through the following avenues:




Well completion time reduction;
Tracking efficiency improvement by identifying relevant Key Performance Indicators
(KPIs);
Identifying the variabilities arising from process, equipment, and geology.

Implementing lean strategies can address sources of waste during drilling in order to reduce well
time. Process organization tools within Lean, such as Pareto diagram, Total Productive
Maintenance, 5S, Mistake Proofing (Poka Yoke), are among the tools to reduce waste, identify
improvement opportunities, apply the needed change, and measure their impacts.
Modularization
During the years of fast growth in the oil sands, the industry faced labour scarcity, delays in
project schedules, and cost escalation. A study by the Construction Industry Institute (CII) found
that projects in Alberta were likely to cost over five times the capital expenditure and took almost
twice the time needed to complete a similar project in the US.74 Modularization was encouraged
as an avenue to address this challenge. Although modularization can be used in all the segments
of a facility, it seems to hold significant benefit for the well pad segment from cost reduction by
standardization and customization of designs to specific geologies. Below, we present some
technologies that come as modular designs.
Different technologies and vendors identified under the WWP segment, their types of operation,
process areas and key performance indicators are tabulated in Table 2.9.
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de Wardt, J.P., 1994. Lean Drilling-introducing the application of automotive lean manufacturing techniques to
well construction. In SPE/IADC Drilling Conference, 1994, January. Society of Petroleum Engineers.
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COAA and Alberta Energy, 2009. The Alberta Report: COAA Major Projects Benchmarking Summary. Research
Contract UTA05-782. Available at https://www.constructioninstitute.org/nextgen/publications/COAA/COAA_Alberta_Report.pdf
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Table 2.9: Brief Description of WWP Technologies and their Performance
Company

Process Area

Type of Operation
Performed

Principal Cost
Reduction Achieved

Various service
providers

Drilling operation
management

Lean drilling

Integrated
Thermal
Solution (iTS)
Wood Group

Standardization &
Modularization

Manufactures
wellpad service
packages
Simplified design

Shortening time to
complete well and
reduce waste
20-50% CAPEX and
time reduction

Standardization &
Modularization

40%-50% CAPEX
reduction

Source: CERI

A more detailed description of the technologies under the WWP segment is presented below.
Integrated Thermal Solution
Integrated Thermal Solutions Ltd. (iTS) offers a suite of standardized turn-key products and
solutions for thermal heavy oil central processing facilities, pipelines, and well pads. The
particular product of interest is called the Well Pad Manufactured Solution (WPMS). WPMS
integrates reservoir, drilling, completion, surface facility, and operational planning into a single
service package. Potential benefits of this technology through schedule enhancement,
uncompromised safety, and improved quality via product standardization has been estimated as:





Field construction reduction up to 20 percent of well pad cost
30 percent reduction in overall well pad delivery costs (earth works, D&C facilities)
50 percent reduction in well pad delivery lead time
300 percent increase in drainage box coverage from a single well pad

Wood Group Standard Well Design (Well 2.0)
Wood Group Mustang, an engineering, procurement and construction management company
(EPCM), has presented a standard well pad design which uses a 10-meter spaced drilling pattern
with the production wells and steam injection wells arranged in two parallel rows. Electric
submersible pumps provide the mechanical lift for the production wells. Cost reduction comes
from less material use and simplified design. The design promises to reduce costs from about $4$6 million to $2.4 million per well pad.
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Chapter 3: Study Approach
In this chapter, the framework for this study is described. The data sources, study assumptions
and methodology are presented.

Data Sources
This study is data-driven, and the type of information available and accessible are critical in
choosing the methods used in assessing the technologies. Since the technologies are grouped
into different segments across the in-situ production process and their cost and environmental
reduction potentials compared, it is important to employ an objective and consistent basis for
comparison.
In all cases, the information available must be adequate and the choice reasonable enough to
make an “apples to apples” comparison. Where sufficient data is not available, reasonable
assumptions are made and those are clearly stated in the report. Data used in this study are
thoroughly analyzed, cross-checked and validated.
Different methods of data gathering were used. These include the following:




Publicly available data in the form of study reports, conference and journal papers,
websites, government documents and patents, etc.
Expert elicitation through interviews. We consulted oil and gas industry professionals
through one-on-one interviews and quantitative surveys to understand the key
technologies, their level of progress and challenges.
Surveys. A sample survey administered to participants is included in the Appendix.

Methodology and Assumptions
Several assumptions were made in this study, some are general, affecting the entire life cycle
process, whereas others affect only one or more process segments. The assumptions made are
briefly covered in this section. Further details are provided in the Appendix.

Bitumen Extraction: SAGD Base Case
A conventional SAGD process is used as a benchmark for the process. We assume a base case
which is modeled after the conventional SAGD in a recent study by PTAC.75 The SAGD base case
uses a mechanical lift system powered by electric submersible pumps. The reservoir is a relatively
oil-rich type in the Athabasca region of Alberta, Canada, with an SOR of 3.25 m 3/m3 (cold water
equivalents), and a gas-to-oil (GOR) ratio of 8. The reservoir pressure is assumed to be 3,000
kPag. Similar reservoir characteristics are assumed in this study, with the exception of the SOR,
which is adjusted to 3.0 m3/m3. This is consistent with CERI’s production forecasting model.

75

PTAC, 2012. Assessment of Innovative Applications of Electricity for Oil Sands Development. JACOBS
Consultancy, Available at www.ptac.org/attachments/1425/download
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We also assume that no emulsion flashing takes place at the well pad through to the central
processing facility. This is because flashing is eliminated by raising the well pad discharge pressure
to 4,800 kPag – a step that reduces heat loss from the well and maximizes process energy
efficiency.
Diluent Addition
For comparative purposes, the base process, which is a conventional SAGD process is assumed
to produce bitumen, a product that is converted to dilbit by adding diluent to SCO by upgrading.
The dilbit mixture contains produced bitumen with diluent (natural gas condensates and light
hydrocarbons) in a 70:30 (bitumen to diluent volumetric) ratio. The dilbit meets pipeline
specifications: 20-22 API gravity, 3-3.6 wt.-% sulfur 76 and <350 centistoke viscosity. This is an
important assumption given the predominant industry practice – most SAGD-derived bitumen
produced from Alberta is sold as dilbit. Diluent is assumed to be transported to the field where
dilution takes place. The diluent price is assumed to be equivalent to the WTI price (C$52/bbl) at
Edmonton whereas the diluent pipeline transport tariff from the supply source to the oil sands
processing field is estimated at C$0.3/bbl of bitumen.
Partial and Full Upgrading
A number of partial and full upgrading technologies are assessed herein. These technologies are
developed as alternatives to diluent addition. While it is instructive to assess these technologies
using dilbit economic and environmental performance as a benchmark, it is also deemed
important to compare the performance of new partial upgrading technologies using a
conventional upgrading technology as a basis. Thus, we used delayed coking bitumen upgrading
to synthetic crude oil (SCO) as a yardstick. This is because some of the new and emerging
technologies in this area are aimed to achieve deep conversion and, thus, preclude the use of
diluent. The products from the partial upgrading and deep conversion technologies vary in
chemical and physical characteristics and economic value. For this reason, a WTI equivalent basis
was another criterion used to benchmark the economic and GHG emissions performance of the
technologies.
Capital and Operating Costs
Capital and labour costs which were relatively high prior to the onset of the recession (in 2014)
have experienced some reductions. This led CERI to revise its existing cost assumptions in our
2016 Oil Sands Supply Costs and Development Projects (2016-2036) report. A 14-29 percent
reduction in the capital costs for oil sands projects reported in a recent CanOils’ report77
corroborates this fact.

76

CEPA, 2011. Pipeline Transportation of Diluted Bitumen from the Canadian Oil Sands. Canadian Energy Pipeline
Association.
77
CanOils, 2016. CanOils’ Producers Benchmark Report, May 2016. Available at
http://www2.jwnenergy.com/summaryproducerbenchmarkstudy
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Capital costs are calculated based on the most recent projects (2013-2015) and the closest
upcoming ones (2016-2019). This gives an average capital cost of C$39,760 per flowing barrel
(C$/bbl/day) or a total installed cost of C$1,192M for a 30,000 bbl/day capacity. The supply cost
of the SAGD base plant is calculated to be $43.31/bbl and the capital cost component is $19.65.
The capital cost component is 16 percent lower than that reported in CERI Study 152.78 This is
consistent with what was reported by CanOils.79
It is also assumed that the facility is operated at 90 percent utilization (assuming one month
downtime). When necessary, the six-tenths rule80 was used for equipment or plant capacity
scale-up or scale-down. Using the Nelson-Farrar cost indices for refinery construction, the dollar
values reported for different years are converted to 2015 dollar values. The cost indices account
for industry’s inflationary or deflationary pressures on costs. Where applicable, all cost
information in this assessment is brought to 2015 real Canadian dollars, with 2015 as a base year.
Unless specifically stated, the dollar values are provided in Canadian currency (C$) and amounts
in US dollars (US$) are converted to Canadian dollars using the Bank of Canada conversion rate
of C$1/US$0.85.
Table 3.1: 2016 Field Gate Bitumen and SCO Supply Costs
Item

Fixed Capital (initial & Sustaining)
Operating Working Capital
Fuel (Natural Gas)
Other Operating Costs (incl. Elec.)
Royalties
Income Taxes
Emissions Compliance Costs
Abandonment Cost
Diluent cost
Total Supply Costs

Bitumen at
the Field Gate

Dilbit at Field

C$/bbl
19.25
0.40
5.87
7.54
7.14
2.82
0.27
0.03

C$/bbl
19.25
0.40
5.87
7.54
7.14
2.82
0.27
0.03
10.6
53.9

43.31

SCO from
Upgraded Bitumen
at Field
C$/bbl
34.43
0.49
11.35
8.73
0.04
8.27
2.52
0.61
66.44

Source: CERI
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Millington, D. and Murillo, C.A., 2017. Canadian oil sands supply costs and development projects (2015-2035).
Canadian Energy Research Institute (CERI) Study No. 152. August, 2015. Available online at
http://resources.ceri.ca/PDF/Pubs/Studies/Study_152_Full_Report.pdf
79
CanOils, 2016. CanOils’ Producers Benchmark Report, May 2016. Available at
http://www2.jwnenergy.com/summaryproducerbenchmarkstudy
80
Peters, M.S., Timmerhaus, K.D., West, R.E., Timmerhaus, K. and West, R., 1968. Plant design and economics for
chemical engineers (Vol. 4). New York: McGraw-Hill.
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The operating costs were divided into fixed and variable expenditures. The variable costs account
for energy (natural gas, electricity, chemicals, etc.). In Table 3.1, the supply cost of bitumen
extracted from the SAGD base case and that of the SCO from upgraded bitumen from the same
process are presented. The detailed breakdown of the CAPEX and OPEX of the SAGD base as well
as the Upgrader (Delayed Coker) can be found in the Appendix.
The capital costs, which were listed under Drilling and Production, Core Facility, Offsite
Equipment, Home Office and Engineering Services, and Owner’s Costs in PTAC’s (2012) report
were split between the process segments:
1.
2.
3.
4.
5.
6.
7.

Water and Waste Treatment
Steam Generation
Wells and Well Pads
Reservoir
Upgrading
Pipelines, Storage and Transport
Business Management and Data Analytics

Indirect costs related to different segments were proportionally weighted according to CAPEX
amounts.
Similarly, full upgrading is modelled after the delayed coking base case presented in PTAC (2012).
For processing of 30,000 bbl/day bitumen, a CAPEX of C$1,802.3 million is required. For more
detailed cost information, refer to the Appendix.
The supply cost of bitumen is the minimum constant dollar price needed to recover all capital
expenditures, operating costs, royalties and taxes and earn a specified return on investment.81
Our economic model assumes a 3-year construction period starting in 2015, a 30-year lifespan
and a 10 percent real discount rate for SAGD, partial and full upgrading plants.

Technology Assessment
Most of the operational assumptions and costing are provided by new technology developers
and vendors. However, some adjustments are made to fit the basis for our economic and
environmental assessments. Data is also collected through secondary sources: available
literature and expert elicitation.
Specific methods and assumptions are made for some technologies and processes.

Water Treatment Technologies
Water treatment processes are considered to operate under steady state conditions – constant
throughput. Warm lime softening is assumed as a base case for waste and water treatment

81

AER, ST98: Supply Cost. Available at https://www.aer.ca/data-and-publications/statistical-reports/supply-cost
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whereas other technologies are considered as its alternatives. Evaporator technologies are
powered by electricity.

Steam Generation Technologies
Natural gas-fueled OTSGs are used as a benchmark for steam generation and 80 percent
efficiency is assumed. Injected steam quality is taken to be 100 percent.

Reservoir Technologies
Solvent purification units and vaporizers are required, and CAPEX and OPEX are accounted for in
solvent and steam-solvent based processes. However, solvent trucking costs are excluded. Both
SOR reduction and production uplifts from steam-steam processes are included in the analysis.
Electromagnetic heating processes assume 42 well pairs and antenna lifespan of between 15 and
30 years.

Upgrading Technologies
For all upgrading processes assessed, the emissions and supply cost calculations include those of
SAGD bitumen extraction and partial/full upgrading. Though some of the technologies can
process different raw materials (coal, coke, biomass, etc.), our analysis focused only on SAGD
bitumen as the input material. The boundary is wells to Edmonton/Hardisty (transport of product
from field to terminal included). Partial or full upgrading plants are considered to be sited in close
proximity to the SAGD plant, thus no pipeline cost is considered for transporting bitumen from
field to an upgrading plant.
Partially or fully upgraded products of bitumen are brought to WTI equivalent quality, and where
necessary, premiums or discounts are applied for higher or lower value products, respectively.
This is done to benchmark and compare the different partial/full upgrading technologies with
different processes, products, economic and emissions characteristics. The supply cost is
calculated by blending with an amount of diluent necessary to produce a WTI equivalent product
with 32 degrees API gravity. For example, dilution of SAGD bitumen (8 degrees API gravity) to a
WTI equivalent product requires about 50.6% vol. of diluent for every barrel, with the rest being
bitumen. Similarly, partial upgrading technologies are adding diluent to reach WTI-equivalent.
On the other hand, synthetic crude oil from the delayed coker does not need dilution because it
was assumed to be equivalent to WTI.
Benchmarking the partial/full upgrading products against the WTI quality may not be appropriate
for some of the upgrading technologies whose products are not intended as a petroleum refining
feedstock. An example of such technology is the DSU. The DSU product is a low sulfur diesel
purposed for marine fuel. Thus, diluent addition does not necessarily apply here. However, for
the purpose of this normalization of the different upgrading technologies, the WTI benchmark is
used.
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Business Management and Data Analytics
Cost reductions associated with Data and Business Management applies mostly to the OPEX.
Software as services is the primary method for technology deployment in this segment.
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Chapter 4: Results
Bitumen Supply Costs
The economics and emissions reduction potentials of various technologies in each segment are
assessed and the results are presented in this Chapter.
For bitumen production supply costs, CERI’s supply cost model is used to evaluate the constant
dollar price needed to recover all capital expenditures, operating costs, royalties and taxes as
well as earn a 12 percent nominal (10 percent real, with 2 percent inflation rate) return on
investment. The supply cost assessed here is the constant 2015 bitumen price (at the field gate)
in Canadian dollars per barrel (C$/bbl) that gives a net present value of zero (using a real discount
rate of 10 percent) at the end of life of an in situ bitumen extraction project (assumed to be 30
years). This excludes diluent addition, upgrading or transportation costs.
Figure 4.1: Range of Supply Costs for Various Bitumen Extraction Process Segments
64.1

42.5
42.2

42.3

42.9

43.3
42

41.7

43.3
43.3

38.6

SAGD Base
29.6

Source: CERI

The range of bitumen supply costs associated with oil sands technologies, described under RES,
WWP, BM, SG and WWT segments, which are likely to be commercial in 5-7 years are shown in
Figure 4.1. From the range plot (Figure 4.1), the supply costs from each segment are compared
with that of the SAGD Base. From the values, the potential supply cost reductions can be
deduced. The blue horizontal dashed line in Figure 4.1 aligns with C$43.3/bbl, which is the
bitumen supply cost of the SAGD Base.
The SAGD Base uses OTSGs for steam generation (with 80 percent efficiency), injects high
pressure steam (12 barg, steam quality of 100 percent) into an oil sands reservoir, and uses free
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water knock-out and mechanical treaters for oil treating, and lime warm softening for water
treatment. In addition, the SAGD Base has a cumulative SOR of 3 m3/m3.
The results shown in Figure 4.1 are obtained by applying emerging technologies in the segment
assessed but keeping other process segments consistent with the SAGD Base technology design
and make-up. However, in cases where other segments are altered by the application of a new
technology, changes are made accordingly to the affected areas. For example, the application of
the Pure Solvent technologies, particularly the Nsolv process in the RES segment, leads to a 50
percent reduction of the CPF. This is because water treatment and steam generation facilities are
almost eliminated. New equipment for heating solvent to about 60oC will replace steam
generation equipment, and since only produced water needs to be treated, the magnitude of
water treatment facilities required is dramatically reduced.
RES technologies have the most significant impact on bitumen supply cost reduction, with a
potential reduction of 32 percent relative to the SAGD Base. The RES technology with the lowest
bitumen supply costs is the steam-solvent process (greenfield development), with potential cost
reductions ranging from C$0.50/bbl to C$13.70/bbl.
The magnitude of bitumen production uplift arising from the application of the steam-solvent
process is a major contributor to the supply cost reduction. There is a high degree of variability
in production uplift (10.8 percent-38 percent relative to SAGD Base) whereas the reported
improvements on instantaneous SOR do not vary significantly. Thus, a production uplift of 10.8
percent-38 percent and an SOR improvement of 35 percent are used.
A best case of the steam-solvent process has a supply cost of C$29.60/bbl when a bitumen
production uplift of 38 percent is assumed. A worst case of C$42.40/bbl is obtained with 10.8
percent production uplift. The results show that for a greenfield development to be more
profitable than the SAGD Base, the steam-solvent process must have a production uplift of about
9 percent relative to the SAGD Base.
The steam-solvent process is suitable for both brownfield and greenfield developments. Its
application in brownfield developments results in a bitumen supply cost of C$38.10/bbl–
$45.40/bbl. The lower and upper ranges represent steam-solvent process with production uplifts
of 38 percent and 10.8 percent, respectively. Therefore, for a brownfield development to have
supply costs lower than that of the SAGD Base, the steam-solvent process must have a production
uplift of more than 19 percent. Another RES technology that is also suitable for application in
brown and greenfield developments is the steam surfactant process. The results show that this
process has the potential to reduce bitumen supply costs of the SAGD Base by about 3 percent.
On the other hand, some RES technologies are applicable to only greenfield developments.
Examples of these are the pure solvent and the electromagnetic heating technologies. The pure
solvent processes have the potential to reduce bitumen supply costs by C$3.40/bbl, which is an
8 percent reduction in bitumen supply costs relative to SAGD Base. However, oil from this process
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is a partially upgraded bitumen with an API gravity of 13-14 against an API gravity of 8 for raw
bitumen.
A bitumen product with higher quality, lower viscosity than raw bitumen means that lower
amounts of dilution with diluents are required to meet pipeline transport specifications.
Therefore, the results show that about C$4/bbl diluent cost can be avoided by using of the pure
solvent method. This is significant given other benefits are realized alongside diluent cost
reduction. These include reduction of pipeline volumes that would have been occupied by
diluent, the possibility of a higher price of the product and higher downstream conversions.
However, some RES technologies, specifically the electromagnetic heating processes are more
cost-intensive than other alternatives, and will not be commercial in a low oil price environment.
The bitumen supply cost of electromagnetic heating processes is C$60 - C$64 per barrel. The high
supply costs from the electromagnetic heating process is due to its high CAPEX and OPEX. Major
contributors to these costs are high costs of heating electromagnetic antenna costs,
disproportionately higher electricity requirements than other technologies and solvent make-up
costs. For example, project sustaining costs are increased significantly if heating antennas must
be changed mid-life of the project.
Given that some of the reservoir technologies partially upgrade bitumen, when the quality of the
bitumen product is accounted for by bringing the product to a Western Canadian Select
equivalent (WCS eq.) basis, a greater reduction in supply costs is possible. Relative to the SAGD
Base WCS eq. supply cost at Hardisty which is calculated to be C$55/bbl, supply cost reductions
obtained are -1 percent to -16 percent for steam-solvent, -14 percent for pure solvent, +27
percent to +30 percent for electromagnetic heating and -8 percent for chemical/surfactant
treatment technologies.
It can be observed that the technologies most favoured by product quality improvements are
those using significant amounts of solvents, such as the pure solvent and electromagnetic heating
processes, and the chemical/surfactant methods.
The SG segment has the second highest potential to reduce bitumen supply cost. It can reduce
the supply costs by 1 percent-11 percent relative to the SAGD Base. The major technology driver
for the highest cost reduction under this segment is the use of solid oxide fuel cells (SOFCs) for
cogeneration of steam and electricity. SOFCs generate energy directly by chemically reacting a
fuel and oxygen, rather than by combustion; thus, SOFCs have a high efficiency. Typical SOFC
combined heat and power efficiency can reach 80 percent at an operating temperature of about
1,000oC.
Though the SOFCs technology looks most promising among the SG technologies, application for
in situ oil sands extraction applications, it is likely to face significant technical and economic
hurdles. Some of the identified setbacks include:
1) Generation of large amounts of electricity that must be sold to the grid
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2) Industry-wide deployment of SOFCs will require large investments in new power
transmission infrastructure, and
3) Technical issues associated with SOFCs durability and operation at temperatures lower
than 1,000oC.
Supply cost reductions from other SG technologies are below 3 percent that of the SAGD Base.
However, some of these technologies are already commercially available and are likely to be
more widely deployed than the SOFCs.
Incremental cost reductions are achievable through other segments, mainly in WWP, BM, and
WWT with potential supply cost reductions of C$0.80-$1.10, C$1-$1.70 and C$0.0-$1.30 per
barrel, respectively.

GHG Emissions from Bitumen Production
The potential for the process segments to reduce direct fuel-derived emissions of bitumen
extraction are assessed. In this section, flaring and fugitive emissions and emissions from
electricity (grid or cogeneration) generation are excluded. This is because most of the
technologies assessed do not target reducing emissions associated with electricity generation,
flaring or venting. Also, given that significant portions of the electricity requirements of the oil
sands industry are met by the Alberta electric grid, the associated electricity generation emissions
are not directly attributed to oil sands production. Based on the existing carbon policy
regulations, the power producers are directly responsible and pay carbon tax for the GHG
emissions they generate.
Figure 4.2: Range of Direct GHG Emissions for Various Bitumen Extraction Process Segments
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Figure 4.2 is a range plot for bitumen extraction emissions. It shows the range of direct GHG
emissions associated with implementing oil sands technologies under the RES, WWP, BM, SG and
WWT segments. The GHG emissions from each segment are compared to the SAGD Base (60.4
kgCO2e/bbl bitumen). From Figure 4.2 the potential emissions reductions can be deduced. The
blue horizontal dashed line in represents direct GHG emissions of the SAGD Base (60.4
kgCO2e/bbl).
Interestingly, the RES and SG (steam with CO2 co-injection) segments which gave the lowest
supply costs, are also most likely to achieve the greatest direct emissions reductions.82 The RES
technologies have the greatest promise for emissions reduction followed by steam generation
technologies. Marginal emissions reductions come from the other segments (wells/well pads,
data analytics-based steam flood management under the BM segment, and water/wastewater
treatment).
The RES and SG segments can independently reduce direct GHG emissions of the SAGD Base by
70-75 percent. This is achieved by technologies such as pure solvent extraction and DCSG.
The pure solvent reservoir process uses heated condensing solvents such as propane or butane
in lieu of steam for bitumen extraction in reservoirs. The fact that the solvent is only heated to
about 60oC consequently reduces the energy intensity of the process to about 25 percent relative
to the SAGD Base. Further energy efficiency improvements and emissions reductions are possible
if the pure solvent process uses cogeneration equipment to meet its energy requirements.
However, as mentioned earlier, the economics of an industry-wide adoption of cogeneration is
uncertain.
The pure solvent process, the Nsolv process in particular, is at a field demonstration stage, and
claims to have shovel-ready plans to build a 10,000 bbl/day commercial demonstration facility in
their next phase of development. It would be expected that issues related to solvent losses in the
reservoir, as well as solvent retention in the final bitumen product be clearly understood.
Additionally, the economic feasibility of pure solvent process applications must be favorably
established for a variety of reservoirs with different geological characteristics if this technology
is to be widely deployed by the industry.
The SG segment realized low levels of emissions as shown in Figure 4.2 through the use of DCSG.
An example of this technology is the NRCAN’s DCSG. Based on previous studies,83 it is assumed
that 30-60 percent of the CO2 generated from combustion can be sequestered by co-injecting
steam and flue gases into the reservoir. The rest of the emissions reductions (up to 12 percent)
come from an efficient heat transfer mechanism and waste heat utilization. The nature of the
direct contact steam generation boiler makes it possible to reach a thermal efficiency of up to 98

82

Direct emissions do not include electricity, flaring and fugitive emissions.
Nduagu, E.I, Gates, I.D., 2014. An ultra-low emissions enhanced thermal recovery process for oil sands. Energy
Procedia, 63, 8050-8061.
83
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percent. In addition to that, the steam together with flue gases is injected into the reservoir, a
process that eliminates waste heat.
However, the DCSG faces important technical and economic setbacks. First, the use of oxygen for
combustion incurs significant additional capital and operating costs associated with oxygen
production requirements through an air separation facility. Second, high temperature corrosion
can take place in the combustor due to the presence of hydrogen sulphide and organic acids
when untreated process-affected water is fed into the combustor. Third, favorable performance
of co-injecting non-condensable gases, such as CO2, with steam into a SAGD-type process have
not been clearly demonstrated. For example, steam-CO2 co-injection results in low oil production
rates. Fourth, CO2 leakage issues and the long-term fate of the CO2 contained in the oil sands
reservoirs are important issues that need to be addressed. The enormity of these challenges
show that this technology may require lengthy experimentation and piloting before it can be
considered commercially ready.
In terms of GHG reductions, the electromagnetic heating process, which also uses pure
condensing solvent performs more favorably (55 percent less than SAGD baseline) relative to its
supply costs reduction performance. This result is obtained by assuming that there is an on-site
cogeneration plant that meets the electricity requirements of the process. However, if electricity
is drawn from the grid, direct GHG emissions of the process becomes insignificant. In that case,
the electromagnetic heating process becomes the technology with the least direct emissions.
However, the high supply costs associated with this process make it uncompetitive, at least in
the short term.
Interestingly, in the BM segment, data analytics, particularly steam flood and production
optimization technologies, result in considerable emissions reduction, and higher return on
investment with low adoption cost but relatively high performance. Examples of technologies
under this segment are SAAS, Atmion and Thermion from Tachyus; these technologies can
together realize an average SOR reduction of 20 percent through steam flood optimization.
Similarly, another analytics company, SAS uses its production optimization solution to achieve a
production increase of about 7 percent-17 percent. Reductions in SOR and/or production
improvements results in proportionate reductions in emissions intensity.

Optimal Technology Configurations
In this section, optimal facility configurations are identified (Table 4.1) – these configurations
incorporate the potential costs and emissions reductions from different compatible technologies
within and across the process segments.
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Table 4.1: In Situ Oil Sands Production and Processing Segments and their
Associated Technologies
Compatible Processes and Technologies
BM

WWP

RES

WWT

SG

Brownfield Development
Steam flood
management

Steam solvent

Steam
Solvent

Magox
precipitation
and CO2
conversion

OTSG

Greenfield Development
Steam/CO2
coinjection

Steam with CO2
co-injection
Steam with
CoGen
Steam-solvent

Digitalization
of EPC

Steam flood
management

Steam-solvent
Cogen
Pure Solvent

DCSG
Evaporator

Steam
Well pad
standardization

Steam
Solvent

SOFC
Chemical
water
treatment

RTOTSG
SOFC

Pure
Solvent

Source: CERI

The costs and GHG emissions shown for different segments above (see Figures 4.1 and 4.2) can
be compounded considering brown and greenfield developments. Compatible technologies
within and across the process segments are considered by eliminating mutually exclusive
technologies and processes.
The cumulative economic and direct GHG emissions impacts of adopting a given technology or
process are captured as an overall impact, relative to the baseline SAGD facility. Six optimal
configurations comprising compatible technologies from the process segments are identified;
one for the brownfield and five for the greenfield facilities.
For a brownfield development, the optimal technology configuration (Table 4.1) is one that
requires only a slight modification of the existing plant and infrastructure but could have a
notable potential for cost and emissions reductions. A brownfield case pertains to a currently
existing SAGD facility whereas a greenfield relates to plants that will become operational after
2017.

Brownfield Facility Configuration
For brownfield production, only cost minimization is applicable. The technologies with high
potentials to reduce GHG emissions are relatively capital-intensive because they require a
significant modification of the existing equipment and facilities. Thus, these technologies are not
considered to be suitable for deployment in a brownfield due to high CAPEX. Suitable
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technologies for brownfield developments are chosen based on their ability to allow only slight
modification of existing infrastructure but have a potential for notable cost reduction (Table 4.1).
The technology configuration that suits brownfield development is the steam solvent
configuration. This configuration combines once-through steam generators (OTSGs), steam
solvent reservoir technologies such as Solvent-Aided Process (SAP) or the Steam Assisted SAGD
(SA-SAGD), data analytics-based steam flood management (e.g., software solutions from Tachyus
or SAS) and dissolved magnesium addition in lime softening and CO2 conversion (CH2M
technology).
Relative to the SAGD Base, the total impact of the brownfield steam-solvent configuration is an
18 percent and 61 percent reduction in supply cost and direct GHG emissions, respectively (Figure
4.3).
Figure 13 shows the impact on supply cost and emissions by the identified optimal technology
configurations applicable to green and brownfields facility configurations.
Figure 4.3: Combined Impact of Technologies under Different Cost and
GHG Emissions Scenarios
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Greenfield Facility Configuration
Greenfield development benefits from a high flexibility to combine different mutually inclusive
technologies within and across the different process segments. Five optimal technology
configurations are suitable for greenfield development (Table 4.1).
Three technologies from two process segments (BM and WWP) are applied to the five greenfield
technology configurations. These technologies are digitalization of Engineering Procurement and
Construction (EPC), well pad standardization and data analytics-based steam flood management.
Vista Projects is one of the companies that uses digitalization of EPC through the integrated data
portal, Aveva Net to deliver capital cost reductions.
In addition to these technologies, each greenfield technology configuration comprises other
complementary technologies as explained below:


The steam with CO2 co-injection technology configuration uses direct contact steam
generation (DCSG) with co-injection of steam and CO2 into reservoirs and the use of
evaporator in water treatment. The DCSG is a technology that allows steam to be
produced by directly contacting water with hot flue gases (a mixture of CO2 and steam) in
order to vaporize the water without the need for boiler tubes. The entire product gas is
to be injected into a reservoir where about 30-60 percent of the injected CO2 are assumed
to be sequestered.

Relative to the SAGD Base, the total impact of this technology configuration is 13 percent and 57
percent reduction in supply cost and direct GHG emissions, respectively (Figure 4.3).


The steam with CoGen technology configuration comprises cogeneration of steam and
electricity by solid oxide fuel cells (SOFC) and evaporator use in water treatment. SOFC
generates energy directly by chemically reacting a fuel (hydrogen, hydrocarbons or
carbon monoxide) and oxygen, rather than by combustion, with an overall efficiency of
80 percent. Here, natural gas is used as fuel and only steam is injected into the reservoir
for bitumen mobilization.

Relative to the SAGD Base, the total impact of this technology configuration is 19 percent and 34
percent reduction in supply cost and direct GHG emissions, respectively (Figure 4.3).


The steam-solvent technology configuration combines rifle tube once-through steam
generator (RT-OTSG), steam solvent reservoir technologies (such as SAP or SA-SAGD) and
chemical water treatment. The chemical water treatment process refers to the front-toback (FTB) process. The FTB process is made up of a Dissolved Gas Flotation (DGF) unit, a
high temperature electrocoagulation (EC) unit, a filtration step, and rifle tube boiler. An
ion exchanger can be added after the filter press for polishing.

Relative to the SAGD Base, the total impact of this technology configuration is 34 percent and 65
percent reduction in supply cost and direct GHG emissions, respectively (Figure 4.3).
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The steam-solvent Cogen technology configuration uses a combination of steam-solvent
reservoir technology (e.g., SAP, SA-SAGD, etc.), SOFC cogeneration of steam and power
and FTB water treatment process. In the Steam-solvent Cogen configuration, a mixture of
steam and solvents are injected into the reservoir.

Relative to the SAGD Base, the total impact of this technology combination is 40 percent and 73
percent reduction in supply cost and direct GHG emissions, respectively (Figure 4.3).


The pure solvent technology configuration uses pure solvent reservoir technology (such
as the Nsolv process), which precludes the use of steam for bitumen recovery.
Consequently, SG and WWT segments are of no significance. However, the process still
requires treatment of produced water and energy for solvent heating and purification.

Relative to the SAGD Base, the total impact of this technology configuration is 14 percent and 83
percent reduction in supply cost and direct GHG emissions, respectively (Figure 4.3).

Overview of Results from Technologies Assessed
Figure 4.4: Direct GHG Emissions and Western Canadian Select (WCS) Supply Costs for
Different Technologies Assessed under Each Technology Category

Source: CERI

March 2017

0439
Economic Potentials and Efficiencies of Oil Sands Operations:
Processes and Technologies

67

Figure 4.4 shows the direct GHG emissions and supply costs (in Canadian dollars) when different
technologies under each technology category are used for in situ bitumen extraction and
processing. The supply costs presented here are benchmarked against the Western Canadian
Select crude, which is sold at Hardisty. In total, twenty-three technologies are assessed; these
include ten reservoir, two wells and well pads, two business management and data analytics,
four steam generation, and five water and waste treatment technologies. Color schemes indicate
the technology categories whereas shapes of the data points show whether the technology can
be applied to a brownfield (triangle) or greenfield (square) development or both (circle).
The orange data points show the baselines for greenfield (orange square) and brownfield (orange
triangle) developments. The dotted orange vertical and horizontal lines specify the Western
Canadian Select supply cost and direct GHG emissions for the greenfield facility. A key finding
from the results of this assessment is that the majority of the technologies assessed show
potential to reduce both GHG emissions and supply costs below that of the greenfield facility
baseline. Also, the reservoir and steam generation technology are key technology opportunity
segments that bring the highest emissions and cost reductions.

Upgrading
The assessments of the segments presented above centre on bitumen extraction at the field gate,
but partial and full upgrading are essential value add components of the overall oil sands process.
A significant share of costs and emissions of oil sands are associated with full or partial upgrading
or blending.
Major promising technologies assessed under this segment are EJS (Enhanced Jetshear) by
Fractal Systems, IYQ (Increased Yield and Quality) by ETX Systems, Hi-Q® by MEG Energy, HTL by
Fluid Oil (formerly Ivanhoe Energy), DSU™ by Field Upgrading and CCC by Bayshore Petroleum.
A few important parameters that determine the extent of value addition for a partial or deep
conversion technology includes the distillation profile and volumetric yield of the products and
the products’ viscosity. The products from the partial upgrading and deep conversion
technologies vary in chemical and physical characteristics and economic value. Figure 4.5 shows
how these parameters vary widely for partial and full upgrading and deep conversion
technologies.
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Figure 4.5: Volumetric Yield and API Gravity of Products from
Partial and Full Upgrading Technologies
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These technologies are developed to reduce diluent requirements or as alternatives to diluent
addition or full upgrading. These technologies are assessed using economic and environmental
performances of dilbit and SCO (from delayed coker) as benchmarks. Some of the technologies,
for example, those that dramatically reduce vacuum resid such as IYQ, HTL, Hi-Q, etc., aim to
achieve deep conversions and, thus, preclude the use of diluent. Their products would be priced
higher than those that require diluent addition.
These technologies are assessed relative to dilbit (diluted bitumen) and fully upgraded synthetic
crude oil (SCO) from delayed coking. On a Western Canadian Select (WSC)-equivalent basis, the
supply costs for products from partial or full upgrading technologies are assessed at the facility
gate. The product quality is brought to a WCS-equivalent basis by blending with diluent when
required. The WCS-equivalent assumes a pipeline-ready dilbit with an API gravity of 20. The WCSeq. supply costs and associated emissions of the products from the partial upgrading
technologies are shown in Figure 4.6.
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Figure 4.6: GHG Emissions and Supply Cost of Partial and Full Upgrading Technologies
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The partial upgrading technologies show potential to add value to bitumen without significantly
increasing costs and emissions. However, when brought to West Texas Intermediate (WTI)equivalent, which is a product that is comparable to the SCO product grade, the supply costs of
some of the technologies may not be considered competitive in a low oil price environment.
Though a supply cost based assessment of partially upgraded products provides some insights
into the economics of the technologies, varying product make-up and characteristics
(conversions, distillation fractions, API gravity, total acid number, sulphur content, etc.) make this
assessment complex. Thus, a more comprehensive approach would involve an understanding of
the price that the refiners are willing to offer for the value add through partial upgrading.
However, such extent of analysis is beyond the scope of this study.

Oil Sands Production Growth
CERI’s oil sands projection is used to determine bitumen production from in situ brownfield and
greenfield developments within the study period (see Figure 4.7).
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Figure 4.7: Brown and Greenfield In Situ Oil Sands Production Forecast
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In situ bitumen production covers SAGD and CSS processes. With the assumption of a project life
of 30 years, most brownfield projects today would still be operational by 2036. Thus, no
significant change in brownfield developments is expected.
However, greenfield development may experience notable growth between 2016 and 2036,
resulting in an increase of in situ bitumen production from 2016 levels of 1.1 million bbl/day to
3.8 million bbl/day in 2036. The in situ production profile is later used to determine in situ
emissions profile for the SAGD Base and for cases where new technologies were applied.
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Figure 4.8: Oil Sands Production Forecast
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An overall picture of oil sands production growth from in situ, mining, and primary/enhanced oil
production (EOR) processes can be seen in Figure 4.7. The deflation seen in Figure 4.8 is a result
of the forest fire incident that caused a temporary shutdown of oil sands operations in 2016.
While oil sands production from in situ bitumen extraction methods is expected to experience
growth within the next 20 years, bitumen mining is likely to slightly increase in the next few years
and level-off afterwards. Most of the future production growth will come from in situ production.
Policy Changes
Two additional provincial regulations, particularly, phase-out of coal-fired power generation and
oil and gas methane emissions reduction regulations in Alberta will affect oil sands industry
emissions. As of 2015, the coal- and natural gas-fired electricity generation constitute 51 percent
and 39 percent of the generation options in Alberta with the rest generated by renewables. 84
Figure 4.9: Regulatory Impacts:
Coal Power Phase-out (A) and CH4 Emissions Reduction (B)
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Electricity requirements and associated emissions intensities of mining (14.7 kWh/bbl), in situ
(16.7 kWh/bbl), primary production (13 kWh/bbl), and upgrading (10.7 kWh/bbl) are used in
combination with bitumen production projections90 to assess oil sands industry on site and
imported electricity use emissions profile. The emissions intensity of Alberta’s electricity grid and

84

Alberta Energy, Electricity Statistics. Available at http://www.energy.alberta.ca/electricity/682.asp
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natural gas combined cycle (NGCC) are assumed to be 760 kgCO2 and 390 kgCO2 per MWh
electricity, respectively.
Two hypothetical cases of no coal-power phase out (Total Electricity Emissions BAU) and full
deployment of NGCC for all oil sands operations (Total Electricity Emissions CoGen-powered) are
considered.
Results (Figure 4.9A, Total Electricity Emissions BAU) show that without implementation of the
coal phase-out policy, direct and indirect emissions from oil sands electricity requirements will
rise from current 8 MtCO2e per year levels to almost 30 MtCO2e per year by 2036.
If CoGen is fully deployed to meet all the power requirements of the oil sands industry, an
emissions profile (Figure 4.9A, Total Electricity Emissions CoGen-powered) that is significantly
lower than that of the “Total Electricity Emissions BAU” profile is observed before the planned
coal power phase-out in 2030.
Coal phase-out brings significant reductions in oil sands electricity use emissions. This is evident
from the profile “Total Electricity Emissions with coal phase out”. This profile is generated by
assuming the existing coal power stock in Alberta is replaced by NGCC power plants. Beyond
2030, this assumption could vary significantly given the uncertainties of the Alberta power
generation make-up. However, there is a high probability that most of the coal power fleet in
Alberta will likely be replaced by natural gas-fired plants. Thus, our assumption is reasonable.
Consequently, coal phase-out is likely to bring electricity emissions reduction benefits of more
than 5 MtCO2e per year by 2030.
Similarly, emissions reductions are anticipated from Alberta’s methane emissions regulation. This
regulation requires oil and gas facilities to reduce methane emissions by 45 percent relative to
2014 levels by 2025. There is currently no detail about how this regulation will be implemented.
Therefore, as shown in Figure 4.9B, we modeled a business as usual case (Fugitive Emissions:
BAU) and three implementation scenarios:
1) AB CH4 Policy-Steady Decline (Emissions Intensities). This scenario implements a steady
reduction of fugitive and flaring emissions on an intensity basis to reach the 45 percent
reduction by 2025.
2) AB CH4 Policy By 2025 (Absolute Emissions). This scenario applies the entire 45 percent
reduction of fugitive and flaring emissions on an absolute basis by 2025.
3) AB CH4 Policy By 2025 (Emissions Intensities). Here, 45 percent reduction of fugitive and
flaring emissions on an intensity basis is implemented by 2025.
The results show that the scenarios modeled can achieve fugitive and flaring emissions reduction
of 1-1.4 MtCO2/year by 2025. The “AB CH4 Policy By 2025 (Absolute Emissions)” scenario which
is based on absolute emissions reduction achieves, by 2025, about 0.4 MtCO2/year more
reduction than the other intensity-based scenarios.
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However, for the assessment of overall oil sands emissions profiles, the scenario that implements
a steady reduction approach, the “AB CH4 Policy-Steady Decline (Emissions Intensities)” is used.

Oil Sands Emissions Profile
The different technology configurations (in Table 4.1 and Figure 4.3) result in new direct
emissions profiles85 for the oil sands industry and these are compared with the business as usual
profile (BAU with policy changes86) which represents the emissions profile for the SAGD Base
and the 100 MtCO2 cap in in Figure 4.10.
Under the Climate Leadership Plan,87 the Government of Alberta legislated (Oil Sands Emissions
Limit Act)88 a hard limit of 100 Mt CO2eq. per year on oil sands operations to spur efficiency
improvements that yield higher productivity with fewer carbon emissions per barrel.
Figure 4.10: GHG Emissions Profile for the Oil Sands Industry and the
100 MtCO2/year Emissions Cap
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85

Based on the oil sands production forecast generated in the CERI’s 2016 oil sands update.
The profiles in Figure 19 include current direct and indirect emissions of all the oil sands production methods
(mining, in situ, enhanced oil recovery and primary heavy oil production) and upgrading. Policy changes refer to
the coal phase-out and methane emissions reductions.
87
Climate Leadership Plan of the Alberta Government. See https://www.alberta.ca/climate-leadership-plan.aspx
88
Fall 2016 – Bill 26: Oil Sands Emissions Limit Act. Available at https://albertandpcaucus.ca/our-work/project/fall2016-bill-25-oil-sands-emissions-limit-act
86
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The observed deflation (in 2016) in the emissions profile can be explained by the downturn due
to global oil glut and Alberta wildfires in 2016.
The results show that the BAU with policy changes profile89 will reach the 100 Mt CO2eq. per
year cap by 2028. Although 70.1 MtCO2 emissions is observed in 2015, the 2016 wild fires in Fort
McMurray, which led to the shutdown of a number oil sands facilities, reduced emissions levels
to 67.2 MtCO2 that year.
Over 2015-2036, all the emissions profiles (BAU with policy changes profile and those of the
technology configurations) consist of direct and indirect emissions from current mining, in situ,
primary recovery and upgrading capacities. However, in accordance with emissions regulation
provisions, imported electricity, future cogeneration and upgrading emissions are excluded after
2016.
The new GHG emissions profiles90 generated from the optimal cost and emissions technology
configurations will allow for oil sands production growth within the allowed emissions cap. These
technology configurations have the potential to reduce bitumen supply cost by 40 percent, avoid
reaching 100 Mt CO2eq. per year cap during the study period (2016-2036) and further delay the
time until the emissions cap is reached by several decades.

Costs and GHG Emissions Minimization Objectives
Minimizing cost and GHG emissions are considered to be two principal objectives that will drive
decision-making in technology development and commercialization. A combination of
technologies is applied to brown and green field production considering these two objectives.

89

Included in this profile are the current direct and indirect emissions of all the oil sands production methods
(mining, in situ, enhanced oil recovery and primary heavy oil production) and upgrading.
90
Based on the oil sands production forecast generated in the CERI’s 2016 oil sands update.
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Figure 4.11: GHG Emissions Profile for the Oil Sands Industry and the
100 MtCO2/year Emissions Cap with Coal Phase-Out
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In a low-price environment, producing at the lowest possible supply cost is a necessity; therefore,
technologies that realize the minimum cost objective are preferred.
However, given an imposed carbon tax and a 100 MtCO2e/year emissions cap on the oil sands
industry, producing at lower GHG intensity becomes reasonable and sustainable.
A simplified version of the emissions profiles in Figure 4.10 are presented in Figure 4.11. In Figure
4.11, the profiles generated from the minimum emissions and cost objectives are shown. Also
included in Figure 4.11 are SAGD Base profiles with or without future cogeneration additions or
grid electricity.
As shown in Figure 4.11, these objectives lead to a 34-40 percent (a C$14.50/bbl-C$17.40/bbl
reduction)91 and 82 percent (a 50.1 kgCO2/bbl reduction) reduction in bitumen supply costs and
direct GHG emissions, respectively, relative to the SAGD Base.

91

The range for cost reduction considers both the steam solvent and the steam solvent technology configurations
to be minimum cost cases.
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The minimum cost objective profiles are the steam-solvent process with Cogen, which is shown
as “Steam-solvent Cogen (SOFC) Scenario” in Figure 4.11 and the steam-solvent process without
Cogen or DCSG, which is represented as “Steam-solvent FTB w/o DCSG Scenario”. These
objectives lead to a 34-40 percent (a C$14.50/bbl-C$17.40/bbl reduction)92 reduction in bitumen
supply costs relative to the SAGD Base. However, solid oxide fuel cells face technical challenges
that make them unfeasible for short term commercial application. Therefore, the minimum cost
technology configuration is likely to be the steam-solvent configuration with a potential cost
reduction of 34 percent relative to the SAGD Base.
The minimum emissions objective profile is the pure solvent process, which is shown as “Pure
Solvent Scenario” in Figure 4.11. This profile leads to an 82 percent (a 50.1 kgCO2/bbl reduction)
reduction in direct GHG emissions relative to the SAGD Base.
Note that the BAU with policy CH4 Policy profile and those of the minimum emissions and costs
objectives consist of direct and indirect emissions from current mining, in situ, primary recovery
and upgrading capacities. However, in accordance with emissions regulation provisions,
imported electricity, future cogeneration and upgrading emissions are excluded after 2016. In
accordance with the emissions cap regulation, the 100 MtCO2eq. cap will be reached by 2028.
However, if the imported electricity and future cogeneration are included, the profile obtained
shows an increase in emissions as seen from the emissions profile, “Total Emissions – Coal Phase
Out” (Figure 4.11). The deflation seen on this profile by 2030 is a result of coal power phase-out.
If direct and indirect emissions from oil sands electricity use were to be included in the 100
MtCO2eq. cap, the industry will exceed the cap by 2026.

92

ibid.
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Chapter 5: Conclusions
This study shows that the costs and emissions challenges facing the oil sands industry are real
and serious, and if not urgently addressed may stunt the growth of the industry. The 100
MtCO2eq. emissions per year cap imposed on the oil sands industry will be reached by 2028. This
means that the industry has about 10 years to act to continue oil sands production growth by
reducing its emissions intensity. On the other hand, high bitumen supply cost is another
important factor that makes oil sands production less competitive relative to other competing
world crude oils.
This study identifies clear technological pathways that will enable the oil sands industry to
significantly reduce costs as well as emissions. Six technology configurations that reduce both
bitumen supply costs and GHG emissions are identified: one for brownfield and five for greenfield
developments. With the implementation of any of the configurations, chances of reaching the
100 MtCO2eq./year cap are reduced to zero within the study period (2016-2036).
More so, the technology configurations that meet the minimum costs and emissions objective
criteria will allow for significantly more room for oil sands production growth. These technology
configurations have the potential to reduce bitumen supply cost by 34-40 percent, reduce fuelderived emissions from in situ oil sands production by more than 80 percent, and consequently
delay the time until the emissions cap is reached by several decades.
Reducing emissions usually comes with a cost penalty. Interestingly, the results of this study
prove otherwise. They show that emissions and cost reduction objectives are not adversely
related. This means the two objectives can be achieved simultaneously. Even more interesting is
the fact that by just choosing to implement the minimum cost objective configuration, dramatic
emissions cuts are made as a result.
However, further research and development work is needed to de-risk the promising
technologies through pilot and field demonstration studies if the prospects of delivering these
costs and emissions reductions are to be realized. For more information on possible ways of how
to fuel a greener and more cost competitive oil sands industry, see the Appendix.

Key Findings
Below are the key findings in this study:
1) The 100 MtCO2eq. emissions per year cap imposed on the oil sands industry will be
reached by 2028. This means that the industry has about 10 years to act to raise the ceiling
on oil sands growth by reducing its emissions intensity.
2) High bitumen supply cost is another important factor in the competitiveness of the oil
sands industry.
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3) Identification of clear technological pathways to significantly reduce costs as well as
emissions. With the implementation of any of the configurations, chances of reaching the
100 MtCO2eq./year cap are eliminated within the study period (2016-2036).
4) More so, the technology configurations that meet the minimum costs and emissions
objective criteria can achieve potential reduction of bitumen supply cost by 34-40
percent, reduce fuel-derived emissions from in situ oil sands production by more than 80
percent, and consequently delay the time until the emissions cap is reached by several
decades.
5) Emissions and cost reduction objectives are not adversely related. For example, by
choosing to implement the minimum cost objective configuration, dramatic emissions
cuts are made as a result.
6) However, further research and development work is needed to de-risk the promising
technologies through pilot and field demonstration studies if the prospects of delivering
these costs and emissions reductions are to be realized.
Given the depositional characteristics of bitumen in Alberta – with more than 70 percent of the
resource being too deep to mine – this study focuses on in situ-based bitumen production where
the majority of future developments are anticipated – covering steam-assisted gravity drainage
(SAGD) and cyclic steam stimulation (CSS) approaches. Existing in situ technologies are primarily
SAGD and CSS, which require injection of high pressure and high temperature steam into oil sands
reservoirs to reduce bitumen viscosity, mobilize and recover bitumen.
Therefore, a conventional SAGD facility with SOR of 3 and 30,000 barrels per day (bbl/day)
production capacity is set as a baseline for this study. For our purposes, we divide in situ oil sands
operations and processes into seven segments: water/wastewater treatment (WWT), steam
generation (SG), wells/well pads (WWP), reservoir (RES), upgrading (UPG), pipeline/transport
(PPT), and data and business management (BM).

Bitumen Production Supply Cost and GHG Emissions
The potential supply costs and fuel-derived GHG emissions performance of five of the segments
(RES, WWP, BM, SG and WWT) are compared with that of the SAGD Base in Figure E.1 and Figure
E.2, respectively. The results from the UPG and PPT segments are presented separately because
results in these segments are presented in different units.
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Figure 5.1: Range of Supply Costs for Various Bitumen Extraction Process Segments
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Figures 5.1. and 5.2. are range plots which show the ranges of supply costs and direct GHG
emissions associated with oil sands technologies under the RES, WWP, BM, SG and WWT
segments. The supply costs and GHG emissions from each segment can be compared with that
of the SAGD Base and the potential emissions reductions from each segment deduced. The blue
horizontal dashed lines in Figures 5.1. and 5.2 represent a baseline that aligns with the supply
costs and direct GHG emissions associated with the SAGD Base.
Figure 5.2: Range of Direct GHG Emissions for Various Bitumen Extraction Process Segments

Source: CERI
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The impacts of reservoir and steam generation technologies on supply cost reductions are most
significant, with potential reductions of 32 percent and 11 percent, respectively, relative to the
SAGD Base. However, some of the reservoir technologies are more cost-intensive than other
alternatives, and will likely be unviable for commercialization over the next 5 to 7 years.
Similarly, reservoir and steam generation (steam with CO2 co-injection) processes are more likely
to achieve the greatest direct emissions reductions.93 Marginal cost and emissions reductions
come from the other segments (wells/well pads, data analytics-based steam flood management
under the BM segment, and water/wastewater treatment).

Optimal Technology Configurations
Our assessment identifies optimal facility configurations (Table 5.1) that incorporated the
potential costs and emissions reductions from different technologies under each segment.
Table 5.1: Optimal Technology Configurations for Brown and Greenfield Developments
Compatible Processes and Technologies
BM

WWP

RES

WWT

SG

Steam
Solvent

Magox
precipitation
and CO2
conversion

OTSG

Brownfield development
Steam flood
management

Steam solvent
Greenfield development

Steam/CO2
coinjection

Steam with CO2
co-injection
Steam
CoGen

with

Steam-solvent
Steam-solvent
Cogen
Pure Solvent

Digitalization
of EPC

Steam flood
management

DCSG
Evaporator

Steam
Well pad
standardization

Steam
Solvent

SOFC
Chemical
water
treatment

RTOTSG
SOFC

Pure
Solvent

Source: CERI

The cumulative economic and direct GHG emissions impacts of adopting a combination of
technologies or processes are captured as an overall impact, relative to the baseline SAGD facility.
Six optimal configurations comprising compatible technologies from the process segments are
identified; one for the brownfield and five for the greenfield facilities. For a brownfield
development, the optimal technology configuration (Table E.1) is one that requires only a slight

93

Direct emissions do not include electricity, flaring and fugitive emissions.
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modification of the existing plant and infrastructure but could have a notable potential for cost
and emissions reductions.
The technology configuration that suits brownfield development is the steam-solvent
configuration. This configuration combines once-through steam generators (OTSGs), steamsolvent reservoir technologies such as Solvent-Aided Process (SAP) and the Steam Assisted SAGD
(SA-SAGD), data analytics-based steam flood management and dissolved Magnesium addition for
lime softening and CO2 conversion.
However, greenfield development benefits from a high flexibility to combine various compatible
technologies within and across the different process segments. Five optimal technology
configurations are suitable for greenfield development (Table E.1). Three technologies from two
process segments (BM and WWP) are applied to the five greenfield technology configurations.
These technologies are digitalization of Engineering Procurement and Construction (EPC), well
pad standardization and data analytics-based steam flood management. In addition to these
technologies, each greenfield technology configuration comprises other complementary
technologies as explained below:


The steam with CO2 co-injection technology configuration uses direct contact steam
generation (DCSG) with co-injection of steam and CO2 into reservoirs and the use of an
evaporator in water treatment. The DCSG is a technology that allows steam to be
produced by directly contacting water with hot flue gases (a mixture of CO2 and steam)
to vaporize the water without the need for boiler tubes. The entire product gas is to be
injected into a reservoir where some of the CO2 is expected to be sequestered.



The steam with CoGen technology configuration comprises cogeneration of steam and
electricity by solid oxide fuel cells (SOFC) and evaporator use in water treatment. SOFC
generates energy directly by chemically reacting a fuel (hydrogen, hydrocarbons or
carbon monoxide) and oxygen, rather than by combustion, with an overall efficiency of
80 percent. Here, natural gas is used as fuel and only steam is injected into the reservoir
for bitumen recovery.



The steam-solvent technology configuration combines rifle tube once-through steam
generator (RT-OTSG), steam solvent reservoir technologies (such as Solvent-Aided
Process and Steam Assisted SAGD) and electrochemical treatment. The electrochemical
water treatment process refers to the front-to-back (FTB) process. The FTB process is
made up of a Dissolved Gas Flotation (DGF) unit, a high temperature electrocoagulation
(EC) unit, a filtration step, and rifle tube boiler. An ion exchanger can be added after a
filter press for polishing.



The steam-solvent Cogen technology configuration uses a combination of steam solvent
reservoir technology (e.g., SAP, SA-SAGD, etc.), SOFC cogeneration of steam and power
and FTB water treatment process. In the Steam-solvent Cogen configuration, a mixture of
steam and solvents is injected into the reservoir.
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The pure solvent technology configuration uses pure solvent reservoir technology (such
as the Nsolv process), which precludes the use of steam for bitumen recovery.
Consequently, SG and WWT segments are of no significance. However, the process still
requires treatment of produced water and energy for solvent heating and purification.

Supply Costs and GHG Emissions
Figure 5.3 shows the impact on supply cost and emissions by the identified optimal technology
configurations applicable to green and brown fields.
Figure 5.3: Combined Impact of Technologies under Different Cost and
GHG Emissions Scenarios
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Minimizing cost and GHG emissions are considered as two principal objectives that drive decision
making in technology development and commercialization. As shown in Figure 5.3, these
objectives lead to a 40 percent (a C$17.40/bbl reduction) and 82 percent (a 50.1 kgCO2/bbl
reduction) reduction in bitumen supply costs and direct GHG emissions, respectively, relative to
SAGD Base.
As aforementioned, the greenfield developments allow for more flexibility to explore both cost
and emissions minimization scenarios. Under the cost minimization objective, two optimal
process configurations were identified: steam-solvent extraction, with or without CoGen (SOFC solid oxide fuel cells). On the other hand, the GHG minimization objective aligns with pure
solvent, steam-solvent CoGen, steam-solvent (non-CoGen) technology configurations (Figure
5.3). These three configurations lead to reductions in costs and emissions relative to the base.
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Upgrading
Partial or full upgrading are value add components of oil sands processes. A significant share of
costs and emissions of oil sands is associated with full or partial upgrading or/and blending. Major
promising technologies assessed under this segment are EJS (Enhanced Jetshear) by Fractal
Systems, IYQ (Increased Yield and Quality) by ETX Systems, Hi-Q® by MEG Energy, HTL by Fluid
Oil (formerly Ivanhoe Energy), DSU™ by Field Upgrading and CCC by Bayshore Petroleum. These
technologies are assessed relative to dilbit (diluted bitumen) and fully upgraded synthetic crude
oil (SCO) from delayed coking. On a Western Canadian Select (WCS)-equivalent basis, the supply
costs for products from partial or full upgrading technologies are assessed at the facility gate. The
product quality is brought to WCS-equivalent by blending with diluent when required. The WCS
equivalent assumes a pipeline-ready dilbit with an API gravity of 20. The WCS-eq. supply costs
and associated emissions of the products from the partial upgrading technologies are shown in
Figure 5.4.
Figure 5.4: GHG Emissions and Supply Cost of Partial and Full Upgrading Technologies
Delayed Coking
API 31

GHG emissions (kgCO2e/bbl)

140
130
IYQ
API 22.9

120
110

HTL
API 19

DSU
API 18

100

Hi-Q
API 20.4

CCC
API 21

90
80
EJS
API 19

70

SAGD Dilbit
API 20

60
50
50

55

60

65

70

WCS Supply Cost (C$/bbl)
Source: CERI

The partial upgrading technologies show potential to add value to bitumen without significantly
increasing costs and emissions. However, when brought to West Texas Intermediate (WTI)equivalent, which is a product that is comparable to the SCO product grade, the supply costs of
some of the technologies may not be competitive in a low oil price environment.
Though a supply cost-based assessment of partially upgraded products provides some insights
into the economics of the technologies, varying product make-up and characteristics
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(conversions, distillation fractions, API gravity, total acid number, sulphur content, etc.) make this
assessment complex. Thus, a more comprehensive approach would involve an understanding of
the money value that the refiners are willing to offer for the value add through partial upgrading.
However, such extent of analysis is beyond the scope of this study.

Oil Sands Emissions Profiles and the 100 MtCO2 Emissions Cap
The different technology configurations (in Table 5.1 and Figure 5.3) result in new direct
emissions profiles94 for the oil sands industry and these are compared with the business as usual
profile (BAU with policy changes95) and the 100 MtCO2 cap in Figure 5.5. Under the Climate
Leadership Plan,96 the Government of Alberta legislated (Oil Sands Emissions Limit Act)97 a hard
limit of 100 Mt CO2eq. per year on oil sands operations to spur efficiency improvements that
yield higher productivity with fewer carbon emissions per barrel.
Figure 5.5: GHG Emissions Profile for the Oil Sands Industry and the
100 MtCO2/year Emissions Cap
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94

Based on the oil sands production forecast generated in the CERI’s 2016 oil sands update.
The profiles in Figure E.5 include current direct and indirect emissions of all the oil sands production methods
(mining, in situ, enhanced oil recovery and primary heavy oil production) and upgrading.
96
Climate Leadership Plan of the Alberta Government. See https://www.alberta.ca/climate-leadership-plan.aspx
97
Fall 2016 – Bill 26: Oil Sands Emissions Limit Act. Available at https://albertandpcaucus.ca/our-work/project/fall2016-bill-25-oil-sands-emissions-limit-act
95
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The methane emissions policy of the Alberta Government is also applied. This regulation is part
of the Climate Leadership Plan and requires a reduction of methane emissions in oil and gas
operations by 45 percent of 2014 levels by 2025.
The results show that the BAU with policy changes profile98 will reach the 100 Mt CO2eq. per
year cap by 2028. Although a 70.1 MtCO2 emissions level is observed in 2015, the 2016 wild fires
in Fort McMurray, which led to the shutdown of a number oil sands facilities, reduced emissions
level to 67.2 MtCO2 that year.
Over 2015-2036, all the emissions profiles (BAU with policy changes profile and those of the
technology configurations) consist of direct and indirect emissions from current mining, in situ,
primary recovery and upgrading capacities. However, in accordance with emissions regulation
provisions, imported electricity, future cogeneration and upgrading emissions are excluded after
2016. The new GHG emissions profiles99 based on the optimal cost and emissions technology
configurations will allow for oil sands production growth. These technology configurations have
the potential to reduce bitumen supply cost by 40 percent, and avoid reaching the 100 Mt CO2eq.
per year cap during the study period (2016-2036).

98

Included in this profile are the current direct and indirect emissions of all the oil sands production methods
(mining, in situ, enhanced oil recovery and primary heavy oil production) and upgrading.
99
Based on the oil sands production forecast generated in the CERI’s 2016 oil sands update.

March 2017

0458
86

March 2017

Canadian Energy Research Institute

0459
Economic Potentials and Efficiencies of Oil Sands Operations:
Processes and Technologies

87

Appendix – Additional Assumptions and
Methodologies
Figure A.1: Different Types of Technologies to be Considered in
Each Segment of the Processes

Source: CERI

Theoretical Framework: Economic Theory of Carbon Policy and
Innovation
The concept of innovation is a focal point of discussion in climate change debates and plays an
important role in developing climate change policy frameworks. Here we analyze how technology
innovation plays a central role in fostering a low carbon society without derailing economic
growth.
GHG emissions and global warming are positively linked and have an adverse impact on the
environment. Also, emissions and economic growth are correlated; therefore, one of the viable
policy options is to tax companies’ production. This could lead firms to reduce their emissions
and/or cut their production.
A heated opposition started among economists known as the Nordhaus–Stern Controversy,
based on the estimation of how high the taxation can be and how it can change over
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time. Nordhaus argued that taxation should be low at the beginning and move up progressively
and double every 20 years. This avoids huge shocks on production, but delaying intervention
increases short run production and consumption which boosts the economy; however, it may
result in future environmental damage.
On the other hand, Stern suggests that we should act now with a heavy carbon tax to avoid future
damage, consequently reducing drastically the actual production today. This policy approach
would have an immediate negative effect on near-term growth and result in a longer-term
downward shift of the overall growth trend of the economy.
The above discussion is based on a model that is unable to adequately integrate innovation in
the economic modeling. The analysis of the role of technology innovation in climate change
policy is relatively recent in economic literature. Most of the theories and analyses are focused
on building scenarios and impact analysis on arbitrary parameters that ignore the drivers of
innovation. Some empirical studies have been done and show the link between the pace of
innovation and cost paid by consumers in the air conditioning market, as an example. Recently
however, a seminal paper100 proposed a new way to explain how technology innovation may
reconcile climate policy and economic growth. This is called the Acemoglu, Aghion, Bursztyn and
Hemous (AABH) model.
The key finding of the AABH model is to establish a new paradigm in the conception and
application of climate policy based on innovation and carbon taxation at the firm or sectoral
levels. For the AABH model, productivity growth is endogenous and takes into account
knowledge spillover and complementarities. More importantly, compound effects of innovation
do not follow a deviation from a past trend as is the case for previous models.
The AABH climate change and innovation model performs its analysis at the firm level where
clean and dirty processes are competing, and firms’ researchers are maximizing their profit
toward innovating in clean and dirty inputs.
For illustrative purposes, let us examine the implication of the AABH model to oil sands extraction
processes. We can consider the SAGD base case (high GHG emissions but well-developed, and
economically viable process) and a pure solvent-based process (low GHG emissions, under
development and not yet commercially viable) as using dirty and clean inputs, respectively.
Assume that Company A and Company B compete by developing innovations that maximize
profit on technologies that use the dirty and clean inputs, respectively.
Company A has a higher competitive advantage because it uses a mature and profitable process
and will invest in improvements of the high emissions process. On the other hand, Company B
has less competitive advantage because it is investing in a low emissions process that is riskier
due to technology maturity level.
100

Acemoglu, D., Aghion, P., Bursztyn, L. and Hemous, D., 2012. The environment and directed technical change.
The American Economic Review, 102(1), 131-166.
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Without a proper climate policy, Company A outcompetes Company B in the market. An AABHbacked policy requires a subsidy to Company B and a carbon tax on the economy. This policy
supports clean innovations as well as technology diffusion.
The AABH necessitates that the subsidy be transitory and transition to a lower carbon economy
should be made as quickly as possible. For our case, if a pure solvent-based method is not feasible
in a reasonable timeframe, solvent-steam methodology, which can be considered as an
intermediate option between the dirty (SAGD base case) and cleaner (pure solvent method)
might become a transitory process before a cleaner method reaches its full potential. To avoid
getting locked into the solvent-steam process (transitory technology), research in cleaner
technologies would need to be stepped up.
The innovation policy will need public and private sector involvement (private market forces need
to be mobilized and directed toward cleaner technologies). An optimal output is reached if public
policy is transparent, non-discriminatory and avoids industry capture.
Companies are subject to path dependence, where firms may be locked into innovating in dirty
goods. Path dependence is a common phenomenon in socioeconomic systems, which arises
when initial conditions and their historical antecedents influence eventual outcomes.101 Path
dependence might push companies to lobby for a less restrictive regulation, generating inertia
as a result of that.
In the following section, we relate the AABH model to the Alberta innovation ecosystem and how
it can provide enough technologies to fuel greener and cost competitive oil sands extraction.

Alberta Innovation Ecosystem
The goal in this section is to look at how institutions are organized to support an efficient
innovation ecosystem that delivers technologies able to mitigate climate change. The primary
objective of the innovation ecosystem, which is technologically directed towards climate policy,
is to promote the development of clean technologies, their adoption, spillover of knowledge and
emerging complementarities between products and technologies. In another sense, policy
makers need to set a policy that shifts people’s expectations and changes the initial conditions
(funding clean technology research or infrastructure) to de-risk technologies.
A repository developed by AlbertaIN (an online directory) shows a variety of organizations and
services an entrepreneur can get in Alberta. About 65 private (non-investors), not-for-profit and
public organizations are positioned along of product development. About 77 percent of the
organizations can provide services linked to energy innovation and GHG emissions reduction.

101

Acemoglu, D., Aghion, P., Bursztyn, L. and Hemous, D., 2012. The environment and directed technical change.
The American Economic Review, 102(1), 131-166.
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Figure A.2: Organizations Involved in the Innovation Ecosystem in Alberta

Source: CERI

Seen from an economics point of view, the multitude of players might create competition and
help any entrepreneur/innovator to find a best fit. In reality, the inventor finds it hard to navigate
through this jungle and may perceive it as a waste of time. As shown in Figure A2, only a few
organizations can deliver key services, such as prototyping and field testing, which are critical to
the success of oil sands technology development. Even though 29 organizations in Alberta claim
to support innovators in research and development funding, only about 5 of them provide direct
funding whereas the rest help in networking to find partners and investors.
For those who support innovators through funding, most of the grants are not significant for early
stages such as proof of an idea or concept before the acceleration phase. The stages preceding
the acceleration phase are the riskiest part of the innovation journey and require greater support.
These organizations are relevant for independent inventors, but for private, well-established
companies who have enormous resources and knowledge to develop clean technologies, they
do not need the ecosystem as much as the small and independent innovators do. However, most
of the well-established companies are locked in a path dependence innovation system where
projects that improve production and help meet new regulations get approved easier than those
cleaner substituting alternatives.
A major part of the Alberta Innovation ecosystem is the Canadian Oil Sands Innovation Industry
Alliance (COSIA). As of November 2016, partners and associate members have shared 936 distinct
technologies and innovations that cost nearly $1.33B to develop. COSIA has made promising first
steps but it is still considered by some to be slow, and the organization is not immune to
competition among its partners. The direct link between environmental performance and
production make this collaboration challenging and ineffective in some ways. Although COSIA
members aim to collaborate in accelerating improvement in the oil sands industry’s
environmental performance, they acknowledge that they are competitors in all respects. No
company wants to share information or technology that will reduce its competitive edge.
Therefore, the collaboration in COSIA can be considered suboptimal equilibrium.
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Provincial and national governments play a key role in innovation. When formulating innovation
policies, the government needs to be aware that directed technical change is exposed to dynamic
market failures and can potentially amplify the resistance to change. Helm (2012)102 shows how
the government picking winners and losers makes the cost of change to a lower carbon economy
substantial. Picking of winners locks the system in new path dependence based on the favored
innovation. The challenge for policy makers is to design a market-based innovation policy that is
transparent and non-discriminatory against any innovative approach. This means that the policy
makers should be technology-neutral.
In an early stage of technology development when investors and private companies are highly
risk-averse to fund technology development, provision of funding to public research institutes or
universities for basic and early-stage research by the government can drive innovation. In the
past, public research institutes have had remarkable success in innovation; an example is
AOSTRA, which was critical in the development of in situ SAGD bitumen recovery. However, a
recent presentation by Swedish economist, Thomas Sterner at College de France103 shows that a
flow of funding for green technology in universities ended up with more paper publications rather
than true technologies development.
In a market-driven innovation ecosystem, the most challenging issue is how to allocate the public
funds properly; the actual process has been based mostly on grant applications. The grant
application process is not able to capture an optimal degree of newness because experts tend to
be overcritical of novel ideas proposed in their own domain.
For example, a Harvard and NorthWestern University study shows that the most novel proposals
or research projects get worse ratings than familiar projects.104 Indeed, the grant application
process might reject audacious projects even though they might have a greater impact because
they are screened by experts in their area. Consequently, some novel and potentially disruptive
concepts don’t receive public funding and may not have a chance to be implemented. This leads
to a suboptimal use of public funds.
There is a gap between industry and public research agendas, independent innovators and
universities believe that industry should be keener to test new technologies, and industry on the
other side, are of the view that public and independent innovators should address the right
problems.
Recently, new players have come on board to seek to close this gap to bring all the stakeholders
together for increased innovation effectiveness in the energy industry. Two examples of these
are Kinetica Ventures and Newwavo. Kinetica Ventures is an accelerator in Innovate Calgary
focusing on de-risking new energy technologies. Kinetica Ventures grand challenge bridges the
102

Helm, D., 2012. The Carbon Crunch: How We’re Getting Climate Change Wrong – and How to Fix It.
London: Yale University Press.
103
College de France, Développement durable – Environnement, énergie et société (2015-2016)
104
Lakhani, L., 2014. Looking across and looking beyond the knowledge frontier: intellectual distance, Novelty, and
resource allocation in science. INFORMS 2014.
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gap between the energy companies and technology innovators by identifying the most pressing
challenges in four areas: hydrocarbon recovery; energy transport; carbon capture, re-use and
disposal; and renewable energy. They provide access to capital, expertise and relationships to
commercialize industry-validated technologies more efficiently and cost effectively, and achieve
faster adoption by energy sector partners.
Newwavo is a consulting company seeking to fill a gap in new technology field trials, where
interoperability with existing field technology, and integration with business activities, IT, and
databases, might be challenging for independent innovators. Newwavo assembles
multidisciplinary technical advisors and operational change experts to help independent
innovators control target conditions and plan and execute field trials in an optimal way.

CAPEX and OPEX
When necessary, the six-tenths rule was used for equipment or plant capacity scale-up or scaledown. The six-tenths rule is given as:

𝑆1 𝑛
𝑐1 = 𝑐2 ( )
𝑆2
where 𝑐1and 𝑐2 are the unknown and reference CAPEX of equipment (or plants) 1 and 2,
respectively, 𝑆1 and 𝑆2 are the known sizes of equipment 1 and 2, respectively, and the exponent
𝑛 is a constant. Here 𝑛 = 0.6. The six-tenths rule is only applied where the equipment is similar
in characteristics. For more information about this rule, the reader may refer to Peters et al.105

105

Peters, M.S., Timmerhaus, K.D., West, R.E., Timmerhaus, K. and West, R., 1968. Plant design and economics for
chemical engineers (Vol. 4). New York: McGraw-Hill.
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SAGD Base Case Capital Cost
Table A.1: SAGD Base Case CAPEX Details
Case Description
Drilling and Production
Production
Drilling & completion (includes EPCM & Cont.)
Production Pumps (TIC)
Total Drilling and Production-SAGD
Core Facility (ISBL)
Well Pads
Well Pads
Gathering lines/Pipelines
Central Processing & Water treatment
Oil treating
De-oiling
Warm line softeners
Raw water/Disposal Treatment
Steam Generation
OTSG
Sulphur Treating Blocks
Total Construction Indirect and others costs
Total ISBL-SAGD
Offsite CAPEX (Line items & Factored costs)
Storage and pipeline
Utilities & Main Rack
Products Storage
CPF Infrastructure
Connecting Pipelines
Road and Infrastructure Improvement
Non-process Buildings
Total OSBL-SAGD
Others costs
Home Office and Engineering Services
EPCM costs – Pads and Gathering lines
EPCM costs – CPF
Total EPCM Costs
Owners Cost
Owner Costs (% of TIC)
Logistics (% of TIC)
Startup (% of TIC)
Capital Spares (% of TIC)

Units

CAPEX

$M
$M
$M

116.55
30.35
146.90

$M
$M

76.48
50.99

$M
$M
$M
$M

39.46
23.67
49.17
2.43

$M
$M
$M
$M

72.8
8.50
135.97
459.52

$M
$M
$M
$M
$M
$M
$M

78.91
13.35
15.78
60.70
7.28
5.46
181.50

$M
$M
$M

9.11
61.92
70.41

$M
$M
$M
$M

47.35
15.78
15.78
7.89
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Catalyst and Chemicals (% of TIC)
Camp Operations
Land (assumed = 0)
SAGD Total "Others Costs"
Totals
Drilling and Production (subsurface)
SAGD surface facilities
Contingency
SAGD Contingency Percentage (excl. sub-surface)
SAGD Contingency (excl. sub-surface)
Total Installed Cost (TIC) with contingency
Total Drilling and Completions
Total SAGD surface facilities
Total Installed Cost (TIC) with contingency

$M
$M
$M
$M

7.89
30.35
125.05

$M
$M

146.90
836.48

%
$M

15
209.42

$M
$M
$M

146.90
1045.90
1192.80

Source: CERI

SAGD Base Case Operating Cost
Table A.2: SAGD Base Case OPEX Details
Case Description
Variable Costs
Power
Natural gas
Water treatment chemicals
Oil treatment chemicals
Carbon Emission Costs @ $15/MT
Land Fill Costs @ $44.1 /MT
Fixed Costs (per location)
Maintenance of production pumps
Maintenance supply
Insurance and regulatory fees
Staffing
Total "Fixed Costs"
Source: CERI

March 2017

Units

OPEX

$/MWh
$/GJ
$M/Yr
$M/Yr
$/tons
$M/Yr

33
2.08
5.1
4.5
15
1.0

$M/Yr
$M/Yr
$M/Yr
$M/Yr
$M/Yr

9.6
43.7
3.7
14.5
70.6
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Bitumen Upgrader (Delayed Coker) CAPEX
Table A.3: Bitumen Upgrader (Delayed Coker) Capital Cost (2015 Values)
Case Description
Purchased
Athabasca Bitumen
Natural Gas
Power
Products Generated
30-32 API SCO
Sulfur
Coke
CAPEX
Diluent Recovery unit
Vacuum Distillation Unit
Coker
Naphtha Hydrotreater
Diesel Hydrotreater
Mild Hydro Cracker
Hydrogen Plant
sulfur Plant
Air Separation Unit

Units

Cost

bbl/day
GJ/hr
MWhr

30,000
826.65
15

bbl/day
Tons/day
Tons/day

26,500
168.3
37.35

$M
$M
$M
$M
$M
$M
$M
$M
$M

102.3
72.6
303.7
16.5
42.9
320.2
105.6
56.1
-

Total ISBL

$M

1020.0

Offsite
contingency

$M
$M

617.3
165.0

Total Installed Costs

$M

1802.3

Source: CERI

Bitumen Upgrader (Delayed Coker) Operating Cost
Table A.4: Bitumen Upgrader (Delayed Coker) Operating Cost (2015 Values)
Case Description
Basis Data
Athabasca Bitumen
Natural gas
Natural gas imports
Power imports
Total energy imports
Variable Expenses
Natural Gas
Power imports
Cat & Chem Costs (1.5% ISBL)
Total Variable expenses
Fixed Expenses

Units

4.5% of TIC

Cost

bbl/day
GJ/hr
MW
MW
MW

30,000
826.65
229.65
15
244.5

$/GJ
$/MWh
Mil $/ YR
Mil $/ YR
Mil $/ YR

2.07
$33
$47.0
$288.9
$81.1

Source: CERI
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Steam Generation Segment
Calculation of the Impact of Efficiency Improvement on the OPEX (fuel use) of a Boiler
Consider two steam generators B1 and B2 which have efficiencies E1 and E2, where E2 > E1. As
shown in the figure below, corresponding heating rates are Q1 and Q2. If both systems must
satisfy the same steam load required at the same conditions, then we can obtain the enthalpies
of streams H1B, H1C, H2B, and H2C from steam tables for the saturated steam (H1B, H2B) and water
(H1C, H2C) at the requirement conditions.

B1

B2

The savings in heating requirement – which is the net of Q1 and Q2 – amounts to the difference
in fuel costs (OPEX) between the two boilers.

𝐸1 =

𝐻1𝐵
,
𝑄1 + 𝐻1𝐴

𝐸2 =

𝐻2𝐵
𝑄2 + 𝐻2𝐴

Often, only the heat rate of one boiler might be known. In that case, we use the knowledge that
streams H1B and H2B have the same specific enthalpy, and streams H1A and H2A can be assumed
to have the same specific enthalpy since they are coming from the same process. Therefore, (if
Q2 is known) Q1 can be calculated from the overall energy balance around boiler B1.

Water/Wastewater Treatment Segment
Producing carbonic acid for in situ magnesium precipitation
H+ + OH- + CO2  H+ + HCO3Precipitating the dissolved magnesium with slaked lime
Mg2+ + H+ + 2HCO3- + 2Ca(OH)2  2CaCO3 + Mg(OH)2 + 2H2O + H+
Since in situ Mg requires basic pH to precipitate out, a base must be added to remove the
hydrogen ions. Carbon dioxide requirement is calculated using the above equations. The cost of
capturing this CO2 is also included in order to find the net impact on the operating cost if in situ
magnesium is to be used.
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Reservoir Segment
Solvent-Based Processes. The costs and emissions parameters of solvent-based technologies are
highly sensitive to the recoverability of the solvents both in surface and sub-surface facilities.
However, it seems that solvent lost in a commercial surface facility can be recovered and used as
fuel gas to reheat solvent for injection. This is a benefit that minimizes energy and cost penalty.
On the other hand, using the recovered solvent as a fuel is not an optimal use of a high premium
solvent. Solvent that is not ultimately recovered sub-surface is reflected in operating cost and
indirect GHG emissions of solvent supply. Note that part of the unrecovered solvent may be
entrained in the oil. This study does not take into account fugitive emissions and environmental
impacts of the solvents that may be trapped in reservoirs after remediation.
Here are other highlights of the solvent-based processes. The presence of some of the
unrecovered solvent in the bitumen may reduce the viscosity of the bitumen, thus improving its
pipeline transport quality. The simplicity of the process and a major reduction in the amount of
rotating equipment may lead to a significantly lower CAPEX and a quieter operation than a SAGD
operation. In addition, due to the low temperature operation, odors associated with the
generation of H2S are almost non-existent. Also, the solvent-based process has the prospect of
low pressure operations, which minimizes the risk of cap rock breach and allows recovery of
shallow resources that are inaccessible by traditional SAGD.
Solvent-Steam Processes. Major considerations include that solvent price increase leads to low
profitability. Solvent retention in the reservoir is an important factor to consider. Retention of
solvent is estimated at about 2 percent or less. The cost of solvent retained in the reservoir either
dynamically, as a running inventory, or ultimately, after final solvent scavenging, is an important
setback of the process. Solvent recovery factor is expected to be around 70-90 percent.106 Butane
recovery factor was reported to be 64 percent.107
Electromagnetic Heating Processes. The prospects and setbacks of the EM method are
highlighted herein. The EM heating method is beneficial in many ways:108


EM makes it efficient to work in shallow wells where other aqueous thermal methods like
steam injection cannot work.



EM does not require a large water supply like SAGD.

106

Ardali, M., Barrufet, M., Mamora, D.D. and Qiu, F., 2012, January. A critical review of hybrid steam/solvent
processes for the recovery of heavy oil and bitumen. In SPE Annual Technical Conference and Exhibition. Society of
Petroleum Engineers.
107
Gupta, S., Gittins, S., Benzvi, A., Dragani, J., 2015b. Feasibility of Wider Well Spacing With Solvent Aided Process:
A Field Test Based Investigation, in: SPE-174411-MS. Society of Petroleum Engineers, SPE. doi:10.2118/174411-MS
108
Bera, A. and Babadagli, T., 2015. Status of electromagnetic heating for enhanced heavy oil/bitumen recovery
and future prospects: A review. Applied Energy, 151, 206-226.
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EM can be applied to heterogeneous reservoirs even in the high permeability zones or
fractured area.



Heat loss can be reduced by the controlled use of the EM heating process; thus, it can be
more energetically efficient.



EM could result in less GHG emissions than the typical SAGD process.

The EM heating methods are faced with a number of issues, including:


EM is limited to near-well bore heating preferably applied to vertical wells.



Electrode corrosion concerns in the case of a high salinity reservoir render this technique
uneconomic.



EM wave penetration depth is low for high frequency radiation; this leads to a reduced
area that is heated.



Possible adverse impacts of EM heating on the environmental ecosystem,
microorganisms and biological balance.109

Others
Steam-surfactant process. The major benefits of the steam-surfactant process can be narrowed
down to marginal reductions in energy intensity, greenhouse gas emissions and oil production
uplift. However, this technology faces some setbacks that delay its commercial implementation.
These include difficulty in recovering solvents lost in the reservoir and the presence of
interactions with clay materials in the reservoir.110 Also, surfactants can be absorbed in the rock
and may be difficult to recover. Treatment and disposal of emulsions are important concerns.110
A mixture of surfactants with water forms stable emulsions, which can be energy-intensive to
break by heating. However, the use of coagulants offers a less energy-intensive alternative, but
at a cost for the coagulants. Surfactants are expensive. Thus, alkalis such as sodium hydroxide,
sodium carbonate and sodium orthosilicate are combined with surfactants due to their lower
costs.111 There could be possible damage of the oil reservoirs by insoluble residues left by the
surfactant-based formulations, with obvious environmental impacts.112

109

Bera, A. and Babadagli, T., 2015. Status of electromagnetic heating for enhanced heavy oil/bitumen recovery
and future prospects: A review. Applied Energy, 151, 206-226.
110
Shah, A., Fishwick, R., Wood, J., Leeke, G., Rigby, S. and Greaves, M., 2010. A review of novel techniques for
heavy oil and bitumen extraction and upgrading. Energy & Environmental Science, 3(6), 700-714.
111
Galas, C., Clements, A., Elden J., Jeje, O., Holst, D., Holst, R., 2012. Identification of enhanced oil recovery
potential in Alberta. Phase 2 Final Report for Energy Resources Conservation Board. Sproule Associates Limited,
Calgary.
112
Gurgel, A., Moura, M., Dantas, T.N.C., Neto, E.B., Neto, A.D., 2008. A review on chemical flooding methods
applied in enhanced oil recovery. Brazilian Journal of Petroleum and Gas 2.
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SEGD Process. The process has the following advantages:






precludes surface steam generation facilities
reduces associated greenhouse gas emissions
eliminates costly steam distribution pipelines
reduces the complexity of water treatment and the use of makeup water
Reduces the amount of rejected water disposed and the need for a sulfur recovery plant.

A major challenge that this technology will face will be difficulty in maintaining steady
combustion, avoiding burnout and explosion, and controlling mass and heat transfer in the
reservoir.

Optimal Technology Adoption
Three case studies of technology adoption are considered including the base SAGD facility and
two optimal technology adoption scenarios based on economic and environmental objectives.
The economic adoption case aims to develop a facility configuration with the minimum
discounted CAPEX and OPEX. The environmental adoption criterion assembles a production
facility with minimum emissions intensity.
Optimal economic technology selection: for a technology 𝑖 deployed in segment 𝑗 in year 𝑘, the
selection objective is formulated as follows:

min ∑ ∑ ∑ 𝑦𝑖𝑗 𝑐𝑖𝑗𝑘 𝑏𝑘

𝑦𝑖𝑗 ,𝑐𝑖𝑗𝑘

𝑘

𝑗

𝑖

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜:

∑ 𝑏𝑘 ≤ 𝐵
𝑘

∑ ∑ 𝑐𝑖𝑗𝑘 ≤ 𝐶𝑗
𝑘

∀𝑗 ∈ 𝐽

𝑖

∑ ∑ ∑ 𝑒𝑖𝑗𝑘 𝑏𝑘 + 𝑒𝑚 𝑑 ≤ 𝐸𝑐
𝑘

𝑗

𝑖

∑ 𝑦𝑖𝑗 = 1 ∀𝑗 ∈ 𝐽
𝑖∈𝑀𝑗𝑠

∑ 𝑦𝑖𝑗 ≥ 1 ∀𝑗 ∈ 𝐽
𝑖∈𝑀𝑗𝑐

𝑦 ∈ [0,1], 𝑐, 𝑏, 𝑒, 𝐶, 𝐵, 𝐸 ≥ 0

March 2017

0472
100



Canadian Energy Research Institute

Optimal environmental technology selection

min ∑ ∑ ∑ 𝑦𝑖𝑗 𝑒𝑖𝑗𝑘 𝑏𝑘

𝑦𝑖𝑗 ,𝑒𝑖𝑗𝑘

𝑘

𝑗

𝑖

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜:
∑ 𝑏𝑘 ≤ 𝐵
𝑘

∑ ∑ 𝑐𝑖𝑗𝑘 ≤ 𝐶𝑗
𝑘

∀𝑗 ∈ 𝐽

𝑖

∑ ∑ ∑ 𝑒𝑖𝑗𝑘 𝑏𝑘 + 𝑒𝑚 𝑑 ≤ 𝐸𝑐
𝑘

𝑗

𝑖

∑ 𝑦𝑖𝑗 = 1 ∀𝑗 ∈ 𝐽
𝑖∈𝑀𝑗𝑠

∑ 𝑦𝑖𝑗 ≥ 1 ∀𝑗 ∈ 𝐽
𝑖∈𝑀𝑗𝑐

𝑦 ∈ [0,1], 𝑐, 𝑏, 𝑒, 𝐶, 𝐵, 𝐸 ≥ 0
𝑐 – Cost (discounted CAPEX and OPEX)
𝐶𝑗 – Cost of segment 𝑗 in the base case
𝑏 – In situ bitumen production
𝑑 – Mined bitumen production
𝐵 – Ultimate bitumen recovery from all wells
𝑦 – Binary variable for technology selection
𝑒 – Emission intensity
𝐸𝑐 – Emissions cap on the oil sands industry
𝑀𝑗𝑐 – Set of complementary technologies deployable in segment 𝑗
𝑀𝑗𝑠 – Set of non-complementary technologies deployable in segment 𝑗
Each technology is characterized by the cost and emission intensity. These two variables
distinguish the objective functions for the optimal adoption scenarios. The set of constraint
equations capture the production capacity, the financial investment in the facility, Alberta’s
emissions cap policy on the oil sands, and the deployability of any of the technologies in
consideration.
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Upgrading Segment
EJS. This technology brings a main benefit of pipeline infrastructure debottlenecking through
diluent reduction. The volume released by removing diluent from the system would allow
increases in bitumen production. The diluent demand in the province is expected to increase in
the future; thus, by reducing the diluent required to meet pipeline specification there is less need
for increased diluent pipelines from the US. Improved oil sands operating margins can be
achieved through diluent avoidance of up to 50-60 percent. Assuming 2015 prices and 55 percent
diluent avoidance, operating cash margins can be improved by about $4/bbl.
To achieve the same refined product volumes as the EJS, additional dilbit is required in the Base
Case, where the product is transported via pipelines. The ClimateCHECK’s study reports that up
to 11 kgCO2/bbl of GHG intensity reduction can be achieved by the EJS process; this is a 5 percent
reduction from dilbit transported by pipeline.
CCC. The CCC produces natural gas, diesel and petroleum coke, thus the viability of the
technology would be dependent on the demand and price of diesel. Thus, the process is not a
replacement for refineries which produce predominantly gasoline.
IYQ. Table A.5 shows the composition of the products from generated from IYQ upgrading of
dilbit.
Table A.5: Yields from Bitumen and Dilbit Upgrading using the IYQ Process

Dilbit
Diluent, %
Bitumen, %
VGO & Distillate
(200-524oC), %
C5+ (to 200oC), %
offgas (C2-C4), %
Sulfur, kg/bbl
Coke, kg/bbl

30
70

IYQ Upgrading
Yield / bbl
Yield / bbl
Bitumen
Dilbit
30
80

56

8
8
1.8
25.1

5.6
5.6
1.26
17.57

Source: CERI

Hi-Q. The advantages of this process are listed by Svrcek et al.113 to include:
1) Use of two known commercial technologies: mild, controlled thermal cracking and high
performance solvent de-asphalting

113

Svrcek, B., Flint, L., Remesat, D., Penner, R., Guo, J., 2016. Partial Upgrading Background Review “White Paper”
In Support of The National Partial Upgrading Program (NPUP) (No. AI-EES Contract #2280).

March 2017

0474
102

Canadian Energy Research Institute

2) Optimization of the thermal cracking process to crack heavy molecules with reduced
generation of non-condensable gases and coke in the reactor
3) Solvent de-asphalting process that separates by solid precipitation the hard to convert
asphaltene molecule (into motor transportation fuels) while retaining nearly all the resins
as crude product
4) Low hydrogen requirements targeting the generating olefins while minimizing sulfur and
nitrogen removal
5) Use of diluent to serve as solvent, and
6) Low solvent to oil ratio of 4-5:1 wt. basis.
However, the production of solid asphaltene product in large quantities that may flood the
market and require a disposal method is viewed as a major challenge.113

Empirical Correlation for Estimating Upgrading OPEX
An empirical correlation for estimating the operating costs of partial upgrading given the API
gravity of raw bitumen or heavy oil and the API of the upgraded oil was formulated. Upgrading
entails the breaking of long chain hydrocarbon bonds into smaller chain hydrocarbons, a process
that is energy-intensive. The energy for this process is provided for thermal cracking or as
hydrogen for hydrotreating. It is reasonable to assume that the energy requirements of partial
upgrading of heavy crude (with a specified API gravity) to an upgraded product (with a specific
API gravity) significantly impacts the OPEX associated with partial upgrading. Thus, we explored
a correlation of increases in API gravity (∆API) achieved through upgrading with the operating
cost requirement using peer-reviewed published data.
Table A.6: OPEX Requirements for Select Upgrading Technologies for Heavy Oil or Bitumen
API(1)

API(2)

Ave. OPEX

$/∆API

IMP

9

13

3.4

0.85

Viscositor

7

16

3.8

0.42

HTL

10

17

2.7

0.39

ENI

18

25

5.2

0.74

Source: Calculated from Castañeda et al

114

114

Castañeda, L.C., Muñoz, J.A.D., Ancheyta, J., 2014. Current situation of emerging technologies for upgrading of
heavy oils. Catalysis Today 220–222, 248–273. doi: http://dx.doi.org/10.1016/j.cattod.2013.05.016
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Figure A.3: API Gravity Correlation with OPEX

Uprading OPEX per API change
(US$/∆API)
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API gravity of heavy crudes or bitumen
Source: CERI

Applying the OPEX requirements per change in API gravity ($/∆API values) obtained across the
range of API gravity each upgrading technologies operates, and then estimating the average of
the $/∆API values, we obtain a power correlation between the $/∆API values and API gravity as
shown in Figure A.3.
The correlation shown in Figure A.3 conforms to an a priori fact that the OPEX required for
specified reduction in the API gravity of heavy oil or bitumen reduces as the API gravity of the unupgraded raw material increases. Thus, the higher the viscosity of the un-upgraded heavy oil or
bitumen the lower the upgrading OPEX requirements.
A power correlation equation is obtained as:

𝑦 = 4.2305𝑥 −0.847
where 𝑦 is the OPEX per unit API gravity increase resulting from upgrading whereas 𝑥 is the API
gravity of the oil.
Using the correlation, the OPEX associated with upgrading heavy oil or bitumen by a specified
reduction in API gravity can be estimated. For example, the OPEX for upgrading bitumen from an
API gravity of 9 to upgraded oil with an API gravity of 24 is demonstrated. This case requires a 14point increase in the API gravity. Calculating the difference in upgrading OPEX per unit change in
API gravity (US$/∆API) measured at the API gravities of 9 and 24 and multiplying that with 14
(∆API) gives the upgrading OPEX requirements. The result obtained for this case is US$5.05.
Similarly, partially upgrading heavy oil with an API gravity of 9 to a partially upgraded product
with an API gravity of 17 requires an OPEX of US$2.19 (Table A.7).
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Table A.7: Upgrading OPEX as a Function of API Gravity
API gravity
IMP ($/∆API)
Viscositor ($/∆API)
HTL ($/∆API)

9
0.85
0.42

10
0.85
0.42
0.39

11
0.85
0.42
0.39

12
0.85
0.42
0.39

13
0.85
0.42
0.39

14

15

16

17

0.42
0.39

0.42 0.42
0.39 0.39 0.39

Average ($/∆API)

0.64

0.55

0.55

0.55

0.55

0.40

0.40 0.40 0.39

Source: CERI

Pipelines and Transport (PT) Segment
Armadillo is a pipeline inspection gauge (PIG) tracking technology of PureHM Inc. The Armadillo
remote and automated pig tracking and benchmarking technology was developed to make
tracking pipeline pigs safer and better for the environment. It can be applied for all purpose pig
tracking in any type of environment. The Armadillo technology incorporates an innovative above
ground marker (AGM) for inline inspection (ILI or smart pigging) and uses a web page to display
the pig position, velocity and estimated time of arrival in real time. The Armadillo AGM
incorporates six sensors to detect electromagnetic, magnetic and acoustic emissions from the
pig.
The Armadillo Remote Tracking Unit (RTU) combines an Armadillo AGM with cellular and/or
satellite modems, allowing PureHM Inc. to monitor the AGM remotely through the internet. This
allows pre-deployment of Armadillo RTUs at remote pig tracking sites to reduce the hazards and
risks associated with conventional tracking.
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Table A.8: Safety and Efficiency Parameters of the Armadillo Remote Tracking Innovation
Compared with the Conventional Tracking Method
Conventional
Tracking

Item

Remote Tracking
Innovation

% Reduction

Number of Field Technology

6

1

83.3

Number of 4x4 vehicle days

25 days

6 days

76.0

Number of KM’s driving in a
truck

6,247 km

2,575 km

58.8

Number of hours worked after
10 pm

106 hrs

0 hrs

100

Field Technician Time

302 hrs

130 hrs

59.4

Subsistence

13 days

3 days

76.9

Source: PureHM Inc and Enbridge.

The Armadillo remote tracking service reduces the number of personnel and vehicles travelling
along the pipeline right of way to track the pig. This saves money while improving reliability,
increasing safety, while also reducing environmental impacts. The benefits that this technology
has over the conventional pig tracking methods have been assessed and tabulated in Table A.8.
Spectrum XLI
The Spectrum XLI is also an innovation of the PureHM Inc. This technology is an above ground
inspection system for buried pipelines, offering a consolidated solution for mapping and
inspection techniques, and many of these can be done in a single pass over the pipeline. The
Spectrum XLI is a configuration of solutions that include the integration of multiple survey
systems in one pass, and the software solutions allow for state-of-the-art processing and
management of data collection. The Spectrum XLI system is a unique survey instrument designed
to meet the needs of industry for the indirect inspection of pipelines, as part of External Corrosion
Direct Assessment (ECDA) programs. ECDA Programs include: Depth of Cover, Leak Surveys,
Depth of Water, Coating Survey – ACVG /ACCA, Cathodic Protection, and Corrosion Potential
Survey – DCVG.
Price comparison for Spectrum XLI depends on the number of inspection techniques being used.
Spectrum XLI can do as many as 10 inspections in one pass. Some assumptions can be made
about other technologies and the number of crews, and specialized equipment operators needed
if all 10 inspections were to be made using the legacy technologies. Here are some standard
pricing numbers for comparison of Spectrum XLI with legacy technologies:
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1)
2)
3)
4)
5)
6)
7)
8)
9)
10)

Depth of cover inspection – $300/mile
GPS / GIS mapping – $500/mile
Cathodic protection close interval (CP CIPS) – $800/mile
DCVG – $500-$1,000/mile
ACVG – $500-$1,000/mile
ACCA – $600/mile
Leak Detection – $100/mile
Soil resistivity – $100/mile
Water Crossing (SONAR & DOC) – $3,000/mile
AC Pipe to Soil Potential – $500/mile

The total amount for legacy technologies to do all the above is $3,900/mile excluding water
crossings which are only done on river and creek crossings. However, the integrated Spectrum
XLI inspections with all 9 inspections in one pass would cost $1,500 - $3,000/mile. The data would
be correlated and immediately ready for analysis once the field data collection was completed.
The 9 individual legacy inspections would need to be correlated and aligned prior to analysis,
which is a time consuming and expensive process.
SmartBall®
The SmartBall® is a new innovative leak detection technology for oil, gas and petroleum product
pipelines larger than 4-inch (100 mm) diameter. It is a product of PureHM Inc. and can be applied
for the following purposes: 1) to complement existing pipeline integrity programs or 2) to check
the integrity of non-piggable lines. The SmartBall is made up of an instrumented aluminum core
in a urethane shell. The device contains a range of instrumentation, including an acoustic data
acquisition system that listens for leaks as the ball travels through the pipeline.
A SmartBall is a free-swimming tool capable of detecting leaks as small as 0.028 GPM in oil
product pipelines and has been proven to record leaks in natural gas pipelines.115 The tool swims
through the pipeline being assessed and produces results at reduced cost to the end user
compared to current leak detection methods. GPS synchronized, GIS-based above ground loggers
capture low frequency acoustic signatures and digitally log the passage of the tool through a
pipeline.

115

Ariaratnam and Chandrasekaran, 2010. Development of a Free-Swimming Acoustic Tool for Liquid Pipeline Leak
Detection Including Evaluation for Natural Gas Pipeline Applications. US Department of Transport HMSA. Report
DTPH56-07-BAA-000002.
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Scenario Results
Figure A.4: Total In Situ SAGD GHG Emissions of Different Technology
Configuration Scenarios
140
120
100
80
60
40
20
-

Green Field - Steam SOFC Based Scenario
Total - Steam-solvent Cogen Scenario
Total Field - Steam Based Scenario
100 Mt Cap

Green Field - Steam-solvent Scenario (FTB w/o DCSG)
Total Field - Solvent Based Scenario
BAU Oil Sands Emissions

Source: CERI
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Relevant • Independent • Objective

Oil sands innovations questionnaire
1. Name of an innovation that is deployable in the next 5-7 years

Company:

2. Please briefly explain what these technologies do?
What is the technology?

What does this technology do?

What stage is the technology?
Concepts Application Bench Scale Prototype Demo Field Launch Commercial

Where can it be categorized?
A) Waste/ water Treatment (WWT)
B) Steam generation (SG)

C) Wells/well pads (WWP)

March 2017

0482
110

Canadian Energy Research Institute

D) Reservoir/extraction (RES)
E) Upgrading (UPG)

F) Pipeline/transport (PT)

G) Data & Business management (BM)

H) Others: Please explain:

3. Performance parameters
i.
Energy intensity (EI) - reduction on the basis of a conventional technology.

What conventional technology is used as a basis?

ii.

GHG intensity – reduction on the basis of a conventional technology.

What conventional technology is used as a basis?

iii.
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$/bbl/day

$/Capacity

$/bbl/day

$/Capacity

Other

OPEX
Other

iv.

Water footprint – reduction on the basis of a conventional technology.

What conventional technology is used as a basis?

v.

Land footprint – reduction on the basis of a conventional technology.

What conventional technology is used as a basis?

vi.

Indirect impacts
Positive
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Negative

March 2017

TAB 16

0485
ADVICE TO MINISTERS
THE OIL SANDS ADVISORY GROUP (“OSAG”)
RECOMMENDATIONS ON IMPLEMENTATION OF THE OIL SANDS EMISSIONS LIMIT ESTABLISHED BY
THE ALBERTA CLIMATE LEADERSHIP PLAN (“ACLP”)
May 8, 2017
EXECUTIVE SUMMARY
This report describes the consensus recommendations developed by Oil Sands Advisory Group (“OSAG”)
on how best to implement the oil sands emissions limit established by Alberta’s Climate Leadership Plan
(“ACLP”).
The OSAG was created by the Alberta government to provide advice on the implementation of the
emissions limit as it relates to oil sands, and to help Alberta’s energy industry achieve the goal of being
one of the most environmentally progressive and socially responsible in the world.
The ACLP describes several key related environmental, social and economic competitiveness outcomes
for the oil sands sector. It is important that key elements of the ACLP, including the emissions limit, be
implemented in an integrated manner so as to achieve these intended outcomes. These consensus
recommendations represent an important component of the overall set of integrated actions that will
be required to effectively implement the ACLP.
In summary, the approach recommended by OSAG for implementing the emissions limit satisfies the key
design criteria established by OSAG for implementation of the emissions limit and consists of:
a) A series of actions intended to work in concert with the carbon levy and other elements of the ACLP
to deliver significant improvements in GHG efficiency in the oil sands, such that the likelihood of the
emissions limit being reach is significantly diminished;
b) Ensuring that oil sands operations and production growth under the emissions limit are not
constrained by the emissions limit prior to the emissions limit being reached; and,
c) Providing Alberta with the option of managing Emissions Scarcity, if and when it arises, through
either delaying the commencement of construction of new projects or requiring specified reductions
in the emissions of those oil sands facilities falling in the two worst performing quartiles in terms of
GHG efficiency.
As an overall package these consensus recommendations enjoy the support of OSAG members and are
the product of intensive problem solving discussions. Building on the work to date, OSAG believes it will
be important and helpful for OSAG to be appropriately involved by the government in the process of
developing the regulations required to implement the emissions limit.
OSAG fully understands that final decisions on how the emissions limit is implemented rest with the
government, and that the government of Alberta will take the lead in consultation relating to the
regulatory and policy direction they intend to follow in implementing the emissions limit. OSAG is willing
to provide any assistance the government would find helpful when undertaking public consultation, or
consultation with First Nations and Metis.
Finally, OSAG believes the narrative established in relation to implementation of the emissions limit will
be a critical element in securing broad-based support for the proposed implementation mechanism and
that there would be value in the government involving OSAG in the development of that narrative. The
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narrative should address the substance of policy and regulatory direction, as well as its underlying
intent.
BACKGROUND
The Honourable Rachel Notley, Premier of Alberta, requested OSAG to provide her with the following
advice in relation to implementation of the oil sands emissions limit established by the Alberta Climate
Leadership Plan:
a) The list of facilities that should be subject to the emissions limit (so that there is clarity on
monitoring and compliance with the Oil Sands Emissions Limit Act).
b) The mechanism OSAG believes will most effectively implement the emissions limit, based on an
assessment of the following:
i) The range of potential mechanisms that could be used (in a distinct or integrated manner) to
implement the emissions limit;
ii) The criteria that OSAG used to assess the relative merits of each of the potential mechanisms
(i.e. what objectives should the design of the implementation mechanism seek to achieve); and
iii) An assessment of the range of potential mechanisms against those criteria;
c) The manner in which the recommended mechanism could be implemented (e.g. through legislation,
policy, regulation, etc.);
d) Any changes required to the current regulatory and operating environment that facilitate effective
implementation of the emissions limit;
e) Any changes required to the current system of reviewing and approving applications for oil sands
development to effectively implement the emissions limit; and
f) Any other advice OSAG believes important in terms of ensuring the emissions limit is effectively
implemented in a manner that secures broad support from stakeholders.
OSAG believes it has delivered on most elements of the above Mandate, recognizing that some specific
details should be addressed following initial feedback on the recommendations from the GoA.
CONSENSUS RECOMMENDATIONS
The recommendations set forth in this report reflect consensus recommendations supported by all
members of OSAG. This consensus is conditional on the following understandings:
a) These are strategic level recommendations reflecting the level of detail necessary to have
confidence the recommendations are robust and that there is a clear and common understanding of
underlying intent. Implementation of these recommendations will, in many circumstances, require a
greater level of detail in the regulation and policy required to make them operational. OSAG
understands that once the government decides on how it wishes to implement the emissions limit,
the GoA intends that OSAG will have an opportunity to review and comment upon the regulation
and policy developed by the government in this regard (NOTE: As described later in these
recommendations, OSAG believes there is value in engaging OSAG more proactively in the
regulatory drafting process, versus simply consulting OSAG once a draft of the regulation and
supporting policy has been completed by the legislative drafters).
b) The OSAG consensus is in relation to the overall package of recommendations that must work in
concert with the overall ACLP and with other recommendations to follow from OSAG Task Team 2.
Consensus may or may not exist with respect to different elements of the package on a stand-alone
basis or if the government chooses to implement the emissions limit in a manner that is materially
different than the substance of these recommendations. The government can expect a strong level
of support if the emissions limit is implemented in a manner that is materially consistent with these
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recommendations. Where there are substantive departures the level of consensus support will
depend on the nature of those departures.
c) OSAG understands that all final decisions on how the emissions limit is implemented rest with the
government, and that OSAG does not have a special role in the GoA’s subsequent consultation
process.
WORKPLAN AND PROCESS
Work to develop the recommendations set forth in this report was undertaken at multiple levels
including:
a) Discussions at the OSAG table at the November, January, February and April meetings;
b) Numerous face to face meetings and conference calls (November through May) by the Emissions
Limit Task Team established to assist OSAG in developing these recommendations
c) A workshop held on February 16, 2017 with a number of individuals with recognized expertise in
emission limit management systems (e.g. cap and trade systems) and associated issues (e.g. possible
business and investor confidence implications of different approaches);
d) An intensive two-day meeting of the Task Team on March 20-21, 2017; and
e) Very extensive and concerted effort at the Task Team, Caucus and Co-Chair levels through the
months of March and April.
A more detailed description of the work undertaken in support of developing these recommendations is
provided in the Status Report delivered on March 10, 2017, a copy of which is attached as Appendix ”B”.
OVERARCHING CONTEXT, DESIGN CRITERIA AND POTENTIAL IMPLEMENTATION RECOMMENDATIONS
REVIEWED
Early on, OSAG Members agreed the overarching goals in implementing the emissions limit are to
concurrently: (i) ensure the oil sands emissions limit established in the ACLP will not be exceeded, and
(ii) maximize the development potential of Alberta’s oil sands resource within that emissions limit.
Within this context, OSAG Members also agreed that implementation of the emissions limit should be
designed in a manner that clearly establishes: (i) a set of actions that decrease the likelihood of the
emissions limit actually being reached, and (ii) a set of actions that ensure if the emissions limit is
reached, it is not exceeded.
In designing the mechanism to implement the emissions limit, OSAG approached this task within the
context of the following framework derived from OSAG’s understanding of the ACLP insofar as it relates
to Alberta’s oil sands and the Terms of Reference establishing OSAG:
a) The vision is that Alberta’s energy industry, including oil sands, is viewed as one of the most
environmentally progressive and socially responsible in the world (viewed within context of the
environmental, social and economic competitiveness dimensions of the issues and opportunities
OSAG is addressing).;
b) Within this context, three key outcomes imbedded within the ACLP in relation to the oil sands
industry within the ACLP are:
i) Ensuring the emissions limit is not exceeded;
ii) Maximizing the development potential of oil sands growth within the emissions limit; and
iii) Incenting technology and innovation that will drive further reductions in emissions intensity;
c) The above outcomes need to be delivered through a policy and regulatory platform that is
consistent with the objectives of political durability and administrative efficiency
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Based on an preliminary set of designed criteria developed early on in its deliberations (see the March
Status Report attached as Appendix “A”), OSAG developed prioritized design criteria to guide the
assessment of potential approaches to implementation of the emissions limit. These agreed design
criteria are:
a) Ensure the emissions limit is not exceeded;
b) Maintain / promote investor confidence;
c) Ensure durability across election cycles;
d) Incent technology development and innovation such that, as the oil sands sector grows, the
emissions limit, while approached, is not reached; and
e) Emissions limit is administratively simple to implement.
The following diagram illustrates how each of the above priority design criteria fit within the framework
described in the previous section (Overarching Context) describing the objectives of the ACLP insofar as
it relates to Alberta’s oil sands.
The Alberta Energy Sector is One of the Most Environmentally Progressive and Socially
Responsible in World

Ensuring the emissions
limit is not exceeded
Design Criteria
- Ensure the emissions
limit is not exceeded

Maximizing the
development potential
of oil sands growth
within the emissions
limit
Design Criteria
- Maintain/promote
investor confidence

Vision

Incenting technology and
innovation that will drive
further reductions in
emissions intensity
Design Criteria
- Incent technology
development and
innovation such that
as the oil sands sector
grows, the emissions
limit, while
approached, is not
reached

A policy and regulatory platform that:
Design Criteria - Ensure durability across election cycles
Design Criteria - Emissions limit is administratively simple to implement

Key ACLP
Outcomes for
the Oil Sands
Sector

The
Implementation
Platform

The key message in the above diagram is that the ACLP outlines several key outcomes for the oil sands
sector and the various elements of the Plan, including the emissions limit, must be implemented in an
integrated manner so as to achieve these outcomes.
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RECOMMENDED APPROACH TO IMPLEMENTING THE EMISSIONS LIMIT
The background to development of the recommended approach to implementation of the emissions
limit is outlined both above and in March Status Report and attached as Appendix “B”.
As OSAG examined the two different approaches outlined in the March Status Report, and in particular
each of their specific attributes within the context of Alberta’s oil sands, the ACLP, and the prioritized
design criteria described above, an approach emerged that drew from elements of each of the
approaches originally under consideration. OSAG believes this recommended “made in Alberta”
approach most effectively implements the emissions limit in the specific context of the oil sands and the
ACLP. It has also been developed with consideration for leading frameworks elsewhere in the world.
Following is a high level overview of the approach OSAG recommends for implementing the ACLP
Emissions Limit. This description can form the basis of an easy to understand, non-technical narrative to
explain the recommended approach and supporting intent of the specific recommendations. Attached
as Appendix “B” is a more detailed description that provides an example of how the recommended
approach could be implemented in a manner consistent with the intent described herein.
Consistent with the approach OSAG has taken to this report and the more detailed Appendix “A”, we
strongly recommend the materials prepared by the GoA for the purposes of future consultation on the
implementation of the emissions limit address both the specifics of the regulations and related policy
directives as well as the underlying intent of those provisions.
Overview
At its simplest, the recommended approach provides for a series of actions intended to work in concert
with the carbon levy and other elements of the ACLP to deliver significant improvements in GHG
efficiency in the oil sands such that the likelihood of the emissions limit being reached is significantly
diminished, to ensure that oil sands operations and production growth under the emissions limit are not
constrained by the emissions limit pre-scarcity, to provide Alberta with the option of managing
emissions scarcity if and when it arises through either delaying the commencement of construction of
new projects or requiring specified reductions in the emissions of those oil sands facilities falling in the
two worst performing quartiles in terms of GHG efficiency, and in a manner that is administratively
simple to implement.
Emissions Limit
For the purposes of the recommendations, the term emissions limit has the meaning described and with
the attributes used in the Oil Sands Emissions Limit Act and related legislation, including, but not limited
to, the exclusions of the GHG emissions associated with primary production, enhanced recovery,
experimental schemes, co-gen, and up to 10 MT of new upgrading capacity or expansion of existing
upgrading capacity
Implementation Vehicle
OSAG recommends that this approach be implemented through a new regulation, the Oil Sands
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Emissions Limit Implementation Regulation (“OSELIR”) and, to the extent necessary, amendments to
related legislation and regulations and any accompanying Directives or Guidance the Government of
Alberta deems necessary to effectively and efficiently implement this recommended approach.
Implementing Agency
While OSAG expects the AER will continue to be the primary regulator for oil sands, it also believes
ACCO will take on an increasing role in relation to administration of the emissions limit and advancing
innovation in relation to the sector. It is expected the respective roles of AER and ACCO in this regard
will be defined during development of the specifics of the OSELIR.
Emissions Forecasting
OSAG recommends requiring two different types of forecasting take place on an annual basis. First, each
oil sands facility that intends to operate in any given year will be required to submit a forecast of its
expected emissions for that year (“Annual Facility Level GHG Forecasts”). These forecasts should be the
same as any annual facility level forecasts used for the purposes of implementing the carbon levy.
Second, the Regulator will be required to prepare and publish on an annual basis a 10-year long term
GHG emissions forecast for the oil sands sector (“Annual Long Term Oil Sands Emissions Forecast”).
Protocols and standardized methodology are to be established for both forecasts.
Definition of Emissions Scarcity
OSAG recommends establishing a definition for emissions scarcity. This is necessary as the approach to
compliance pre- emissions scarcity is more straightforward than the approach post- scarcity. Emissions
scarcity is defined as existing in any year where the Annual Long Term Oil Sands Emissions Forecast
published by the Regulator (see above) shows that the projected oil sands industry GHG emissions
exceed the Emissions Limit sometime in the first five years of that forecast.
Emissions Authorizations
OSAG recommends requiring that OSELIR establish Annual Authorizations that authorize an oil sands
facility to emit a specified amount of GHGs in a calendar year, that the Regulator cannot establish in any
year Annual Authorizations that exceed the Emissions Limit, and that no oil sands operator can emit in
that year GHG emissions greater than its authorizations for that year under OSELIR (with provisions for
addressing variances reasonably inherent within emissions forecasting, start-up conditions and
unplanned operational events that were not reasonably foreseeable). Prior to the emissions limit being
reached, facilities in compliance with the carbon pricing regulation (including the associated forecasting
requirements) would be unrestricted in their authorizations and therefore be in compliance with the
emissions limit.
Compliance Prior to Emissions Scarcity
OSAG recommends requiring that in the period prior to Emissions Scarcity each oil sands operator will
be allocated Annual Authorizations equal to its emissions for that year. OSAG further recommends there
be no discretion by the Regulator in this regard.
Compliance at Emissions Scarcity
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OSAG recommends that once Emissions Scarcity is reached, any approved new project (including
expansion of existing projects) that has not commenced construction at that time will require
government permission to proceed to construction.
OSAG recommends that the government then have two options to ensure the emissions limit is not
exceeded. These options are not intended to be mutually exclusive (i.e. the government should have the
ability to use either or both options depending on the circumstances that exist at the time scarcity is
reached).
OSAG recommends that one option is that the government could elect to restrict new projects from
commencing construction until such time that Emissions Scarcity no longer exists. The definition of
emissions scarcity has been defined in a manner intended to ensure sufficient time to notify project
proponents of such a decision before significant capital has been invested. Furthermore, decisions to
spend capital on approved projects prior to the commencement of construction should be made in a
manner that is fully informed and should avoid stop orders in the midst of construction. It is intended
that this is an option only (i.e. this is not intended as a mandatory requirement) with the government
having the ability to make the decision on whether to exercise this option based on the circumstances in
existence at the time Emissions Scarcity is reached. If this option is selected by the government at any
point in time, the effect is that the likelihood of the Emissions Limit being reached will be significantly
diminished or eliminated.
The other option recommended by OSAG is that the Regulator be required to restrict the allocation of
Annual Authorizations to oil sand facilities in the two worst performing quartiles in terms of GHG
efficiency (Q3 and Q4), to the extent necessary in any given year to ensure the Emissions Limit is not
exceeded. OSAG further recommends that 1/3 of the required emissions restriction come from those
facilities in Q3 and 2/3 of the required emissions restrictions coming from Q4. The extent to which this
option will need to be used by the Regulator will be impacted by the extent to which the government
elects to restrict new projects from commencing construction at the time Emissions Scarcity is first
reached. OSAG intends that implementation of these options by the Regulator be mandatory to the
extent necessary to ensure the Emissions Limit is not exceeded in any given year.
Operational Reserve
OSAG recommends that an Operational Reserve be established when aggregate annual forecast
emissions first exceed 90 Mt. This Operational Reserve would be based on a review of historical
variances between forecast and actual emissions at the aggregate industry level and would then be
administered annually to provide for operational variances between forecasts and actuals at Emissions
Scarcity. The determination as to how best to populate the Operational Reserve would also be made at
90 Mt, taking into consideration the full range of options available at that time under the policy context
then in effect. The Operational Reserve is not relevant prior to Emissions Scarcity.
Complementary Measures Effective Immediately
OSAG recommends requiring a number of actions be taken immediately that will contribute to the oil
sands sector achieving lower GHG intensity (e.g. amending resource conservation policy such as
Directive 82, using ERA and other innovation acceleration vehicles to drive additional innovation
stimulus in the oil sands and incremental GoA funding (with that incremental funding coming from
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revenue generated by the carbon levy on oil sands), creating an oil sands sector carbon marginal
abatement cost curve and technology roadmap to better inform decisions, etc.). OSAG recommends the
specific actions required in this regard be those described in the more detailed description attached as
Appendix “B” and as further defined by OSAG Task Team 2.
Developing and deploying technology solutions within the sector is an integral component of the OSAG
framework recommendation. Government has a role in supporting innovation and technology to drive
solutions for GHG emissions reductions at source within the oil sands sector, and to demonstrate that
support through organizational structure and funding.
Complementary Measures Effective at 80 MT
OSAG recommends requiring that if / when oil sands emissions reach 80 MT, a number of further
actions be taken to increase the preparedness of current and future oil sands Operators for emissions
scarcity and further catalyze actions that will contribute to the oil sands sector achieving lower GHG
emissions intensity. These recommended actions are detailed in Appendix “B”.
Complementary Measures Effective At 95MT
OSAG recommends requiring that if / when oil sands emissions reach 95 MT, a number of actions be
taken to further increase the preparedness of both the Regulator and current and future oil sands
operators for Emissions Scarcity (e.g. a review of the standards to be used by oil sands facilities
developing their Annual Facility Level GHG Forecasts, requiring the Annual Long Term Oil Sands
Emissions Forecast prepared by the Regulator to place increasing attention on the oil sands emissions
trend and the potential impacts on existing operators and new projects in the event emissions scarcity is
reached).
Changes to the Process for Project Approvals and Approval Renewals and Extensions
OSAG recommends requiring that: (i) the approval process for new projects (both new facilities and
expansions of existing facilities) and extensions or renewals of approved projects not currently under
construction all be amended to introduce both a BATEA determination and require the submission of a
GHG management plan that contains specified information, (ii) the EPEA renewal process for projects
currently operating or under construction be amended to require the submission of a GHG management
plan that contains specified information, and (iii) current BATEA principles used by the GoA be
reviewed/updated within the context of these recommendations.
Penalties and Remedial Actions
OSAG recommends existing legislation be reviewed to ensure the Regulator has the power necessary to
take actions required to ensure oil sands operators do not emit more GHG’s than authorized under
OSELIR. If not, OSAG recommends the OESLIR specify that powers of the Regulator currently used in
non-compliance situations should be available where necessary.
OSAG recommends penalties be established for those circumstances where the emissions of an oil sands
operator exceed the Annual Authorizations allocated to that operator for any given year in which the
Emissions Limit is reached. Penalties are not relevant during the pre-scarcity period (i.e., total actual
aggregate emissions are below 100 Mt). The OSAG recommends the penalties be established at a level
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that represents a significant and effective deterrent and that payment of the penalty will not bring oil
sands operators into compliance (penalties therefore cannot be viewed as a “cost of doing business”).
It is important that the penalty provisions be clear that they will not apply in circumstances where an
Operator, acting in accordance with the forecasting protocols and standardized methodology exceeds
the variability normally inherent in emissions forecasting and/or where the variance is due to
forecasting of start-up conditions, and/or where the variance is a result of unforeseen operational
interruptions that are beyond the reasonable control of the operator.
Transparency
OSAG recommends transparency provisions be adopted in relation to a number of matters (e.g., the
facility and industry level annual forecasts undertaken pursuant to OSELIR, actual facility and industry
level emissions that take place in each year, and the GHG management plans submitted by
Operators). Furthermore, OSAG recommends these transparency requirements respect proprietary or
confidential information.
Cogeneration
OSAG recommends OSELIR establish a deemed electricity emission methodology for the purposes of
excluding emissions associated with the electricity portion of cogeneration and that the specifics of that
methodology be developed by the Regulator through further engagement with OSAG.
Exclusions
OSAG recommends OSELIR prescribe exclusions for primary production, enhanced recovery, and
experimental schemes with the definition of each of these prescribed exclusions being taken from
existing regulations.
Internationally Transferred Mitigation Options
There was significant discussion by OSAG regarding the potential use of internationally transferred
mitigation options (offsets) as a tool to be used in the implementation of the emissions limit. Since the
time the ACLP was announced by Alberta, the use of offsets as a tool in the delivery of climate policy has
continued to evolve (e.g. the Paris agreement, the Pan-Canadian Framework). A diversity of views were
expressed by OSAG members in relation to the use of offsets and continue to exist. However, all OSAG
members agree that the potential use of offsets as a tool in implementing the emissions limit does not
become relevant until the emissions limit is approached. OSAG members further note there are a
number of measures built into both the ACLP and their recommended approach for implementing the
emissions limit that are designed to decrease the likelihood that the emissions limit will in fact be
reached (e.g. the various provisions directed at incenting innovation and technology development and
deployment). OSAG believes that a decision on whether, and if so how best, to incorporate the use of
government purchased offsets as a tool in implementing the emissions limit is a decision best made by
the Alberta government at the time the emissions limit is approached (i.e. if and when it becomes
necessary to do so) with a consideration for the broader policy context at that time (e.g. international
agreements, pan-Canadian agreements, Alberta’s climate goals at that time).
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Future Exemption of Certain Projects
OSAG recommends in the event the emissions limit is approached at some future date, and provided
that Canada and Alberta are on track to meeting their 2050 GHG emissions reduction targets (where
those targets have been established in a manner that enjoys broad based support), the emissions limit
should be amended by the government at that time as necessary to ensure that production from any
project that has an emissions intensity better than the competing barrel in the U.S. market (on a wells to
tank basis) is not constrained.
Other Considerations
OSAG provides the following clarifications and observations as part of its recommendations:
a) The economy-wide carbon price should apply to oil sands;
b) The carbon pricing system, and specifically the output-based allocation methodology, is
complementary to the recommended emissions limit system as part of the integrated carbon
policy framework, but should be maintained as discrete mechanism; and
c) The definition of upgrading included in the emissions limit should be further reviewed to ensure
that the necessary flexibility is being provided to enable emissions associated with value-adding
upgrading activities to be included within the 10 Mt upgrading provision.
RATIONALE AND EVALUTATION AGAINST THE PRIORITIZED DESIGN CRITERIA
Following is a brief evaluation of the recommended approach against the core Design Criteria described
earlier in this report.
Ensures the Emissions Limit is Not Exceeded
The recommended approach outlines a number of actions that complement the carbon levy and OBA in
incenting a shared commitment to technology development and innovation designed to enhance the
GHG efficiency of the oil sands sector. These actions are the first line of defense, in that they decrease
the likelihood that the emissions limit will be reached. Next, the recommended approach provides
credible options for the Regulator to act in the event forecasts indicate that the Emissions Limit is to be
exceeded. Collectively, these options provide the Regulator with the range of actions that will ensure
the Emissions limit is not exceeded. Finally, the recommended approach provides responsible operators
with the required flexibility to address forecasting variances and unforeseen operational circumstances,
while also providing penalty provisions and other powers that can be exercised by the Regulator if /
when necessary to address non-compliance.
Maintains/Promotes Investor Confidence
Within the context of oil sands development, investor confidence will flow primarily from the design of
the proposed system that: (i) provides clarity as to the rules regarding implementation of the emissions
limit, (ii) rewards strong facility level and industry GHG performance, while also respecting the basis
upon which prior investment decisions were taken, and (iii) establishes a framework that decreases the
likelihood of oil sands emissions ever reaching the Emissions Limit. More specifically, investors will
understand there are measures in place to promote technology development and deployment and
innovation within the sector (thereby providing the opportunity for companies to grow oil sands
production within the limit). The recommended approach can be readily described to investors. There
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are several measures built into the recommendations that ensure investors will have the ability to make
informed and timely investment decisions going forward.
Ensures Durability across Election Cycles
OSAG recognizes durability across election cycles cannot be assured, but that the best way to enhance
durability is to design a system that drives desired outcomes, enjoys broad support, and is enhanced by
inherent design flexibility that enables decisions at the right time with the right information (i.e.,
appropriate flexibility is a strength of the system rather than a weakness). OSAG believes the
recommended approach strikes the right balance in terms of achieving the foregoing.
Incents Technology Development and Innovation within the Oil Sands Sector
Improved GHG performance is very important to Alberta’s oil sands sector, not just in the context of
remaining within the emissions limit over time, but also in terms of remaining globally economically
competitive. Taken together, the carbon pricing scheme established by the Carbon Competitiveness
Regulation, the Complementary Measures effective immediately, and many of the recommended
enhancements to the approval process, will drive significant additional innovation and technology
development specifically directed to improving oil sands GHG emissions performance.
It is important to recognize that the emissions limit is only one element, albeit a very important one, of
the overall Climate Leadership Plan. Investment in innovation as it relates to GHG performance is
another integral element that needs to support and enable the objectives inherent in the design of the
emissions limit implementation. OSAG Task Team #2 will be providing recommendations in this regard
by end-June. These recommendations will address both opportunities to improve the overall innovation
system as it relates to oil sands and the issue of funding levels and partnering opportunities to ensure a
shared commitment to improvement in oil sands GHG emissions performance.
Is Administratively Simple to Implement
The recommended approach is designed so as to leverage and build on other processes and to avoid
duplication (e.g. the annual forecasts required under the system are forecasts that will be required in
any event for the purposes on implementing the OBA). In terms of administrative simplicity, the
recommended approach compares favourably with other options examined.
SECTORAL INPUT
OSAG has not e conducted any formal consultation with respect to implementation of the emissions
limit. Some OSAG Members have, however, conducted informal engagement within their sectors. The
results of this informal engagement can be summarized as follows.
Informal Engagement with Environmental Interests
The ENGO members of OSAG have done little informal outreach to the environmental community given
the required need for non-disclosure during the development of these recommendations. However, we
have consulted on the key aspects of this recommended approach and are confident that it is consistent
with the intent of the ACLP to limit growth in oil sands emissions to that required. Completion and
implementation of this limit will also allow us to begin the discussion with government and industry
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about how Alberta and Canada can both meet our 2030 emissions commitments but also begin the
rapid de-carbonization necessary after that to reach 80% emission reduction by 2050. In our view this
will require significant reduction of the 100 MT emissions limit after 2030 so that the oil sands will be
allocated a reasonable share of Canada’s emission budget. This is why engaging in the Pathways to 2050
analysis recommended by OSAG is important as it will send an important signal that Alberta intends a
peak and decline in GHG emissions post 2030 while maintaining the ability to benefit from innovation
and technology development.
Informal Engagement with Indigenous and Community Interests
The Indigenous and Community members of OSAG have not, as of yet, undertaken any significant
informal engagement with indigenous and community interests more broadly. The Indigenous and
Community members of OSAG see both public consultation and First Nations and Metis consultation (as
discussed later in this report) as being an important part of developing broad based support.
Informal Engagement with Industry Interests
As these recommendations were being developed, industry members on OSAG informally engaged with
oil sands industry representatives (a cross-section of CEOs, executives and technical staff) regarding
their perspectives on implementation of the oil sands emissions limit. As required by the non-disclosure
agreements signed by OSAG members, no discussion took place regarding the final or near-final form of
this recommendation (the focus was on the perspectives industry OSAG members would bring to the
discussion).
Although there continues to be concern among some oil sands operators and developers regarding the
inclusion of the emissions limit in the ACLP, for the most part industry has constructively engaged in
discussions regarding implementation of the emissions limit and there is broad industry support for a
system that:
a) Recognizes the importance of accelerating oil sands technology and innovation, and of government,
industry and other interests partnering (organization, funding, technology development and
deployment, etc.) in this regard to achieve desired outcomes;
b) Provides for policy and regulatory measures that encourage and enable performance improvement
over time, with increasing expectations in this regard if / as the emissions limit is approached.
c) Is compatible with, but differentiated from, the Carbon Competitiveness Regulation and the
associated carbon pricing mechanism;
d) Addresses competitiveness, in order to ensure that carbon leadership does not have undue or
unintended consequences in terms of the economic competitiveness of the oil sands industry in
Alberta;
e) Defines a compliance pathway that provides confidence oil sands investment and production will
continue under the emissions limit;
f) Leaves open the option for the government of the day to make a future decision on the use of
offsets (or similar mitigation options) if and when the emissions limit is reached and for that
decision to be made with a consideration for the broader policy context at the time;
g) Provides the necessary assurances that the overall system is durable and that the emissions limit will
not be exceeded, while allowing flexibility for the government of the day to exercise its judgement,
based on the circumstances of the day, as to the best mechanism(s) to be utilized to constrain
emissions at or below the emissions limit;
h) Strikes the right balance between encouraging entry of new projects, with potentially better GHG
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i)

j)

intensity performance, and the interests of prior investors / incumbent capital that is subject to
requirements for ongoing improvement;
Takes the right action at the right time, within a transparent framework that provides the necessary
confidence to the investment community to continue to attract investment to the oil sands (other
things being equal); and
Provides the necessary clarity for industry and the investment community as to what types of
investments are more likely to be successful in this policy / regulatory regime.

The proposed approach to implementation of the emissions limit as described in these
recommendations reflects the above. It reinforces the integrated nature of the ACLP - carbon pricing, oil
sands growth within the emissions limit, accelerating technology and innovation, maintaining
competitiveness, etc., while encouraging leadership in GHG performance.
In the judgement of the OSAG Industry Caucus, broad oil sands industry support for the proposed
methodology for implementation of the emissions limit can be established, given ongoing OSAG
engagement in the drafting of the regulations (or equivalent), adequate time for consultation and with
the proviso that the broader OSAG plenary members collectively support this direction. Most
importantly, the OSAG member companies and the broader oil sands industry will be focused on the
manner in which the overall ACLP “package” is implemented and its impact, along with other actions by
the government of Alberta, on the cumulative cost burden and overall competitiveness of the oil sands
sector. This will largely influence investor confidence in the oil sands and in Alberta, relative to
competing supply sources.
RECOMMENDED NEXT STEPS
In addition to the above substantive recommendations on the specific mechanism to be used to
implement the emissions limit, OSAG has the following recommended next steps from a process
perspective.
OSAG Engagement in the Regulatory Drafting Process
OSAG understands that the final decision on how to implement the emissions limit rests solely with the
government, the approach ultimately decided upon by government may depart from what is
recommended, and the drafting of all required regulation and policy will be a task undertaken by
government officials. In that context:
a) While OSAG understands it will have an opportunity for input on draft regulations developed by the
government before they are finalized, OSAG believes there would be significant value in a small
team from OSAG being engaged collaboratively by the GoA throughout the drafting process (vs.
waiting until there is a draft product to review); and,
b) OSAG sees the objective of such engagement being to provide continuity and expertise to improve
the efficiency / effectiveness of the drafting process in terms of assisting the drafters with
understanding as to the intent of the OSAG recommendations.
First Nation, Metis and Public Consultation
OSAG expects that the GoA will, in the normal course, undertake consultation with regard to its
proposed policy and regulatory direction regarding the implementation of the emissions limit. OSAG
strongly recommends the materials prepared by the GoA for the purposes of the foregoing
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consultations address both the specifics of the regulations and related policy directives it intends to
establish to implement the emissions limit as well as the underlying intent of those provisions.
Problem Solving How Best to Address Sensitive or Controversial OSAG Recommendations
OSAG recognizes that there are certain elements of the recommended approach that may be sensitive
or controversial. Further, the supporting rationale and narrative established in relation to these
recommendations, should the GoA decide to proceed with them, is absolutely critical in terms of overall
support for OSAG’s recommendations and support for subsequent GoA direction on policy and
regulations related to the implementation of the emissions limit.
For these reasons, OSAG recommends that decisions as to how best to successfully advance these
recommendations will be significantly enhanced by a collaborative problem solving discussion involving
a small OSAG committee (including Co-Chairs) and senior GoA officials. OSAG therefore strongly
recommends that these recommendations be kept strictly confidential until such time as this problem
solving discussion has taken place.
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APPENDIX “A”
RECOMMENDED APPROACH TO IMPLEMENTING THE EMISSIONS LIMIT
Following is a detailed description of the framework being recommended by OSAG for implementation of
the ACLP oil sands emissions limit. It is intended that this framework be used to assist with the drafting of
any regulations based on these recommendations.
GENERAL
1. OSAG recommends (i) a regulation to implement the ACLP emissions limit (the “Oil Sands Emissions
Limit Implementation Regulation” or “OSELIR”) be established in a manner that reflects the actions
outlined in this framework, and (ii) this regulation be drafted in language that ensures there is a
clear and common understanding of intent of each section.
2. OSAG expects the AER will continue to be the primary regulator for oil sands, but that ACCO will
take on an increasing role (supported with the necessary capacity and funding) with respect to
administration of the emissions limit and advancing innovation as it relates to carbon emissions
from oil sands. For the purposes of this framework, the term “Regulator” applies to either AER or
ACCO, as applicable, with the expectation that during the process of translating the
recommendations into specific regulation and policy, additional clarity will be provided
recommending which organization will be responsible for each of the required actions.

THE RECOMMENDED MECHANISM FOR IMPLEMENTING THE OIL SANDS EMISSIONS LIMIT
Definitions
3. OSAG recommends that the OSELIR define:
a) “Emissions Limit” as having the meaning described and with the attributes used in the Oil Sands
Emissions Limit Act and related legislation, including, but not limited to, the exclusions of the
GHG emissions associated with primary production, enhanced recovery, experimental schemes,
co-gen, and up to 10 MT of new upgrading capacity or expansion of existing upgrading
capacity1;
b) “Emissions Scarcity” as existing in any calendar year where the Annual Long Term Oil Sands
Emissions Forecast published by the Regulator for the prior calendar year shows projected oil
sands industry emissions exceeding the Emissions Limit at some point in the first five years of
that forecast2;

1

INTENT STATEMENT: The definition of upgrading included in the emissions limit should be further reviewed to
ensure that the necessary flexibility is being provided to enable emissions associated with value-adding upgrading
activities to be included within the 10 Mt upgrading provision.
2
INTENT STATEMENT: Five years has been selected as the time between commencement and completion of
construction an oil sands facility (which is relevant for the purposes of Paragraph 8(b)) is normally less than five
years. It also provides a reasonable time frame for the switch from pre to post scarcity mechanism for
implementing the Emissions Limit.
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c) “Expansion Projects”3 as consistent with how production forecasting is done for the sector (i.e.
the projects that are included in a typical production forecast) and to include all significant
capital stock turnover or major modifications that would require OSCA or EPEA amendment; and
d) “Under/Commenced Construction” as projects that have completed detailed engineering and
passed a Class 3 cost estimate or having a final investment decision. Prior to this stage, the
projects are still in development.
Emissions Forecasting
4.

OSAG recommends OSELIR and/or other relevant regulation should:
a) Require the Regulator to establish:
i) a protocol and standardized methodology for the Annual Facility Level GHG Emissions
Forecasts to be prepared each year by oil sands operators as required under Paragraph 5(d)
(NOTE: The intent is that the Annual Facility Level GHG Emissions Forecasts and the annual
forecast required for the purposes of carbon levy compliance be the same forecasts and, as
such, the protocol and standardized methodology should be the same for both);
ii) a protocol and standardized methodology for the Annual Long Term Oil Sands Emissions
Forecast to be prepared each year by the Regulator as required under Paragraph 5(b)
(seeking to ensure that the standardized methodology ensures the highest degree of
accuracy possible for the initial five years of the forecast); and
iii) standards for allowable annual emissions forecasting variability in Annual Facility Level GHG
Emissions Forecasts for the purposes of Section 10(a) (“Emissions Forecasting Variability
Standards”);
b) Require that within a time period prescribed in the regulation, each oil sands facility that plans
to be operational in the following calendar year (including those that are under construction but
not yet operational) will prepare (in a manner consistent with the protocol and standardized
methodology established under Paragraph 4(a)(i)) and submit to the Regulator a forecast of its
best estimate of the GHG emissions it expects the facility will emit in the following calendar year
(an “Annual Facility Level GHG Emissions Forecast”). (NOTE: The intent is that the Annual Facility
Level GHG Emissions Forecasts and the annual forecast required for the purposes of carbon levy
compliance be the same.)
c) Require the Regulator to prepare (in a manner consistent with the protocol and standardized
methodology established under Paragraph 4(a)(i)4) and publish each year, a long term GHG
emissions forecast for the oil sands industry of at least 10 years (the “Annual Long Term Oil
Sands Emissions Forecast”); and
d) Require the Regulator to annually report actual GHG emissions for each year at both the facility
level and the oil sands industry level (NOTE: this reporting is to be undertaken in a manner
consistent with, and not duplicative of, reporting required for carbon levy compliance).

Emissions Authorizations
5. OSAG recommends OSELIR:

3

INTENT STATEMENT: This definition should be checked for consistency with the definitions used by the GoA to
trigger an EPEA or OSCA amendment (the intent is that this definition is consistent with those definitions.
4
INTENT STATEMENT: It is not intended that this be done in a manner that respects the proprietary nature of the
software used by the GoA for forecast purposes. The intent is that the key assumptions built into the forecasts and
general methodology be described
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a) Establish annual authorizations for oil sands facilities to emit GHGs (“Annual Authorizations”)
that entitle the entity receiving that authorization to emit, in the calendar year the authorization
applies to, the quantum of GHGs specified in the authorization;
b) Require that the GoA cannot allocate aggregate Annual Authorizations in any given calendar
year greater than the Emissions Limit including the mechanisms and exclusions defined in
section 3(a); and
c) Specify that no oil sands facility can make GHG emissions in any given calendar year greater than
the aggregate Annual Authorizations allocated to that oil sands facility for that year under
Paragraphs 6, 7, , 9, 10, and/or 11 ;
Compliance Prior to Emissions Scarcity
6. OSAG recommends OSELIR require that, in any calendar year where there is no Emissions Scarcity as
defined in5 Paragraph 43the Regulator will allocate to each oil sands facility operating in that
calendar:
a) Annual Authorizations equal to that facilities Annual Facility Level GHG Emissions Forecasts for
that calendar year; plus
b) Annual Authorizations equal to that facility’s actual emissions for that year less the Annual
Authorizations allocated under sub-paragraph (a).
Compliance at Emissions Scarcity
7. OSAG recommends OSELIR require that for any given calendar year where the aggregate Annual
Facility Level GHG Emissions Forecasts submitted for that year under Paragraph 4(b) is less than or
equal to the Emissions Limit, the Regulator must provide to each oil sands facility that submitted an
Annual Facility Level GHG Emissions Forecast for that year Annual Authorizations equal to the
Annual Facility Level GHG Emissions Forecast it submitted for that year.
8. OSAG recommends OSELIR provide that in any calendar year where there is Emissions Scarcity as
defined in Paragraph 3:
a) No approved project (either a new facility or expansion of an existing facility) that is not yet in
construction can proceed to construction without authorization of the Regulator; and
b) The Minister may direct the Regulator to not authorize commencement of construction of any
approved projects (either a new facilities or expansions of existing facilities) in that year.
9. OSAG recommends OSELIR require that for any given calendar year where the aggregate Annual
Facility Level GHG Emissions Forecasts submitted for that year under Paragraph 4(b) is greater than
the Emissions Limit, the Regulator must take one or more of the following actions such that all of
the aggregate Annual Authorizations permissible for that year under Paragraph 5(c), but no more,
are allocated as follows:
a) For each oil sands facility that submitted an Annual Facility Level GHG Emissions Forecast for
that year that has a GHG emissions intensity that falls within the two best performing quartiles6
(i.e. Q1 and Q2), the Regulator must allocate to that facility Annual Authorizations equal to the
Annual Facility Level GHG Emissions Forecast it submitted for that year;
5

INTENT STATEMENT: The intent is that pre-scarcity, oil sands facilities will receive Annual Authorizations equal to
their emissions for that year.
6
INTENT STATEMENT: “Quartiles” are to be determined on the basis of emissions intensity as the ranking
methodology and aggregate emissions as the basis for quartile position (e.g. Paragraph
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b) For each oil sands facility that submitted an Annual Facility Level GHG Emissions Forecast for
that year that has a GHG emissions intensity that falls within the third quartile (i.e. Q3)7, the
Regulator must allocate to that facility Annual Authorizations equal to the Annual Facility Level
GHG Emissions Forecast submitted by that facility for that calendar year less a share of 1/3 of
the difference between A and B as specified OSELIR8 where:
i) A = aggregate Annual Facility Level GHG Emissions Forecasts submitted for that calendar
year under Paragraph 4(b);
ii) B = the Emissions Limit; and
c) For each oil sands facility that submitted an Annual Facility Level GHG Emissions Forecast for
that year which has a GHG emissions intensity that falls within the worst performing quartile
(i.e. Q4)9, the Regulator must allocate to that facility Annual Authorizations equal to the Annual
Facility Level GHG Emissions Forecast submitted by that facility for that calendar year less a
share of 2/3 of the difference between A and B as specified OSELIR10 where:
i) A = aggregate Annual Facility Level GHG Emissions Forecast submitted for that calendar year
under Paragraph 4(b); and
ii) B = the Emissions Limit.
10. OSAG recommends OSELIR require that in each calendar year, the Regulator must allocate to an oil
sands facility operating in that year additional Annual Authorizations to the extent necessary to
address:
a) Any discrepancies for that calendar year between emissions forecasting undertaken for that oil
sands facility for that calendar year and the actual emissions of that oil sands facility for that
calendar year that fall within the boundaries specified in the Emissions Forecasting Variability
Standards established under Paragraph 4(a)(iii); and
b) Any incremental emissions for that calendar year arising out any unplanned operational
shutdowns/restarts or other unplanned operational interruptions that were not reasonably
foreseeable (i.e. emissions that occur as a result of such circumstances that are greater than the
emissions that would have occurred if the planned operations of the facility had not been
interrupted in a manner that could not be reasonably foreseen).
11. OSAG recommends an operational reserve be established in OSELIR (Operational Reserve”) and used
as follows:
a) When aggregate Annual Facility Level GHG Emission Forecasts prepared and submitted under
Paragraph 4(b) first exceed 90MT, the Regulator will:
i) use the data on the variability in the historical Annual Facility Level GHG Forecasts
submitted under Paragraph 4(b) and the variability of actual facility and industry level
emissions historically reported under Paragraph 4(d) to determine the appropriate size of
the Operational Reserve; and

7

INTENT STATEMENT: The 3rd quartile refers to those facilities that have an emission intensity greater than Q2
facilities but less than the “worst performing quartile” facilities and which contribute ½ of the emissions between
50 MT (i.e. the emissions from Q1 and Q2) and the total Annual Facility Level GHG Emissions Forecast.
8
INTENT STATEMENT: The manner in which each share is to be determined (e.g. pro-rate, sliding scale that
increases the further away from OBA a facility
9
INTENT STATEMENT: The worst performing quartile refers to the highest intensity sector emitters that contribute
to ½ of the emissions between 50MT and the total Annual Facility Level GHG Emission Forecast.
10
INTENT STATEMENT: The manner in which each share is to be determined (e.g. pro-rate, sliding scale that
increases the further away from OBA a facility is etc.) will be determined during the regulatory drafting process.
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ii) determine how best to populate the Operational Reserve taking into consideration the full
range of options available at that time under the broader policy context then in effect; and
b) The Annual Authorizations distributed by the Regulator under Paragraph 10 will:
i) be administered according to paragraph 6(b) if the actual emissions are less than 100Mt; or
ii) come from the Operational Reserve if Paragraph 11(b)(i) does not apply.
IMPROVING THE GHG PERFORMANCE OF THE OIL SANDS SECTOR AND OTHER COMPLEMENTARY
ACTIONS
Effective Immediately
12. OSAG recommends relevant regulations and or policy be amended to:
a) Identify and implement amendments resource recovery regulations (e.g. Directive 82, Oil Sands
Conservation Act) so as to change the framing from one of resource conservation to one of
environmental and economic efficiency, with the effect of no longer compelling Operators to
extract those parts of reservoirs with higher GHG intensity;
b) Use the ERA and other innovation acceleration vehicles to drive additional innovation stimulus
in the oil sands and incremental GoA funding using funds generated by the carbon levy from oil
sands11; and
c) Create, through an innovation convener, a regional carbon marginal abatement cost curve and
technology roadmap to better inform decisions 12
i) A formal review of technology application to better understand the nature of the challenge,
barriers, and enablers to implementation;
ii) Development of a plan to deliver reduced costs/risks for near-commercial abatement
technologies for the oil sands; and
iii) Identification and consideration of enabling policy to accelerate technology development
and deployment.
When Oil Sands Emissions Reach 80 MT
13. OSAG recommends OSELIR and/or amendments to other relevant regulations and/or policy require
the following when actual emissions from the oil sands sector (as defined in the Oil Sands Emissions
Limit Act) reach 80 MT:
a) The Annual Long Term Oil Sands Emissions Forecast prepared and published by the Regulator
under Paragraph 4 (c) will both include increasing scrutiny on the potential impact of new
projects on the overall oil sands emissions trajectory and draw increasing attention to the
potential impact on existing operators and new projects under OSELIR at that time in the event
the Emissions Limit is reached;
b) The Regulator is required to conduct a formal assessment of industry progress on developing
and implementing carbon reduction technology to determine if there should be any change in
focus or priorities for innovation and technology development in the oil sands sector (NOTE: The
purpose of this formal assessment is to better understand application, costs and timing and to
provide the basis for decisions regarding changes in priorities and/or mandating potential
additional mechanisms in the OSELIR to accelerate technology development and deployment.
11

INTENT STATEMENT: It is expected that recommendations such as this will be advanced through work of the
OSAG Innovation Task Team
12
INTENT STATEMENT: It is expected that recommendations such as this will be advanced through work of the
OSAG Innovation Task Team
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Examples of the types of changes in priorities and/or potential additional mechanisms that could
be made as a result of the formal assessment include the Regulator making programs available
to operators to accelerate or enable the implementation of emissions reductions and to more
effectively target the funding of technology development and deployment and/or the Regulator
using increased carbon revenue to accelerate or enable the implementation of large-scale
reduction technologies).
When Oil Sands Emissions Reach 95 MT
14. OSAG recommends OSELIR and/or amendments to other relevant regulations and/or policy require
the following when emissions from the oil sands sector (as defined in the Oil Sands Emissions Limit
Act) reach 95 MT:
a) The Regulator will review the Emissions Forecasting Variability Standards within the context of a
review of data collected on annual projected vs actual facility level emissions for each year since
the proclamation of OSELIR with the intent of updating the accuracy of those standards;
b) The Annual Long Term Oil Sands Emissions Forecast prepared and published by the Regulator
under Paragraph 5 (c) will both include a very strong focus on the potential impact of new
projects on the overall oil sands emissions trajectory and draw detailed attention to the
potential impact on existing operators and new projects under OSELIR at that time in the event
the Emissions Limit is reached;
c) The Regulator will undertake an evaluation of the broader context within which the oil sands
industry is operating at that time including technology advancement, carbon intensity of oil
sands versus other global oil supply, and global oil markets (e.g. global demand and supply,
global carbon regimes and oil sands competitiveness);
d) Within the context of the evaluation undertaken in Paragraph 14(c), and the options inherent in
Paragraphs 8 and 9, the Regulator will initiate actions necessary to be prepared to respond in a
timely manner if the aggregate Annual Facility Level GHG Emissions Forecasts submitted for a
year under Paragraph 4(b) reach the Emissions Limit, specifically forewarning approved projects
(new facilities and expansions) not yet under construction that construction authorization may
not be forthcoming under Paragraph 8(a) and/or specifically forewarning other facilities then
operating or under construction of the potential for emissions constraints, if any, under the
provisions of Paragraphs 19(b) and 9(c)).
CHANGES TO THE PROCESS FOR PROJECT APPROVALS AND APPROVAL RENEWALS AND EXTENSIONS
15. OSAG recommends OSELIR and/or amendments to other relevant regulations and/or policy require:
a) Best Available Technology Economically Achievable (BATEA) determinations that will apply to
new facilities, expansions of existing facilities, and extensions or renewals of existing regulatory
approvals that are not yet under construction – developing these BATEA determinations will
include:
i) A review of 2011 Alberta Guidance Document for Assessing BATEA and Developing
Technology Based Standards;
ii) Developing standardized parameters to ensure consistent economic evaluation; and
iii) Recognizing that not all technologies are applicable at each facility, therefore BATEA is
different for each facility;
b) The approval process for new facilities (i.e., Expansion Projects or new projects) to provide for
the following:
i) A requirement that all applications for new facilities include specified GHG information;
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ii) A requirement that all new facilities meet the BATEA determination set under Paragraph
15(a);
iii) A requirement that all applications for new facilities include, for the information of the
Regulator, a forward-looking GHG management plan that meets specific content
requirements identified in the regulation (it is not intended that the GHG management plan
require Regulator approval – the Regulator will only assess whether the content
requirements have been met and may order that any content deficiencies be rectified); and
iv) A requirement that regulatory approvals for new facilities will provide clarity that the
approval is subject to the provisions of the OSELIR and related policy and regulation;
c) EPEA renewal requirements for operating and in-construction projects be developed, that
include, inter alia:
i) a requirement that a forward looking GHG management plan that meets specific content
requirements identified in the regulation be submitted to the Regulator (it is not intended
that the GHG management plan require Regulator approval – the Regulator will only assess
whether the content requirements have been met and may order that any content
deficiencies be rectified); and
ii) a requirement that all approvals of renewal applications provide clarity that the renewal is
subject to the provisions of OSELIR and related regulations and policy;
d) The approval process for extensions or renewals of approvals for projects (facilities or
expansions) that have an existing regulatory approval not yet under construction to provide for
the following:
i) A requirement that the project demonstrate that it meets the BATEA determination set
under Paragraph 15(a);
ii) A requirement that the project submit, for the information of the Regulator, a forward
looking GHG management plan that meets specific content requirements identified in the
regulation (it is not intended that the GHG management plan require Regulator approval –
the Regulator will only assess whether the content requirements have been met and may
order that any content deficiencies be rectified); and
iii) A requirement that all approvals of applications for extensions or renewals provide clarity
that that the extension or renewal is subject to the provisions of OSELIR and related
regulations and policy; and
e) For existing, under construction, or already approved facilities, or expansions, and applications
for amendments of the same, a process to expedite regulatory approvals for applications
intended to achieve a significant improvement in projected GHG emissions will be established
(this is intended only to expedite the process, not to change any of the substantive elements of
the approval process).
COGENERATION
16. OSAG recommends (i) OSELIR specify that for the purposes of excluding emissions associated with
the electricity portion of cogeneration, a deemed electricity emission methodology established by
the Regulator be used (ii) the deemed electricity intensity specified within the methodology be
determined through further engagement with OSAG.
EXCLUSIONS
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17. OSAG recommends OSELIR prescribe exclusions for primary production, enhanced recovery, and
experimental schemes with the definition of each of these prescribed exclusions being taken from
existing regulations.13
PENALTIES AND REMEDIAL ACTIONS
18. OSAG recommends OSELIR specify that:
a) No oil sands facility will be subject to a penalty in any year where actual emissions for the oil
sands for that year is less than the Emissions Limit, an operator exceeds their forecasted
emissions in any given year as a result of the variability normally inherent in emissions
forecasting, or as a result of unplanned operational interruptions that are beyond the
reasonable control of the Operator;
b) If an oil sands facility emits in any given calendar year GHG emissions greater than the total
Annual Authorizations allocated to that facility for that year under Paragraphs 10, and 11, that
facility shall be subject to a penalty in relation to the emissions that exceed such Annual
Authorizations (Note: penalty provisions will not apply in circumstances where an Operator,
acting in compliance with the forecasting protocols and standardized methodology exceeds the
variability normally inherent in emissions forecasting, and/or where the variance is due to
forecasting of start-up conditions and/or where the variance is a result of unforeseen
operational interruptions that are beyond the reasonable control of the operator)14; and
c) the quantum of the penalty specified in the OSELIR should be established at a level that will act
as a significant and effective deterrent and in a manner that takes into account the escalating
nature of the carbon levy established under the CCR (e.g. a fine equal to the greater of
$200/tonne and multiple (to be determined in the regulatory drafting process) of the carbon
levy then in effect under the CCR); and
d) Payment of a penalty does not bring a facility into compliance; and
e) To the extent not already provided for in legislation or other regulation, where the Regulator
has reasonable grounds to believe that an oil sands facility will emit in any given calendar year
an amount greater than the Annual Authorizations issued to that facility for that year, plus
whatever additional authorizations that facility is likely to be entitled to under Paragraph 11 for
that year, or where an oil sands facility has emitted an amount greater than the Annual
Authorizations for that facility, the Regulator has the power to order that oil sands facility to
reduce its emissions intensity or reduce its production or both to the extent necessary to ensure
compliance.15
TRANSPARENCY
19. OSAG recommends OSELIR require that the following information be publically transparent:
a) The annual report developed by the Regulator under Paragraph 4(d) on actual oil sands GHG
emissions at both the facility level and industry level;

13

INTENT STATEMENT: For clarity, the recommendations for implementing the emissions limit as described in this
recommended approach are not intended to apply to any emissions that fall within the categories of emissions
that are excluded.
14
INTENT STATEMENT: Is in not intended that an operator be penalized if they are acting in compliance with all of
the protocols, directives and regulations associated with the limit.
15
INTENT STATEMENT: This is intended as a gap assessment to ensure that the necessary powers to enforce
OSELIR exist in other relevant legislation and regulation.
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b) The Annual Long Term Oil Sands Emissions Forecast developed by the Regulator under
Paragraph 4(c);
c) The Annual Facility Level GHG Emissions Projections submitted to the Regulator under
Paragraph 5(d);
d) The maximum aggregate Annual Authorizations the GoA is able to distribute in a given year
under Paragraph 5(d);
e) The Annual Authorizations issued each year under Paragraphs 6, 7, 9, and 10;
f) The formal assessment of industry progress on development and implementation of carbon
reduction technology prepared by the Regulator under Paragraph 13(b);
g) The contextual evaluation prepared by the Regulator under Paragraph 14(c); and
h) GHG Management plans submitted by oil sands facilities under Paragraphs 15(b)(iii), 15(c)(i),
and 15(d)(ii).
20. OSAG recommends OSELIR specify that the transparency requirements in relation to Paragraphs 19
be undertaken in a manner that protects information that is proprietary or confidential in nature, as
applicable.
OTHER
21. OSAG recommends that in the event the emissions limit is approached at some future date, and
provided that Canada and Alberta are on track to meeting their 2050 GHG emissions reduction
targets (where those targets have been established in a manner that enjoys broad based support),
the emissions limit should be amended by the government at that time with a view to adjusting the
emissions limit as necessary to ensure that production from any project that has an emissions
intensity better than the competing barrel in the U.S. market (on a wells to tank basis) is not
constrained.
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APPENDIX “B”
March 2017 OSAG Status Report
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TECHNICAL PAPER ON THE FEDERAL CARBON
PRICING BACKSTOP
The Pan-Canadian Framework on Clean Growth and Climate Change is Canada’s plan to grow the
economy while reducing greenhouse gas (GHG) emissions and building resilience to adapt to a
changing climate. A central component of the Pan-Canadian Framework is the commitment to pricing
carbon pollution across the country by 2018. In October 2016, the federal government published a
benchmark for ensuring that carbon pricing applies to a broad set of emission sources throughout
Canada by 2018 with increasing stringency over time.1 This benchmark provides provinces and
territories with flexibility to implement their own carbon pollution pricing systems. In the benchmark,
the federal government also committed to implement a federal carbon pricing backstop system that
will apply in any province or territory that does not have a carbon pricing system in place by 2018 that
aligns with the benchmark.
Pricing carbon pollution is widely recognized as an efficient way to reduce GHG emissions and help
achieve our objectives to protect the environment, stimulate investments in low-carbon innovation
and create a sustainable clean-growth economy. Carbon pricing sends an important signal to markets
and provides incentives to reduce energy use through conservation and efficiency measures, while
also serving to drive fuel switching and technology advances. Applying carbon pricing to a broad set
of emission sources across Canada, with increases in stringency over time, will help to reduce GHG
emissions at the lowest cost to businesses and consumers, while supporting clean growth.
This technical discussion paper seeks to inform Canadians and stakeholders about the federal carbon
pricing backstop and to obtain feedback on its design.
Interested parties are invited to provide written comments to Environment and Climate Change Canada
(Carbonpricing-tarificationcarbone@canada.ca) on or before June 30, 2017. There will be further
opportunities to provide input as the details of the system are developed.

FEDERAL CARBON PRICING BENCHMARK
On October 3, 2016, the Government of Canada released “The pan-Canadian approach to pricing
carbon pollution” – the benchmark2 – outlining the criteria that carbon pricing systems implemented
by provinces and territories need to meet. The goal of the benchmark is to ensure that carbon
pollution pricing applies to a broad set of emission sources with increasing stringency over time in
order to reduce GHG emissions at lowest cost to business and consumers and support innovation and
clean growth.
The pan-Canadian approach to pricing carbon pollution provides jurisdictions the flexibility to
implement either an explicit price-based system (a carbon tax such as the one in British Columbia, or a
hybrid approach composed of a carbon levy and an output-based pricing system, such as in Alberta)
or a cap-and-trade system (such as those in Quebec and Ontario).

1 “Pan-Canadian Approach to Pricing Carbon Pollution” http://news.gc.ca/web/article-en.do?nid=1132169. The benchmark is also outlined
in the PCF at https://www.canada.ca/en/services/environment/weather/climatechange/pan-canadian-framework.html.
2 “Backgrounder: Pan-Canadian Approach to Pricing Carbon Pollution” available at http://news.gc.ca/web/article-en.do?nid=1132169.
The benchmark was also outlined on December 9, 2016 in the PCF available at https://www.canada.ca/en/services/environment/weather/
climatechange/pan-canadian-framework.html.
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The Pan-Canadian Framework includes a commitment for a review of the overall approach to pricing
carbon by early 2022 to confirm the path forward. An interim report will also be completed in 2020,
which will be reviewed and assessed by First Ministers. As an early deliverable, the review will assess
approaches and best practices to address the competitiveness of emissions-intensive, trade-exposed
sectors.

FEDERAL CARBON PRICING BACKSTOP
The federal government plans to introduce new legislation and regulations to implement a carbon
pollution pricing system – the backstop – to be applied in jurisdictions that do not have carbon pricing
systems that align with the benchmark.
All elements of the backstop will apply in a jurisdiction that does not have a carbon pricing system in
place. The backstop will also supplement (or “top-up”) systems that do not fully meet the benchmark.
For example, the backstop could expand the sources covered by provincial carbon pollution pricing or
it could increase the stringency of the provincial carbon price.
As committed in the October 3, 2016 document Pan-Canadian Approach to Pricing Carbon Pollution,
the federal system will return direct revenues from the carbon price to the jurisdiction of origin. The
federal government is open to feedback on the best mechanism to achieve this.

BACKSTOP INSTRUMENT
The federal carbon pollution pricing backstop will be composed of two key elements:
• A carbon levy applied to fossil fuels; and
• An output-based pricing system for industrial facilities that emit above a certain threshold, with
an opt-in capability for smaller facilities with emissions below the threshold.

HOW GHG EMISSIONS ARE MEASURED
Both the carbon levy and the output-based pricing system will price carbon on a CO2e basis. The
United Nations Framework Convention on Climate Change (UNFCCC) reporting requirements apply to
seven greenhouse gases (GHGs).3 Each of these gases has a different impact on the climate. The use
of CO2e is the internationally-recognized approach to establishing a standard carbon price (e.g., $10/
tonne of CO2e) and translating that price to the appropriate price for each greenhouse gas. More detail
on the calculation of CO2e is provided in Annex 1.

3 The seven UNFCCC GHGs are CO2, methane (CH4), nitrous oxide (N2O), perfluorocarbons (PFCs), hydrofluorocarbons (HFCs), sulphur
hexafluoride (SF 6) and nitrogen trifluoride (NF3).
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For both components of the backstop, emissions will be converted to a CO2e basis. For the levy, rates
will be set out under the relevant legislation and will be based on the Canadian average CO2 emission
factor for a fossil fuel (where factors differ by region for that fuel) and the technology that is most
commonly used to combust that fuel. For the output-based pricing system, regulated entities will
use the same factors to calculate their emissions following a methodology that will be specified in
regulations.

THE CARBON LEVY COMPONENT OF THE BACKSTOP
SCOPE OF THE CARBON PRICING LEVY
Coverage and Rates of the Carbon Levy
Fossil fuels that will be subject to the levy include liquid fuels (e.g., gasoline, diesel fuel, and aviation
fuel), gaseous fuels (e.g., natural gas) and solid fuels (e.g., coal and coke).
Carbon levy rates will initially be set for the period from 2018 to 2022. Rates for each fuel subject to the
levy will be set such that they are equivalent to $10 per tonne of CO2e in 2018 and increase by $10 per
tonne annually to $50 per tonne in 2022. The rates will be based on global warming potential factors
and emission factors4 used by Environment and Climate Change Canada to report Canada’s emissions
to the UNFCCC, and will be expressed in standard commercial units to facilitate the compliance with,
and the administration of, the levy. Tables 1 to 3 below show the rates for liquid fuels, gaseous fuels,
and solid fuels, respectively, over the initial 5-year period.

Table 1: Rates of Levy on Liquid Fossil Fuels from 2018 to 2022
UNIT

2018
($10/TONNE)

2019
($20/TONNE)

2020
($30/TONNE)

2021
($40/TONNE)

2022
($50/TONNE)

GASOLINE

¢/L

2.33

4.65

6.98

9.30

11.63

DIESEL / LIGHT FUEL OIL

¢/L

2.74

5.48

8.21

10.95

13.69

HEAVY FUEL OIL

¢/L

3.19

6.37

9.56

12.75

15.93

AVIATION GASOLINE

¢/L

2.49

4.98

7.47

9.95

12.44

AVIATION TURBO FUEL /
JET FUEL / KEROSENE

¢/L

2.58

5.16

7.75

10.33

12.91

METHANOL

¢/L

1.10

2.20

3.29

4.39

5.49

NAPHTHA

¢/L

2.25

4.51

6.76

9.02

11.27

PETROLEUM COKE

¢/L

3.84

7.67

11.51

15.35

19.19

LIQUID FUEL

4 For the purposes of determining the levy rates, the CO2e of a fossil fuel includes the following GHG emissions: CO2, CH4 and N2O.
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Table 2: Rates of Levy on Gaseous Fossil Fuels from 2018 to 2022
GASEOUS FUEL

UNIT

2018
($10/TONNE)

2019
($20/TONNE)

2020
($30/TONNE)

2021
($40/TONNE)

2022
($50/TONNE)

MARKETABLE
NATURAL GAS

¢/m3

1.96

3.91

5.87

7.83

9.79

NON-MARKETABLE
NATURAL GAS

¢/m3

2.59

5.17

7.76

10.34

12.93

PROPANE

¢/L

1.55

3.10

4.64

6.19

7.74

BUTANE

¢/L

1.78

3.56

5.34

7.12

8.90

ETHANE

¢/L

1.02

2.04

3.06

4.08

5.09

GAS LIQUIDS

¢/L

1.67

3.33

4.99

6.66

8.32

¢/m3

2.70

5.40

8.10

10.80

13.50

PENTANES PLUS

¢/L

1.78

3.56

5.34

7.12

8.90

COKE OVEN GAS

¢/m3

0.70

1.40

2.10

2.80

3.50

STILL GAS

Table 3: Rates of Levy on Solid Fossil Fuels from 2018 to 2022
UNIT

2018
($10/TONNE)

2019
($20/TONNE)

2020
($30/TONNE)

2021
($40/TONNE)

2022
($50/TONNE)

LOW HEAT VALUE COAL
(I.E., SUB-BITUMINOUS
COAL; LIGNITE)

$/tonne

17.72

35.45

53.17

70.90

88.62

HIGH HEAT VALUE COAL
(I.E., BITUMINOUS COAL;
ANTHRACITE)

$/tonne

22.52

45.03

67.55

90.07

112.58

COKE (COAL)

$/tonne

31.80

63.59

95.39

127.19

158.99

WASTE FUEL / TIRES

$/tonne

19.97

39.95

59.92

79.89

99.87

SOLID FUEL

APPLICATION OF THE CARBON LEVY
In general, the levy will apply to fuels that are used in a backstop jurisdiction, irrespective of whether
the fuels were produced in, or brought into, the backstop jurisdiction.
In most cases, the levy will be applied early in the supply chain of each fuel used in a backstop
jurisdiction, and will be payable by the producer or distributor. The final user of a fuel will not
generally have any special rights or obligations in respect of the levy, as the user will purchase
levy-paid fuel in most cases.
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Fuel producers and certain distributors will be able to acquire and hold fuel without the levy being
payable until the fuel is subsequently used by the producer or distributor, or, as discussed later,
delivered to a final retailer or end-user.
For purposes of the levy, use will generally include fuel that is combusted, vented or flared.5 Fuel used
as a raw material, diluent or solvent in a manufacturing or petrochemical process in a manner that
does not produce heat or energy will not be subject to the carbon levy.6
This general approach will be achieved by a series of application rules and registration requirements that
are presented below.

Application Framework of the Carbon Levy
Generally, the levy will apply to fuel that is produced, imported or brought into a backstop jurisdiction.
For the purposes of the levy, there will be four categories of persons within the fuel supply
chain: Registered Fuel Distributors, Registered Fuel Importers, Registered Fuel Users, and other
non-registered persons.
• Registered Fuel Distributors will generally be producers of fuel, large wholesale distributors of fuel,
and natural gas retailers.
• Registered Fuel Importers will be entities that cannot become Registered Fuel Distributors and that
import fuel from outside Canada at a location in a backstop jurisdiction, or that bring fuel into a
backstop jurisdiction from another jurisdiction in Canada.

5 Venting is the direct release of gas, which is predominately methane, into the atmosphere without combustion. Flaring is the controlled
combustion of a gas from industrial activities, in maintenance or emergency circumstances that require a release of pressure by removing
the gas.
6 Petrochemicals are organic chemicals made from crude oil and natural gas, such as methanol, ethylene, benzene, or butadiene, for use in
industrial processes (i.e., feedstock to make other chemicals).
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• Registered Fuel Users will be persons that cannot become Registered Fuel Distributors and that
are required to report on fuel used in a backstop jurisdiction and, in certain circumstances, may be
required to pay the levy7 or be entitled to claim relief from the levy, where it has been previously
paid. Registered Fuel Users will include inter-jurisdictional commercial transportation operators, and
entities operating a facility covered by the output-based pricing system.
• Non-registered persons will generally be retailers (other than natural gas retailers) and end-users,
including individuals and business consumers.
The levy will generally be payable when a Registered Fuel Distributor uses fuel in a backstop
jurisdiction or delivers fuel to a person in the backstop jurisdiction that is not a Registered Fuel
Distributor. Consequently, a Registered Fuel Distributor will be able to deal in fuel with other
Registered Fuel Distributors without the levy being payable.
The levy will generally apply to fuel when it is imported or brought into the backstop jurisdiction by a
Registered Fuel Importer. However, the levy will not be payable by a Registered Fuel Importer if the
Registered Fuel Importer delivers the fuel to a person in the backstop jurisdiction that is a Registered
Fuel Distributor, or delivers the fuel outside the backstop jurisdiction in a timely manner.
Registered Fuel Users that are operators of a facility covered by the output-based pricing system may
be able to acquire fuel without the levy being payable, if the fuel is for use at that facility. Registered Fuel
Users that are inter-jurisdictional commercial transportation operators will generally acquire fuel
in a backstop jurisdiction on which the levy has been paid, except in limited circumstances as
described below.
Generally, non-registered persons will acquire fuel on which the levy has been paid.

Fuels Produced in a Backstop Jurisdiction
In the case of fuel that is produced by a Registered Fuel Distributor and used by that Registered Fuel
Distributor in a backstop jurisdiction, the levy will become payable by the Registered Fuel Distributor at
the time that it is used. In this case, the levy will be reported to the Canada Revenue Agency (CRA) by
the Registered Fuel Distributor through a return and remitted to the Receiver General of Canada.
In the case of fuel that is produced by a Registered Fuel Distributor in a backstop jurisdiction and
delivered to a purchaser in a backstop jurisdiction that is not a Registered Fuel Distributor, the levy will
become payable by the Registered Fuel Distributor upon delivery to the purchaser. In this case, the
levy will be reported to the CRA by the Registered Fuel Distributor through a return and remitted to the
Receiver General of Canada. However, if the fuel is delivered to a purchaser that is another Registered
Fuel Distributor, the levy will not become payable on that transaction. Instead, the levy will become
payable by that other Registered Fuel Distributor at the time the fuel is used by that other Registered
Fuel Distributor in a backstop jurisdiction, or at the time the fuel is subsequently delivered
in a backstop jurisdiction to a person that is not a Registered Fuel Distributor.
• For example, if a Registered Fuel Distributor, such as an entity operating an oil refinery, delivers
gasoline to another Registered Fuel Distributor, such as a wholesale distributor, then the levy will
not be payable upon that delivery of the fuel. Rather, the levy will become payable when that other
Registered Fuel Distributor (i.e., the wholesaler) delivers the fuel in a backstop jurisdiction to a
purchaser that is not a Registered Fuel Distributor, such as a retail gas station.

7 For example, inter-jurisdictional carriers may, depending on where they purchase fuel and where they actually travel, be required to remit the
levy on fuel purchased outside a backstop jurisdiction or be entitled to a rebate of the levy on fuel purchased inside a backstop jurisdiction.
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The levy will not be payable on fuel that is produced by a Registered Fuel Distributor in a backstop
jurisdiction and that is delivered outside a backstop jurisdiction.
• For example, gasoline that is produced in a refinery that is operated by a Registered Fuel Distributor in
a backstop jurisdiction would ultimately not be subject to the levy if that gasoline is delivered outside
a backstop jurisdiction.

Fuels Brought into a Backstop Jurisdiction from another Jurisdiction in Canada
Generally, anyone that brings fuel into a backstop jurisdiction from another jurisdiction in Canada
will be required to register as either a Registered Fuel Distributor or, if they do not meet the minimal
volume threshold or other requirements to become a Registered Fuel Distributor, as a Registered Fuel
Importer.
A Registered Fuel Distributor will be able to bring fuel into a backstop jurisdiction on a levy-deferred
basis. The levy will become payable by the Registered Fuel Distributor only at the time it uses the
fuel in the backstop jurisdiction or delivers it in the backstop jurisdiction to a person that is not a
Registered Fuel Distributor. In either case, the Registered Fuel Distributor will report to the CRA
through a return and remit the levy to the Receiver General of Canada. If the fuel is instead delivered
to another Registered Fuel Distributor, no levy will be applied to that transaction. The levy will become
payable when the Registered Fuel Distributor that acquired the fuel uses it or delivers it to another
person, unless that other person is another Registered Fuel Distributor.
Registered Fuel Importers will generally not be able to bring fuel into a backstop jurisdiction and hold
it on a levy-deferred basis. The levy will apply to fuel that is brought into a backstop jurisdiction by a
Registered Fuel Importer at the time the fuel is brought in. In this case, the Registered Fuel Importer
will report to the CRA through a return and remit the levy to the Receiver General of Canada.
However, if the Registered Fuel Importer brings in the fuel for delivery to a Registered Fuel Distributor,
the levy will not become payable by the Registered Fuel Importer. The levy will become payable when
the Registered Fuel Distributor that acquired the fuel uses it or delivers it to another person in the
backstop jurisdiction, unless that person is also a Registered Fuel Distributor. If fuel is brought into a
backstop jurisdiction by a Registered Fuel Importer for delivery to a Registered Fuel Distributor but is
subsequently diverted for use in the backstop jurisdiction or delivery in the backstop jurisdiction to a
person that is not a Registered Fuel Distributor, then the levy will become payable upon that use or
delivery.
There will be special bringing-in rules for Registered Fuel Users that are inter-jurisdictional carriers,
which are described below.
The levy will generally not be applicable on fuel that is brought into a backstop jurisdiction if the fuel is
subsequently delivered outside the backstop jurisdiction in a timely manner. For example, the levy will
not become payable if the fuel is merely in transit through a backstop jurisdiction, such as gasoline
transiting in a tanker truck from one province to another through a backstop jurisdiction. If fuel is
brought into a backstop jurisdiction by a Registered Fuel Importer for delivery outside the backstop
jurisdiction but is subsequently diverted for use in the backstop jurisdiction or for delivery in the
backstop jurisdiction to a person that is not a Registered Fuel Distributor, then the levy will become
payable upon that use or delivery.
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Fuels Imported into Canada at a Location in a Backstop Jurisdiction
Generally, anyone that imports fuel into Canada at a location in a backstop jurisdiction will be required to
register as either a Registered Fuel Distributor or, if they do not meet the requirements of a Registered
Fuel Distributor, as a Registered Fuel Importer.
Registered Fuel Distributors will be able to import fuel into a backstop jurisdiction on a levy-deferred
basis. The levy will apply upon importation into Canada, but will become payable by the Registered
Fuel Distributor that imported the fuel only at the time it uses the fuel in the backstop jurisdiction or
at the time it delivers the fuel in the backstop jurisdiction to a person that is not a Registered Fuel
Distributor. In this case, the Registered Fuel Distributor will report to the CRA through a return and
remit the levy to the Receiver General of Canada. If the fuel is delivered outside a backstop jurisdiction,
the levy will not become payable. If the fuel is instead delivered to another Registered Fuel Distributor,
the levy will become payable when the other Registered Fuel Distributor uses it or delivers it to another
person, unless that other person is also a Registered Fuel Distributor.
If a Registered Fuel Importer imports fuels for its own use in a backstop jurisdiction or for delivery in
a backstop jurisdiction to a person that is not a Registered Fuel Distributor, then the levy will become
payable at the time of importation. In this case, the Registered Fuel Importer will report to the CRA
through a return and remit the levy to the Receiver General of Canada (i.e., the levy is not collected at
the border upon importation).
If a Registered Fuel Importer imports the fuel for subsequent delivery outside the backstop jurisdiction
in a timely manner, the levy will not be payable. If fuel is imported by a Registered Fuel Importer
for delivery outside the backstop jurisdiction but is subsequently diverted for use in the backstop
jurisdiction or for delivery in the backstop jurisdiction to a person that is not a Registered Fuel
Distributor, then the levy will become payable upon that use or delivery.
If a Registered Fuel Importer imports fuel for delivery to a Registered Fuel Distributor, the levy will
not become payable by the Registered Fuel Importer. The levy will become payable by the Registered
Fuel Distributor when it uses the fuel or delivers it to another person in the backstop jurisdiction,
unless that other person is also a Registered Fuel Distributor. If fuel is imported by a Registered
Fuel Importer for delivery to a Registered Fuel Distributor but is subsequently diverted for use in the
backstop jurisdiction or delivery in the backstop jurisdiction to a person that is not a Registered Fuel
Distributor, then the levy will become payable upon that use or delivery.
If a non-registered person imports fuel at a location in a backstop jurisdiction, the person will report
directly to the Canada Border Services Agency upon importation and remit the levy to the Receiver
General of Canada at that time (i.e., the levy will be collected at the border upon importation).

Fuels Imported Into Canada at a Location other than in a Backstop Jurisdiction for Delivery in a
Backstop Jurisdiction
Similar rules will apply to fuel that is imported into Canada at a location outside of a backstop
jurisdiction if the fuel is for delivery in a backstop jurisdiction. For example, if a Registered Fuel
Distributor imports gasoline into Canada at a location in a non-backstop jurisdiction, but the fuel
is for delivery to a backstop jurisdiction, the levy will not be payable until the fuel is used in the
backstop jurisdiction by the Registered Fuel Distributor, or is delivered to a person in the backstop
jurisdiction that is not a Registered Fuel Distributor. In this case, the levy will be reported to the CRA by
the Registered Fuel Distributor through a return and remitted to the Receiver General of Canada.
If a non-registered person imports gasoline into Canada at a location in a non-backstop jurisdiction, but
the gasoline is for delivery to a backstop jurisdiction, the person will report directly to the Canada Border
Services Agency upon importation and remit the levy to the Receiver General of Canada at that time.
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Application of the Carbon Levy to Natural Gas
In addition to upstream entities that produce natural gas (e.g., gas batteries, gas production plants)
in a backstop jurisdiction, natural gas retailers that deliver natural gas in a backstop jurisdiction will
be required to become Registered Fuel Distributors.
The carbon levy will generally not be payable on natural gas until it is delivered to a final user (e.g.,
delivered to residential homes), at which time the levy will generally become payable by the natural
gas retailer that delivers the fuel.
Where transactions occur in a backstop jurisdiction between natural gas distributors or producers,
the levy will generally not be payable, as these would typically be transactions between Registered
Fuel Distributors.
The levy will apply to natural gas that is used by a Registered Fuel Distributor in the natural gas
supply chain and become payable by the Registered Fuel Distributor at the time the fuel is used. If a
Registered Fuel Distributor delivers fuel to a person that is not a Registered Fuel Distributor, the levy
will become payable by the Registered Fuel Distributor at the time the fuel is delivered.
Generally, the levy will not become payable on natural gas that is delivered outside a backstop
jurisdiction.

Relief from the Carbon Levy
There will be certain situations in which relief from the levy will be provided, including in respect of:
• Fuel used at a facility whose emissions are accounted for under the output-based pricing system
(once it comes into effect);
• Gasoline and diesel fuel used by registered farmers in certain farming activities;
• Fuel exported or removed from a backstop jurisdiction;
• Fuel used as international ships’ stores (e.g., international aviation and marine fuels);
• In specified circumstances, fuel used as a raw material, diluent or solvent in a manufacturing or
petrochemical process in a manner that does not produce heat or energy;
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• Fuel purchased by visiting military forces and diplomatic representatives;
• Fuel in sealed, pre-packaged containers of one litre or less; and
• Biofuel portion of blended fuels (e.g., for gasoline or diesel blended with biofuels, the levy will apply
to only the fossil fuel content).
The Government will develop a mechanism for providing relief (e.g., exemption certificate, rebate)
for each of these circumstance.

Registration Requirements
As noted above, certain persons will be required to register with the CRA as a Registered Fuel
Distributor, a Registered Fuel Importer or a Registered Fuel User.
The registrations will be administered on a fuel-by-fuel basis. Therefore, the registration status of
a person may differ per type of fossil fuel subject to the levy.

Registered Fuel Distributors
Generally, all producers of fuels covered by the carbon levy operating within a backstop jurisdiction
will be required to be registered as a fuel distributor with the CRA. This will include oil refiners and coal
mine operators.
Large wholesale distributors (e.g., entities whose business essentially consists of purchasing fuels for
purpose of resale other than at retail and above a specified annual volume threshold) of fossil fuels
operating within a backstop jurisdiction will be able to become Registered Fuel Distributors. Generally,
wholesale distributors of fuels are entities that purchase fuels for purpose of re-sale in a backstop
jurisdiction to entities other than end-users. An entity will be considered a wholesale distributor and
required to become a Registered Fuel Distributor, whether it acquires fuel from within the backstop
jurisdiction or whether it imports or brings-in the fuel from another jurisdiction.
In addition to upstream entities that produce natural gas, natural gas retailers that deliver natural gas
in a backstop jurisdiction will be required to become Registered Fuel Distributors.
In addition to the requirements noted above, there will be some restrictions on who will be able to
become a Registered Fuel Distributor. For example, entities that will be considered as Registered
Fuel Distributor of some fuels, including gasoline and diesel, may be restricted to those entities that
deal in fuel above a specified quantity. In other words, for some fuel types, if an entity does not satisfy
the specified minimum quantity requirement, it may not be eligible to become or to continue to be a
Registered Fuel Distributor. Also, retailers and end-users will generally not be able to become Registered
Fuel Distributors.

Registered Fuel Importers
Generally, any person that is not able to become a Registered Fuel Distributor and that imports fuel
into Canada for delivery or use in a backstop jurisdiction or that brings fuel into a backstop jurisdiction
from another jurisdiction in Canada will be required to become a Registered Fuel Importer.
However, a person that brings in or imports 200 litres or less will generally not be subject to this
requirement.
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Registered Fuel Users
Some persons will be required to become Registered Fuel Users, including the following:
• Commercial carriers (e.g., operators of transport trucks, operators of rail transportation, operators
of marine transportation, air carriers) that operate in a backstop jurisdiction and at least one other
jurisdiction;
• An operator of a facility whose emissions are covered under the output-based pricing system;
• Certain businesses that burn waste that is subject to the carbon levy (e.g., tires, asphalt shingles)
in a backstop jurisdiction; and
• Certain businesses that use fuel as a raw material, diluent or solvent in a manufacturing or
petrochemical process in a manner that does not produce heat or energy.

Inter-Jurisdictional Commercial Transportation Requirements
Commercial carriers (i.e., persons transporting passengers, freight, or both) that operate in a backstop
jurisdiction, and in at least one other jurisdiction, will be required to be registered with the CRA as
Registered Fuel Users.

Road and Rail
For fuels consumed in commercial road and rail transportation, the levy will apply to only the fuel
that is used within a backstop jurisdiction. In other words, the levy will apply both to fuel that is used
during a journey that starts and ends in the same jurisdiction (intra-jurisdictional travel) and to fuel that
is used during the portion of an inter-jurisdictional or international journey that occurs in a backstop
jurisdiction.
• Inter-jurisdictional road and rail carriers will purchase fuel in a backstop jurisdiction with the levy
embedded.
• These carriers will also be required to pay the carbon levy on fuel that was purchased outside the
backstop jurisdiction, brought into the backstop jurisdiction and used in the backstop jurisdiction.
Conversely, they will be entitled to relief for fuel that is purchased in the backstop jurisdiction but
used outside the jurisdiction.
• To this end, inter-jurisdictional road and rail carriers will be required to file a return with the CRA and
report fuel purchases made inside and outside each backstop jurisdiction, as well as the distance
travelled inside and outside each backstop jurisdiction in order to self-assess the amount of carbon
levy owing, or amount of relief to the carrier, as the case may be.
• All truck operators and commercial buses – domestic and international – that transit through a
backstop jurisdiction will be required to register with CRA, report on levy paid and payable and file
regular returns.
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Marine
For fuels consumed in commercial marine transportation, the levy will only apply to fuel used in
intra-jurisdictional travel. In other words, the levy will only apply to fuel used for commercial marine
transportation that occurs between two points in the backstop jurisdiction.
• Marine carriers in a backstop jurisdiction will generally purchase fuel with the levy embedded.
They will file regular returns and will be entitled to relief for levy paid on fuel that is used in interjurisdictional journeys (e.g., trips between a point in the backstop jurisdiction and a point outside
the backstop jurisdiction).
• Further, these carriers will be required to self-assess on fuels purchased without the levy previously
applied and used in intra-jurisdictional journeys. For example, if a ship ends a journey in a backstop
jurisdiction with unused fuel and subsequently makes an intra-jurisdictional journey using that fuel,
the marine carrier is required to self-assess on the fuel used in that journey.
• For fuel that is destined for international ships’ stores, fuel could be delivered without the levy being
payable if delivered by a Registered Fuel Distributor. If the fuel used for international ships’ stores
had levy embedded, relief will be provided for that fuel.

Aviation
To date, provinces that have introduced carbon pricing systems have either not covered GHG
emissions from aviation fuels at all or not applied the carbon price to aviation fuels used in interjurisdictional flights within Canada. The Government recognizes that this exemption may have been
made to address competitiveness concerns for local airports. The introduction of carbon pricing in all
Canadian provinces and territories eliminates these inter-jurisdictional competitiveness concerns and
presents an opportunity for this important source of GHG emissions to be covered across Canada.
The federal government will engage with provincial and territorial governments and stakeholders to
ensure that this emission source is properly covered, through a consistent national approach, and
to determine which role the backstop should play in this regard, including in jurisdictions that have a
carbon pricing system in place.
In the meantime, for fuels consumed in commercial aviation transportation, the backstop levy will only
apply to fuel used in intra-jurisdictional travel. In other words, the levy will only apply to fuel used for
commercial aviation transportation that occurs between two points in the backstop jurisdiction.
• Air carriers in a backstop jurisdiction will generally purchase fuel with the levy embedded. They will
file regular returns and will be entitled to relief for levy paid on fuel that is used in inter-jurisdictional
journeys (e.g., trips between a point in the backstop jurisdiction and a point outside the backstop
jurisdiction).
• Further, these carriers will be required to self-assess on fuels purchased without the levy previously
applied and used in intra-jurisdictional journeys. For example, if an aircraft lands in a backstop
jurisdiction with unused fuel and subsequently makes an intra-jurisdictional journey using that fuel,
the air carrier is required to self-assess on the fuel used in that journey.
• For fuel that is destined for international ships’ stores, fuel could be delivered without the levy being
payable if delivered by a Registered Fuel Distributor. If the fuel used for international ships’ stores
had levy embedded, relief will be provided for that fuel.
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Transitional Rules and Rules Related to Rate Changes
Persons that are required to register with the CRA will be able to do so on a provisional basis prior to
the implementation date of the carbon levy.
Any person that possesses a quantity of fuel in a backstop jurisdiction that exceeds a minimum
threshold on the implementation date of the levy will be required to self-assess and remit the levy on
fuel in their possession. However, this requirement would not apply to a Registered Fuel Distributor that
is registered as of the implementation date.
Registered Fuel Distributors will be required to pay the levy on fuel that is delivered in a backstop
jurisdiction on or after the implementation date to a person, unless that person is a Registered Fuel
Distributor.
Similarly, in respect of rate increases that occur after 2018, any person that possesses a minimum
quantity of fuel in a backstop jurisdiction on the implementation date of a rate increase will be
required to assess and remit the levy on fuels in their possession. This requirement would not apply
to a Registered Fuel Distributor that is registered as of the implementation date of a rate increase.
Also, in respect of future rate increases, Registered Fuel Distributors will be required to pay the levy
at the new rate on fuel that is delivered to a person in a backstop jurisdiction, unless that person is
a Registered Fuel Distributor, on or after the implementation date of a rate increase.

Administrative Aspects
Every Registered Fuel Distributor, Registered Fuel Importer and Registered Fuel User will be required
to file monthly returns with the CRA. Registered persons will need to calculate in the return the total
amount of levy payable for each backstop jurisdiction and remit that amount to the Receiver General
of Canada.
The return for each registered person will have to be filed, and any amount payable will have to be
paid, by the end of the first month following the fiscal month of the person. For example, assuming
a registered person’s fiscal month is also a calendar month, if a Registered Fuel Distributor delivers
fuel to a purchaser that is not a Registered Fuel Distributor on June 15th, the Registered Fuel
Distributor will be required to file a return and remit the levy to the Receiver General of Canada by
July 31st. Similarly, if a Registered Fuel Distributor uses fuel it holds on June 15th, the Registered Fuel
Distributor will be required to file a return and remit the levy to the Receiver General of Canada by July 31st.
Registered Fuel Distributors will generally need to provide information on quantities of fuels
produced, brought into, and imported into each backstop jurisdiction, as well as quantities of fuels
used and delivered within each backstop jurisdiction and delivered outside a backstop jurisdiction.
Registered Fuel Importers will generally need to provide information on quantities of fuels brought into
and imported into, or for delivery or use into, each backstop jurisdiction, as well as quantities of fuels
used and delivered within each backstop jurisdiction and delivered outside the backstop jurisdiction.
The information that Registered Fuel Users will need to provide will vary depending on the class of user
(e.g., air carriers versus persons burning waste). Generally, they will be required to provide information
to the CRA and determine the amount of levy payable or refundable for each backstop jurisdiction, as
explained above.
Registered Fuel Distributors, Registered Fuel Importers and Registered Fuel Users will be required
to keep books and records sufficient to enable a determination to be made of whether they have
complied with payment requirements and other carbon levy rules in general. The basic period for
retaining records will be 6 years after the end of the year in which they relate.
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Registered Fuel Distributors, Registered Fuel Importers and Registered Fuel Users may be required
to provide and maintain security in an amount and in a form satisfactory to the Minister of National
Revenue.
To promote compliance with the carbon levy, its framework will include modern elements of an
enforcement regime (e.g., interest, penalties, offences) aligned with those found in other statutes
administered by the Canada Revenue Agency.

THE OUTPUT-BASED PRICING SYSTEM ELEMENT OF
THE BACKSTOP
The aim of an output-based pricing system is to minimize competitiveness and carbon leakage risks
for activities for which those risks are high, while retaining the incentives to reduce emissions created
by the carbon pricing signal.
The output-based pricing system will apply the carbon pollution price to the portion of a covered
source’s emissions that exceed those allowed by the emissions-intensity standard for the type
of activity. Facilities in the system that emit less than the limit that corresponds to the relevant
emissions-intensity standard will receive “surplus credits” from the Government of Canada that they
can bank for future use or trade to another participant in the output-based pricing system. Facilities
whose emissions exceed their limit will need to submit compliance units (surplus credits banked from
a previous year or acquired from another facility or offset credits: see “compliance units” below) or pay
the carbon price to make up the difference.
Under this system, only a portion of a covered source’s emissions will be subject to a direct price
obligation. However, the price incentive will apply to all of the emissions, as facilities can earn surplus
credits that they can sell if they emit less than their regulatory limit.

SCOPE OF THE OUTPUT-BASED PRICING SYSTEM
Facilities and Sectors Included in the Output-Based Pricing System
The output-based pricing system will apply to all industrial facilities that emit 50 kilotonnes (kt) or more
of CO2e per year. It will not apply to facilities in specifically listed sectors such as buildings (including
municipal, hospitals, universities, schools, commercial), waste and wastewater, regardless of the
quantity of their emissions.
Facilities in industrial sectors that emit less than 50 kt of CO2e per year will have the ability to “opt in”
to the output-based pricing system, allowing similar treatment of competitors with varying emissions
output. This will allow smaller facilities to choose between paying the carbon levy and fulfilling the
administrative requirements to participate in the output-based pricing system. This will also avoid
creating the perverse incentive to emit more in order to be eligible for treatment under the outputbased pricing system.

Emissions Covered in the Output-Based Pricing System
The output-based pricing system will apply to emissions from fuel combustion as well as emissions
of synthetically-produced greenhouse gases from industrial processes and product use.
Like the carbon levy, pricing will be applied on a CO2e basis. Because industrial emissions can include
more greenhouse gases than those emitted from fuel combustion, the output-based pricing system will
apply to emissions of all seven of the UNFCCC greenhouse gases – CO2, CH4, N2O, hydrofluorocarbons
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(HFCs), perfluorocarbons (PFCs), sulfur hexafluoride (SF6) and nitrogen trifluoride (NF3) – that can
be quantified using robust and replicable quantification methodologies. This will cover emissions from
all fossil fuels used by facilities subject to the output-based pricing system, including some venting,
flaring and fugitive emissions.8
The output-based pricing system will also apply to other GHG emissions such as process emissions
and emissions from solvent use.
At the outset, CO2 emissions resulting from the combustion of biomass will not be covered because
these emissions are not counted in Canada’s National Inventory total.9

Output-Based Standards
An output-based standard is an emissions-intensity standard for a type of activity or product
(e.g., tonnes of CO2e per megawatt hour of electricity). The output-based standard will be set at a level
that represents best-in-class performance (top quartile or better) in order to drive reduced emissions
intensity.

APPLICATION OF THE OUTPUT-BASED PRICING SYSTEM
Compliance reporting for the output-based pricing system will apply annually, based on a calendar year.

Determining a Facility’s Emissions Limit
The annual GHG emissions limit for a facility will be the sum of the emission limits for all activities that
the facility undertakes.
For a single product facility, the annual emissions limit will be based on the applicable output-based
standard and the facility’s total output:
Annual Facility Emissions Limit (tonnes CO2e) = Output-based standard (tonnes CO2e/unit) x Units
Produced (units)
For a multi-product facility, the same approach will apply. For example, for a facility that produces two
products, the annual GHG emissions limit for the facility will be:
Annual Facility Emissions Limit (tonnes CO2e) = [Product 1 Output-based standard (tonnes CO2e/unit 1) x
Product 1 Units Produced (units 1)] + [Product 2 Output-based standard (tonnes CO2e/unit 2) x
Product 2 Units Produced (units 2)]

If a Facility Emits Less than its Emissions Limit
A facility that emits less than its annual limit will receive surplus credits from the Government of
Canada for the difference between its limit and its reported emissions, where each surplus credit
represents one tonne of CO2e.

8 Forthcoming methane reduction regulations for the oil and gas sector will complement carbon pollution pricing.
9 For more information, please see “Technical Guidance on Reporting Greenhouse Gas Emissions” (https://www.ec.gc.ca/ges-ghg/default.
asp?lang=En&n=47B640C5-1&offset=5&toc=hide)
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If a Facility Exceeds its Emissions Allocation
A facility that exceeds its annual emissions limit will have several options to meet its compliance
obligation, including:
• Payment to the Government at the carbon price that will be set in the backstop legislation and based
on the federal benchmark (i.e., $10/tonne CO2e in 2018, rising to $50/tonne CO2e in 2022);
• Use of eligible carbon offset credits (see below); and
• Use of surplus credits issued by the Government to facilities that emitted less than their regulated
limits.
Facilities will have the flexibility to meet their full compliance obligation with any of these options or
any combination thereof in a given year.
This flexibility will allow each regulated facility to achieve compliance at the lowest cost for its operation.
Enabling the use of carbon offsets will spread the carbon price signal to all sectors of the economy that
are not subject to direct carbon pricing, and allowing the use of surplus credits will encourage regulated
facilities to reduce their emissions intensity as much as possible, regardless of the emissions-intensity
standards that apply to them.

Compliance Units
Output-based pricing system surplus credits: Credits will be issued by the Government of Canada
to a regulated facility after confirming that the facility’s reported emissions for the previous year were
less than its limit. Subject to certain rules, surplus credits may be banked for future use or traded to
another participant in the output-based pricing system.
Carbon offset credits: Credits can be generated from voluntary activities, namely those that are
not subject to GHG emissions reduction regulations, that are not required by law, that have not been
supported by government financing, and that go beyond “business as usual” practices. The federal
government will develop rules to determine which offset credits can be accepted for compliance
under the output-based pricing system, which could include foreign compliance units (referred to as
“internationally transferred mitigation outcomes”). This will be informed by the pan-Canadian offsets
framework being developed by the Canadian Council of Ministers of the Environment.
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A limit will be set on the start date for projects from which offset credits will be authorized for
compliance purpose. The Government may restrict the number of years that offset credits can be
banked, and may require regulated facilities to replace offset credits that are revoked or invalidated
after they have been submitted for compliance.10

Reporting and Verification Requirements
After the end of each compliance year, each facility in the output-based pricing system will be required
to quantify its emissions using prescribed methodologies for each of its activities. This will allow the
facility to compare its reported emissions to its annual GHG emissions limit.
Each facility will also be required to submit an annual compliance report on its annual emissions limit
and its emissions. These reports will need to be third-party verified to a reasonable level of assurance
by verification bodies that are accredited to ISO 14065 by a member of the International Accreditation
Forum.
Compliance reports will be submitted by March 31 following the calendar year of compliance (e.g.,
reports will be due March 31, 2020 for emissions associated with the facility from January 1 to
December 31, 2019).

Administration of the Output-based Pricing System
Environment and Climate Change Canada will administer the output-based pricing system. Industrial
facilities that are subject to the output-based pricing system will have to register with and submit
compliance reports to Environment and Climate Change Canada. Verification bodies engaged by
output-based pricing system participants will submit their reports directly to Environment and Climate
Change Canada.

Compliance, Penalties and Enforcement
The output-based pricing system part of the backstop legislation will provide authorities for a modern
enforcement regime aligned with the enforcement schemes found in other legislation administered
by Environment and Climate Change Canada. This will include access to a variety of enforcement
measures to encourage compliance or deter future non-compliance including written warnings,
administrative penalties, compliance orders and prosecution.

10 To maintain program integrity, authorities will be able to revoke credits issued for projects that do not meet program requirements. In such
cases, the Government would require the facility to replace compliance obligation made with the revoked credits.
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BACKSTOP IMPLEMENTATION TIMING
The backstop will apply in a province or territory that does not have a pricing system that aligns
with the benchmark.
The carbon levy will come into effect in 2018.
The output-based pricing system will not come into effect before January 1, 2019.
For the interim period between when the levy and the output-based pricing system come into force,
the carbon levy will apply fully to fuels used by all industrial facilities.

HOW TO PROVIDE INPUT
Canadian stakeholders, businesses and the public are invited to submit feedback as part of the
Government of Canada’s consultation on the federal benchmark and backstop for carbon pricing.
Closing date: June 30, 2017
Written comments should be sent to:
Carbonpricing-tarificationcarbone@canada.ca
In order to add to the transparency of the consultation process, the Government of Canada may make
public some or all of the responses received or may provide summaries in its public documents.
Therefore, parties making submissions are asked to clearly indicate the name of the individual or the
organization that should be identified as having made the submission.
In order to respect privacy and confidentiality, when providing your submission please advise
whether you:
• consent to the disclosure of your submission in whole or in part;
• request that your identity and any personal identifiers be removed prior to publication; and/or
• wish any portions of your submission to be kept confidential (if so, clearly identify the confidential
portions).
Information received throughout this submission process is subject to the Access to Information Act
and the Privacy Act. Should you express an intention that your submission, or any portions thereof,
be considered confidential, the Government of Canada will make all reasonable efforts to protect this
information.
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ANNEX 1: CO2E
The concept of “global warming potential” allows for a comparison of the ability of each GHG to
trap heat in the atmosphere relative to CO2. CO2e is a measure of the quantity of CO2 that would
be required to produce a similar warming effect as another GHG over the same time horizon. It is
calculated by multiplying the quantity of a GHG by its global warming potential. The United Nations
Intergovernmental Panel on Climate Change regularly updates the measurement of global warming
potential.
The combustion of fossil fuels results in three different GHG emissions being produced – carbon
dioxide (CO2), methane (CH4), and nitrous oxide (N2O) – each of which has a unique atmospheric
lifetime and heat-trapping potential. The total GHG emissions from combusting a fuel is the CO2e of all
three GHG emissions added together.
The quantity of CO2 emitted is related to the carbon content in a given type of a fossil fuel and the
amount of fuel combusted. The carbon content of some fuels can vary. For example, natural gas from
different regions has different carbon content. As a result, natural gas from Western Canada will have
a different level of GHG emissions per litre of fuel than natural gas from Eastern Canada.
The quantity of methane and nitrous oxide emitted is related to the amount of fuel combusted and
the type of technology used to combust that fuel. For example, fuel that is used to heat a home
will have different levels of methane and nitrous oxide emissions per litre than a fuel used in a
heavy-duty vehicle.
For both components of the backstop, emissions will be converted to a CO2e basis using current
global warming factors. For the levy, rates will be set out under the relevant legislation and will
be based on the Canadian average emission factor for a fossil fuel (where factors differ by region
for that fuel) and the technology that is most commonly used to combust a fossil fuel. For
the output-based pricing system, regulated entities will use the same factors to calculate their
emissions following a methodology that will be specified in regulations.
The output-based pricing system will apply to emissions from fuel combustion as well as emissions of
synthetically-produced greenhouse gases from industrial processes and product use, and will cover
all seven of the greenhouse gases included in the United Nations Framework Convention on Climate
Change reporting requirements: CO2, methane (CH4), nitrous oxide (N2O), perfluorocarbons (PFCs),
hydrofluorocarbons (HFCs), sulphur hexafluoride (SF6) and nitrogen trifluoride (NF3).
The global warming factors for both components may be updated from time to time when changes
are made to requirements for inventory reporting under the United Nations Framework Convention on
Climate Change.
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Foreword
Canada views this initial Mid-Century Strategy report as an opportunity to begin the
conversation about what a long-term low-greenhouse gas emission society would entail.
The report provides a basic framework regarding what challenges and opportunities
have currently been identified in academic literature and expert based analyses
regarding deep emissions reductions in the mid to long-term.
Canada submits this strategy to the United Nations Framework Convention on Climate
Change (UNFCCC) under the premise that the content of the report will continue to be
updated and adjusted as Canada advances on the implementation of its low-carbon
development pathway. As such, Canada’s position is that the Mid-Century Strategies
should be submitted in an iterative or cyclical process, where Parties provide regular
updates as low-GHG technologies and national circumstances continue to evolve.
This iterative process will allow the Canadian public, experts, and stakeholder
communities, to provide substance to this framework as Canada moves towards a
common global objective of reducing greenhouse gas emissions.
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Executive Summary
Canada is committed to creating a cleaner, more
innovative economy that reduces emissions and
protects the environment, while creating well-paying
jobs and promoting robust economic growth.
A low-greenhouse gas future represents an
opportunity to increase prosperity and the well-being
of Canadians, to improve the livability of the built
environment, modernise transportation, and enhance
the natural environment.
Canada’s actions on climate change will help
communities in Canada in tangible and meaningful
ways, since clean growth is not just good for the
planet — it’s also good for the economy. The benefits
include: reducing air pollution and congestion,
modernising infrastructure to provide more inclusive
and sustainable cities, creating cleaner and more
modern communities, growing Canada’s clean
technology sector, increasing economic productivity
and efficiency, saving energy and reducing energy
costs, and enhancing resilience to the impacts of
climate change.
Addressing climate change paves the way towards
innovation and jobs in the clean energy and
technology sectors. This represents an opportunity to
adopt innovations that can enhance quality of life.
Canada is investing in a cleaner future for our children
and grandchildren, and creating the right conditions
for communities everywhere to create good jobs in a
modern, clean global economy.
For the purpose of the Mid-Century Strategy, Canada
examines an emissions abatement pathway consistent
with net emissions falling by 80% in 2050 from 2005
levels. This is consistent with the Paris Agreement’s
2°C to 1.5°C temperature goal.
The Paris Agreement, adopted at the 21st Conference
of the Parties (COP21) to the United Nations Framework
Convention on Climate Change (UNFCCC), represents
the first time in history that virtually all of the world’s
nations agreed to pursue their highest possible
ambition to combat climate change under a
common framework. Through the Paris Agreement
over 195 countries representing 97% of global GHG
emissions agreed to strengthen the global response
to the threat of climate change, including by holding
the increase in the global average temperature to well
below 2°C above pre-industrial levels and pursuing
efforts to limit the temperature increase to 1.5°C above
pre-industrial levels.

Building on analyses from the Intergovernmental Panel
on Climate Change (IPCC) Fifth Assessment Report,
the United Nations Environment Programme (UNEP)
states that GHG emission reductions in the order of
70 to 95% below 2010 levels would be required by
2050 to remain on a pathway consistent with a >50%
likelihood of limiting average global temperature
rise to 1.5°C. Achieving this temperature goal is only
possible through actions on carbon dioxide and
short-lived climate pollutants (SLCPs) together. For
the purpose of the Mid-Century Strategy, Canada
examines an emissions abatement pathway consistent
with net emissions falling by 80% from 2005 levels.
Reducing greenhouse gas emissions to levels
consistent with the reasonable probability of
maintaining this temperature goal will not be easy.
It will require substantial effort on the part of all
Canadians, with a fundamental restructuring of
multiple sectors of the economy. Cost-effective
abatement opportunities will need to be realised
from virtually every greenhouse gas emissions source
and activity. In the energy sector, this will include
enhanced energy efficiency and conservation, finding
cleaner ways to produce and store electricity, and
switching towards non-emitting electricity or other
low-GHG alternatives.
Although this will require thoughtful and significant
effort on the part of all Canadians (including robust
government policy such as carbon pricing, regulatory
measures, and support for technology development),
the cost of inaction poses a dire risk that cannot be
ignored. This risk is threefold:
•

Ongoing emissions of anthropogenic GHGs will
cause atmospheric concentrations to continue
to rise, leading to higher global average
temperatures and a cascade of related impacts,
including increases in severe weather, and rising
sea level.

•

Failure to act now means that costs will likely
rise in the future as the required pace of
decarbonisation increases. This raises the
probability of misallocation of investment and
infrastructure, as well as stranded assets.

•

As the world moves to address climate change,
Canada should not be left behind in the emerging
global markets for clean energy and related
goods and services.
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A global clean growth economy offers considerable
economic opportunities and co-benefits such as
growing Canada’s clean technology sector, using
more efficient technology globally, mitigating other
types of pollutants, improving health and air quality,
and increasing productivity through more efficient
life cycle production.
Responding to climate change presents an
opportunity for Canada to discover and adopt new
and innovative ways to enhance our quality of life,
while ensuring that this prosperity is sustainable given
finite natural resources and environmental concerns.
For example, designing low-carbon buildings can
save on energy requirements and heating, cooling,
and electricity costs, while increasing natural light
and airflow. As another example, reducing traffic
congestion through more sustainable movement
of people and goods would reduce GHG emissions
as well as air and noise pollution, save travel time,
and lead to healthier and more productive cities.
Often through analysing supply chains, or life-cycle
assessments of final products, solutions can be
found that are environmentally, socially, as well as
economically preferable.
Finding low-GHG solutions will also provide Canada
with opportunities to help other countries that
are also pursuing low-GHG objectives. Canada’s
clean technology sector has grown substantially
over the last few years, and there continues to be
considerable prospects for continued growth in the
sector. Further investments in research, development
and deployment (RD&D) of clean technology, will
support Canada’s competitiveness in the short and
long term, both in emerging and traditional market,
creating higher paying jobs, and stimulating exports.
Through “Mission Innovation”, Canada along with
20 governments and the European Union, have
agreed to double their respective investments
in transformative, clean energy research and
development over five years, encourage private
sector investment in clean energy technology,
and increase collaboration among participating
countries. Canada is making key investments in
clean energy and emissions-reducing technology
to accelerate domestic adoption and to deploy our
energy know-how and technology to markets around
the world. Adopting innovative technologies in the
natural resources sectors (energy, mining, forestry,
agriculture, and fisheries) will promote Canada’s
international leadership in sustainable resource
development, providing prosperity to Canadians.

4

While today’s technologies and knowledge can
significantly reduce emissions, the transition to a
low-carbon economy can be eased through
innovation, a scale up of RD&D investment, and
private sector investment.
Most international and Canadian greenhouse
gas mid-century abatement analyses note that
deep cuts in emissions are possible with today’s
technology, although mitigation costs remain high
in certain areas. For example, an assessment from
the Council of Canadian Academies published in
2015, suggests that Canada can significantly reduce
GHG emissions by using commercially available
technologies in key sectors of the economy. Studies
consistently point to currently deployed technologies
as being essential components to the climate
change solution, such as expanding the use of nonemitting electricity across end-use sectors, increasing
the use of alternative fuels, and improving energy
conservation and efficiency.
Many studies also note that new and emerging
technologies can help to smooth our transition to a
low GHG economy. For example, the International
Energy Agency (IEA) demonstrates that a sustainable
energy transition is possible with currently deployed
or near-commercial technologies, but that the
long-term transition will be eased (in terms of
investment requirements and timing) with the nearterm acceleration of deployment of clean energy
options, or the development of more innovative
technologies. The IEA highlights that current global
RD&D investments are well below what is required to
achieve our international climate goals.
Likewise, substantial financial investments are needed
from the private sector to move towards a low-GHG
future, and related risks and opportunities associated
with these investments should be identified early.
Carbon pricing can provide the market signal
required for private sector investment and innovation.
Technology developers and users are best positioned
to bring forward new technologies that will ultimately
succeed. Innovation in clean technologies, whether
it is a breakthrough technology or one that improves
the efficiency of an existing process, can lead to
significant GHG abatement internationally as the
new technology becomes utilised globally.
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Canada’s mid-century and long-term objectives
will be ultimately realized though short-term
concrete action.

sector, and help Canadians manage the effects of
climate change, by building capacity for adaptation
and strengthening resilience.

Canada’s Mid-Century Strategy is not a blueprint for
action, and it is not policy prescriptive. Rather, the
report is meant to inform the conversation about how
Canada can achieve a low-carbon economy. This
includes describing modelling analyses that illustrate
various scenarios towards deep emissions reductions.
Canada’s Mid-Century Strategy outlines potential
GHG abatement opportunities, emerging key
technologies, and identifies areas where emissions
reductions will be more challenging and require
policy focus in the context of a low carbon economy
by 2050.

On March 3, 2016, Canada’s First Ministers and
Indigenous Leaders met in Vancouver and
committed to developing a concrete plan to achieve
Canada’s international greenhouse gas reduction
commitments through a pan-Canadian framework
for clean growth and climate change. Canada’s
First Ministers released the Vancouver Declaration
in which they agreed to build on commitments
and actions already taken by provinces and
territories in order to meet or exceed Canada’s
GHG emissions targets. They highlighted the need
to foster investment to promote clean economic
growth and create jobs that support the transition to
a low-carbon economy, while benefitting individual
Canadians and addressing competitiveness
impacts on businesses. They committed to deliver
mitigation actions by adopting a broad range
of domestic measures, including carbon pricing
mechanisms, adapted to each jurisdiction’s specific
circumstances. Commitments were also made to
develop and implement strong, complementary
adaptation policies and action on climate resilience
to address climate risks facing our populations,
infrastructure, economies and ecosystems, and
Canada’s northern regions in particular.

To deliver on Canada’s short term action, the
Government of Canada is working closely with
provinces and territories, and with National
Indigenous Organizations to finalize a pan-Canadian
framework for clean growth and climate change,
which will include actions to reduce emissions, build
resilience, and spur innovation and create jobs.
This will develop Canada’s plan for meeting the 2030
target of reducing GHG emissions to 30% below 2005
levels, and also includes a carbon pricing framework.
The pan-Canadian framework will pave the way
towards innovation and jobs in the clean energy
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The Mid-Century Strategy will help inform the panCanadian framework, while long term planning is
essential to infrastructure and energy investments,
setting the course for a low-carbon future.

All regions and sectors must act to reduce emissions,
but specific abatement pathways could differ from
one jurisdiction to another. Regional cooperation will
be key to our success.

The development of a Mid-Century Strategy is an
essential step to set the course towards a low-carbon
economy as it will inform longer term planning and
investment. Long-term planning is fundamental for
creating and managing robust energy systems, and
careful and far-sighted policy making is essential
to combat climate change in an economically
efficient, socially acceptable, and effective manner.
Because of the long-lived nature of some energy
supply and demand equipment, investments and
policy decisions made today will affect the level
of greenhouse gases in 2050. For example, many
of the buildings and electricity generating facilities
built today will continue to be operational in 2050.
Once these assets are locked-in, replacing them with
cleaner alternatives will impose additional costs and
complexity. Likewise, government policies should be
designed with both a shorter term as well as longerterm focus, ensuring that greenhouse gas emissions
will continue to decline towards a low-GHG future.

The Strategy that we present constitutes a
growing consensus over possible avenues for
low-carbon development informed by independent
expert analysis.

By aligning its goals to the UNFCCC temperature
goals, Canada now has an opportunity to integrate
climate change objectives into its long term
planning processes. Although this report does not
propose specific policies, it identifies key options
for Canada’s low-GHG development. For example,
the anticipation of significant growth in Canadian
electricity demand should underpin mid-century
investment and planning. Planners should keep in
mind that this increased demand will stem from
both Canadian applications as they switch away
from more carbon intensive energy sources, as
well as potentially supplying clean electricity to
our continental neighbours. As another example,
planners should note that regional differences will be
a key consideration due to the variation in electricity
generating portfolios, and technical capacities from
one jurisdiction to another.

6

This Strategy identifies key objectives and building
blocks that could underlie our transition to a lowGHG economy. These building blocks frame the
foundation of Canada’s long term climate change
mitigation strategy:
•

Electrification has been identified as an essential
step in all deep GHG mitigation analyses. The
electrification of end use applications that are
currently using fossil fuels is fundamental, for
example, using electricity to power certain cars,
trucks, building appliances and heating systems,
and energy requirements for some industries.

•

Concurrent trends towards decarbonisation of
the electricity generating sector are needed.
Electricity generation in Canada is already more
than 80% non-emitting, with a trend towards
non-emitting generation expected to continue,
including through increased government action.

•

The significant increase in electricity demand
resulting from electrification policies (e.g.,
doubling or more by 2050), and electricity
exports, should be satisfied through
low-carbon sources.

•

Canada, and North America’s, electricity
future will be shaped by interprovincial and
intercontinental cooperation. Enhanced
interjurisdictional electricity transmission
interties could allow areas with hydropower, or
other forms of non-emitting generation, to sell
electricity to other provinces or U.S. States that
rely on fossil fuels.

•

Energy efficiency and demand side
management are key to achieving deep GHG
reductions. For example, the International Energy
Agency (IEA) estimates that 38% of the required
global emissions reductions associated with
a 2°C pathway could be met through energy
efficiency improvements. Efficiency gains are
also key enablers of electrification technologies
and consumer savings.
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•

Some sectors such as heavy industries,
marine transportation, some heavy freight
transportation, and aviation could move to lower
or low-carbon fuels such as second generation
biofuels or hydrogen. Alternatively, new and
emerging technologies in synthetic hydrocarbons
or energy storage would be needed.

•

Abatement of non-carbon dioxide greenhouse
gases, such as methane and hydrofluorocarbons,
is a priority given their high global warming
potentials. Reductions of these pollutants can
often help slow the rate of near-term warming
and contribute to achievement of the global
temperature goal. Although black carbon is
not classified as a greenhouse gas, it has strong
global warming effects that must
also be addressed.

•

Behavioural changes will also contribute to a
low-GHG economy. For example, innovative
approaches to moving people and freight are
likely to become more widely adopted over
the next 35 years, as well as changes in the way
people live, work, and consume.

•

Cities are home to 70% of the world’s energyrelated carbon dioxide emissions. Canadian
cities host 80% of the national population,
compared to 62% sixty years ago. With a
continuing trend in urbanization for the
upcoming decades, cities across Canada
cannot afford to wait to increase climate change
mitigation and adaptation efforts.

•

Canada’s forests and lands will continue to play
an important role in sequestering substantial
amounts of carbon dioxide from the atmosphere.
This sequestration can be augmented through
policies and measures that better manage our
forests and forest products. Without consideration
of the global land sector, the 1.5 to 2°C
temperature goal will be very hard to achieve.

•

Innovation will also be crucial. A sustainable
energy transition is possible with currently
deployed or near-commercial technologies, but
the long-term transition will be eased with the
near-term accelerated deployment of clean
energy options, or the development of more
innovative technologies. The private sector has
an important role to play in this respect including
spurring investment and innovation towards low
GHG alternatives. Carbon pricing will be an
important element to achieving this objective.

•

Collaboration with provinces and territories,
Indigenous peoples, municipalities, business and
other stakeholders will be essential to Canada’s
long-term success in enabling clean growth,
reducing emissions and seizing the opportunities
of the low-carbon global economy.

CANADA’S MID-CENTURY LONG-TERM LOW-GREENHOUSE GAS DEVELOPMENT STRATEGY

7

0553

1 Context
KEY MESSAGES:

1.1

•

Most Canadians recognise the need to mitigate climate change and limit
the increase in the global average temperature, but the magnitude of the
challenge is less well understood, with a requirement for very deep emissions
cuts from every sector by mid-century.

•

Mitigating greenhouse gas emissions is necessary to avoid the
increasing threat presented by climate change. Benefits of action to reduce
climate risk will outweigh costs and the international community is moving
towards low-greenhouse gas economies. A particular focus on short-lived
climate pollutants is also required if we are to stay below the 1.5°C - 2°C
temperature goal.

•

Canada has worked closely with the United States and Mexico in the
development of this report. Our continental partners have also described
ambitious mitigation action by 2050 in their respective strategies.

•

Encouraging international efforts, including reducing emissions in other
countries will be key to the global response.

•

Working collaboratively with Indigenous peoples by supporting their ongoing implementation of climate change initiatives will be key. Consultations
with Indigenous communities must respect the constitutional, legal, and
international obligations that Canada has for its Indigenous peoples.

•

The Mid-Century Strategy will help inform the pan-Canadian framework (PCF)
for clean growth and climate change.

Most Canadians recognise the need to mitigate climate change and limit
the increase in the global average temperature, but the magnitude of
the challenge is less well understood, with a requirement for very deep
emissions cuts from every sector by mid-century.

Canada played a leadership role in advancing the adoption of the Paris Agreement
and supporting the global temperature goal of holding the increase in the global
average temperature to well below 2°C and pursue efforts to limit the temperature
increase to 1.5°C above pre-industrial levels. Ensuring that the global temperature
remains well below 2°C will require global greenhouse gas emissions to peak as soon as
possible with a rapid decline in emissions thereafter. It will also require fast concurrent
actions on short-lived climate pollutants (SLCPs) (see chapter 5).
The latest assessment report from the Intergovernmental Panel on Climate Change
(IPCC) relied on a range of models to examine feasible scenarios for global emissions
trajectories consistent with limiting global warming to less than 2°C. Building from this
analysis, a recent study from the United Nations Environment Programme (2015)1 found
that scenarios consistent with limiting warming to 2°C, with a >66% chance, reach net zero
global anthropogenic carbon dioxide emissions by about 2070, while those consistent with
limiting warming to 1.5°C with a > 50% chance reach net zero carbon dioxide emissions by
about 2050.
1

8

United Nations Environment Programme, Emissions Gap Report 2015.
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Net “negative” carbon dioxide emissions (i.e., more
emissions are sequestered through anthropogenic
means than released to the atmosphere) would
then be required later in the century to meet
the temperature goal. Negative carbon dioxide
emissions may be achieved, for example, with largescale afforestation or bioenergy with carbon capture
and storage. Negative CO2 emissions are required in
these scenarios to offset hard-to-mitigate non-CO2
emissions (e.g., methane and nitrous oxide emissions
associated with food production), in order to achieve
net zero global anthropogenic GHG emissions.
In terms of total greenhouse gas emissions, according
to the IPCC’s Fifth Assessment Report, a limited
number of studies provide scenarios that are more
likely than not to limit warming to 1.5°C by 2100; these
scenarios are characterized by GHG concentrations
below 430 ppm CO2-eq by 2100 and 2050 emission
reduction between 70% and 95% below 2010.2
In this context, the United States noted that its
Intended Nationally Determined Contribution target
is consistent with a straight line emission reduction
pathway from 2020 to deep, economy-wide emission
reductions of 80% or more by 2050. Other jurisdictions
such as Japan and the EU have adopted similar
goals. For the purpose of the Mid-Century Strategy,
Canada examines an emissions abatement pathway
consistent with net emissions falling by 80% from
2005 levels.

1.2

Mitigating greenhouse gas emissions is
necessary to avoid the increasing threat
presented by climate change. Benefits of
action to reduce climate risk will outweigh
costs and the international community
is moving towards low-greenhouse gas
economies. A particular focus on shortlived climate pollutants is also required
if we are to stay below the 1.5°C - 2°C
temperature goal.

The consequences of inaction to reach the
temperature goals are severe, and will have an
impact on the global environment, health, and quality
of life. The global average temperature is projected
to continue to increase well beyond 2°C over the 21st
century if no further action is taken. With some regions
of the world experiencing severe effects earlier than
others, including in some of the most vulnerable areas.
The IPCC concluded that global climate change risks
are high to very high with global mean temperature
2

IPCC, Climate Change 2014: Synthesis Report.
Summary for Policymaker

increases of 4°C or more above preindustrial levels,
consistent with expected levels by 2100 under a
business-as-usual scenario. These risks include
substantial species extinction, large risks to global
and regional food security, and compromised
normal human activities such as growing food or
working outdoors due to the combination of high
temperature and humidity. These risks are reduced
substantially under scenarios which limit global
warming to 2°C or lower. 3
Several studies have shown that the cost to address
climate change decreases if early action is taken.
For example, in 2014, the White House’s Council of
Economic Advisers published a report stating that
for the same level of temperature stabilisation, each
decade of delayed mitigation effort leads to a
40% increase in net mitigation costs.4 A 2012 Navius
Research report, which considered the implications
of policy delay in the context of an aggressive 2050
target, suggested that a delay in domestic GHG
policy action from 2012 to 2020 could cost Canada
an additional $87 billion over the 2020 to 2050 period,
which represents an increase of about 27% in the cost
of abatement. 5
In addition, several studies suggest that the benefits
of mitigation action can often outweigh the cost
over the long run in terms of energy and fuel savings
though resource efficiency gains. For example, a
recent New Climate Economy Report shows that
cities globally could save $16.6 trillion over the 20152050 period through investments in projects such as
mass transit and energy efficient buildings.6 Although
there is inherent uncertainty around predicting
far into the future, the agreement in the literature
reinforces the point that early action on climate
change is crucial to reducing the overall cost of
climate change over time.

1.3

Canada has worked closely
with the United States and Mexico
in the development of this report.
Our continental partners have also
described ambitious mitigation action
by 2050 in their respective strategies.

As described in the Leaders’ Statement on a North
American Climate, Clean Energy, and Environment
3
4
5
6

Intergovernmental Panel on Climate Change, Climate Change
2014; Impacts Adaptation and Vulnerability.
Executive Office of the President of the United States, The Cost of
Delaying Action to Stem Climate Change.
Navius Research Inc., Investment and Lock-In Analysis for
Canada: Low Carbon Scenarios to 2050.
Global Commission on the Economy and Climate, The
Sustainable Infrastructure Imperative: Financing for Better Growth
and Development.
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Partnership, North America has the capacity,
resources, and the moral imperative to show
strong leadership building on the Paris Agreement,
which entered into force on November 4, 2016. We
recognize that our highly integrated economies and
energy systems afford a tremendous opportunity
to harness growth in our continuing transition to a
clean energy economy. Our actions to align climate
and energy policies will protect human health
and help level the playing field for our businesses,
households, and workers.
In recognition of our close ties and shared vision,
Canada has worked closely with the U.S. and
Mexico in the development of this report, including
sharing analyses and key insights. Our partners’
respective Mid-Century Low-GHG Emissions
Development Strategies outline ambitious mitigation
action by 2050.

1.4

Encouraging international efforts,
including reducing emissions in
other countries will be key to the
global response.

The Paris Agreement recognises that addressing
climate change through adaptation, technology,
and capacity building will require significant
international cooperation and finance, especially
in the context of sustainable development.
International collaboration is also fundamental
to building an innovation and knowledge
based economy.
Collaboration on technology innovation will
underpin successful global efforts. The Carbon
Trust, a global leading think tank on GHG emissions
and energy technologies, was commissioned by
the United Kingdom to analyse the benefits of
energy technology innovation. Their paper United
Innovations concludes that through collaborative
energy technology innovation, “the world could
save US$550 billion on the cost of deploying clean
energy technologies over the next decade”.
International cooperation to mitigate greenhouse
gas emissions will be fundamental to limiting
temperature rise. This is because GHG abatement
costs differ substantially from sector to sector and
jurisdiction to jurisdiction, but the environmental
benefits of reducing a given amount of emissions
are always the same. Cooperating to mitigate
emissions in the most cost effective areas will
ensure that financial resources are used in the
most efficient way, resulting in larger reductions in
emissions per unit of capital investment.

10
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Article 6 of the Paris Agreement recognises that
countries may choose to use internationally
transferred mitigation outcomes, including emissions
trading, to help access more cost effective
abatement opportunities, as well as to help
other countries mitigate emissions and promote
sustainable development. International marketbased approaches to reduce emissions (e.g., linked
cap-and-trade programs; bilateral cooperative
approaches; etc.) can stimulate cost effective and
economically efficient greenhouse gas mitigation.
Some regions of the world, including subnational
governments, are already working cooperatively,
or link carbon markets. These “bottom-up” type
approaches could continue to develop and grow
moving forward. For example, the province of
Quebec has linked its emission trading system to
California’s through the Western Climate Initiative,
with other subnational regions planning or
considering doing the same. By 2050, it is hoped that
there will be an international emissions trading system
in place that would ensure robust environmental
integrity and transparency at a global level.
In Canada, there are challenges to reducing
greenhouse gas emissions from emissions-intensive
heavy industry, primary extraction, and certain
applications in the transportation sector. In the shortto-medium term, there may be more cost effective
GHG reduction opportunities in other sectors or
regions, where abatement technologies are more
effective or lower-GHG alternatives exist. Emissions
trading, or accessing internationally transferred
mitigation outcomes, can provide a lower cost
method of reducing GHG emissions, allowing more
time for GHG intensive capital stock to turn over
and allow low-carbon alternatives to be introduced
without stranding assets. Canada recognises that
sustainable development is a key principle pertinent
to this type of cooperation. Canada will consider
internationally transferred mitigation outcomes as
a short-to-medium term complement to reducing
emissions at home. Likewise, Canada intends to take
into account internationally transferred mitigation
outcomes arising from cross-border subnational
emission trading as part of its international
contribution to addressing climate change.

1.5

Working collaboratively with Indigenous
peoples by supporting their on-going
implementation of climate change
initiatives will be key. Consultations with
Indigenous communities must respect
the constitutional, legal, and international
obligations that Canada has for its
Indigenous peoples.

There are a number of statements and agreements7
that highlight Canada’s commitment to consult,
collaborate, and engage Indigenous peoples. Work to
address climate change and related interactions with
Indigenous peoples, must be consistent with Canada’s
approach to implementing the United Nations
Declaration on the Rights of Indigenous peoples, in
accordance with Canada’s constitution.
This is especially relevant given the disproportionate
challenges that First Nations, Inuit, and Métis
communities face because of climate change. Despite
the changes that are facing both traditional resources
and the land, indigenous citizens and communities
alike are taking tangible steps to become active
drivers of change. For them, building resilience in the
face of climate change is fundamentally about food,
water, and energy independence, where Indigenous
communities are self-sufficient.
Indigenous peoples, communities, and organisations
across Canada are implementing a range of climate
change initiatives.8 Above and beyond renewable
energy projects, Indigenous peoples are implementing
ground-breaking initiatives on sustainable land use
management, food security, and education informed
by traditional values. Advancing cross-cultural learning
on climate change mitigation and adaptation is one
step in the journey towards reconciliation in Canada.
In order to move forward, Canada will encourage the
development of green infrastructure in northern and
remote Indigenous communities. It is also important
for municipalities, provinces and territories to promote
energy security for Indigenous peoples. For example,
through its Feed-in Tariff program, Ontario has been
able to set aside 10% for community and Indigenous
engagement in renewable energy projects, with many
Indigenous communities as partners or owners in
renewable energy systems as a result.9
7

8
9

For example: the United Nations Framework Convention on
Climate Change’s Paris Agreement; the Vancouver Declaration;
the Leader’s Statement on a North American Climate, Clean
Energy, and Environment Partnership.
Scurr, C., and Beaudry, J., Gap Analysis First Nations Climate
Change Adaptation South of 60 Degrees Latitude.
Indigenous Economic Development Indigenous Affairs Working
Group, Ontario Aboriginal Energy Partnerships Program.
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1.6

The Mid-Century Strategy will help inform
the pan-Canadian framework (PCF) for
clean growth and climate change.

On March 3, 2016, Canada’s First Ministers and
Indigenous Leaders met in Vancouver and
committed to developing a concrete plan to achieve
Canada’s international greenhouse gas reduction
commitments through a pan-Canadian framework
for clean growth and climate change. Canada’s
First Ministers released the Vancouver Declaration
in which they agreed to build on commitments and
actions already taken by provinces and territories in
order to meet or exceed Canada’s GHG emissions
target for 2030. They highlighted the need to foster
investment to promote clean economic growth
and create jobs that support the transition to a
low-carbon economy, while benefitting individual
Canadians and addressing competitiveness
impacts on businesses. They committed to deliver
mitigation actions by adopting a broad range
of domestic measures, including carbon pricing
mechanisms, adapted to each jurisdiction’s specific
circumstances. Commitments were also made to

12

develop and implement strong, complementary
adaptation policies and action on climate resilience
to address climate risks facing our populations,
infrastructure, economies and ecosystems, and
Canada’s northern regions in particular.
Canada’s Mid-Century Strategy will help inform
the pan-Canadian framework for Clean Growth
and Climate Change, but does not outline any
further specific policies. Instead, Canada’s MidCentury Strategy outlines potential GHG abatement
opportunities, emerging key technologies, and
identifies areas where emissions reductions will be
more challenging and require policy focus – in
the context of achieving very low greenhouse gas
objectives by 2050. The strategy also outlines the
importance of addressing other pollutants, such as
black carbon, that are significant climate warmers.
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2

Existing Analyses on Decarbonisation

The study and analysis of what low-carbon futures might look like and the pathways for
how we might achieve them is relatively recent. There is, however, a rapidly growing
body of international research on low-carbon futures, including a few analyses
that have focused on Canada. From this work, a number of common themes and
conclusions have emerged that inform the development of this report. This work involves
examining various pathways that Canada can take to achieve a low-carbon economy
in 2050 and identifying associated opportunities and challenges. The studies also
highlight Canada’s achievements in decreasing GHG emissions to-date, provide wideranging insights on potential transformational low-emitting GHG technologies, and point
to policies and measures that could be implemented to achieve deep reductions in
GHG emissions and the necessary innovation required to ease this transition.
This literature review aims to highlight the principle themes and key messages from
relevant research in order to inform the development of Canada’s Mid-Century Low
GHG Strategy. The review focuses on Canada-wide approaches and does not consider
provincial-level pathway assessments.

KEY MESSAGES:

2.1

•

Substantial decarbonisation by mid-century is possible with
current technologies.

•

Decarbonisation presents opportunities to improve social welfare and
economic productivity.

•

Challenging areas for abatement require increased policy focus, research
and development, and investment.

•

Decarbonisation objectives should underlie long-term, coordinated
planning in key areas such as investments towards new infrastructure and
clean technologies.

Substantial decarbonisation by mid-century is possible with
current technologies.

Canada has already started to decarbonise and can do even more with currently
available technologies. In its Canada 2015 review, the International Energy Agency
(IEA) mentions that Canada has achieved important reductions to date through federal
and provincial/territorial initiatives. The report underlines that in 2013, more than 75% of
Canada’s current electricity generation mix is non-emitting due to significant production
from hydro and nuclear and that, over the past decade, Canada has decreased its
energy intensity by 20%. It also mentions the progress made in the industrial sector with
four carbon and capture storage projects, including the Boundary Dam CCS project,
which is the world’s first commercial application of CCS to a coal-fired power plant.10
An assessment from the Council of Canadian Academies published in 2015 suggests
that Canada can significantly reduce GHG emissions by using commercially available
technologies in key sectors of the economy.11 The assessment identifies many existing
10
11

International Energy Agency, Energy Policies of IEA Countries: Canada 2015 Review, p. 10.
Council of Canadian Academies, Technology and Policy Options for a Low-Emission Energy
System in Canada.
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technologies that are able to achieve further energy
efficiency improvements and increase production
of non-emitting electricity. These technologies are
commercially available, can deepen current energy
efficiency improvements, and further decarbonise
the electricity generation sector. The report also
highlights the opportunity to stimulate the low carbon
transition at the time of infrastructure renewal.
The Deep Decarbonization Pathways Project12 is
a global initiative of 16 countries covering 74% of
energy emissions that aims at providing country
specific pathways to meet a mitigation goal
consistent with limiting global temperatures to 2°C
above pre-industrial levels. The project suggests
that current and developing technologies can
achieve decarbonisation if sufficiently broad,
wide, and nationally appropriate climate policy
is imposed. The Canadian study published in 2015
provides six decarbonisation pathways, several
of which rely on pushing deployment of currently
available technologies. The results suggest that
Canada can make significant progress through the
decarbonisation of the electricity grid using mainly
renewable energy sources (e.g., hydro, wind, solar),
some fossil fuels with CCS, and replacement of
combustion-based energy sources with electricity in
many sectors (including the transportation, buildings,
manufacturing, and heavy industry sectors). The
study employed a highly detailed, behaviourally
realistic technology stock turnover model (CIMS)
to capture changes in energy, process an fugitive
emissions, linked to regionally and sectorally
disaggregated macroeconomic model (RGEEM)
to capture changes in GDP, economic structure,
employment and trade. Emissions reductions in
both models were driven by a policy package of
performance based technology regulations and
hybrid (i.e., general tax and cap and trade)
carbon pricing.
The Trottier Energy Futures Project looks at 11 different
scenarios for Canada to achieve different levels
of GHG reductions by 2050 using one optimisation
model and one simulation model that integrate
energy and economic systems with different sets
of strategies to achieve reductions at a minimum
cost. The projections presented in the report provide
detailed information on Canada’s sectoral energy
consumption and production for each scenario and
take into account specific regional circumstances.
The report states that “for most scenarios, the
approach was based on currently deployed
technologies with plausible extrapolations for future
12

14

Bataille, C. et al., Pathways to Deep Decarbonization in Canada.

improvements and cost reductions”.13 These include
expanding the use of non-emitting electricity across
end-use sectors, increasing the use of biofuels in
the transportation sector, and improving energy
conservation and efficiency. The report also noted
that further research is needed on ways to achieve
net-negative GHG emissions, including through
bioenergy with carbon capture and storage (BECCS),
increased use of wood products for carbon retention
in buildings, and carbon sequestration through
afforestation and reforestation.
The Canadian study Acting on Climate Change:
Solutions from Canadian Scholars also provides
an insight into how current technologies and
appropriate policy options are sufficient to
decarbonise the Canadian economy. A concerted
effort of sixty Canadian scholars, the report suggests
that Canada can rely 100% on low-carbon electricity
production by 2035, due to the availability of
renewable energy sources in the country, making
it possible to achieve an 80% reduction in GHG
emissions by 2050. In addition, an evolving smart
urban design, drastic changes in the transportation
sector and a broader sustainability agenda are all
fundamental factors that will help change energy
consumption in Canada. To this end the authors
suggest numerous policies, such as east-west
interprovincial electricity trade, and emphasise the
benefit of a carbon pricing policy.

2.2

Decarbonisation presents opportunities
to improve social welfare and economic
productivity.

The Smart Prosperity roadmap, New thinking,
provides a vision of Canada’s potential low-carbon
future with healthy, vibrant, and green communities.
The Canadian think tank proposes a future Canadian
society in which smart cities and towns provide
sustainable means of living in communities with
hyper-efficient insulated buildings with roof tiles
made of solar panels, plenty of public parks and
community gardens, and streets and sidewalks filled
with electric plug-in stations for next-generation
electric cars. In this green economy, clean innovation
would provide many job opportunities using human
ingenuity to efficiently produce goods and services
while continuously seeking new ways to reduce
greenhouse gas emissions. Smart grid systems
endowed with advanced technologies would
allow home appliances, such as water heaters, to
act as electric batteries and transportation modes
13

Trottier Energy Futures Project, Canada’s Challenge &
Opportunity, p. 6.

CANADA’S MID-CENTURY LONG-TERM LOW-GREENHOUSE GAS DEVELOPMENT STRATEGY

0560

to recharge and start their duties at inexpensive,
low-peak load times. Under this vision, connected
communities could become more efficient by
sharing resources and knowledge. The roadmap
states that Canada’s future prosperity depends on
the investment choices we make today and that
the development of clean infrastructures will “offer
substantial economic opportunities for Canadian
companies, many of which are already among the
leaders in energy technology, water infrastructure,
and transportation innovation”.14
A transition to a low-carbon economy could present
significant benefits beyond GHG abatement that
could improve Canadian’s well-being by producing
jobs in the clean technology industry and improving
productivity in other sectors. The International Energy
Agency (IEA) report Energy Technology Perspectives
(ETP) 2016 underscores Canadian success stories.15
For example, in Alberta, the Drake Landing Solar
Community (DLSC) integrates solar thermal energy to
its district system to store significant amount energy
underground during the summer so it can be used
in the winter for space heating. According to the
DLSC, each of the single family homes reduces about
5 tonnes of GHG per year and is 30% more efficient
than conventionally built homes.16 Another success
story relates to the use of applications for traffic
signals (e.g., communications systems, adaptive
control systems, traffic-responsible, real-time data
collection and analysis, maintenance management
systems) in British Columbia to allow motorists to turn
off their engines while they wait at the Peace Arch
Border Crossing. The system reduces GHG emissions
14
15
16

Smart Prosperity, New Thinking-Canada’s Roadmap to Smart
Prosperity, p. 50.
International Energy Agency, Energy Technology Perspectives,
p. 199, p. 231 & p. 326.
Drake Landing Solar Community, Welcome to Drake Landing
Solar Community.

by 45% while decreasing levels of air pollution which
result in improvements in human health. Vehicle users
also incur fuel savings.17
Data analysed in the 2016 Canadian Clean
Technology Industry Report, published by Analytica
Advisors, suggests that the Canadian clean
technology sector has grown considerably over
the last decade and that a pathway toward
decarbonisation would further stimulate the sector by
increasing domestic demand for clean technologies,
thereby developing domestic knowledge and
innovation. The report mentions that the Canadian
clean technology sector delivers “high-skill, highwage, knowledge-based jobs”18 and that it continues
to out-perform other industries on that aspect. Clean
technologies can also increase the productivity
and efficiency of other sectors of the economy,
including traditional industries, and make them more
competitive. Nevertheless, the report also highlights
that these same Canadian companies are losing
market share world-wide, and that moving swiftly
towards decarbonisation could provide significant
opportunities to the sector.
The Trottier Energy Futures Project also points to
other kind of economic opportunities, such as
taking advantage of potential mutual benefits from
a greater integration of the electricity network
and trade between the U.S. and Canada. More
specifically, Quebec could increase exports of
zero-emitting electricity to the U.S. North East
region, and Manitoba could do the same with the
U.S. Mid-West region. The benefits include higher
electricity sale revenues for Quebec and Manitoba
and lower cost electricity supply for American States,
opportunities for optimal integrated system dispatch
17
18

Government of British Colombia, Greening the Border.
International Energy Agency, Energy Technology Perspectives
2016, p. XXII.
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which could generate revenue through trading
of energy, minimised overall cost of system supply
(complementing Canadian hydro production with
U.S. low cost nuclear and thermal baseload), the
sharing of emergency reserve, and a more stable
system. The report also mentions that there may be
further opportunities for reducing overall electricity
costs since the peak demands in Canada and the
U.S. occur at different periods of the year (most of
Canadian provinces’ peak periods are in the winter,
while U.S. peak period is in the summer), and for
complementing the baseload with more
intermittent renewables.19

2.3

Challenging areas for abatement require
increased policy focus, research and
development, and investment.

Decarbonisation pathways also present challenges
which require effective and flexible policies that
encourage innovation. The academic literature
stresses the need for Canada to capitalise on its
vast knowledge and expertise to spur innovation
and develop clean technologies to cost-effectively
reduce emissions in some areas, particularly industrial
process emissions and freight transportation. In order
to succeed in making major scientific breakthroughs
and ensuring clean reliable energy systems, the
literature emphasises the need for private and public
actors to strengthen research, development and
deployment (RD&D) in all sectors of the economy,
and continuously engage with the international
community. In their 2015 report, the Council of
Canadian Academies provides an overview of
the key challenges faced by industries. These are
mainly associated with the lack of cost-effective,
low emission-intensive ways to produce high levels
of heat, and that energy-related emissions are
scattered across many different processes and
applications. The report points to R&D, technological
development, and flexible policies as key solutions to
reduce the costs and encourage commercialisation
of low-emitting technologies.

predictability to attract new durable investments
in clean technology and innovation. The report
proposed to establish an economy wide price signal,
through a market-based policy. The NRTEE also
highlights the need to create a level playing field
for energy investments with the goal of enhancing
Canadian firms’ access to fast-growing low-carbon
markets and mobilising investments in low-carbon
infrastructure and technology.
Mark Jacobson from Stanford University and other
researchers have also looked at energy roadmaps to
convert 139 countries to 100% clean and renewable
energy use. The roadmaps represent pathways for
converting the energy systems of these countries to
ones powered by wind, water, and sunlight (WWS).
The roadmaps are based on IEA energy consumption
data projected to a 2050 BAU scenario. They rely on
existing WWS electricity generation technologies and
exclude nuclear, CCS, biofuels or natural gas, and do
not include the construction of new
hydropower dams.
In the wake of the COP21 Conference, the Royal
Dutch Shell company published the report A Healthy
Planet: Pathways to Net-Zero Emissions: A New Lens
Scenarios Supplement. The report highlights current
societal challenges in achieving a net zero GHG
world. The report recognises the important role of
renewable energy in decarbonising the energy
system but points out other challenges that many
industrial sectors are facing (e.g., iron and steel,
cement manufacturing, heavy freight and air
transportation, chemical and fertilizers). To make
progress on reducing these emission sources, the
report suggests mass deployment of carbon capture
and storage technologies combined with sustainable
biomass use. The report also recommends policies
to accelerate the world’s transition to a lowcarbon economy including economy-wide carbon
pricing and financial investment for research and
development in low-carbon technologies.

The National Round Table on the Environment
and the Economy (NRTEE) provided their
recommendations in a report titled Getting to 2050:
Canada’s Transition to a Low-emission Future.
The report established many “enabling conditions”
which would guide Canada in formulating a longterm strategy to achieve its long-term GHG emission
and air pollution targets. The report pointed out
that long term policy certainty is central to provide
19
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Trottier Energy Futures Project, Canada’s Challenge &
Opportunity, pp. 217-224.
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2.4

Decarbonisation objectives should underlie
long-term, coordinated planning in key
areas such as investments towards new
infrastructure and clean technologies.

Smart Prosperity’s roadmap stresses the importance
of building smart infrastructure to facilitate the
penetration of clean transportation modes and nonemitting energy. The roadmap also points to municipal
governments having a key role in planning zoning
and permitting in order to favour clean development
of cities. This vision will require strong coordination
from federal and provincial governments, National
Indigenous Organisations across the country,
municipalities, and the public.
As cities are becoming the heart of economic
development and strategic centres for innovation in
clean technologies, they offer significant opportunities
to contribute to reducing GHG emissions. IEA’s Energy
Technology Perspectives (ETP) 2016 presents an
extensive modelling exercise including projections
of three pathways using four interlinked models
of the energy supply, and the buildings, industry,
and transport sectors. The results present the
structural changes required to shift the world toward
clean energy and transform cities into innovation
powerhouses. The report also highlights the role cities
play in driving energy demand and the solutions they
may offer to lower the carbon content of the world’s
energy systems. According to the report, increasing
energy demand from urban economic and population
growth will need to go hand in hand with innovation
and massive deployment of clean technologies and
significant behavioral changes. It also emphasises the
role of cities in supporting higher efficiency transport
and buildings, with dense urban development being
a structural prerequisite. Increased demands in
space heating and cooling could be decoupled by
connecting households to district energy networks.
Sustainable land-use planning, the implementation
and electrification of transportation modes, and the
installation of rooftop solar photovoltaics present
attractive solutions to propel cities toward a lowcarbon pathway. All of these solutions will require
careful planning of today’s investments in infrastructure
by all levels of government.
The report from the Council of Canadian Academies
also mentions that many investment decisions such
as transmission and distribution systems and strategic
planning of urban, land-use and infrastructure
developments will allow for a better integration of lowemitting electricity use.
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3

Decarbonisation and Expansion of
Canada’s Electricity System
KEY MESSAGES:

3.1

•

Canada’s electricity generating portfolio is already more than 80%
non-GHG emitting, with the trend towards cleaner generation expected
to continue. This provides Canada with an international comparative
advantage relative to countries seeking to decarbonise their fossil fuel
dominated portfolios.

•

A low carbon electricity system will allow for GHG emissions reductions in
other sectors (e.g., transportation, buildings, industrial processes) through
electrification. The anticipation of significant growth in electricity demand
should underpin long term investment and planning.

•

Further decarbonisation of the electricity sector will facilitate the transition
to a low-GHG future. Non-emitting sources will need to be considered
for all new and existing needs, but generating portfolios will differ from
one jurisdiction to another. Regional differences will need to be a key
consideration for electricity climate change policies.

•

Interprovincial, interjurisidictional, and intercontinental cooperation will
enhance integration of clean electricity generation to satisfy growing
demand. Canada’s contribution towards global GHG abatement could
include providing clean power to our continental neighbours, as well as
clean power services to the international community.

•

Energy conservation and energy efficiency measures should increase and
be implemented alongside efforts to reduce emissions from electricity
generation. Electricity savings should underlie decarbonisation pathways:
demand side management and reducing equipment and transmission
losses makes electrification far more effective and feasible

Canada’s electricity generating portfolio is already more than 80% nonGHG emitting, with the trend towards cleaner generation expected
to continue. This provides Canada with an international comparative
advantage relative to countries seeking to decarbonise their fossil fuel
based portfolios

Canada already has one of the cleanest electricity systems in the world, with more
than 80% of electricity generated from sources that do not produce greenhouse gas
emissions such as hydro, wind, solar, and nuclear power. Canadian rivers provide
immense hydroelectric generating capability, and Canada is second largest producer
of hydroelectricity globally. In 2014, Canada produced 379 terawatt hours (TWh)
of hydroelectricity, representing 9.8% of global production20 with further capacity
remaining untapped. There is also significant potential for the development of other
renewable energy sources across Canada.

20
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National Energy Board, Canada’s Energy Future 2016: Energy Supply and Demand Projections to 2040.
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Figure 1: Canadian Utility by Source (2014)

As the global community moves to reduce
greenhouse gas emissions, many countries will face
challenges with regard to the decarbonisation of
their electricity generating sectors. In this respect,
Canada is already ahead of many of its peers.
Currently, Canada is the second largest producer
of hydropower after China, fourth globally for
generation from a combination of hydro, wind,
solar and biomass,21 and sixth for generation
from nuclear energy.22 Given this comparative
advantage, Canada has the opportunity to increase
its clean electricity exports, as well as leverage its
expertise in current and emerging technologies
(e.g., electrification technologies; smart grids for
intermittent sources) that could help other countries
reduce their emissions.

3.2

In 2014, nuclear power provided 18% of Canada’s
electricity generation from electric utilities (63% of
Ontario’s generation and 34% of New Brunswick’s
generation). Canada is the world’s second-largest
producer and exporter of uranium—representing
over 20% of world production—and ranks fourth
globally in identified resources of uranium. There are
4 operating nuclear power stations in Canada—3 in
Ontario and 1 in New Brunswick, with a combined
total of 19 reactors. In Ontario, planned investments
of $25 billion over the next 15 years will extend the life
of 10 nuclear reactors for another 25 to 30 years.
Electricity-related emissions have been declining
in Canada due to a return to service of a number
of nuclear units, fuel switching from coal to natural
gas, and government policies to phase out coalfired electricity. This trend is expected to continue as
hydropower generation and electricity generation
from renewables, such as wind and solar, are
expected to increase throughout Canada.
Although electricity generation is already moving in
a positive direction with respect to a low-GHG future,
government policy and long-term planning can help
accelerate this trend. For example, as Canadian
provinces continue to move away from coal-fired
electricity, they will face decisions regarding what
type of fuel should replace and augment generating
capacity. Natural gas might provide a lower-GHG
option than coal in the short run, but its place in a
decarbonised system is less clear over a
longer-term horizon.

A low-carbon electricity system will
allow for GHG emissions reductions
in other sectors (e.g., transportation,
buildings, and industrial processes)
through electrification. The anticipation of
significant growth in electricity demand
should underpin long term investment
and planning

Although electricity generation only accounted
for 11% of Canada’s emissions in 2014, continuing to
move towards a non-emitting electricity generating
sector would help decarbonise other sectors, such as,
transportation and buildings. Increasing the share of
non-emitting electricity generation is fundamental to
Canada’s low-carbon future.
A near decarbonisation of the electricity sector is
underscored in most of the deep-decarbonisation
literature, both nationally and internationally. For
example, in the IEA Energy Technology Perspective
2016, the global electricity power sector is almost
completely decarbonised by 2050 under a scenario
consistent with the global 2°C temperature goal.
Domestically, virtually all of the academic and expert
analysis on deep decarbonisation in Canada point
to non-emitting electricity and the electrification of
buildings and passenger vehicles as fundamental
aspects to a low-carbon future given current
technologies. For example, the Trottier Energy Futures
Project shows that one of the lowest cost options
to decarbonise Canada is to move the electricity
generation sector toward a zero-emitting transition
by expanding renewables, especially hydro, and
other non-emitting sources.
21
22

International Energy Association, IEA’s Electricity
Information Report.
Nuclear Energy Institute, Top 10 Nuclear Generating Countries.
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The near term focus on mitigation in this sector also
reflects the technological availability of abatement
options including the ability to tackle large point
sources of emissions over a shorter time period. From
an investment perspective, Canada is at a point
in time where its traditional coal-fired generating
sources are facing closures or refurbishments
with carbon capture and storage, primarily due
to government policies; therefore, there is an
opportunity to transition to a decarbonised system at
more limited incremental cost.
Meanwhile, the price of renewable electricity such
as wind and solar continues to decline dramatically,
making these options increasingly economically
attractive. Recent Bloomberg New Energy Finance
analysis projects the levelised cost of electricity for
onshore wind and photovoltaics solar to decrease
by 41% and 59%, respectively, from 2016 to 2040.23 The
levelised cost of electricity (LCOE) is an economic
assessment of the average total cost to build and
operate a power-generating asset over its lifetime
divided by the total energy output of the asset over
that lifetime. It can also be regarded as the minimum
cost at which electricity must be sold in order to
break-even over the lifetime of the project.
The U.S. Energy Information Agency (EIA) describes
the average levelised costs for plants entering service
in 2022 and 2040 in the U.S. (see Table 1). The EIA
notes that some renewables such as wind power are
expected to be cheaper than fossil-fuel based forms of
generation within the U.S by 2022. These costs take into
account building and operating a plant over its lifetime,
fuel costs (where appropriate) and the federal tax
burden, but do not include regional factors or utilisation
rates. Government subsidies are not included in the
estimates but would decrease the costs even further.24 It
should be emphasized that these are future costs in the
United States and cannot be directly compared
to Canada.
In Canada, the Canadian Council on Renewable
Electricity (CanCORE)25 states that hydropower and
wind are already cost-competitive. Solar energy is
quickly catching up and is on track to be the least-cost
generation technology in most countries around the
world by 2030.

23
24
25
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Bloomberg New Energy Finance, Coal and Gas to Stay Cheap,
but Renewables Still Win Race on Costs.
U.S. Energy Information Administration, Levelized Cost and
Levelized Avoided Cost of New Generation Ressources in the
Annual Energy Outlook 2016.
Canadian Council on Renewable Electricity, Powering Prosperity
Climate Report.

Table 1: Average Levelised Costs of Electricity (2015
$/MWh) for Plants Entering Service in 2022 & 2040;
United States26
Energy Source

2022

2040

Wind

64.5

58.8

Wind Offshore

158.1

133.7

Natural
Gas-fired
Conventional
Combined
Cycle

58.1

57.6

Hydroelectric

67.8

65.3

Advanced
Nuclear

102.8

93

Biomass

96.1

78.7

Geothermal

45.0

57.0

Solar
Photovoltaics

84.7

71.2

Coal with CCS

139.5

125.8

3.3

Further decarbonisation of the electricity
sector will facilitate the transition to a low
GHG future. Non-emitting sources will
need to be considered for all new and
existing needs, but generating portfolios
will differ from one jurisdiction to another.
Regional differences will need to be a
key consideration for electricity climate
change policies.

Modeling analyses that examine deep aggregate
cuts to GHG emissions in Canada by mid-century
indicate that Canada’s future non-emitting
electricity portfolio could take various forms,
and different non-emitting options exist for each
Canadian jurisdiction. The following section outlines
the various scenarios developed around nonemitting electricity generation scenarios for Canada
and explains the modelling results of each scenario.

26

U.S. Energy Information Administration, Levelized Cost and
Levelized Avoided Cost of New Generation Ressources in the
Annual Energy Outlook 2016.
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MODEL AND SCENARIO DESCRIPTION
Deep Decarbonisation Pathways Project – High Ambition (DDPP):
Ambition:
The DDPP modelled its scenarios in line with achieving 89% GHG emission reductions from overall
emission levels projected for 2050, excluding agriculture, which corresponds to an emissions reduction
of 88% from 2015 levels by 2050 (78Mt CO2e).
Model Description:
The DDPP uses an energy and economic model to forecast demand for GHG-intensive goods and
services, energy balances, technology and ultimately emissions (CIMS model). CIMS is a bottomup technology-focused model that competes and selects technology market shares based on firm
and household responses to the DDPP policy package, including carbon pricing and technology
regulations. To forecast GDP, employment, economic structure and trade, a macroeconomic regionally
and sectorally disaggregated Computable General Equilibrium (CGE) model called GEEM, is used.
Scenario Description:
•

This modelling work assumes GDP growth ranging from 2% to 2.2% per year from 2015 to 2050.

•

The scenario discussed here is based on oil prices of $80 ($US2014) per barrel in 2050.

Trottier Energy Futures Project:
Ambition:
The Trottier Energy Futures Project modelled its scenarios based on achieving a 60% GHG emission
reduction target from the 1990 levels in combustion emissions. This corresponds to a 65% reduction from
2015 combustion emission levels. This analysis excludes process emissions. Scenarios 3 (Current Tech
Trottier) and 8 (New Tech Trottier) of the report are shown in this section.
Model Description:
The Trottier Energy Futures Project uses two models to develop its scenarios, the North American TIMES
Energy Model (NATEM) and CanESS models. Both models include separate representations of the
sectors in Canada’s economy, split for all provinces and territories.
Scenario Description:
•

Scenarios 3 (Current Tech Trottier) and 8 (New Tech Trottier) of the report are shown, both of which
aim to achieve a 60% GHG emission reduction target from the 1990 levels in the energy sector.

•

This work relies on the National Energy Board’s GDP per capita growth rate from 2010 to 2035, which
is 1.9%, with somewhat slower growth after 2035.

•

This modelling exercise assumes an oil price of about $135 ($2011) per barrel in 2050.

Environment and Climate Change Canada: Global Change Assessment Model (GCAM) –
High Non-Emitting:
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Ambition:
This modelling work was based on a net 80% GHG emission reduction from 2005 levels. This is modelled
as a combination of full reductions achieved in the combustion and non-combustion sectors, as well
as the addition of scenarios representing a 65% reduction in Canadian economy emissions, with a 15%
achievement through Internationally Transferable Mitigation Outcomes and Land sector credits.
Model Description:
GCAM is a dynamic-recursive model with technology-rich representations of the economy, energy
sector, land use and water linked to a climate model. GCAM is a Representative Concentration
Pathway class model that can be used to simulate scenarios, policies, and emission targets from various
sources.
Scenario Description:
The first scenario (High Nuclear) is heavily dependent on nuclear electricity production, while the
second scenario (High Hydro) relies on a mix of hydro and wind to produce a majority of its electricity
generation.
•

This modelling work was based on a 65% and net 80% GHG emission reduction from 2005 levels.

Environment and Climate Change Canada: Computable General Equilibrium Model (CGE) – High
Demand Response:
Ambition:
•

This modelling work was based on a net 80% GHG emission reduction from 2005 levels. This is
modelled as a combination of full reductions achieved in the combustion and non-combustion
sectors, as well as the addition of scenarios representing a 65% reduction in Canadian economy
emissions, with a 15% achievement through with the addition of scenarios including Internationally
Transferable Mitigation Outcomes and Land sector credits.

Model Description:
•

22

This is a multi-sector, multi-regional open-economy recursive-dynamic computable general
equilibrium model of the global economy. The model captures characteristics of countryspecific or regional production and consumption patterns through a detailed input-output table
and links countries/regions via bilateral trade. The model incorporates rich detail in energy use
and greenhouse gas emissions related to the combustion of fossil fuels and tracks non-energy
related greenhouse gas emissions. Economic activities in regions involve 28 industrial sectors, final
consumption by the household, the governments and investment.
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In the figure below, results from these scenarios are
presented with respect to electricity generation.
Comparing results across models, or across modelled
scenarios, provides us with overarching highlevel messages and key takeaways for Canada’s
decarbonised electricity sector. The graph depicts
various electricity generating portfolios in the year
2050 from the four different models, and compares
these to the current generating mix (2014), labelled
as “Historical” in the graph.
In all of the scenarios, Canadian electricity
generation will increase substantially to fulfill end-use
electrification requirements. Essentially, additional
electricity is required to power cars, light trucks,
buildings, and industrial production processes
that are switching away from fossil fuel generation
to electricity to power their needs. In the ECCC
analyses, total electricity generation increases by 113
to 189% between 2013 and 2050, whereas it increases
by 184 to 295% in the Trottier analyses and by 160% in
the DDPP analyses.

Depending on the modelling scenario, there is
a huge variation in potential electricity demand
growth. This is dependent on the level of energy
efficiency/consumption changes emerging from
the modelling results. However, in all of the low GHG
economy modelling analyses, non-emitting sources
such as hydro, nuclear, wind, and solar replace fossil
fuel generation well before mid-century.
All scenarios demonstrate growth in hydropower
electricity generation between 2013 and 2050. The
ECCC High Hydro scenario illustrates a 172% increase
in hydropower generation. In the DDPP analyses,
hydro increases by 120%, whereas in the Trottier
analyses it increases by 134% in both scenarios.

Figure 2: Scenarios of Canada’s Non-Emitting Electricity Generating Supply
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Figure 3: Canada’s installed hydro power capacity against theoretical technical potential (MW), and installed
wind power: by province and territory in 2014;

Source: International Energy Agency28

The different scenarios correspond to different
levels of additional hydro capacity that needs
to be built by 2050 to reach the greenhouse gas
mitigation objectives. The DDPP scenario requires
about 101,500 MW of additional capacity, while
the Trottier scenarios require about 111,000 MW of
additional capacity. ECCC’s High Nuclear scenario
would require 36,000 MW of capacity to be built,
while the High Hydro scenario would require 130,000
MW to be built. Finally, ECCC’s High Demand
Response modelling run indicates that 108,000 MW of
additional capacity would need to be built.
Although this is a significant increase in hydropower
capacity, a study conducted for the Canadian
Hydropower Association shows that in 2006 Canada
had 160 GW of hydro potential, a large portion
of which is economically viable. Canadian rivers
provide close to 7% of the world’s renewable water
supply and this resource provides tremendous
hydroelectric generating capability.27 Currently,
over 10 GW of hydro capacity have been proposed
or planned in Canada, tapping the Churchill,
Nelson, Slave, Athabasca, and Peace river systems.
Over 3500 MW of this capacity is already under
construction in Canada. 28
Figure 3 depicts the theoretical technical potential
for hydro power generation by province. The above
scenarios are all below the technical potential of
27
28
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National Energy Board, Canada’s Energy Future 2016: Energy
Supply and Demand Projections to 2040
International Energy Agency, Energy Policies of IEA Countries:
2015 Canadian Review.

hydro power capacity, indicating that this type of
generation could be possible. The DDPP modelling
exercise is 29% below technical potential, whereas
both Trottier scenarios are 25% under this threshold.
The High Nuclear scenario is 52% under technical
potential, while the High Hydro scenario is closer, at
13%. Finally, ECCC’s high Demand Response scenario
is 22% below the technical potential of hydro power.
Hydro power also provides a good “coupling” to
intermittent sources generated by renewables
such as wind and solar power. Since renewable
electricity is generated at intervals when the wind
is blowing or the sun is shining, a high degree of
coverage of electricity demand by wind or solar is
possible only with access to energy storage or an
adequate complementary form of electricity that
can be ramped-up during periods of low generation.
Fortunately, hydroelectric plants are well suited for
this in Canada, and can store water in hydroelectric
reservoirs that could be used when solar or wind
generation is not available.
Hydro power may have negative implications,
mainly based on the impact of dams on fisheries
and water flows since dam reservoirs have an impact
on flows, temperatures, and silt loads of rivers and
streams. There have been examples of large dams
blocking migrating fish from reaching their spawning
grounds. For these reasons, the construction of future
large hydro projects will require careful
consultation processes.
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Generally, further innovation will be required if
hydro power is to increase substantially in Canada.29
However, much of this increase in hydropower
generation can be accomplished without building
new dams. Many technologies allow for an increase in
electricity generation from existing hydro dams, such
as through increased efficiency turbines, at a relatively
low cost.
While hydro power increases in all scenarios,
nuclear energy varies depending on the modelling
assumptions. The ECCC High Hydro scenario, assumes
that nuclear power generation is maintained
at today’s levels, with the addition of expected
refurbishments. The DDPP assumes that existing
nuclear power is maintained, but no new capacity
is added out to 2050. In comparison, under the
Trottier analyses as well as the second ECCC GCAM
analyses (High Nuclear) the model chooses a
29

Potvin, C. et al., Acting on Climate Change: Extending the
Dialogue Among Canadians: Some reflections on Climate
Change Response Policy.

significant increase in nuclear power between now
and 2050. Scenarios from the Trottier analyses show
nuclear growing to about the same level as ECCC’s
High Nuclear scenario, although it grows slightly less
for the New Technologies scenario, which assumes
less electricity generation needs based on energy
efficiency technologies.
The amount of nuclear capacity from the ECCC High
Nuclear scenario, as well as the Current Tech Trottier
scenario, corresponds to 797 TWh of generation
per year in 2050, which is much higher than the
current share of nuclear in the electricity mix, which
corresponds to about 98 TWh of generation. There
are significant challenges to building sizeable
infrastructure projects like these, mainly because of
high capital costs, delays in construction, and other
potential issues. However, benefits to nuclear power
include emissions free generations, reliable baseload
capabilities, and a lower levelised cost of electricity.
As such, new and emerging nuclear technologies
could become an increasingly attractive option for a

POTENTIAL INNOVATIVE NUCLEAR TECHNOLOGIES
In the short term, Canadian Deuterium-Uranium (CANDU) reactors enable the use of alternative fuels in
current nuclear generation. Canadian industry is currently working with China to run CANDU reactors on
depleted uranium by-products and spent fuel recycled from other reactors.
Canadian and international developers are working on Small Modular Reactors (SMRs), which are
compact nuclear reactors that can be scaled to generate power to communities ranging from several
hundred people up to 300,000 homes. Compared with conventional nuclear power plants, SMRs require
lower capital investment and offer scalability, siting flexibility, and enhanced safety features—including
passive features that could prevent meltdowns even in the absence of power. SMRs are seen as a
potential replacement for coal-fired power plants, or as a complement to intermittent renewables in
transitioning remote communities off of diesel generation.
A transition from uranium to thorium-based fuels is possible over the longer term. Thorium is three to four
times as abundant as uranium, and thorium-based fuels could reduce the amount of nuclear waste
produced by reactors. Advanced nuclear reactors, including those using thorium-based fuels, could
also achieve higher efficiencies than existing nuclear plants. China is investing heavily into thorium
technologies, including the potential for CANDU reactors—which can support thorium fuel cycles more
readily than other currently-available reactor types—and development of an advanced thorium reactor
it hopes to demonstrate within the next decade.
Nuclear fusion represents a potentially game-changing technology for clean energy. Fusion differs
widely from fission, the process used in conventional nuclear power generation. A Canadian company is
developing a novel fusion reactor that could unlock large amounts of energy from hydrogen, a nearinfinitely abundant resource on earth, in a process that would not generate any long-lived radioactive
waste and entails no risk of a meltdown. For these reasons, nuclear fusion is a potentially transformative
technology. While it still has hurdles to pass before making it to market, if it were to succeed, it would alter
the landscape of clean energy permanently.
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GHG-constrained energy system by 2050 (see feature
box on Potential Innovative Nuclear Technologies).

options, which could provide a boost to the solar
industry in Canada (see box on energy storage).

Both ECCC High Non-Emitting scenarios point to a
higher penetration of wind energy. Wind energy
generation in 2050 represents 154 TWh, 9% of total
generation, in Scenario 1, and 228 TWh, 14% of total
generation, in Scenario 2. In comparison, wind energy
increases to 17% of the generating mix in the DDPP
analysis, whereas it increases to 24% in the Current
Tech Trottier scenario and 8% in the New Tech Trottier
scenario. Although these scenarios represent sizeable
figures, a Pan-Canadian Wind Integration study30 has
demonstrated that Canada can reliably and costeffectively integrate enough wind energy to meet 35%
of Canada’s electricity demand.

In the Deep Decarbonisation Pathways Project
analyses, natural gas and coal with carbon capture
and storage (CCS) technology is apparent throughout
the projection period. In Saskatchewan, CCS was
retrofitted to the Boundary Dam coal-fired electricitygeneration plant in 2014 and is expected to generate
reductions of up to 1 megatonne CO2 per year. The
project, implemented by SaskPower, shows that
generating reliable, low-emitting electricity using coal
is feasible. The project is key to better understanding
the technical, economic, and environmental
performance of CCS technology and could produce
worldwide spillover effects if other countries choose
to implement similar projects. The DDPP analysis
also features natural gas generation with CCS as a
significant proportion of electricity generation in 2050.
Although no large scale demonstration projects have
gone forward with this technology, it has the benefit
of allowing CCS technology developed for coal
electricity generation plants to extend to natural gas
generation, which provides more flexibility to utilities in
reducing emissions from their generation. Furthermore
natural gas with CCS is estimated to be generally
cheaper than using coal with CCS because of the
lower capital cost of natural gas plants and their lower
GHG intensity.32

In both High Non-Emitting scenarios, solar power
generation increases significantly reaching levels of
18 TWh, 1% of total generation, and 99 TWh, 6% of
total generation in 2050. In comparison, solar energy
increases to 5% of the generating mix in the DDPP
analysis, and is only part of the solution for Alberta
and Saskatchewan in select Trottier scenarios. The
Trottier project notes that when deriving minimum cost
solutions for electricity generation in Canada, solar did
not compete well with wind.
However, the National Energy Board notes that
Canada has a strong solar photovoltaic (PV) potential
that is largely unexploited and that certain prairie
cities including Regina, Calgary and Winnipeg have
well above-average solar potential. Furthermore,
it noted that in much of Canada, solar potential is
higher than in Germany, the country with the most
installed solar PV capacity in the world
in 2014.31
In order to fully exploit Canada’s solar potential, solar
PV generation must reach competitive delivery costs
to stimulate the large scale investments needed for
significant deployment. Incentive programs such as
Ontario’s Feed-in-Tariff and microFIT programs may
determine the pace of growth of solar generation
across Canada in the near term. Household
production of solar electricity through rooftop solar
panels can also be beneficial and could provide
more electricity than the household uses, providing
an opportunity to sell electricity back to the grid.
Fully realising the potential of distributed PV will
likely require utility investments to upgrade existing
distribution networks to handle two-way power
flow. The NEB also highlights potential technological
breakthroughs, such as utility-scale electricity storage
30
31

26

GE Consulting Group, Pan-Canadian Wind Integration Study.
National Energy Board, Canada’s Energy Futures 2016: Energy
Supply and Demand Projections to 2040.

Current Tech Trottier (in figure 2) models Canada’s
electricity generation with current technologies,
a better interconnection between provinces, and
allows the use of lowest cost electricity technologies
available anywhere in Canada. In comparison, New
Tech Trottier models the same GHG reduction target
with a set of new technologies reaching market,
including CCS and energy efficiency technologies.
This technology application results in energy efficiency
measures in end-use applications, reducing required
electricity demand from 2,257 to 1,622 TWh between
the two scenarios.
Other renewable energies offer potential in the midto-long term. For example, generating zero-emitting
electricity with geothermal power is possible using hot
subsurface water or steam coming from underneath
the earth’s surface. Standard well drilling technology
can provide access to high temperature sources and
power to turbines that offer
reliable electricity.
Tidal energy is a type of renewable energy produced
from ocean currents. Since tides are predictable,
the generation potential of tidal energy is more
32

Bataille, C. et. al., Policy Uncertainty and Diffusion of Carbon
Capture and Storage in an Optimal Region.

CANADA’S MID-CENTURY LONG-TERM LOW-GREENHOUSE GAS DEVELOPMENT STRATEGY

0572

INDIGENOUS RENEWABLE ENERGY INITIATIVES
Indigenous peoples, communities and organisations across Canada are implementing a range of
climate change initiatives.33 A database compiling Indigenous climate change initiatives has so far
identified 79 renewable energy initiatives with a web-based presence, 16 of which are presented on the
Nations’ or communities’ websites. 34 Renewable energy initiatives can yield multiple benefits, such as
protection of the land, air and water, while creating much-needed employment.
The T’Sou-ke Nation of Vancouver Island in British Columbia, dubbed Canada’s first Aboriginal Solar
Community, developed three community-owned solar demonstration projects. These include a standalone system with battery storage on a community office building, a grid-connected solar PV system
that can be used as a backup power source, which that can sell surplus power back to the grid for
communities that wish to have net-zero energy use, and a kilowatt grid-connected, net-metered solar
PV system on the community canoe shed, which powers its administration buildings. Surplus energy
created in summer is sold to the grid and bought back in winter.
Additionally, the T’Sou-ke have installed solar hot water on 42 of the 86 private residences in the
community, begun a comprehensive energy conservation program for all houses, and installed
two solar-powered electric car charging points. The Government of Canada has just announced
funding for a partnership between T’Sou-ke Nation and Schneider Electric to develop energy storage
for a worldwide market. In Quebec, the First Nation’s political and administrative organisations of
Mashteuiatsh, Pekuakamiulnuatsh Takuhikan, and the Regional County Municipalities of MariaChapdelaine and Domaine-du-Roy in Saguenay-Lac-Saint-Jean have formed a non-profit 100% regional
partnership to identify and develop renewable energy projects using a sustainable development
approach. Since its creation, the partnership has contributed to the development of two mini hydro
projects. Company profits are transferred to the communities.
Many power project developments occur in the traditional territories of Indigenous Peoples and many
in remote areas. By proactively partnering in power developments, Indigenous Peoples can create
long-term sustainable value for their members through investment, employment, infrastructure and new
business opportunities. By working with the power developers at the earliest stages of project planning,
indigenous communities have input into the design to meet local needs which include reducing
environmental impacts. For example, “First Nations Power Authority” was mandated to facilitate the
development of First Nations-led power projects and promote indigenous participation in procurement
opportunities with the crown utility in Saskatchewan, SaskPower. 35

predictable than that of wind and solar sources.
These water flows can turn underwater turbines
without the use of dams or reservoirs. Similarly, wave
energy is generated by harnessing the motion of
waves. Canada has significant tidal and wave
energy resources, which can, in the future, contribute
to emission free electricity generation. These
technologies are currently at the demonstration stage
and it is therefore too early to consider modelling their
potential contribution to Canada’s energy mix.

energy. While trees and other plants grow, they absorb
carbon from the atmosphere. Over time, the carbon
dioxide sequestration from growing trees and plants
will offset the short-term carbon dioxide emission
from bioenergy, and could deliver substantial carbon
savings when compared to fossil fuel use over time
(see more on biomass in Chapter 6).

Additionally, as an alternative to fossil fuels, biomass
can be used to generate renewable and sustainable
33
34
35

Assembly of First Nations, Gap Analysis First Nations Climate
Change Adaptation South of 60 Degrees Latitude.
Sustainable Canadian Dialogues, Acting on Climate Change:
Indigenous Innovation.
First Nations Power Authority; About First Nations Power Authority.
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As mentioned, wind, solar, and run of river (or
low-head hydro) only produce electricity when
their resource is available (e.g., when the wind is
blowing). For this reason, it is necessary to pair these
technologies with hydro or other firm power sources,
or with grid interties or management operations
(see box on energy storage). Energy storage, grid
interconnects, and smart grids could improve gridstabilisation and buffer peak electricity demands,
which could in-turn, support a larger share of
renewables in the electricity grid.36
Storage technologies and smart grids may also
be particularly useful in incorporating renewable
technologies in remote and off-grid communities,
since they have the potential to reduce or eliminate
transmission costs. Between today and 2050, it is likely
that significant developments will occur in storage
technology with the potential to transform the
energy system.

36
37

National Energy Board, Canada’s Energy Future 2016: Energy
Supply and Demand Projections to 2040.
International Energy Agency, Energy Policies of IEA Countries,
2015 Canada Review.

3.4

Interprovincial, interjurisidictional, and
intercontinental cooperation will enhance
integration of clean electricity generation
to satisfy growing demand. Canada’s
contribution towards global GHG
abatement could include providing clean
power to our continental neighbours,
as well as clean power services to the
international community.

Canada, and North America’s, electricity future
will be shaped by interprovincial, interjurisdictional,
and intracontinental cooperation. Since Canadian
provinces and territories have purview over energy
decisions within their jurisdictions, they have
traditionally designed electricity infrastructure with
consideration towards meeting their own energy
demands. However, interprovincial electricity trade
is becoming an important component of many
provinces’ supply and demand considerations. This
type of cooperation becomes more important when
considering climate change objectives, including
maximising use of non-emitting sources (e.g., hydro),
as well as when increasing the amount of intermittent
electricity sources in the grid (e.g., solar, wind, tidal,
wave). The recent Ontario-Quebec Trade and
Cooperation Agreement provides a good example of
interprovincial electricity trade.

Figure 4: Electricity exports and imports between Canada and the U.S., by province, 201438
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Expansion of electricity grid interties could allow
more areas with surplus hydropower, or other forms
of non-emitting generation, to sell electricity to other
provinces or U.S. States that rely on fossil fuels. The
integration of electricity markets between Canada
and the U.S. includes 35 physical interconnections
crossing the border and over $2.3 billion in CanadaU.S. electricity trade revenue.38 In August 2015, the U.S.
Environmental Protection Agency released the final
version of the Clean Power Plan which could reduce
GHG emissions from the U.S. power sector by 32% from
2005 levels. Under certain conditions, U.S. states can
help meet their emissions reductions targets through
imported clean electricity from Canada.

This is expected to create a significant new market
opportunity for Canadian electricity exports and
increase the profitability of various clean electricity
projects, such as large hydroelectric facilities.
It will be important to maximise the benefits from
this trade from both an economic as well as a
global greenhouse gas standpoint. Under the North
American Leaders’ Statement on Climate, Clean
Energy, and Environment Partnership, leaders
announced a goal for North America to strive to
achieve 50% clean power generation by 2025, which
will require further cross-border transmission projects,
including for renewable energy.

REDUCING CANADIAN NORTHERN, REMOTE AND INDIGENOUS COMMUNITIES’ RELIANCE
ON FOSSIL-FUEL GENERATED ENERGY
According to the Remote Communities Energy Database, there are 288 remote and off-grid
communities in Canada, 190 of which rely on diesel fuel for their electricity needs, either completely or
partially. 39 Most of these communities also rely on diesel fuel for home heating.40 In addition to remote
communities, a number of governmental and private buildings also rely on diesel fuel for electricity and
heating. Sixty percent of Canada’s remote and off-grid communities are First Nations, Inuit, or Métis
communities. In many cases the diesel must be flown in at great expense.
There are various environmental and human health concerns associated with the transportation, storage
and combustion of diesel fuel. Further, high fuel costs associated with diesel generation and power
plants already operating at capacity represent barriers to improving living conditions and facilitating
economic development. The cost of producing off-grid electricity from diesel generators in Canada’s
northern and remote communities can be up to 10 times higher than electricity generated on the main
grid, and can significantly add to the cost of living for northern and remote communities.41
Circumstances of specific communities will affect the costs and viability of options to increase the share
of non-emitting electricity generation. While connecting small and distant communities to existing grid
infrastructure is not economically feasible, in some cases, hybrid wind/solar-diesel generation systems
could be deployed in communities to decrease reliance on diesel fuel. Other potential non-emitting
energy alternatives to diesel generation include hydro, tidal, geothermal, small modular nuclear
reactors, and biomass. Diesel is also used to provide home heating in northern and remote communities.
There may be opportunities to further displace diesel with lower emitting technologies.
A number of renewable energy projects have already been deployed to displace diesel in northern and
remote communities. In many circumstances, diesel infrastructure is reaching the end of its life providing
an opportunity to shift to cleaner technologies. Although the upfront capital costs to building nonemitting supply are high, these may be partially offset by lower operating/fuel costs. Long-term planning
and investment is pertinent to the success of this transition.

39
40
38

National Energy Board, Electricity Exports and Imports Summary.

41

Natural Resources Canada, Remote Communities Database.
Carleton School of Public Policy and Administration, Report of
the State of Alternative Energy in the Arctic.
Government of Canada, Status of Remote/Off-Grid
Communities in Canada.
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Moreover, non-emitting electricity infrastructure
investments can help address issues of energy
security for Indigenous communities and help set the
conditions required for stable, and favorable policy
climates for establishing mini and micro grids for rural
and remote electrification, including those that are
First Nation community or family owned.
Currently, the electricity sector requires major
investments in new infrastructure, as many facilities
are about to be retired or refurbished. The majority
of investments in the sector will be in electricity
generation; however, transmission and distribution
will also see significant investments. There are
estimated investment requirements of as much as
$350 billion in electricity infrastructure in Canada
between now and 2030.42 The Deep Decarbonisation
Pathways Project estimates that $16 billion in
additional annual investments will be necessary to
achieve Canada’s low-carbon future, of which 87%
($13.5B) will be required in the electricity sector.43 As
conventional new sources of low-carbon electricity
become less viable, or available (e.g., hydro), new
investments in emerging technologies will become
increasingly targeted.
Given the long-term nature of electricity related
infrastructure, planning and investment decisions
will need to be made in the near term to have the
desired effect on the 2050 time horizon. For example,
infrastructure spending, loan guarantees, and lowinterest loans could potentially help fund new hydro
projects and transmission lines to facilitate clean
electricity projects.

3.5

The IEA argues that energy efficiency is key to
reaching global emissions levels consistent with the
2°C temperature goals. They estimate that electricity
savings, through efficiency measures, could avoid
5,100 GW of new capacity by 2050. Likewise, Torrie
Smith Associates notes that low-carbon future
analysis typically include per capita levels of fuel
and electricity use that are about half the current
Canadian average, and energy productivity (GDP/
energy) four times higher than current Canadian
levels.45 Energy efficiency trends are already positive
in Canada as energy efficiency improved from 1990
to 2013 by 24%.46 The National Energy Board projects
that total end-use energy demand will increase at
an average annual rate of 0.7% from 2014 to 2040,
almost half the rate of increase from 1990 to 2013.
Higher electricity efficiency can be achieved with
targeted demand-side management measures and
technological improvements. Changes in behaviours
such as consuming electricity during low-demand
periods could reduce peak power demand which
could contribute to reduce GHG emissions from
load generation.47 Energy efficiency can also defer
transportation and distribution investments, reduce
line losses and avoid capacity reserve requirements.
As technology develops, further electricity
productivity gains should be realised with devices like
smart meters helping to reduce and optimise enduse.

Improvements in energy efficiency and demand
side management are core elements of a longterm low-GHG strategy and present economic
opportunities. In many cases, energy efficiency is
a cost-effective way to reduce GHG emissions as it

44
45

42

47

43
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Energy conservation and energy
efficiency measures should increase
and be implemented alongside efforts
to reduce emissions from electricity
generation. Electricity savings should
underlie decarbonisation pathways:
demand side management and reducing
equipment and transmission losses makes
electrification far more
effective and feasible.

provides substantial monetary savings for residential
consumers and businesses through lower electricity
bills, as well as other benefits such as reduced
maintenance and improved durability. In addition,
several commercialisation opportunities exist; for
example the International Energy Agency (IEA)
estimates the global energy efficiency market at
$221 billion in 2015. The IEA also notes that efficiency
investments helped drive a global energy intensity
improvement of 1.8% in 2015 however “the intensity
improvement needs to immediately step up to
2.6% per year from now until 2030 to get on a 2°C
pathway”.44

Conference Board of Canada, Canada’s Electricity
Infrastructure: Building a Case for Investment.
Bataille C., Pathways to Deep Decarbonization in Canada.

46

International Energy Agency, Energy Efficiency Market Report.
Torrie, R., Acting on Climate Change: Extending the Dialogue
Among Canadians; Some Reflections On Climate Change
Response Policy.
Natural Resources Canada, Improving energy efficiency
in Canada.
Energy efficiency can also defer transport and distribution (T&D)
investments, reduce line losses and avoid capacity reserve
requirements (IEA 2016)
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Modernizing the electricity grid could also contribute
to improved electricity efficiency by reducing losses
when electricity is generated and transmitted. Grids
generally follow north-south orientations since most of
Canada’s population live in southern jurisdictions along
the international border with the United States, while the
largest hydroelectric projects are located in scarcely
inhabited areas to the north. Since the Canadian
transmission networks extend over 160,000 km, losses are

significant between generation and end-use sources.
However, by 2050, it is highly probable that distributed
generation will play a bigger role, reducing the
requirement for electricity to travel long distances from
point of generation to end use.

ENERGY STORAGE
The principal challenge with variable renewable energy such as wind or solar is that they are
intermittent, meaning that power is not available when the wind is not blowing or the sun is not shining.
As such, improvements in energy storage would make these intermittent sources much more attractive to
grid operators, ensuring that power is available to meet demand cycles. Additionally, increase in energy
density and charging rates for battery energy storage technologies can provide the improvements in
the transport sector that will be required for a widespread adoption of electric means of transportation.
Incorporating intermittent power flows to existing grids requires added flexibility elsewhere on the grid,
which can increase system costs. However, such costs could be offset by the adoption of technologies
that can store excess power for weather conditions that are unfavorable to power generation and
support the grid during peak demand time. Storage technologies could also allow households to rely on
their own energy production, thus increasing the growth of local energy production, potential of smart
grid systems, and energy availability for remote communities.
Figure 5 : Technology Roadmap : Energy Storage

Source: International Energy Agency, 2014. Technology Roadmap: Energy Storage
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The private sector has been a major leader in energy storage research. Specifically, battery storage
technologies for cellphones, computers and electric vehicles, have seen tremendous growth in recent
years. Already, the costs of lithium ion batteries are being significantly reduced by the production of
electric transportation companies, such as Tesla Motors. Moreover, other cheaper and more efficient
options are being developed, with possibilities for the entire energy sector. For example, sulfur-based
and graphene-based battery technologies offer tremendous potential for cheaper and more powerful
battery storage. Other energy storage options are available, with some of them already adopted by
Canadian electricity providers. Recently, the Toronto Hydro Company’s compressed air energy storage
pilot project was deployed in Lake Ontario and now provides 1 MW of storage capacity that can be sent
to the city grid during peak demand times. Thermal energy storage is also being used in the community
of Okotoks, Alberta. Nevertheless, the most promising option for some Canadian provinces is likely to
be pumped storage hydropower (PSH). The technology is readily available, has low operation and
maintenance costs, and is not limited by cycling degradation.
Although recent improvements achieved by the private sector are encouraging, much more innovation
is needed to allow for widespread renewable energy production by 2050. Consequently, due to the
essential role of energy storage technologies in the electrification of numerous processes, including
transportation, it is fundamental that energy storage technologies continue to improve over time. In
order to accomplish this, governments and private actors have a shared responsibility to scale up
investments throughout the innovation chain in order to allow breakthrough technologies as well as
incremental improvements to be brought to market.
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4 Energy Consumption in End Use Applications
Under a low-carbon future, Canada’s electricity demand is expected to increase
substantially by 2050, partly as a result of traditional pressures such as population
and industrial growth, but also because of the electrification of end use applications
that currently use other forms of energy. Many applications (e.g., cars, trucks, boilers,
heaters) can use clean electricity to fulfil their power requirements, reducing emissions
by switching away from refined petroleum products, natural gas, and other fossil fuels.
This greater use of electric power is often accompanied by important efficiency gains,
especially in the transportation sector, leading to an expected reduction in overall
energy demand under low GHG scenarios. Maximising the abatement potential from
electrification requires the simultaneous near decarbonisation of existing electricity
generation and the large expansion of new zero or low emissions electricity sources, as
discussed in the previous chapter.
All academic and expert analyses that pertain to low-GHG pathways show an increase
in electricity supply and greater proportion of electricity in total energy demand. For
example, the Deep Decarbonization Pathways Project shows electricity rising to 43% of
total energy by 2050 compared to 25% currently, more than doubling the current supply
between now and 2050. Moreover, the Trottier Energy Futures Project shows electricity
generation more than tripling between now and 2050.
Given Canada’s relatively cheap and clean electricity generating portfolio, implicit
carbon costs for electric power are lower than in many other countries. This means
that clean electricity is a comparative advantage for Canada. It will be important
to examine any change or rise in electricity costs associated with the new demand
requirements, and ensure that Canada continues to have access to affordable and
reliable electricity going forward.
Apart from electrification technologies, renewable and low carbon fuels are low or
non-emitting options to fulfil many of Canada’s energy requirements. These fuels will be
particularly important in areas where electrification is not currently possible or too costly,
such as aviation and marine transport, some heavy freight transportation, and many
industrial activities. Likewise, renewable or low carbon fuels can often be used in existing
cars and trucks or building furnaces in higher blends, without affecting equipment
performance, safety or warranties.

Share of Total Energy

Figure 6: Electricity as a share of National energy consumption

All other fuel
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Reference 2050

Electricity

57%

43%

75%
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Source: Bataille, C. et al. Pathways to deep decarbonization in Canada.
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predicted to reach between 40 to 72% of total energy
consumption, up from 16% in 2014.

It is important to recognize that all energy related
emissions reduction activities work best when paired
with increasing energy efficiency. For example,
increasing the number of homes heated by clean
electricity will be much more viable when building
envelopes are designed to minimise heat loss.
Importantly, a reduction in demand through energy
efficiency, conservation, and demand side savings
will partially offset the increased Canadian
electricity requirements from the electrification of
end use applications.
Figure 7 presents several analyses of total energy
use in Canada by 2050 under low-GHG scenarios.
The current energy use (2014) is presented, as well as
DDPP and Trottier Institute 2050 results. While there
is population and economic growth during the
period, even stronger energy efficiency gains allow
for decreases in total energy consumption in most
analyses. For example, total energy consumption
decreases from 10 950 PJ in 2014 to 7971 PJ on 2050
(ECCC GCAM scenario, labelled “High Non-Emitting”)
or even 7 251 PJ in 2050 (New Tech Trottier). The central
role of energy efficiency gains in the projections
is consistent with Chapter 2 that depicted energy
conservation as the “first fuel”, the foremost criteria to
meet the 2050 GHG emissions reduction levels.
Apart from a reduction in total energy consumption,
the switch from fossil fuels use to electricity and
renewable fuels alternatives is another cross cutting
theme of all scenarios presented. Clean electricity
production across the country, achieved before
2050 in all scenarios, allows for deep GHG emission
reductions from the electrification of end uses
and industrial processes. Electricity use in 2050 is

Renewable fuels provide the last alternative in most
scenarios to decarbonise the intensive GHG sectors
of the economy. In key sectors, notably in heavy
industry and freight transport, renewable fuels replace
conventional petroleum and natural gas usage.
Those alternative fuels are essential to attain deep
GHG emissions reductions, since it is not likely that
technological advances will allow electrification of all
sectors of the economy by 2050.
Specifically, ECCC presents two scenarios where
electricity generates either 33% (High Demand
Response) or 57% (High Non-Emitting) and renewable
fuels supply either 45% (High Demand Response) or
6% (High Non-Emitting) of total energy consumption
in Canada by 2050. ECCC’s High Non-Emitting
projection estimate refined petroleum products will still
account for around 20% of total energy consumption
by 2050, with natural gas generating 13%. ECCC’s High
Demand Response scenario projects a use of natural
gas falling to 21% of total energy consumption by
2050, and no future use of refined petroleum products.
In contrast, the DDPP estimates that electricity
will generate 48% of total energy consumption in
Canada by 2050, with 17% supplied by renewable
fuels, 17% by natural gas (with Carbon Capture
Storage Technologies [CCS]), 2% by coal (with CCS)
and 13% by refined petroleum products. Trottier
estimates electricity to take between 59-66% of total
energy consumption in Canada, with renewable
fuels supplying either 9 and 17%, refined petroleum
products supplying between 14-16%, natural gas 6-7%,
coal 2-3% (retrofitted with CCS).

Figure 7: 2050 Projections of Total Energy Consumption by End Use Fuel
(PJ)
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4.1

Transportation

KEY MESSAGES:
•

•

Electrification of the transportation sector
presents the potential for significant
emission reductions; for personal vehicles,
electric vehicle technology is commercially
available and continues to improve.
Greater uptake and broad use of electric
vehicles will require more widespread
acceptance of the technology supported
by information and understanding around:
cost of ownership and performance,
charging availability and times, and range
expectations. All of which are expected to
improved significantly over the
coming years.

•

Low-carbon and renewable fuels are
consistent with low-GHG scenarios,
particularly in areas that face challenges
with electrification.

•

Freight transport is a challenging
sector, but there are a number of solutions
that show potential towards deeper
emissions reductions.

•

Emerging technologies such as energy
storage or advanced lightweight
materials will increase energy efficiency
and decrease emissions; innovative
approaches to moving people and freight
are likely to become more widely adopted
by mid-century.

•

Modal shifts, such as moving passengers
and freight to less GHG intensive modes,
could offer notable emissions reductions,
which would be further strengthened
through clean technology deployment,
such as electrified passenger rail.

•

62% of Canada’s black carbon emissions
arise from the Transportation sector.
In addition to being linked to climate
warming, black carbon emissions are
also a public health concern. Canada
continues to take complementary action
to reduce black carbon emissions.

4.1.1 Electrification of the transportation sector
presents the potential for significant
emission reductions; for personal
vehicles, electric vehicle technology is
commercially available and continues to
improve.
The transportation sector plays a vital role in the
lives of Canadians and in the Canadian economy.
Almost 82% of Canadians live in urban areas
and 80% of commuters drive to work in their own
vehicles. Canada’s transportation system moved
over $1 trillion worth of goods to international
markets and employed 896,000 Canadians (5%
of total employment) in 2014. Compared to other
countries, Canada depends heavily on cars for
urban mobility, and has a relatively high share of
large cars. Canada has large distances between its
cities, increasing intercity travel emissions.
Currently, the transportation sector is a major
contributor to Canadian GHG emissions. Roughly
one quarter (28%) of Canada’s GHG emissions
come from the transportation sector, such as from
cars, buses, trucks, motorcycles and recreational
vehicles.48 About 57% of these emissions come
from passenger transport, while heavier freight
transport accounts for 37% of transport emissions.49
However, given increasing efficiency improvements
in passenger vehicles (mainly driven by federal
regulations) and challenges in achieving efficiency
improvements in freight, the share (and net amount)
of GHG emissions from freight transportation is
expected to increase into the future.
Road transportation activity can be broken down
into two components: how people and freight
travel (mode choice) and how far they travel
(activity level). 50 Emissions reductions could result
from a greater market penetration of alternative
vehicle technologies and modal shifts (e.g., away
from single-occupancy vehicles). Activity level
changes could be achieved through consumption
patterns shifting with technological advances (e.g.,
teleworking) or urban densification. Canada will
continue to encourage cities to improve public
transit and bike lanes, and design urban spaces
that reduce the need for vehicle transportation.
Battery electric vehicles provide the opportunity
to emit zero GHG emissions when renewable or
48
49
50

Environment and Climate Change Canada, National Inventory
Report 1990-2014: Greenhouse Gas Sources and Sinks in
Canada.
Based on Canada’s Emission Trends Report 2014.
Conference Board of Canada, A Long, Hard Road:
Reducing GHG Emissions in Canada’s Road Transportation
Sector by 2050.
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clean electricity is used. In addition, electric vehicles
reduce local air pollutant emissions. Electric vehicle
technology is well known, proven, and available
for purchase in Canada with increasing variation
and choice: in total, there are 22 different plug-in
models on the road in Canada, made by 12 different
manufacturers. 51 Alternatively, plug-in hybrid vehicles
offer increased driving range by switching to fossil
fuels when the electric battery charge diminishes.
While these vehicles still use fuel, most of them are
used in a way that relies solely on electricity about
90% of the time. 52

4.1.2 Greater uptake and broad use of electric
vehicles will require more widespread
acceptance of the technology supported
by information and understanding around:
cost of ownership and performance,
charging availability and times, and range
expectations. All of which are expected
to improved significantly over the coming
years.

In spite of Canada’s ambitious mitigation objectives
and clean electricity portfolio, we lag behind many
of our peer countries with respect to electric vehicle
penetration. For example, Norway reached annual
sales of almost 40,000 fully electric vehicles in 2015,
reaching a market share of 23% of passenger vehicles
sold. China has grown its electric vehicle fleet by
207,000 passenger vehicles in 2015, with an additional
123,700 electric buses and commercial trucks on the
road. 53 Meanwhile, there are now more than 40,000
electric vehicle charging stations in Japan, including
in personal homes and commercial buildings.
Charging stations are now more common than the
roughly 35,000 gas stations in the country. 54
Although only about 24,000 plug-in vehicles have
been sold in Canada thus far, sales increased by
32% between 2014 and 2015, and are projected to
continue to increase as prices converge with those of
conventional vehicles, charging infrastructure is built
out, and more vehicle selection becomes available. 55
For example, out of the roughly 400,000 reservations
53

51
52

54
55

CAA, Electric Vehicles: What You Need to Know.
EVObsession, Best Electric Car for the Average American.

International Energy Agency, Energy Technology Perspectives
2016.
Coulter, T., Japan Has More Car Chargers Than Gas Stations.
Fleet Carma, Electric Vehicle Sales in Canada: 2015 Final
Numbers.

Figure 8: 2050 Transportation Sector Energy Use Projections (PJ)
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of the upcoming Tesla Model 3 electric vehicle, an
estimated 36,000 have been made in Canada. 56
While the production costs of electric vehicles
remain higher than traditional gasoline vehicles, a
more significant challenge limiting electric vehicle
adoption is consumer concerns regarding the
range of the battery charge. Charging speeds and
battery range currently do not allow for comparable
refueling times when benchmarked against
traditional gasoline vehicles. In some circumstances,
cold weather can also reduce electric vehicle
driving range. However, studies have found that the
current battery range for electric vehicles is sufficient
to satisfy close to 90% of personal vehicle use. For
example, a study from the Massachusetts Institute of
Technology used GPS data to estimate the energy
requirements of personal vehicles across the United
States, determining that 87% of requirements could
be met with current electric vehicles. 57
In addition, there are significant efforts put in place
to increase fast charging infrastructure in some
Canadian jurisdictions, which can allow the average
electric car to charge 80% of its battery capacity
in 30 minutes. Although needs for infrastructure
investments will be important in the coming years, it
is important to note that chargers will not need to be
as abundant as fuel dispensers are today, as more
than 95% of charging is done at home, and public
charging stations generally only need to be used
when motorists travel long distances.

4.1.3 Low-carbon and renewable fuels are
consistent with low-GHG scenarios,
particularly in areas that face challenges
with electrification.
Low-carbon, renewable fuels, and hydrogen are
of particular importance for areas that are hard to
electrify. A number of renewable fuels are already
commercially available such as ethanol, biodiesel
or biofuels. Fuel blends contain varying renewable
content, and environmental benefits expand when
second-generation biofuels are used. Unlike other
modes of transportation, the aviation industry has
few options available for reducing GHG emissions.
Improved technological and operational measures
will have their role, but only low-carbon alternative
fuels (biojet) have the potential to offer significant
life-cycle GHG emission reductions.
Renewable natural gas offers the potential to
achieve considerably greater emissions reductions
56
57

Model 3 Tracker, Known Sport of Model 3 Vehicles by Status.
Needell, Z., Potential for Widespread Electrification of Personal
Vehicle for Travel in the United States.

than natural gas. Biogas, generated from biomass
from landfill sites, agriculture, wastewater, or other
sources is upgraded to natural gas quality. It can
then be directed to the grid for use in buildings
or transportation applications in the form of
compressed natural gas (CNG) or liquefied
natural gas (LNG).
Natural gas vehicles are used in several fleets
around the world. Up to a 25% reduction in carbon
dioxide equivalent emissions can be achieved
on a well-to-wheel basis when replacing gasoline
with compressed natural gas in light-duty vehicles.
Natural gas can be an effective solution for
transportation that is harder to electrify such as
on-road freight, marine shipping and rail, featuring
relatively quick refueling times and long ranges.
As such, it has been a key area for research and
development for these modes. Natural gas also has
the advantage of significantly improving air quality
and reducing noise when compared to diesel.
Hydrogen fuel cell technology can also help
decarbonise the transportation sector. The process
of producing electricity with a fuel cell involves
hydrogen and oxygen as inputs, and produces water
vapor and heat at the tailpipe, therefore emitting
no GHG emissions. However, hydrogen production
currently either requires significant amounts of
electricity to be produced through electrolysis, or
can be produced with methane reforming, which is
an emitting process.
Hydrogen fuel cell vehicles provide the benefit of
having similar refueling times when compared with
internal combustion engine vehicles, but they also
face important barriers such as the cost of fuel cells,
cost and energy intensity of hydrogen production,
and the need for new infrastructure for hydrogen
refueling stations. Nonetheless, hydrogen is a key
component of several modelling exercises including
the IEA and Deep Decarbonization Pathways
Project. For example, the IEA has modelled different
levels of Fuel Cell Electric Vehicle adoption. So far,
Toyota and Hyundai have commercialised fuel cell
electric vehicles in Europe, South Korea, California,
Vancouver and Japan and further investments could
help to accelerate infrastructure deployment. For
example, there are already several hydrogen stations
and buses in Whistler, British Columbia. Hydrogen is
used widely in industry for ammonia production and
refining, and can be used for storing the energy in
excess renewable electricity. Canada is well placed
in the development of hydrogen and alternative fuels
with companies such as Westport innovations and
Ballard, developing and exporting these low carbon
technologies.
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Modelling results from very low greenhouse gas
scenarios for 2050 point to various avenues to power
Canada’s transportation sector (see description of
models and scenarios in Modelling and Scenario Box
in Chapter 2). Currently, refined petroleum products
(e.g., gasoline, diesel) power over 90% of Canada’s
transportation energy requirements. Under scenarios
where aggregate Canadian emissions decline
dramatically in 2050, the energy portfolio of the
transportation sector shifts considerably (see Figure 8).
Under ECCC’s first High Non-Emitting scenario,
electricity powers 41% of transportation energy
requirements in 2050, whereas renewable low-carbon
fuels account for 8%. The remaining requirements
are met with hydrogen (16%) and natural gas (1%),
although refined petroleum products continue to
power 33% of the vehicle fleets including air and
marine transportation. In comparison, ECCC’s High
Demand Response model points to renewable and
low-carbon fuels dominating the transportation
energy portfolio (78%). In this modelling scenario,
electric vehicles do not penetrate the market.
The Deep Decarbonization Pathway Project also
points to a high penetration of renewable and
low-carbon fuel powered vehicles (55%). Electricity
makes up 26% of the power requirements from the
transportation sector, whereas hydrogen accounts
for 14%. Under the Trottier analyses scenarios,
renewable or alternative fuels power 10-18% of

the transportation requirements in 2050. Electricity
powers 18-21% and hydrogen powers 3-32%. Refined
petroleum products continue to power 36-43% of the
sectors energy requirements.

4.1.4 Freight transport is a challenging sector,
but there are a number of solutions that
show potential towards deeper emissions
reductions.
Freight transportation, such as heavy duty on road
vehicles, aviation and marine is a challenging area
for GHG mitigation. Improving the fuel efficiency
of freight transportation is essential to reducing
greenhouse gas emissions from this subsector.
Moreover, alternatives to conventional internal
combustion engines exist including vehicles that run
on fuels such as biofuel blends, liquefied petroleum
gases, or natural gas. The use of these fuels can
reduce the GHG intensity of road transportation,
sometimes significantly.
Electrification of freight transport is currently limited
due to technological constraints such as insufficient
range for long-haul shipping, long charging times
for delivery requirements, as well as the significant
energy requirements and engine sizes required to
transport heavy loads. However, some companies
have revealed plans to develop electric freight
transport in the coming years. For example, last July

CANADIAN BUSINESSES ADOPTING LIGHT FREIGHT ELECTRIFICATION
A number of Canadian companies, and companies operating in Canada, have opted to green their
fleet through the use of hybrid-electric vehicles or fully electric vehicles. For couriers and other shipping
companies, fleet management and fuel use has a major impact on operating costs, and is constantly
being reviewed to minimise costs and increase performance. Some companies have opted for electric
vehicle technology for both economic and environmental benefits.
As a few examples, Canada Post, Purolator, the United Postal Service, Fedex, and Novex have moved
towards more sustainable transportation solutions for shipping. Other initiatives, such as a fully electrified
taxi company, have been developed, for example in Montréal by Téo Taxi. Although information gaps
appear to be an important barrier to adoption of electric vehicles by small and medium enterprises,
several companies are providing support services to demonstrate the business case for greening vehicle
fleets. This involves procedures such as calculating expenditure impacts, renting out vehicles to allow for
trials, and providing technical support for charging infrastructure management.
Another company, Communauto, North America’s oldest and largest car-sharing company, has recently
announced its purchase of 600 hybrid-electric or fully electric vehicles. Among these vehicles, 515 are
destined to the Québec market, while the remainder will be distributed to Communauto’s European
market. Ride-sharing services also displace a significant amount of personal vehicle requirements,
thereby reducing GHG emissions further.

38
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Mercedes-Benz unveiled its latest electric prototype,
the Urban eTruck, conceived for dense urban areas.
The fully electric vehicle has two electric motors, can
hold 3 batteries, and will be able to support up to 26
tons. Conceived for short distances (200 kilometers)
and use in heavy traffic, Mercedes-Benz expects to
commercialise the vehicle by 2020. 58
Despite continuous progress, there are some
challenges associated with reducing emissions from
freight transportation. Finding economical means
of producing biofuels and alternative means of
transporting merchandise will be key.
Figure 9: An Urban eTruck 59

A large deployment of heavy electric trucks may
take longer than cars since the turnover rate of
heavy trucks is significantly lower than for cars (30
years for trucks compared to 20 years for cars).
Emissions from aviation, marine, and rail transport are
also challenging to reduce due to the high energy
density of fuel required with these modes. Despite
these challenges, the energy intensity of the freight
transportation sector decreased from 1.38 MJ/Tkm in
2011 to 1.30 MJ/Tkm in 2013. A recent report from the
Conference Board of Canada suggests that much
greater performance and efficiency improvements
will be needed to help bring Canada to deep
decarbonisation in the transportation sector.60
In 2013, new federal regulations imposing GHG
emission standards for new on-road heavy-duty
vehicles and engines were implemented to align
with U.S. national standards and move the Canadian
heavy truck fleet toward more fuel efficient vehicles.
In the marine and rail sectors, where fuel represents
a significant share of overall costs, operators are
actively seeking improvements in fuel efficiency
58
59
60

Mercedes-Benz, Electric Truck for the City.
Mercedes-Benz, Urban eTruck.
Conference Board of Canada, A Long Hard Road: Drastically
Reducing GHG Emissions in Canada’s Road Transportation Sector
by 2050.

and GHG performance through new technologies,
designs and system efficiencies, and are exploring
a shift to low-carbon fuels. For marine shipping,
mandatory technical and operational emissions
reduction measures established by the International
Maritime Organization (IMO) are also driving
efficiency improvements. However, significant
emissions reductions will take time as the existing
stock of ships and locomotives turn over. Electric
and alternative fuel solutions can also achieve
meaningful reductions from port and cargo handling
equipment at transportation hubs.

4.1.5 Emerging technologies such as energy
storage or advanced lightweight
materials will increase energy efficiency
and decrease emissions; innovative
approaches to moving people and
freight are likely to become more widely
adopted by mid-century.
Looking forward, improvements in energy storage
technology will facilitate the adoption of electric
vehicles. The most anticipated technological
development related to battery storage is the use
of graphene in batteries, which would allow for a
significantly higher energy density (battery capacity
per unit of weight), significantly faster recharging
times, and lower costs. Graphene is abundantly
available and the emergence of graphene batteries
could be a tipping point where electric vehicles
will become more affordable and convenient,
broadening adoption.
Connected and automated vehicles, combined
with smart infrastructure, are expected to be
increasingly deployed by automakers, and have the
potential to not only make driving more convenient,
but considerably safer, and more efficient, which
can lead to improved environmental outcomes.
While not as significant as the impact of electrifying
transportation, efficiency improvements from
autonomous driving could be important. With
quicker reaction times than humans, connected and
autonomous vehicles can circulate with less distance
between cars, allowing for much more efficient
traffic movement (e.g., reduced idling, smoother
acceleration), and perfectly safe slipstreaming (i.e.,
cars avoiding wind resistance by following others
closely), resulting in less energy wasted. The expected
safety improvements and reduced congestion could
add up to large fuel savings, with significant cobenefits for the economy and the environment.
Finally, advanced lightweight materials and
manufacturing methods will need to be integrated
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ELECTRIFIED PUBLIC TRANSPORT AND SMART URBAN PLANNING
In the transition to a low-carbon economy, public transportation provides significant GHG emission
reductions as compared with personal vehicles, but diesel buses still emit a sizeable amount. More
recently, advances in the development of batteries for electric vehicles have spilled over to city buses.
For example, the city of Gothenburg has been using three electric buses on one line of its public
transport service, and has been using seven hybrid electric buses. Although the buses are significantly
more expensive than diesel buses upon purchase, the fuel savings rapidly compensate this difference.
The buses are charged for six minutes between trips, allowing for more than enough range for the route
they serve, while providing outlets to charge phones and providing Wi-Fi to users inside the buses.61
Similar projects are under way in Montreal, starting with hybrid-electric buses.62
Another important consideration in transitioning to a low carbon economy is how to plan and design
cities in order to support low-emission technologies and lifestyles, and correct for the traffic congestion
levels that are seen in large Canadian cities. Congestion is an important cost to the economy, evaluated
in 2008 as costing the regional economy of the Greater Toronto and Hamilton Area, directly and
indirectly, $6 billion annually.63 This kind of structural change will take time to realise, but governments
can start building momentum in the short-term by deciding to take a holistic approach to development
through integrating land use, transportation, energy production and community planning.
More and more, cities are looking into innovative solutions to reduce congestion on their roadways. For
example, the city of Edmonton is one of two Canadian cities taking part in a North American program
aimed at developing Connected Vehicle Technology.64
This technology can improve many elements of transportation in cities, by preventing collisions between
cars, by guiding drivers through detours when there is a slowdown or an accident on the road, and even
adjusting traffic lights along the detour routes to minimise congestion. Other technological advances
are leading to autonomous vehicles and greater use of vehicle sharing, which stand to have important
impacts of the future movement of people within cities. Technological advances also help pave the
way for new management approach by cities and governments, such as the use of efficient pricing
of tolling mechanisms. For example, High Occupancy Tolls Lanes allow for both vehicles with enough
passengers and permit holders to drive in these lanes, allowing for reduced congestion and revenues
that can be invested into public transit.

across all modes of transportation to increase
efficiency, from on-road electric vehicles to aviation.
Other considerations to reduce transportation
emissions include: retrofit of heavy-duty vehicles
including tractors with GHG-reducing technologies
(aerodynamics, auxiliary power units) and the
scrappage of less efficient vehicles.

61
62
63
64
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Electricity, The electric bus – quiet, exhaust emission-free and
passenger-friendly.
Canadian Press, Electric bus pilot project to hit Montreal
streets in 2015.
Urban Transportation Task Force, The High Cost of Congestion in
Canadian Cities.
City of Edmonton, On the Front Edge of Smart Vehicle
Technology.

4.1.6 Modal shifts, such as moving passengers
and freight to less GHG intensive modes,
could offer notable emissions reductions,
which would be further strengthened
through clean technology deployment,
such as electrified passenger rail.
Given the emissions profile and current limitations
in electrifying freight transportation, a shift towards
rail transit for a majority of freight could reduce the
amount of energy needed to move goods around
the country. Although rail transportation entails issues
such as longer shipping times, and less flexibility
in terms of routing of goods, it has the potential to
reduce emissions per unit of goods moved by about
75% compared with on-road vehicles for the same
distance travelled.65 As for passenger transportation,
65

Association of American Railroads, Freight Railroads Help Reduce
Greenhouse Gas Emissions.
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rail offers another potential avenue for intercity travel,
which could reduce emissions compared to personal
vehicles or bus transportation. Other benefits to shifts
toward rail transportation include reduced wear and
tear on roads and reduced road congestion.
In addition to being less GHG-intensive than onroad modes of transportation, there may be an
opportunity to reduce emissions even further through
electrification of Canada’s passenger rail systems
moving on dedicated tracks. Heavily populated
corridors, such as the Windsor-Quebec axis, represent
prime areas for such a system. Although this type
of project requires significant capital expenditures,
important savings can be realised through reduced
energy costs, increased performance allowing better
optimisation (e.g., allowing more units to be attached
to the same locomotive), and reduced maintenance
costs.66 Electrification of trains also provides other
benefits in the form of smoother rides, reduced
power load at higher altitudes compared with diesel,
and service to underground locations (which is not
possible for diesel given emissions of pollutants).
Electric light-rail trains represent an interesting mode
of transportation for public transit, as it is up to 10
times cheaper than underground metro systems for
the same distance covered.67 At this cheaper cost
per kilometer, light-rail trains become particularly
appealing for bringing commuters from suburban
areas into cities faster, while reducing the amount of
vehicles in downtown areas. Light-rail trains are also
easier to electrify than buses, which makes it a less
GHG-intensive transit option than buses, while also
reducing the cost of electrification.

4.1.7 62% of Canada’s black carbon emissions
arise from the Transportation sector.
In addition to being linked to climate
warming, black carbon emissions are
also a public health concern. Canada
continues to take complementary action
to reduce black carbon emissions.
The transportation sector emits significant amounts
of black carbon mostly through diesel engines and
vehicles. Canada continues to take regulatory
action to address air pollutant emissions from
transportation, which also reduces black carbon,
including regulations for on- and off-road diesel
vehicles and engines manufactured or imported for
sale in Canada. Regulations to implement the North
American Emissions Control Area to reduce emissions
from shipping also reduce black carbon emissions.
66
67

In addition to being linked to climate warming, black
carbon emissions are also a public health concern.
As a component of PM2.5, black carbon particles
are small enough to be inhaled and absorbed into
the lungs and bloodstream. Reductions in black
carbon emissions from the transportation sector have
important co-benefits for the health of Canadians.

4.2

Buildings

KEY MESSAGES:
•

Over one third of Canadian homes
are already heated and cooled
with clean electricity; emerging
technologies will make this option
increasingly economically attractive.

•

Natural gas continues to play an
important role in heating and power
requirements. Renewable Natural Gas
is a small but growing part of
the supply mix meeting those
energy needs.

•

The electrification of the
building sector should be
matched with a scale-up of
energy efficiency measures.

•

District heating for residential and
commercial buildings could help
lower GHG emissions since heat is
generated in a centralised location
with non-emitting fuel options.

•

Life cycle assessment quantifies
holistic environmental impacts of
buildings, enabling optimal decisions
in sustainable design.

•

Retrofitting existing buildings will be
necessary to address the inefficient
building stock that could otherwise
stand well beyond mid-century.

•

Smarter, more sustainable cities are
key to a prosperous future.

Professional Engineers Ontario, Towards a clean train policy:
diesel versus electric.
Condon P., Don’t Waste Billions on Bad Transit Projects.
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Figure 10: 2050 Building Sector Energy Use Projections
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4.2.1 Over one third of Canadian homes
are already heated and cooled with
clean electricity; emerging technologies
will make this option increasingly
economically attractive.
Emissions from the buildings sector arise from
residential, commercial, and institutional buildings, as
well as the equipment in them. The building sector is
currently one of the most GHG-intensive in Canada
and is the third largest emitting sector representing
12% of Canada’s emissions - with emissions currently
projected to grow through 2030. However, a number
of measures can help to achieve reductions in the
sector including fuel-switching and energy efficiency.
Some Canadian homes and commercial buildings
already rely on clean electricity to power their
heating, cooling, lighting and appliances. Current
technology such as electric boilers, electric
baseboards, space heaters, and heat pumps
can be used instead of fossil fuels, resulting in zero
greenhouse gas emissions when combined with
a non-emitting electricity portfolio. In 2011, 39%
of Canadians households used electricity for their
heating equipment. Electricity was the predominant
energy sources for heating in Quebec (66%),

New Tech (Trottier)

Newfoundland and Labrador (56%) and
New Brunswick (48%). 68
Current technologies that may become more cost
effective in the future include electrically driven
geothermal and air source heat pumps, and
increased use of ambient solar heating. Air-source
heat pumps can draw heat from the air and transfer
warm air inside during the winter or outside during
the summer.69 Ground-source heat pumps, also
called earth-energy systems, can use energy from
the ground to produce heating and cooling and are
being increasingly used across Canada. Due to their
high efficiency, ground-source heat pumps can yield
energy savings of up to 40% higher than an air-source
pump but require higher up-front installation costs.
Solar energy for homes also offers many advantages
and helps lower grid-related energy requirements.
New technologies are emerging to better generate
photovoltaic energy for homes such as: solar
roadways, solar shingles, solar panels installed on
the sides of buildings, and thin solar films that can be
applied to any metal roofing.

68
69
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Statistics Canada, Households and the Environment:
Energy Use (11-526-S)
Natural Resources Canada, Coming to Terms with Heat Pumps

CANADA’S MID-CENTURY LONG-TERM LOW-GREENHOUSE GAS DEVELOPMENT STRATEGY

0588
Figure 10 illustrates the current use of energy in the
building sector as comprising of natural gas (45%),
electricity (36%), renewable fuels (10%) and refined
petroleum products (6%). Modelling projections for
a low GHG economy in 2050 take into account a
variety of factors such as potential provincial energy
codes amendments, regulations on new buildings
requirements and technological costs. Note that
the projections do not take into account a potential
increase in the use of clean district heating systems
in Canada.
In all of the low-GHG analyses, the share of energy
met through clean electricity increases from today’s
levels. The first ECCC low-GHG analyses (High NonEmitting) illustrates electricity at 70% of the energy
use of the building sector by 2050, while the second
projection (High Demand Response) estimates
electricity to be 50% of energy use in the sector
(renewable fuels represent 22%).
The DDPP scenario demonstrates that electricity
increases to fulfill 99% of the building sector’s energy
requirements in 2050 (with 1% remaining for natural
gas). The Trottier Institute, demonstrates two scenarios
where the share of electricity increases to 86-89%
of total energy use in the sector by 2050, where the
remaining requirement is fulfilled through natural gas
(4-5%), renewable fuels (4-5%) and refined petroleum
products (2-5%).

4.2.2 Natural gas continues to play an
important role in heating and power
requirements. Renewable Natural Gas is
a small but growing part of the supply mix
meeting those energy needs.
Across most scenarios, natural gas, a relatively lower
emitting fossil fuel, continues to power some heating
and other requirements in the building sector.
Natural gas can also be substituted for Renewable
Natural Gas where desirable, without replacing
capital or infrastructure, such as natural gas home
furnaces. Generally, Renewable Natural Gas is fully
interchangeable with conventional natural gas.
Methane that is released from sources such as
landfills, agricultural residues, livestock production,
sewage treatment plants, and forestry waste can be
recovered, cleaned, and can be directly substituted
for conventional natural gas.

4.2.3 The electrification of the building sector
should be matched with a scale-up of
energy efficiency measures.
Increasing energy efficiency is particularly important
in the Canadian building sector, as Canadian
households consume an average of 11,000 KWh of
electricity per year (2010). By comparison, this is just
under the U.S. average (12,960 KWh), and well above
Australia (7,350 KWh) and EU countries’ average such
as France (5,760 KWh), the United Kingdom (4,510
KWh) or Germany (3,515 KWh).70 This is generally
attributable to Canada’s cold climate and relatively
large sizing in residential housing.
Energy efficiency improvements can be realised
either through the design of a building’s system,
including air sealing, better construction materials,
passive heating, insulation, white roofs, triple pane
windows; or more energy efficient equipment and
appliances including heat pumps, condensing
boilers, high efficiency cooling, energy-efficient
lighting and appliances, and energy management
control systems. Development of highly efficient
heating and cooling technologies, such as energy
management systems and smart thermostats, can
reduce costs and improve performance of heating,
ventilation, and air conditioning.
In Canada, provincial and municipal building energy
codes and federal energy-efficiency standards
are important tools for driving energy productivity
improvements. Future policies will need to ensure that
energy efficiency programs and energy supply fuelswitching both correspond to low-GHG objectives.
Energy efficiency in the buildings sector has
numerous co-benefits such as infrastructure resilience
and lower operating and maintenance costs, as
well as positive effects on national income and
employment. Moreover, several studies have pointed
to increased health benefits from better designed
buildings in terms of lower risks of respiratory and
cardiovascular conditions, rheumatism, arthritis or
allergies. Lastly, energy efficiency savings can be
beneficial for lower income Canadians.

4.2.4 District heating for residential and
commercial buildings could help lower
GHG emissions since heat is generated in
a centralised location with non-emitting
fuel options.
District heating (also known as heat networks
or teleheating) is a system for distributing heat
70

World Energy Council Indicators, Average electricity
consumption per electrified household,

CANADA’S MID-CENTURY LONG-TERM LOW-GREENHOUSE GAS DEVELOPMENT STRATEGY

43

0589
generated in a centralised location for residential
and commercial heating requirements such as
space heating and water heating. These systems
have the potential to help reduce GHG emissions,
by utilising low-carbon fuel options such as waste
heat or biofuel.
District heating is the dominant heating system
in Nordic countries (except for Norway). In those
countries, biomass, natural gas, and municipal solid
waste biogas are commonly used as energy sources
for district heating. Specifically, biomass is used as
fuel for 60% of district heating system in the Swedish
building sector, 40% in Denmark, and 70% in Finland.
Canada has similar geographical and climatic
conditions and has thus a vast and untapped
potential for extensive district heating systems.71

4.2.5 Life cycle assessment quantifies holistic
environmental impacts of buildings,
enabling optimal decisions in
sustainable design.
Life cycle assessment (LCA) is a scientific method
for measuring the environmental footprint of
materials, products and services over their entire
lifetime. Applied to a building, LCA measures
environmental impacts like energy consumption
and greenhouse gas emissions at every stage of a
building’s life. It includes raw resource extraction,
product manufacturing and transportation, building
construction, operation and repair, and demolition.
LCA helps building designers consider the total
environmental impact of material choices and other
design decisions. Designers use LCA to examine
trade-offs and alternatives, for the lowest possible
lifetime environmental footprint of the building. This
data-driven process allows building designers to test
and validate their sustainability decisions.72

4.2.6 Retrofitting existing buildings will be
necessary to address the inefficient
building stock that could otherwise stand
well beyond mid-century.
According to the Canadian Housing and Mortgage
Corporation, Canadian residential construction has
grown at an average rate of 1.5% in the past five
years.73 At this rate, the built residential environment
71
72
73
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International Energy Association, Canada Review 2015.
O’Connor, J., and Bowick, M., Advancing Sustainable Design
with Life Cycle Assessment.
Statistics Canada, 2011 Census of Canada. Canadian Mortgage
and Housing Corporation, Total Housing Starts, Canada,
Provinces and Metropolitan Areas, 1990–2015 (units).

would double in Canada in approximately 50 years
from today, well past mid-century. New construction
has been addressed in the previous sections, but the
dominating remaining building stock could mostly
remain standing in 2050. According to the IEA, close
to 75% of the OECD countries building stock from 2010
will still be standing in 2050.
Therefore, new building energy code regulations on
their own will not be enough to achieve significant
GHG emissions reductions from by 2050 and
additional efforts will be needed to address existing
buildings. The same is true in the industrial and
commercial building subsectors.
Making existing buildings more energy-efficient
through retrofitting is an important step towards
reducing GHG emissions reductions in Canada.
Retrofitting requires investments, especially in the
case of deep retrofits where significant parts of the
building must be refurbished. Different retrofit rates
are found around the world depending on type
of buildings, climate and costs. For example, EU
member countries have an energy savings retrofit
target rate of 3%/year for government owned
buildings.74 Similarly, Germany has a target of thermal
retrofitting 2% of total residential buildings per year.75
Energy management practices, including energy
benchmarking, audits, and on-going building
optimisation can help generate better understanding
of buildings energy usage and costs, identify areas
of opportunities, and make improvements where
and when necessary. They can also provide green
solutions for systems that are embedded in the
building and may be harder or more costly
to replace.76

4.2.7 Smarter, more sustainable cities are key to
a prosperous future
Urban planning and design will be key to making
building sites and designs work together to enable
lower GHG solutions. In a low-GHG economy, for
example, communities should be making effective
use of local energy sources ranging from on-site
renewable energy to waste heat and organic waste,
allowing optimal use of clean energy grids. District
energy networks will distribute thermal energy for
74

75
76

Official Journal of the European Union, Directive 2012/27/EU of
the European Parliament and of the Council of 25 October 2012
on Energy Efficiency Amending Directives 2009/125/EC and
2010/30/EU and Repealing Directives 2004/8/EC and 2006/32/EC.
Germany Federal Ministry of Economics and Technology,
Germany’s New Energy Policy Heading Towards 2050 with
Secure, Affordable and Environmentally Sound Energy.
Natural Resources Canada. Commissioning Guide for
New Buildings.
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LOW EMISSIONS OPERATIONS AND GOVERNMENT PROCUREMENT
Governments have an important leadership role to play in the transition to a low-carbon economy
given the size of their operations. By implementing ambitious policies, federal, provincial and territorial
governments can lead by example on many aspects of the low-carbon transition. Canada’s Federal
Sustainable Development Strategy has developed objectives for greening government operations.77 The
federal government has adopted a target to reduce emissions by 40% from 2005 levels by 2030, with the
aspiration to achieve it earlier, potentially by 2025. Furthermore, the government has committed for all
operations run by Public Services and Procurement Canada to use 100% of their electricity purchased
from clean power, and to significantly increase the energy efficiency of federal buildings, with the goal
of cutting emissions almost in half. Several provinces, such as British Columbia, Quebec, and Ontario,
have also adopted targets to reduce emissions or to achieve carbon neutral operations.
Governments can lead the way in many areas, such as green procurement, green buildings, energy
efficiency measures, and other green investments. New government buildings could require a certain
type of environmental certification, as green buildings are generally recognised to have a positive effect
on the asset value.78 For older buildings, the use of deep retrofits would help to substantially reduce
energy costs and GHG emissions. The use of energy performance measurement could help to better
understand and improve energy use. Governments could also encourage the use of public and active
transportation as well as flexible working arrangements such as telework.
Green procurement is one way in which the government can reduce its environmental footprint and
increase domestic demand for clean technologies and other environmentally preferable goods
and services. For example, the federal government’s Policy on Green Procurement targets specific
environmental outcomes where procurement can effectively be used to mitigate the impact of
environmental issues, such as climate change. Allowing climate considerations to be streamlined
into the procurement process, such as the disclosure of climate performance, could more accurately
benchmark and compare different product and services. The purchasing power of governments could
also be used to support the development of green technologies. Governments could also help to
accelerate the adoption of certain green products such as electric vehicles with charging stations at
work locations.
In some sectors, there are opportunities to take a more important role in greening their operations.
The defense sector is increasingly recognising the strategic importance of having alternative sources
of power and the potential cost savings. The Pentagon has become the second largest purchaser of
long-term renewable electricity contracts in the U.S., according to Bloomberg data.79 Low-carbon
opportunities exist for Department of National Defense and other government departments that have
large fleets.
It is important that governments explore best practices on greening government operations by learning
from other jurisdictions. This is important for developing knowledge and raising ambition over time in
order to be innovative and creative in finding solutions.

heating and cooling, while smart electrical grids
manage local energy supply and demand. Energy
storage systems could help to balance variations in
supply and demand for heating, cooling and power
while local industrial, commercial, and agricultural
enterprises approach energy in an integrated
way. Finally, businesses could take advantage of

waste heat, use renewable fuels, and capitalise on
opportunities as energy producers.777879

77
78
79

Government of Canada, Shrinking the Environmental Footprint –
Beginning With Government.
The Royal Institution of Chartered Surveyors, Green Value.
Financial Post, How the Pentagon is Waging America’s Wars
Using Renewable Energy.
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AN ELECTRIFICATION SUCCESS STORY
Mining vehicles typically require energy-dense fuels
to move and lift heavy loads. However, in 2008, SBC
Case Industries, PapaBravo’s parent company, initiated
an R&D project to develop electric vehicles for use in
potash mines. Later, PapaBravo developed a business
plan based on R&D technology with the support of
the National Research Council’s Industrial Research
Assistance Program. The company was able to develop
many vehicles such as the Marmot-EV and a secondgeneration truck able to function in environments
other than potash mines. The vehicles have a range of
about 120 kilometres and can recharge in less than an hour. The Saskatoon firm PM&P which acquired
PapaBravo in 2015 is now a global competitor in electric mining vehicles and is doing business in
Canada, South Africa, Australia, and New Zealand. 80

4.3

Industry

4.3.1 National circumstances challenge
the decarbonisation of Canadian
industrial sectors

KEY MESSAGES:
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•

National circumstances represent
challenges for the decarbonisation of
Canadian industrial sectors.

•

Electrification of industrial operations
offers emissions reduction potential.

•

Cogeneration reduces waste heat and
generates thermal and electric energy,
thereby producing environmental and
economic benefits.

•

Other improvements in energy
efficiency through innovative ways
of optimising energy production and
consumption will be essential.

•

Carbon capture and storage,
fuel switching to non-emitting fuels,
and recycling can also reduce
emissions. These technologies continue
to improve.

•

Nevertheless, there remain challenges
in reducing emissions from some sectors,
for which innovation and research and
development will be necessary.

Historically, Canada has benefited from an
internationally competitive economy based on lowcost natural resources and accompanying industrial
activities. These activities face significant challenges
to decarbonisation:
•

Canada’s energy sector is an important driver
of the Canadian economy. Canada’s exports
of energy, extracted resources, and agricultural
commodities are significant contributors to the
gross domestic product. Also, Canada is a net
energy exporter. It is the world’s fourth largest
exporter of crude oil and fifth largest exporter of
natural gas.

•

Canada’s oil and gas sector is GHG intensive due
to the energy required in the primary extraction
of fossil fuel and other natural resources.

•

Industries are concentrated in particular
areas of the country, making distributional
impacts of abatement policies a particular
concern. Regional cooperation and progressive
mitigation policies will be key to ensure that
decarbonisation efforts do not disproportionally
affect certain regions.

•

Over 75% of Canada’s total industrial energy
use is consumed in the mining, pulp and paper,
iron and steel, cement, smelting and refining,

80

National Research Council Canada, Revolutionizing Canada’s
Mining Industry with Electric Vehicles.
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chemicals, and petroleum refining sectors. The
greatest portion of energy (about 70%) is used
for heating purposes such as thermal treatment
(mainly in heaters and furnaces), drying, and
steam generation. These emissions are more
challenging to reduce than in other sectors
due to the high heat requirements of certain
processes. Technology solutions exist, often with
deep GHG reduction potential, however market
barriers to adoption are such that significant
investments may be required to achieve largescale commercial uptake.

4.3.2 Electrification of industrial operations offers
emissions reduction potential
Many Canadian industries are already electrifying
their operations or discovering other innovative ways
to lower GHG emissions. For example, motor systems
such as pumps, fans, conveyers, and compressors
are almost entirely powered by electricity in
some sectors. Electrified operations can be set for
production during off-peak electricity periods to
benefit from lower electricity prices. Specific subsectors, such as the aluminium industry, where
smelting processes are highly energy intensive,
are already relying on non-emitting electricity to
fulfil their power demands. The energy intensity of
aluminium plants has also decreased over time,
leading to reduced electricity demand per unit
of output.
In the iron and steel sector, some Canadian plants
operate with electric arc furnaces that produce steel
from recycled metal and require significantly less
energy compared to conventional processes using
ore. In the glass industry, electric glass melting tanks
can be used, while in the pulp and paper industry,
electricity can be used for mechanical pulping. In
the mining sector, hybrid diesel-electric equipment
could be used in underground mines and fully
electric vehicles could further reduce emissions and
diminish needs for ventilation.
In Canada’s oil sands, extracting and upgrading
bitumen is an energy-intensive process where large
amounts of thermal energy and electricity are used.
Further electrification of processes, including the
electrification of heat (for example electro-thermal or
radio frequency electromagnetic heating), provides
an avenue to decarbonisation, but requires a clean
electricity source.
The adoption of electric steam generators to replace
natural-gas fired steam generators could reduce
direct emissions. Electric steam generators use

electric resistance elements to produce steam and
heat, and the conversion of electricity into thermal
energy is very efficient. It is technically possible for
the separation of bitumen, hydrogen production for
upgrading, and refining and pipelining operations to
use electricity instead of natural gas.
A study by the Canadian Energy Research Institute
has looked at scenarios for the electrification of oil
sands production using hydropower and increased
electricity transmission capacity. Overall, the study
finds that the use of hydropower could potentially
reduce the GHG emissions of oil sands operations
by 13-16%. Reductions are possible from a range of
technologies that could require significant investment
in infrastructure as well as the application of new
technologies. The potential for reductions could
be even higher with the development of in-situ
extraction using electricity for heating purposes,
but many of these technologies are still under
development.
In general, several options exist to decarbonise
heavy industry, but significant R&D, piloting, and
commercialisation support are required to allow
their penetration.

4.3.3 Cogeneration reduces waste heat and
generates thermal and electric energy,
thereby producing environmental and
economic benefits.
Cogeneration, also called combined heat and
power (CHP), produces electrical and thermal
energy simultaneously by using a single fuel for
heating or cooling applications. Cogeneration
allows for gains in energy efficiency as it can use
waste from one process as an energy input into
another. The main types of cogeneration systems
include steam turbines, gas turbines, reciprocating
engines, microturbines, combined cycle gas turbines
and organic rankine cycles. Cogeneration requires
maximizing electricity production, while matching
thermal load requirements to the extent possible in
terms of quantity and energy quality. 81 The energy
savings from cogeneration relative to standalone
generation range from 5% to 35%.
In Canada, about 7% of electricity generation
is produced from cogeneration. Most energy
generated from cogeneration (both electric and
thermal) is from the utility, paper and wood products,
and oil and gas extraction sectors. Growth in
cogeneration occurred during two periods. In the
81

Canadian Industrial Energy End-Use Data and Analysis Centre,
Cogeneration Facilities in Canada 2014, p. 7.
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1970s cogeneration capacity increased in response
to a significant increase in energy prices. The
second period of growth occurred in the 1990s as a
response to many socio-economic factors including
increasing cost-effectiveness and full retail access
to the electricity grid in Alberta. Cogeneration has
the potential to achieve significant energy savings,
particularly in the oil sands sector, as the extraction
and upgrading processes require large amounts of
heat and steam.

improving energy efficiency through programs and
standards could help drive significant reductions
in the demand for energy. Although electrification
is key, the recovery and use of waste heat should
be pursued across subsectors concurrently. Other
innovative ideas that could support energy use
optimisation include the development of industrial
eco-parks which facilitate the exchange of excess
energy and industrial by-products, and minimise
transportation requirements between facilities.

In order to fully maximise the potential of
cogeneration to reduce GHG emissions, the
adoption of certain technologies may be necessary,
including those that optimise load matching, improve
operations in harsh environments, and allow for
biomass gasification, advanced power cycles, and
high-penetration of renewables into fossil thermal
cycles (e.g., solar thermal pre-heating of the inlet air
to gas turbines).

In oil sands operations, the adoption of innovative
low-carbon extraction processes offers potential
GHG emission reductions. Advanced technologies,
such as solvent and electrothermal-based extraction
methods for in situ, or direct contact steam
generation, are at a stage of development whereby
they offer a substantial opportunity to reduce
emissions. These innovations could offer up to 50%
GHG emissions reductions per barrel produced and
could prove pivotal in delivering economically and
environmentally competitive fossil fuel supplies to
a decarbonising global market. Vacuum-insulated
tubes can also be used to save heat in the process
of moving the steam down the well and could
accelerate the pre-heating process of the well
significantly. 83 Further, some of these innovative
extraction techniques leave the heavier contents
of the bitumen in the reservoir, meaning less diluent
is needed in pipelines. Not having to store these
heavier contents, for which there are fewer markets,
also reduces operating costs and GHG emissions.

4.3.4 Other improvements in energy efficiency
through innovative ways of optimising
energy production and consumption will
be essential
Energy efficiency measures that improve processes
and reduce heat loss can be implemented across
sectors using current best available technologies.
Heat management practices can improve heat
production and heat transfer to and within process
users. Innovative waste heat recovery technologies
can help reduce energy consumption, production
costs, and emissions in industrial facilities.
Energy efficiency measures include process
optimisation; operation and control improvement;
waste heat recovery and upgrading for heat,
cold, or power production; and new technology
and process development. Examples of process
optimisation include adopting proper motor sizes
to optimise power use, and using adjustable-speed
drives. Frequent and proper maintenance and repair
can also improve energy efficiency of equipment. In
some industries, there are potential solutions which
involve entirely changing production processes to
reduce energy requirements. For example, the pulp
and paper industry can use chemical additives to
reduce the heat required to dry paper. 82
For the oil and gas sector, energy efficiency
and energy use optimisation can amplify the
emissions abatement potential of electrification
and other options. For example, deploying energy
management systems to oil and gas facilities and
82
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Energy Economics, Optimizing the Energy Efficiency of
Conventional Multi-Cylinder Dryers in the Paper Industry, p.35.

In the mining industry, ventilation-on-demand can be
adopted to reduce the energy consumption required
to ventilate underground metal mines. For example,
a medium-size nickel mine with diesel equipment
and 10 operating levels emits about 10,000 tonnes of
CO2 annually. Estimated energy cost savings from the
adoption of ventilation on demand technology can
reach 50% depending on the size of the mine.

4.3.5 Carbon capture and storage, fuel
switching to non-emitting fuels, and
recycling can also reduce emissions.
These technologies continue to improve
Beyond the electricity sector, carbon capture and
storage (CCS) also has potential in the oil and
gas, iron and steel, pulp and paper, chemical,
and cement sectors. CCS is currently being
used to capture emissions from steam methane
reformers. The Shell Quest Project, which has been
in operation since November 2015, captures and
83

Council of Canadian Academies, Technology and Policy
Options for a Low-Emission Energy System in Canada, p. 92.
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THE USE OF BIOMASS FOR CEMENT MANUFACTURING
Bioenergy as a replacement for fossil fuels in cement making is currently at the commercial
demonstration phase in Canada. For example, the Lafarge plant in Bath, Ontario, was funded under
the ecoENERGY Innovation Initiative to demonstrate a 10% coal-to-biomass fuel switching project. This
includes processing the raw materials into a useful form, developing and installing an injection system,
running fuel trials, and compiling the results of the carbon savings resulting from this process. The results
of these trials will inform the permanent use of low-carbon fuels at the Bath plant and could be used by
other companies in the cement industry. 84

sequesters 1 million tonnes of CO2 per year from
the Shell Scotford steam methane reformers.
The Alberta Carbon Trunk Line (ACTL), a project
under development, is a 240 km pipeline that will
capture and use CO2 emissions for enhanced oil
recovery from the facilities in the Alberta Industrial
Heartland. The initial industrial facilities that will
capture and supply CO2 are Agrium Inc. and the
Sturgeon Refinery. The ACTL will have the capacity to
permanently store about 14.6 million tonnes of CO2
annually as of 2017.
Some barriers for deployment of CCS technology
in these sectors remain, such as lack of economic
capture technology and infrastructure to connect
carbon source with sequestration formations. This
will require significant investments and pipeline
network construction. In the upstream oil and gas
sector, relevant carbon capture technology for
in-situ boilers and cogeneration units could be
available within a 10 to 15 year timeframe. However,
84

Natural Resources Canada, Low Carbon Fuel Demonstration
Pilot Plant.

more technological advances would be required
to make CCS economic. With the knowledge and
technological advancements spurred from
projects currently underway, the cost of CCS could
go down in the future and be applied in other
industrial sectors.
Fuel-switching options are also available to
industrial sectors. As mentioned previously, the oil
and gas sector can use solvents instead of natural
gas in SAGD applications, despite being relatively
expensive at the moment. Using electricity instead
of fossil fuels is also a possibility. Finally, biomass waste
can be used by many sectors, including oil and gas
and cement, to replace more carbon
intensive energies.
The recycling of materials in many industrial sectors is
another option to reduce GHG emissions as it reduces
needs for energy, raw materials, and landfill space.
For example, in the pulp and paper sector, recovered
paper can be recycled through chemical pulping
instead of producing paper from new feedstocks.
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Another example is the reuse of recycled plastic in the
chemical and petrochemical sector as a substitute to
polymer based inputs. Plastic waste that cannot be
recycled can be used as an energy input - In the iron
and steel sector it can be burned as a replacement
for coal or coke – or as a feedstock in other sectors.
The use of recycled scrap metal materials to produce
iron and steel can also lead to emission reductions as
producing iron and steel from iron ore requires more
energy than from scrap. 85
Figure 11 (below) illustrates the world GHG
reduction potential estimated by the IEA from
four types of industrial GHG emissions reductions
technologies for IEA’s low-demand and high-demand
scenarios. According to the IEA, energy efficiency
improvements, switching to low-carbon fuels,
increased recycling, and new innovative processes
such as CCS will all be needed to decarbonise large
industrial emitters.

4.3.6 Nevertheless, there remain challenges
in reducing emissions from some sectors,
for which innovation and research and
development will be necessary
Emissions-intensive industrial sectors often face
challenges in reducing GHG emissions as many of
their emission sources are difficult to address through
cost-effective electrification, energy efficiency, or fuelswitching. These challenges are compounded as many
industries also face competitive pressures due to their
exposure to international trade competition, and their
85

low profit margins. Bargaining power of suppliers and
buyers, the threat of substitutes and new entrants, and
the level of rivalry between competitors are some of
the factors that determine how competitive industries
are in global markets. Many companies face global
prices for their outputs, meaning that they must contain
their production costs in order to remain competitive.
Canadian oil producers operate in a global market
and they are essentially price takers for their outputs,
which requires them to look at ways of reducing their
production and transportation costs in order to remain
competitive. Moreover, these companies may face
additional challenges associated with decreasing
global demand for their goods in the future as
governments act to mitigate GHG emissions. Canadian
natural gas producers are currently competing in
a continental market. In the future, with additional
liquefied natural gas plants expected to come online,
the global natural gas market is expected to be
increasingly integrated.
Innovation in these sectors is likely to yield significant
benefits to companies that can improve processes
and technologies to reduce emissions. Government
and private sector funding will be required for further
research and development to promote technology
innovations in many strategic areas pertaining to
industrial emissions. These include CCS technologies
to reduce costs and improve efficiency, industrial
efficiency improvements, fuel switching to bioenergy
and the conversion of biomass into bio-based products
and bioenergy, technologies to address process
emissions, and enhanced recycling capabilities.

International Energy Agency, Energy Technology
Transitions for Industry.

Figure 11: World reduction potential from existing technologies for large industrial emitters

Source: International Energy Agency, Energy Technology Perspectives 2015
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5 Non-Carbon Dioxide Emissions
KEY MESSAGES:

5.1

•

Non-carbon dioxide climate warming emissions include short-lived
climate pollutants (SLCPs) and nitrous oxide, a long-lived GHG. Noncarbon dioxide emissions have significantly greater warming effects
per tonne than carbon dioxide.

•

The only way to meet the 1.5 to 2°C temperature goal encompassed in
the Paris Agreement is to take early global action on carbon dioxide and
short-lived non-carbon dioxide emissions together.

•

Reducing short lived climate pollutants has considerable benefits beyond
those that are climate related, such as improving air quality, human
health, and environmental and ecosystem outcomes.

•

Current technology and know-how has the potential to significantly
reduce non-carbon dioxide emissions, often helping to slow the rate of
near-term warming.

Non-carbon dioxide climate warming emissions include emissions of
short-lived climate pollutants (SLCPs) and nitrous oxide, a long-lived GHG.
Non-carbon dioxide emissions have significantly greater warming effects
per tonne than carbon dioxide.

Short-lived climate pollutants (SLCPs) are potent greenhouse gases (GHGs) and air
pollutants. They have relatively short atmospheric lifetimes compared to longer-lived
GHGs such as carbon dioxide (CO2), and have a warming impact on the climate. SLCPs
include methane, hydrofluorocarbons (HFCs), and ground-level ozone, as well as black
carbon, a component of particulate matter. Black carbon is also an air pollutant,
resulting from the incomplete combustion of fossil fuels and biomass. Ground-level ozone
is also an air pollutant and key contributor to smog, which is associated with adverse
impacts on human and ecosystem health. Nitrous oxide is a long-lived GHG.
Figure 12 below illustrates Canada’s greenhouse gas emissions in terms of CO2
equivalency where non- CO2 emissions account for around 21% of total emissions.
Methane and nitrous oxide are the two main non-CO2 GHGs emitted and originate
mostly from fossil fuel related activities, livestock farming, and industrial processes.
Although HFC emissions are not currently a significant contributor to total GHG emissions
in Canada, in the absence of the recent phase-down amendment to the Montreal
Protocol, they were projected to more than triple between 2013 and 2030.
Methane emissions, which account for 15% of total GHG emissions in Canada,86 are
significant contributors to climate impacts. In addition, methane contributes to the
formation of ground-level ozone. The oil and gas sector accounted for 44% of Canada’s
methane emissions in 2014, largely from oil and natural gas fugitive sources, including
venting . The remainder of Canada’s methane emissions arises largely from agriculture
and solid waste disposal.

86

The GHG estimate of 108 Mt for methane (15% of total Canadian GHG emissions) uses a global warming
potential of 25 consistent with the IPCC fourth assessment report.
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Figure 12: Canada’s Emissions Breakdown by Greenhouse Gas (2014)

Source: National Inventory Report 1990-2014: Greenhouse Gas Sources and Sinks in Canada – Executive Summary,
Environment and Climate Change Canada, 2016.

Nitrous oxide emissions account for 5% of total
Canadian GHG emissions. The burning of fossil fuels
results in the oxidization of the nitrogen contained in
the fuel and the air creates nitrous oxide emissions.
These emissions come mainly from coal-fired power
plants as well as cars and trucks. Industrial processes,
particularly those involved in the production of nitric
and adipic acid, also cause nitrous oxide emissions
through the oxidization of nitrogen compounds.
Over 70% of total nitrous oxide emissions emitted in
Canada are from the agricultural sector, mainly from
crop and animal production. In crop production,
nitrous oxide emissions arise mostly from the use of
synthetic fertilizers where the addition of nitrogen
to soils helps the nutrient absorption of plants and
allows bacteria contained in the soil to produce extra
energy to grow. Microbial processes involved in these
activities then produce releases of nitrous
oxide emissions.
HFCs are synthesized chemicals used as
replacements for ozone-depleting substances.
Internationally, atmospheric observations show that
the volume of HFCs in the atmosphere is increasing
rapidly, about 10 to 15% per year. To address
concerns regarding an estimated increase in HFC
emissions to 10% or more of total CO2 equivalent
emissions by 2050, the 197 Parties to the Montreal
Protocol agreed to an amendment to phase-down
the use and production of HFCs on October 15th,
2016. The “Kigali Amendment” could help to avoid
almost 0.5oC of global warming by the end of the
century. Canada was a strong supporter of the HFC
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Amendment and will continue to play a leadership
role in implementing the Montreal Protocol, including
the HFC amendment, notably by hosting the 29th
Meeting of the Parties in 2017, which marks the
Montreal Protocol’s 30th anniversary.
The potency of HFCs varies by species and ranges
from <1 to 10,800 times that of CO2 over a 20year period, and <1 to 12,400 that of CO2 over
a 100-year period. 87 HFCs are used in the same
applications which ozone-depleting substances
have been used. In Canada, HFC use is mainly
confined to the following sectors: insulating foam
products (50%), refrigeration and air-conditioning
equipment in buildings and industrial operations
(30%), air-conditioning in vehicles (13%), and aerosols
(7%). Since HFCs are being used as replacements
for ozone depleting substances, including
hydrochlorofluorocarbons (HCFCs) that are still in the
process of being eliminated, their use and emissions
are increasing as HCFCs are being phased out. In
addition, in the absence of the recent phase-down
amendment to the Montreal Protocol, HFC emissions
would be expected to increase because of greater
demand for refrigeration and air conditioning
throughout the economy.
According to Canada’s black carbon emissions
inventory, 43 kt of black carbon were emitted =
in 2014. Black carbon emissions are estimated to
be the third largest contributor to current global
warming, after CO2 and methane. Black carbon
87

Myrhe et al., Anthropogenic and Natural Radiative Forcing.

CANADA’S MID-CENTURY LONG-TERM LOW-GREENHOUSE GAS DEVELOPMENT STRATEGY

0598
Figure 13: Global Temperature Projections Relative to 1890-1910 averages

Source: UNEP Integrated Assessment of Black Carbon and Tropospheric Ozone, Summary for Policy Makers
Note: Bars on the right show estimated ranges for 2070.

influences the climate in multiple ways: by directly
heating surrounding air when suspended in the
atmosphere; by reducing the reflectivity of the earth’s
surface when deposited, an effect particularly
strong over snow and ice; and through additional
indirect effects related to interaction with clouds.
Black carbon is estimated to be 3,200 (270 to 6,200)
times more potent a warming agent than CO2
over a 20-year period. 88 Reducing uncertainties
related to quantifying the overall warming effects
of black carbon represents an active area of
scientific research internationally. Black carbon
also has significant effects on human health,
including respiratory and cardiovascular effects,
as well as premature death. The transportation
sector accounts for 62% of Canada’s black carbon
emissions, followed by residential wood-burning,
accounting for about 27% of national emissions.
Ozone is not directly emitted, but forms in the
atmosphere as a product of precursor gases
including nitrogen oxides (NOX), volatile organic
compounds (VOCs) - including methane - and
carbon monoxide (CO). Ground-level ozone is a
powerful GHG, a significant contributor to current
warming, and a key component of smog. It has
88

GWP20 from Bond et al. (2013). Bounding the role of black
carbon in the climate system: A scientific assessment. The use of
the GWP here is to help communicate the potential contribution
of black carbon mitigation to reducing near-term warming.
Given the very different ways black carbon and CO2 influence
climate and their vastly different lifetimes in the atmosphere,
there is not yet scientific consensus on a metric to quantify black
carbon relative to CO2. Further research to reduce uncertainties
and develop more appropriate metrics is needed.

deleterious effects on human health, damages
plants, and affects agricultural crop production. In
Canada, the transportation and oil and gas sectors
are key sources of ozone precursors. Residential wood
combustion is also a significant source of
CO emissions.

5.2

The only way to meet the 1.5 to 2°C
temperature goal encompassed in the
Paris Agreement is to take early global
action on carbon dioxide and non-carbon
dioxide emissions together.

Recent scientific studies indicate that the only way
to meet temperature commitments in the Paris
Agreement is to take early global action on CO2 and
SLCPs, together. The United Nations Environmental
Program’s (UNEP) Integrated Assessment of Black
Carbon and Tropospheric Ozone concludes that
reducing black carbon and tropospheric ozone now
will slow the rate of climate change within the first
half of this century.
The UNEP assessment notes that deep and
immediate CO2 reductions are required to limit
long-term warming, and this cannot be achieved
by addressing short-lived climate forcers alone.
However, it goes on to note that implementation of
measures on black carbon and methane globally by
2030 could reduce future global warming by 0.5˚C by
2050 and by as much as 0.7˚C in the Arctic by 2040,
and together with early action on CO2, this is the only
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way to limit the global average temperature rise to
well below 2˚C (Figure 13).
The expected climate benefits of such an approach
are particularly relevant for Canada as an Arctic
nation. In Canada, the Arctic warmed by 2.2°C
between 1948 and 2013 resulting in significant
impacts to local populations and sensitive
ecosystems. Black carbon is of particular significance
in the Arctic due to its additional warming effect
when deposited onto snow or ice, which
accelerates melting.

5.3

Reducing short lived climate pollutants has
considerable benefits beyond those that
are climate related, improving air quality
and human and ecosystem health.

Given that many SLCPs are also air pollutants,
reducing emissions also provides a key opportunity
to also improve air quality, generating local health
benefits for Canadians and reducing impacts to
ecosystems and agricultural productivity.
Ground-level ozone, a potent GHG, has several
other deleterious environmental effects. As a key
component of smog, ozone leads to significant
human health impacts such as respiratory and
cardiac problems. These health problems result in
significant losses to Canada’s economy through
hospital visits and lost productivity.
Ground-level ozone also influences crop yield
by interfering with the ability of sensitive plants to
produce and store food, subsequently increasing their
vulnerability to certain diseases, insects, harsh weather,
and other pollutants. These negative impacts may
translate into reduced crop yields and, consequently,
lower sales revenue for crop producers. In addition,
ground-level ozone may increase the risk of illness or
premature death within sensitive wildlife or livestock
populations, potentially resulting in significant treatment
costs or economic losses for the agri-food industry.
Thus, reducing emissions of ozone precursors, namely
methane, VOCs, CO and NOX, can reduce mortality
and morbidity rates in the Canadian population,
improve quality of life, as well as increase
economic productivity.
Short-term and long-term exposure to PM2.5, of which
black carbon is a component, is also associated
with a broad range of human health impacts,
including respiratory and cardiovascular effects
as well as premature death. In its 2012 assessment
of the health effects of black carbon, the World
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Health Organization (WHO) noted that black carbon
is a “carrier” of other pollutants, delivering them
deep into the respiratory system, and further that
a reduction in exposure to PM2.5 containing black
carbon should lead to a reduction in the health
effects associated with PM2.5.

5.4

Current technology and know-how has
the potential to significantly reduce noncarbon dioxide emissions, often helping to
slow the rate of near-term warming.

Many solutions exist to reduce important sources
of non-CO2 emissions. In general, measures that
help promote the transition towards cleaner energy
sources will reduce both CO2 and SLCP emissions
over the long term by reducing the use of fossil fuels.
However, slowing the rate of near-term warming
requires more targeted SLCP emissions reductions
strategies, as many are emitted from a large number
of small sources. Canada has made a number
of recent significant commitments to advance
SLCP mitigation priorities together with continental
partners, under the Leaders’ Statement on a North
American Climate, Clean Energy and Environment
Partnership (NALS Statement), including the
commitment to develop and implement a national
methane strategy that will consider how to address
methane from key sources.
Most methane emissions from the oil and gas sector
come from venting and fugitive emissions. These
include venting from wells and batteries, fugitive
equipment leaks, storage tanks, pneumatic devices,
well completions, and compressors. Cost-effective
technologies are readily available and tackling
methane emissions from the oil and gas sector is
one of the lowest cost reduction opportunities to
achieve significant GHG reductions. Canada has
committed to reducing methane emissions from the
oil and gas sector by 40 to 45% below 2012 levels
by 2025. To implement this commitment, Canada
intends to publish proposed regulations to reduce
venting and fugitive methane emissions from oil
and gas sources by early 2017. Canada has also
endorsed the World Bank’s Zero Routine Flaring by
2030 initiative, which will support reductions in black
carbon emissions resulting from routine flaring at oil
production facilities. Canada has been consulting
with provinces, territories, industry, non-governmental
organizations and Indigenous peoples on the
development of the federal regulatory approach.
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Accurately quantifying non-CO2 emissions is
challenging, particularly fugitive emissions. This can
be explained by the fact that methane leaks are
often only detected and repaired sometime after
they start. Another source of uncertainty relates to
fugitives arising from the hydraulic fracturing process
required to extract shale gas, a growing source of
natural gas supply in Canada. As a result, current
inventory techniques are likely underestimating
fugitive emissions. In response to this issue, many
scientific initiatives have been initiated to better
estimate these sources including research and
development to estimate emissions such as
undertaking atmospheric measurement campaigns,
and new measurement technology such as infrared
imagery. 89 The use of both top-down and bottomup estimates will support improved understanding
of methane from oil and gas sources. Canada has
committed to working with continental partners to
enhance the effectiveness of emission inventories for
methane emissions from the oil and gas sector.
The March 10, 2016, Canada-U.S. Joint Statement
recognizes the importance of improving the
quantification of emissions. Canada is committed
to working with continental partners to improve
emission inventories of methane emissions from the oil
and gas sector.
In the waste sector, technology for landfill gas
recovery and utilization is well established and
readily available for both new and existing
landfills. Depending on landfill age and access to
infrastructure, landfill gas recovery and utilization
can also be highly cost-effective. Under the NALS
Statement, Canada has committed to take action
to reduce emissions from landfills, and to implement
voluntary measures to reduce and recover
food waste.
Technologies to reduce black carbon emissions from
the transportation sector are also proven. Canada’s
low sulphur content in fuel regulations enable the
use and effective operation of vehicle and engine
exhaust after-treatment systems, such as diesel
particulate filters, which can nearly eliminate black
carbon emissions. Transportation sector air pollutant
regulations for on- and off-road vehicles and engines
are helping to drive down black carbon emissions
from this sector.

89

Glancy, R., Quantifying Fugitive Emission Factors from
Unconventional Natural Gas Production Using IPCC
Methodologies.

Further reducing emissions from Canada’s largest
sources of black carbon emissions, existing diesel
vehicles and engines, and wood-burning appliances,
will require targeted actions to address barriers
related to long vehicle, engine and appliance
lifetimes, and influencing the consumers that own
many of these small, distributed sources to retrofit or
replace them with cleaner technologies.
Measures to address ozone precursors are often
part of air quality policies, driven primarily by human
health concerns. Measures to reduce
ozone precursors in the transportation sector also
often reduce black carbon as a co-benefit.
Ozone precursors from industrial sources should
also be addressed.
Adjusting fertilizer rates with plant needs, placing
fertilizer near plant roots, applying fertilizer more
frequently instead of only once, and using slowrelease forms can limit nitrogen in soils and reduce
nitrous oxide emission. In the same fashion, using
manure more efficiently can also reduce nitrous
oxide emissions. Other practices such as increased
use of legumes as a nitrogen source, use of cover
crops to remove excess available nitrogen, less use
of summer fallow, and adjusting tillage intensity
can also contribute to reducing emissions in the
agriculture sector.90 These options can yield cobenefits such as reducing the cost of production (as
less fertilizer is used), saving on the use of fossil fuels
needed to produce fertilizers, and reducing the
pollution resulting from nitrates, ammonia, and other
nitrogen substances released in the environment.
In the industrial sector, adipic acid plants can use
proven and commercially available technology
using catalytic and thermal destruction techniques
with reduction efficiencies ranging between 90% and
99%. In nitric acid plants, the use of non-selective
catalytic reduction and selective catalytic reduction
is possible to reduce nitrous oxide emissions by as
much as 90%.91

90
91

Agriculture and Agri-Food Canada. Nitrous Oxide.
International Energy Agency. Abatement of other Greenhouse
Gases – Nitrous Oxide.
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Several Canadian companies and end users
have developed and implemented innovative
technologies to transition from current HFC
technologies, and have an opportunity to take a
lead role in the transition to non-HFC technologies.
For instance, some Canadian supermarkets are
converting their refrigeration systems to enable the
use of refrigerants with very low global warming
potentials, that are more energy efficient, and yield
significant cost savings. For example, Sobeys has
converted over 70 of its stores to climate-friendly,
home-grown innovative technologies and plans to
extend such conversions to its 1,300 stores across
the country.
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Meanwhile, major automobile manufacturers
operating in Canada have started to manufacture
new models with air conditioners using climatefriendly alternatives instead of HFCs. Those actions
are also helping to increase energy efficiency. For
example, for some applications, replacing HFCs
with climate-friendly refrigerants and technologies
can improve energy efficiency by up to 50%. The
Government of Canada plans to publish proposed
regulatory measures to phase down HFCs in Canada,
including prohibitions on the manufacture and
import of products and equipment containing or
designing to contain HFCs by the end of 2016.
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6 Forests
KEY MESSAGES:

6.1

•

The Paris Agreement highlights the critical role that forests play in
achieving the global net-zero emissions objective in the second half of
the century. With its vast managed forest land, Canada has significant
potential for long-term forest-based GHG mitigation.

•

Choices about mitigation strategies will be influenced by the slow-growing
nature and high rate of natural disturbances in Canada’s forests.

•

Forest-related mitigation can involve either reducing or avoiding emissions,
or enhancing carbon sequestration. The potential becomes even clearer
when impacts are assessed on a life-cycle basis.

•

A substantial reduction in emissions and increase in removals by 2050 is
possible through measures such as changes in how forests are managed,
greater domestic use of long-lived wood products, greater use of
bioenergy from waste wood, and afforestation.

•

There are a number of emerging opportunities in which the forestry sector
could contribute to mitigation outcomes that require further consideration.

The Paris Agreement highlights the critical role that forests play in achieving
the global net-zero emissions objective in the second half of the century.
With its vast forest land, Canada has significant potential for long-term
forest-based GHG mitigation.

Forests play an important role in the carbon cycle by sequestering a significant amount
of carbon, thereby reducing net CO2 emissions to the atmosphere. It is estimated that
globally, forests offset the equivalent of about 24% of anthropogenic emissions from
the atmosphere.92 As noted in the Paris Agreement, a balance between emissions and
removals of greenhouse gases in the second half of the century is needed to ensure that
global warming is limited to well below two degrees Celsius.93 It is therefore important
to recognise that without actions to protect, conserve, and sustainably manage forests
globally, it will not be possible to achieve the net-zero emissions required to reach
this objective.
Considering the vast size and economic impact of its forest, Canada has a responsibility
to carefully consider the mitigation potential of its forest sector. Canada’s forest is
the third largest in the world, at 347.6 million hectares,94 and Canada’s forest industry
contributes significantly to the economy as a major employer nationwide, with nominal
GDP of $22.1 billion in 2015.95 By value, Canada is the world’s leading exporter of
softwood lumber, newsprint and chemical wood pulp.96 Canada’s forward-looking
forest-related mitigation actions can thus have a significant impact.
Given their traditional relationship with forests, Indigenous peoples have an important
role to play in planning and managing forest resources. In 2011, 70% of Indigenous
92
93
94
95
96

Smyth et al., Quantifying the biophysical climate change mitigation potential of Canada’s forest sector.
United Nations Framework Convention on Climate Change, Paris Agreement, Art. 4.
Canada’s National Forest Inventory Resources, Statistical Summaries for Canada: Forest Area.
Natural Resources Canada’s calculations based on Statistics Canada’s CANSIM table 379-0031.
Natural resources Canada, The State of Canada’s Forests 2015.
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communities were located in forested areas.97
Indigenous peoples account for 4.8% of the total
forest sector workforce in Canada, compared
to 3% of the total workforce.98 The participation
of Indigenous people in land-use decisions and
sustainable forest management will be a key
component of the long-term contribution of
Canada’s forests to climate change mitigation.

6.2

Choices about mitigation strategies will
be influenced by the slow-growing nature
and high rate of natural disturbances in
Canada’s forests.

A large proportion of Canada’s forests are old and
slow-growing. When harvested, much of the biomass
is converted to wood products that can store the
carbon for a long period of time, depending on
the product. Harvest residues left in the forest
decompose over time or may be burned to reduce
the risk of wildfire. All forests harvested on public
land must be regenerated according to policies
and legislation on sustainable forest management,99
but it takes time for trees to grow in Canada’s cold,
97
98
99
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Government of Canada, Indigenous Peoples and Forestry in
Canada.
Natural Resources Canada, Aboriginal Participation in the Forest
Sector.
Ibid, p.26. All areas of provincial Crown land that are harvested
for timber are required to be regenerated using natural or
artificial means (i.e., planting and seeding), or a mix of the two.
Standards and regulations for achieving successful regeneration
vary by province.

northern conditions. Mitigation strategies that rely on
forest growth to sequester carbon must therefore be
implemented soon in order for significant mitigation
benefits to be realised by 2050.
The factors described above, as well as
considerations related to natural disturbances such
as forest fires and the impact of climate change on
the forest, will influence the development of forestrelated mitigation. Sustainable forest management
already balances multiple objectives but now
must also increasingly tackle the twin challenges
of mitigation and adaptation. This underscores the
importance of developing a long-term strategy that
will build on actions planned in the short- to mediumterm and ensure that forest-related mitigation can
make a substantial contribution to the
mid-century target.

6.3

Forest-related mitigation can involve
either reducing or avoiding emissions,
or enhancing carbon sequestration.
The potential for forest-based mitigation
becomes even clearer when impacts are
assessed on a life-cycle basis.

As noted in the IPCC Fourth Assessment Report, it is
important to examine total mitigation effects across
the forest and forest products system on a life-cycle
basis, taking into account emissions and removals
in the forest, storage of carbon in harvested wood
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products (HWP), land-use changes, and avoided
emissions in other sectors from the substitution of
HWP or bioenergy for other more emissions-intensive
products and fossil fuels.100
Assessment of mitigation strategies must take
into consideration biophysical, technical and
economic factors. The biophysical mitigation
potential sets the boundaries around what is
physically possible to achieve in the forest, while
the technical and economic costs determine
what is feasible to accomplish.101

6.4

Analyses show that a substantial reduction
in emissions and increase in removals by
2050 is possible through measures such
as changes in how we manage forests,
greater domestic use of long-lived wood
products, greater use of bioenergy from
waste wood, and afforestation.

Realising forest-related GHG mitigation potential
will require a focus on actions that help reduce
emissions and increase the carbon stored in trees,
soils, and forest products. In general, in the short- to
medium-term, options that avoid emissions and
maintain forest and HWP stocks may offer the largest
mitigation results. In the longer-term, significant
mitigation can result from options that increase
harvesting over time and substitute forest biomass
for more emissions-intensive products and energy
sources. In order to achieve longer-term mitigation,
however, action is required in the near-term, even
if mitigation benefits are not immediately visible.
Moreover, in some cases, options that provide the
greatest short-term results may not always provide
the greatest mitigation in the long term. Therefore,
when assessing forest-related mitigation options, it is
important to consider the potential for a longer-term
contribution to a low-carbon economy and not just
the potential in the short and medium term.
Analyses show that the mitigation actions with
the greatest potential for medium and long-term
emissions reductions by mid-century in Canada
include an integrated approach to changes in forest
management practices, increased afforestation,
increased use of harvested wood for long-lived
products, and increased use of waste wood for
bioenergy in place of fossil fuels. These findings are
in line with the findings of the Fourth Assessment
Report of the IPCC that indicate that sustainable
100 Nabuurs et al., Forestry: Contribution of Working Group III to the
Fourth Assessment Report of the Intergovernmental Panel on
Climate Change.
101 Smyth et al., Quantifying the Biophysical Climate Change
Mitigation Potential of Canada’s Forest Sector.

forest management that produces harvested wood
products annually while maintaining or increasing
forest carbon stocks will generate the largest
sustained mitigation benefit in the long run.102

6.4.1 Change in Forest Management Practices
Given that close to 90% of forests in Canada
are owned by provinces and territories,103 these
jurisdictions will need to identify and implement
changes in forest management practices most
relevant to their region. Mitigation actions must be
balanced with other sustainable forest management
priorities, but could include higher utilisation of
residual and harvested wood, reduced burning of
harvest residues in the forests, increased planting to
rehabilitate forests after natural disturbances, and
increased planting intensity to improve forest growth
after harvest.
In addition to their substantial long-term mitigation
potential, changes in forest management practices
could create co-benefits, including increased
employment in the forest sector, reductions in black
carbon emissions (where there is a reduction in
slash burning), and increased adaptation efforts to
improve the resilience of forests.

6.4.2 Afforestation
A future vision for Canada could include an expanded
forest area, however this would need to be achieved
without negatively affecting food production. There
has historically been relatively little afforestation in
Canada,104 but this could provide substantial carbon
sequestration in the long-term. Various levels of
afforestation using mixes of fast-growing species and
slower-growing species could be used. Because of
the time it takes for trees to grow in Canada it would
take time for afforestation activities to begin to show
substantial carbon reductions.
Investments in afforestation could lead to co-benefits
such as the diversification of rural economies,
reduced forest fragmentation and enhanced
forest habitat for wildlife, improved soil quality and
watershed protection. Plantations generate revenue
over the long term through harvesting and re-growth
which act as an incentive to long-term management
by landowners. Challenges in achieving large-scale
afforestation include the need to ensure a sufficient
102

Nabuurs et al., Forestry: Contribution of Working Group III to
the Fourth Assessment Report of the Intergovernmental Panel on
Climate Change.
103 Natural Resources Canada, The State of Canada’s Forests 2015,
p. 50.
104 Natural Resources Canada, The State of Canada’s Forests 2015,
p. 23.
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supply of seedlings and to engage the interest of a
sufficient number of landowners, as well as concerns
about the resilience of some tree species to changes
in climate and natural disturbances.

6.4.3 Increased use of residual and harvested
wood products for long-lived products
Life cycle research demonstrates that increased use
of sustainably produced wood products could lead to
avoided GHG emissions in other sectors. In particular,
the substitution of wood-based materials for more
emissions-intensive materials (such as concrete and
steel) for construction and for fossil fuel in heating and
energy applications provides some of the highest
mitigation opportunities. Canada can further invest
in projects and activities that increase the use of
harvested wood products in domestic construction
such as tall and mid-rise residential buildings,
commercial and industrial buildings, and bridges.
The expansion of wood end-uses could also
contribute to increasing the competitiveness of
the Canadian forest sector by diversifying market
opportunities and helping to maintain or create jobs.
While the technologies to implement this option are
already demonstrated, commercialised, and widely
used in other countries, Canada will need to analyse
its National Building Code to ensure that it promotes
the use of wood products in building design.

6.4.4 Increased use of harvested wood
products for bioenergy, advanced biomaterial, and bio-chemicals
There are potential mitigation benefits from adopting
waste wood biomass as a fuel source for electricity
or commercial, residential, and industrial heating
in place of fossil fuels or as a feedstock in the
manufacturing of advanced bio-material and biochemicals. Mitigation benefits come from using local
sustainably-sourced wood for bioenergy, with priority
given to harvest residues and waste wood, which
have lower emissions on a life-cycle basis compared
to the use of fossil fuels.105 Positive mitigation benefits
from bioenergy-related harvesting could occur
in remote communities where local electricity is
produced from fossil fuels (e.g., diesel) that have
been transported over long distances.
The co-benefits of using biofuels include
diversification of market opportunities, leading
to increased growth and competitiveness of the
105
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Nabuurs et al., Forestry: Contribution of Working Group III to the
Fourth Assessment Report of the Intergovernmental Panel on
Climate Change.

Canadian forest sector. In addition, there are
direct and indirect benefits for rural forest-based
communities including energy autonomy, regional
investment, and employment opportunities.
Technology to support this option includes modern
wood heating systems such as biomass-fueled
boilers and stoves and furnaces that use sustainable
wood-based feedstock. While this technology
is commercially available, a bioenergy heating
initiative would depend on securing additional
energy infrastructure investments as up-front costs
would be high, particularly where the infrastructure in
not in place.
Bio-based materials and chemicals are likely to gain
importance over the long term. There is a general
consensus that the mid-century will bring a larger,
more urban population and along with this comes
the need for primary resources to sustain urban
growth. This, in turn, highlights the potential of forestbased cellulosic material to replace not only a vast
array of other materials used in building and energy,
as noted above, but also to replace materials and
chemicals used in the manufacturing sector at large.
The mitigation potential of cellulose-based products,
their renewable nature, and their potential to
further be recycled or to biodegrade is likely to spur
increasing demand for these high value products.
For example, natural fibers have already become
crucial in technical composite applications due to
the demand for recyclable and biodegradable raw
materials. The mitigation potential of cellulose-based
products is highly dependent on their life cycle and
end uses as well as the uptake of bio-based material
as substitutes for traditional alternative feedstock and
cannot be clearly ascertained yet.
As a country advantaged with significant biomass
resources and forest and agriculture sectors poised
for transformation, the bioeconomy represents a
substantial opportunity to generate wealth and jobs
for Canadians.

6.5

There are a number of emerging
opportunities in which the forestry sector
could contribute to mitigation outcomes
that require further consideration.

6.5.1 Reducing deforestation
Unlike tropical countries where deforestation is a
major driver of emissions, deforestation (permanent
forest loss) in Canada is relatively low. Of the
approximately 0.01% of Canada’s forest land that is
lost annually, most is driven by agriculture and the
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expansion of the oil and gas industry.106 Given that
the main drivers of deforestation vary across the
country – and that the drivers of deforestation are
usually outside of the forest sector – there has been
limited ability within the forest sector to influence
these emissions to date.
Nonetheless, reducing deforestation and its
associated emissions is an area that Canada can
explore, especially considering the role Canada
plays in supporting reducing emissions from
deforestation and forest degradation in developing
countries, and that Canada is a signatory to the
New York Declaration on Forests, which aims to end
global net deforestation by 2030. Collaboration with
provinces and territories is required given the need
to consider how to address deforestation across
jurisdictions and diverse sectors.

6.5.2 Research and Development in Advanced
Bio-materials, Bio-chemicals, Bioenergy
and Biofuels
The mitigation potential of using harvested wood
products for bioenergy and biofuels can be
further explored. Bioenergy with carbon capture
and storage (BECCS) has received considerable
global attention because it can generate negative
emissions. A longer-term option for bioenergy could
focus on reducing costs along the supply chain and
increasing investments in research and development
of second-generation biofuel production, advanced
materials, and new platform chemicals, for example,
converting cellulosic biomass into bio-crude and
refining it into other biofuel products (e.g., biodiesel,
bio-kerosene and bio-chemicals), as well as
gasifying or liquefying biomass for power production.
Further investment in research, development and
deployment of such technologies could identify new
areas with mitigation potential.

6.5.3 Urban Forestry
Urban forests provide a number of co-benefits in
addition to sequestering GHG emissions, such as
energy conservation through cooling and shade,
provision of wildlife habitat, noise buffering and
improved aesthetics and increased property values.
Future research and analysis in improved monitoring
and research to capture mitigation potential and
enhance resiliency of urban forests is an option for
Canada to explore.

106

Natural Resources Canada, The State of Canada’s Forests 2015,
p. 23.
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7

Agriculture
KEY MESSAGES:

7.1

•

The potential for greenhouse gas mitigation exists across the entire
food system. There are opportunities and for consumers, farmers, food
processors and municipalities to reduce and recycle energy and nutrients.

•

Agricultural emissions result mostly from biological processes rather than
from energy use.

•

Technological innovations and sustainable land management practices
will ensure that agricultural soils remain a net carbon sink in Canada over
the long-term.

•

Promoting the adoption of existing and emerging technologies and
management practices could increase efficiency and reduce emissions
from crop and livestock systems.

•

The Agriculture sector has the potential to provide renewable energy
solutions and bio-products to help reduce emissions in other sectors. In
evaluating these options, consideration should be given to the full lifecycle environmental costs and benefits.

The potential for greenhouse gas mitigation exists across the entire food
system. There are opportunities for consumers, farmers, food processors
and municipalities to reduce and recycle energy and nutrients.

Addressing GHG emissions from agriculture requires the examination of the entire food
system’s life cycle from fertilizer manufacturing through to on-farm activities, food
processing, distribution, and consumption. Moreover, the ultimate fate of food products,
either as food waste, compost, or wastewater, needs to be taken into account.
This holistic approach seeks to improve the efficiency of the overall food system
from “cradle to grave to cradle”, and can often draw out synergies between the
environmental and health impacts of food choices. In this respect, more can be done
to foster positive societal engagement and cooperation to help lower GHG emissions.
There are increasingly higher expectations for transparency and product environmental
attributes, including the relative amount of GHGs embodied in different food choices.
In the context of a global and growing demand for food products, alternative
approaches like local food movements, organic and/or urban agriculture or family
farmers networks can play an important role in shaping the future of agriculture.107
Any approach that helps to minimise waste (see Chapter 8) and helps to conserve
energy and water will decrease emissions in other sectors indirectly related to
agriculture, for example, during fertilizer manufacturing, or by removing nitrogen and
phosphorus from wastewater.

107
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Equiterre, Family Farmers Network.

CANADA’S MID-CENTURY LONG-TERM LOW-GREENHOUSE GAS DEVELOPMENT STRATEGY

0608
7.2

Agricultural emissions result mostly from
biological processes rather than from
energy use.

Primary agriculture is at the heart of a complex and
integrated agri-food system which provides one in
eight jobs and accounted for more than 6% of GDP in
2014.108 The agriculture sector contributes to making
Canada one of very few countries currently in a
position to produce more food than it consumes, and
Canada is the fifth largest exporter of agriculture and
agri-food products internationally.109 Efficiency gains,
sustainable land management, and innovation will
enable Canadian agriculture to reduce emissions,
store carbon, and meet a growing global
food demand.
Most agricultural greenhouse gas emissions are not
driven by energy use but rather take the form of
methane and nitrous oxide resulting predominantly
from biological processes inherent to animal and
crop production. Nitrous oxide emissions can
originate from field-applied fertilizers, crop residue
decomposition, cultivation of organic soils, and from
the storage of manure. Methane emissions are mainly
a result of enteric fermentation in ruminant animals
and decomposition of stored manure.
108 Agriculture and Agri-food Canada, An Overview of the
Canadian Agriculture and Agri-Food System 2016.
109 Ibid.

Total emissions from agriculture have been relatively
stable since the year 2000 and are not projected to
significantly increase toward 2030.110 In 2014, nonenergy emissions accounted for 59 megatonnes
of carbon dioxide equivalent (Mt CO2 eq) –
approximately 8% of Canada’s total GHG emissions –
while GHG emissions from on-farm fuel use
generated 14 Mt CO2 eq.111 The two main sources of
non-combustion agricultural emissions are enteric
fermentation and fertilizer application.

7.3

Technological innovations and sustainable
land management practices will ensure
that agricultural soils remain a net carbon
sink in Canada over the long-term.

For over twenty years, Canadian farmers in the Prairie
provinces have been able to increasingly substitute
conventional tillage with no-till or conservation
tillage seeding techniques due to innovations
such as improved seeds, fertilizers and pesticides,
and changes in machinery and farm equipment,
including the evolution of technologies such as
global positioning systems. Increased crop rotation

110 Environment and Climate Change Canada, Canada’s Second
Biennial Report on Climate Change.
111 Environment and Climate Change Canada, National Inventory
Report 1990-2014: Greenhouse Gas Sources and Sinks in Canada.

REDUCING METHANE EMISSIONS FROM ENTERIC FERMENTATION
Enteric fermentation is a natural process that occurs in the digestion of feed by livestock. The digestion
process is not 100% efficient and releases methane as a by-product. In Canada, GHG emissions from
enteric fermentation were 25 Mt CO2e in 2014 down from 31 Mt in 2005. Dairy and beef cattle produce
around 95% of these emissions while others ruminants such as buffalo, goats, horses, sheep and swine,
make up the rest of the emissions.
There are a number of options to reduce methane emissions from enteric fermentation but many of
these are still in the research phase. Since the demand for meat and milk is expected to increase in
the future, decreasing methane output per unit or animal is important. For example, it is possible to
select lower-methane producing animals through consideration of genetic characteristics. In addition,
research into methane vaccines and inhibitors is ongoing in some jurisdictions.
High quality feed could lead to more efficient digestion and reduce emissions. For example, research
has shown that mixing seaweed in cattle feed could reduce methane emissions. In this respect, a
company from Prince Edward Island, North Atlantic Organics Ltd., is proposing organic seaweed
products that can be used by dairy cattle.112 The use of seaweed for animal feed is in fact a traditional
method that has been used by coastal farmers in the past.

112

NAO organics. http://www.naorganics.com/index.asp
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options have also allowed reduced reliance on
summer fallow (the practice of allowing land to lie
idle during the growing season).
As a result, agricultural soils in Canada have been a
net sink of carbon since 2000 and will remain so over
the long-term, although the rate at which carbon
will be sequestered is projected to slowly diminish.
Greater use of cover crops, biochar application and
the use of precision agriculture to avoid disturbance
of more fragile soils, among other sustainable land
management practices, will help maintain the
agricultural carbon sink in the future.

7.4

Promoting the adoption of existing and
emerging technologies and management
practices could increase efficiency and
reduce emissions from crop and livestock
systems.

On-farm GHG emissions are closely tied to
management practices and technologies such as
fertilizer types and application methods, manure
storage and spreading methods, land management
and tillage regimes, feeding and nutrition, as well as
crop and animal genetics.

Mitigation options aimed at enhancing fertilizer use
efficiency and reducing methane emissions from
livestock are promising as innovative technologies
such as methane inhibitor feeding additives, livestock
genetics, smart-fertilizers, and precision agriculture
approaches are being developed.
Encouraging the continued adoption of nutrient
management practices, such as soil nutrient testing,
optimisation of the timing of fertilizer application,
incorporation of solid and liquid manure and fertilizer,
and increased manure storage capacity, will
continue to increase performance while minimising
emissions in the sector.113 For example, in the beef
cattle sector, Canadian farmers have made
significant improvements in feeding and breeding
practices, and as a result, cattle reach slaughter
weight sooner, and spend fewer days eating,
ruminating, producing methane, and
generating manure.114
In the livestock sector, upcoming methods to reduce
methane emissions are showing significant potential.
113 Agriculture and Agri-Food Canada, Farm Environmental
Management Survey 2011.
114 Agriculture and Agri-Food Canada, Environmental Sustainability
of Canadian Agriculture: Agri-Environmental Indicator Report
Series – Report #4.

Figure 14: Agricultural GHG emissions in Canada in 2011

The arrow length is proportional to the magnitude of the emissions; arrow direction upwards indicates a source and downwards indicates
a sink. Source: Environmental Sustainability of Canadian Agriculture: Agri-Environmental Indicator Report Series – Report #4
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These include switching to lower-methane producing
ruminants, methane inhibitors and feed supplements,
or even vaccines to reduce methane production in
the rumen.
Technology will also continue to make a profound
impact on agricultural production. Bioengineering,
precision agriculture, sensors, robotics, and
automated data capture and transfer, all hold
promise for further agriculture GHG emission
reductions. Although additional scientific validation
work is still needed, preliminary, partial results point
to substantial reductions in nitrous oxide emissions
when an optimised nutrient management approach
is adopted.
Continuing to seek improvements in efficiencies
can yield further emission reductions but this will
depend on the development and deployment of
transformative technologies (e.g., methane inhibitors
and smart-fertilizers), some expected to be ready for
commercial deployment over the short-term (i.e., 5
years) while others could possibly be made available
over the medium-term (i.e., 10-15 years).
On the farm inputs side, deeper penetration of
precision agriculture practices, technologies and
equipment should translate into lower consumption
of production factors such as fertilizers and fuels,
with a corresponding decrease in the GHG emissions
associated with the use of these inputs. More efficient
and precise production decisions should also lessen
the pressure on natural resources like land and water.
As a more specific example, the province of
Saskatchewan highlights the underdeveloped use of
pulse crops to mitigate the use of fertilizers, as well as
the potential associated with seeding marginal land
for carbon sequestration, through permanent covers
like legumes, or by converting them into forest stands.
The province is also hopeful that advances in beef
genetic selection, genomics and food additives will

significantly lower the rate in which the agriculture
sector emits GHG emissions. The province notes
that the role of innovation and increased research
in mitigation options for the agriculture sector is
critical due to the challenge represented by a global
population growth and the subsequent pressure on
global food demand and production.

7.5

The Agriculture sector has the potential to
provide renewable energy solutions and
bio-products to help reduce emissions in
other sectors. In evaluating these options,
consideration should be given to the full
life-cycle environmental costs
and benefits.

From a life cycle perspective, the agriculture
sector could also contribute to long-term mitigation
by helping to reduce emissions in other sectors
through displacement of more emission-intensive
materials and fossil fuels with biomass-based energy
and products.
There is an opportunity to convert growing
agricultural waste, as well as agricultural by- and coproducts into eco-efficient, bio-based products with
direct benefits for the environment, the economy,
and consumers, for example, sustainable bio-energy,
bio-fertilizers and bio-chemicals. Both feedstock and
technology exists to convert more wastes, agriculture
and forest biomass into high quality, low GHGemitting biofuels, for use in road transportation
to air travel.
In evaluating these options, consideration should
be given to net GHG savings along the full life
cycle, as well as to other environmental impacts,
that could result from the intensification of
agricultural production.
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8 Waste
KEY MESSAGES:
•

The waste sector directly accounts for 3% of Canada’s GHG emissions;
however from a life cycle perspective, waste related activities are
responsible for significant indirect GHG emissions from various sectors of
the economy not typically associate with waste.

•

Currently, the relatively low cost of waste disposal at landfills in many
parts of Canada provides a disincentive for waste prevention and
diversion activities.

•

Effective management strategies, focusing on waste prevention
and diversion, can bring deep cuts in direct and indirect waste-related
GHG emissions.

•

New policies could instigate behavioral change away from wasteful
consumption patterns, as well as shift the responsibility for end-of-life
management of products from consumers to producers.

•

Co-benefits of waste prevention, diversion, and landfill gas capture
include: greater food security, increased supply of renewable natural
gas and electricity, creation of a soil amendment (i.e., compost); and a
reduction in volatile organic compounds emissions, smog formation and
unpleasant odours.

•

In the future, progress in landfill gas capture and flaring technologies
could further reduce any remaining direct landfill emissions.

Canada has performed poorly in terms of quantity of waste generated per capita
compared to its OECD peers. At 777 kg of municipal waste generated per capita in
2008, the average Canadian city generated more waste than any other OECD country,
twice as much as an average Japanese city, and slightly more waste than an average
American city (722 kg).115 While substantial efforts have been taken by municipalities and
provinces/territories across the country, for example Nova Scotia has reduced waste
generation to 386 kg per capita as of 2012, much more needs to be done.116

8.1

The waste sector directly accounts for 3% of Canada’s GHG emissions,
however from a life cycle perspective; waste related activities are
responsible for significant indirect GHG emissions from various sectors of
the economy not typically associate with waste.

The waste sector officially accounts for 3% of total GHG emissions and 22% of Canada’s
total methane emissions. This includes emissions from municipal solid waste landfills,
wood waste landfills, wastewater treatment, as well as waste discharge, incineration,
and open burning.

115 Conference Board of Canada, Municipal Waste Generation. Note: For comparison purposes, construction,
renovation and demolition waste were not included in the OECD definition.
116 Conference Board of Canada, Waste Generation: Provincial and Territorial Ranking. Readers should note that
municipal waste generation per capita and waste generation per capita differs slightly, the latter being slightly
more important.
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As the IPCC’s fourth assessment report indicates,
a life cycle approach is required to evaluate the
emissions reductions potential for waste prevention
and diversion. As such, waste management activities
will affect GHG emissions accounted for under
sectors such as transportation, forestry, energy
and industrial processes. For example, the U.S.
Environmental Protection Agency (EPA) estimated
that approximately 42% of total U.S. greenhouse
gas emissions are associated with the energy used
to produce, process, transport, and dispose of
commodities and food.117 Waste prevention and
diversion strategies would therefore reduce emissions
in other sectors.

8.2

Currently, the relatively low cost of waste
disposal at landfills in many parts of
Canada provides a disincentive for waste
prevention and diversion activities.

Waste disposal is relatively inexpensive in Canada
compared to many peer countries. Available land
for waste disposal is not in short supply in Canada,
relative to many European countries. Canadian
jurisdictions are using a variety of policy approaches
to counter the low cost of landfill disposal. For
example, Nova Scotia, Quebec, and Prince Edward
Island have implemented material disposal bans
from landfills (e.g., organic waste and in some
instances recyclables). Quebec and Manitoba have
also instituted landfill levies to provide an incentive
for greater waste diversion and to support municipal
recycling programs.118 In 2014, the City of Edmonton
opened its new Waste-to-Biofuels and Chemicals
117 United States Environmental Protection Agency, Opportunities to
Reduce Greenhouse Gas Emissions through Materials and Land
Management Practices.
118 Giroux Environmental Consulting, State of Waste Management
in Canada.

Facility, the first industrial scale waste to biofuels
facility of its kind, that will help the city divert up
to 90% of residential waste from landfills, as well as
produce up to 38 million litres of ethanol each year.119

8.3

Effective management strategies, focusing
on waste prevention and diversion, can
bring deep cuts in direct and indirect
waste-related GHG emissions.

The greatest untapped potential for GHG emissions
reductions rests with waste prevention and diversion
activities (e.g., composting or anaerobic digestion).
Reducing avoidable food waste and increasing
diversion of other organic material and recyclable
materials from landfills could procure most significant
emissions reductions for the sector.
In Canada, avoidable food waste is valued at $31
billion per year. Moreover, the national organics
diversion rate stands as a low 7% of the total waste
stream, with the recyclable materials diversion
rates standing at 16%. In total, Canada’s overall
diversion rate stand at 25%, lower than other peers
countries such as Germany or the US.120 Nevertheless,
it is important to remember that some Canadian
municipalities are leading the way for diversion
strategies, with Halifax, Hamilton, and Sherbrooke
achieving total diversion rates between 40 and
60%.121 An enforced target, such as the EU’s 50%
diversion rate by 2020, could prove useful to engage
the different Canadian authorities in a concerted
waste management effort. 122
119 City of Edmonton, Waste to Biofuels and Chemicals Facility.
120 Statistic Canada, Waste Management Industry Survey: Business
and Government Sectors.
121 Federation of Canadian Municipalities, Waste Diversion Success
Stories from Canadian Municipalities.
122 Ontario Waste Management Association, Rethink Waste:
Evolution Towards a Circular Economy.

Figure 15 - Location of Waste Prevention and Reduction in the Waste Management Hierarchy.

Source: Giroux Environment Consulting. 2014.
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WASTE DIVERSION IN NOVA SCOTIA
The province of Nova Scotia is a North American leader in waste diversion, creating significant
environmental benefit and economic advantage. Its disposal rate is 50% lower than the Canadian
average and continues to decrease.
Starting in 1996 the Province implemented a strategy that included disposal bans on food and yard
waste, some paper, plastic, metal and electronic items.
Some other highlights of Nova Scotia’s successful and ongoing ‘circular economy approach’ to solid
waste include:
•

Financial incentives to municipalities based upon diversion performance

•

A strong partnership with municipalities through a regional (solid waste) chairs committee

•

Effective and sustained education, enforcement, and innovation programs

•

Stewardship programs for beverage containers, tires, mercury containing products,
and dairy containers

•

Extended producer responsibility programs for electronics, paint, and cell phones

•

Municipal commitments to implementing clear bag programs for garbage that decrease
waste disposal by 15 to 30%

As a result, tonnes of materials that used to be wasted now contribute to Nova Scotia’s economy,
creating jobs and reducing GHG emissions.

8.4

New policies could instigate behavioral
change away from wasteful consumption
patterns, as well as shift the responsibility
for end-of-life management of products
from consumers to producers.

Effective policies can help increase waste diversion
through source reduction, reuse, recycling,
composting, and anaerobic digestion. For example,
information and incentive programs can help shift
public behavior to less wasteful practices by helping
to close information gaps (e.g., public education
programs), or providing financial incentives
such as advance disposal fees policies. Another
example can be found in the Swedish initiative to
introduce a tax break for repairing activities, such
as repairs of bicycles or appliances. Such policies
are instrumental in shifting consumption behaviors
towards waste prevention.
The true cost of landfill disposal also needs to be
adequately reflected in tipping fees to account for
loss of arable land and the creation of environmental
liabilities. Regulatory or market-based policies could
include disposal bans, higher landfill tipping fees, and

68

differential tipping fees for unsorted waste. Practices
such as keeping products for longer, reusing products,
or repairing items and spare parts that can be re-used,
are amongst the many ways that need to be promoted
and rewarded by municipalities and provinces/
territories. There are innovative solutions to reducing
food waste by connecting consumers and producers
in the food industry, such as industry and nongovernmental organisation-led initiatives to encourage
the sale and purchase of imperfect produce.
A significant step towards increasing diversion, and
in turn reducing emissions associated with waste, is
to shift the responsibility for end-of-life management
of products from consumers and municipalities
to producers. Over the past 20 years, significant
progress on extended producer responsibility
programs has been made in Canada on a wide
variety of products and materials. The next phase
will be to implement diversion programs for complex
product categories such as construction, renovation,
demolition materials, furniture, textiles and carpets.123
123

Canadian Council of Ministers of the Environment, Progress
Report on the Canada-wide Action Plan for Extended Producer
Responsibility.
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Regulations and support for producers to minimise
material inputs, optimise reuse and recovery of
products, and develop markets for recycled materials
will be essential.124 Extended producer responsibility
programs and performance-based regulations
are two policies put forward to pursue that shift.125
Improved systems for generators to manage
certain materials on-site instead of relying on costly
centralised infrastructure could also be further
explored (e.g., plastic to oil conversion, renewable
natural gas recovery from organics).

8.5

Co-benefits of waste prevention, diversion,
and landfill gas capture include: Greater
food security, increased supply of
renewable natural gas and electricity,
creation of a soil amendment (i.e.,
compost); and a reduction in volatile
organic compounds emissions, smog
formation and unpleasant odours.

if not mitigated. Currently, only 36% of total methane
gases generated by landfills are captured, partly due
to current stringency and performance standards
on gas capture regulations across the country.
Nevertheless, landfill gas capture technologies are
widely available and expected development in
flaring, gas capture and gas utilisation technologies
could easily increase the ongoing reduction in
landfill GHG emissions and produce more heat and
electricity. In the future, thermal treatment facilities
with energy recovery, small-landfill gas capture
technologies or even waste mining, could become
proven and commercially viable options in Canada.

There are many co-benefits to improve waste
management strategies apart from reducing
greenhouse gas emissions, in particular methane.
Waste prevention increases food security and
organic waste diversion can produce renewable
biogas and/or a soil amendment. Recycling can
save resources and energy, while limiting the amount
of plastic discharged in the oceans. Landfill gas
capture can also provide energy and electricity to
municipalities and industries. In addition, cement
manufacturers across the country have shown
interest in using a variety of waste products (solid
waste, carpets, wood waste, asphalt, non-recyclable
plastics) as an alternative energy source.126 Finally,
the reduction of volatile emissions, smog formation,
and unpleasant odours, will provide health and
lifestyle benefits to landfill-adjacent neighborhoods
and communities.

8.6

In the future, progress in landfill gas
capture and flaring technologies could
further reduce any remaining direct
landfill emissions.

Even with waste prevention and diversion efforts,
it is likely that landfill disposal will still be a practice
in some parts of Canada in 2050 and that not all
sources of GHGs will be diverted. In addition, there
is a lag in the decomposition of organic waste in a
landfill such that the organic waste disposed today,
will be the source of emissions for decades to come
124 Giroux Environmental Consulting, State of Waste Management in
Canada.
125 Ibid.
126 Ibid.
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9

Clean Technology Sector

As our society moves to address its environmental challenges, the clean technology
sector has seen an increase in demand for its products and processes. Clean
technologies are products or processes that significantly reduce environmental impacts
of a given economic activity. This subset of the economy makes a compelling case
for itself as it provides economic development while improving the environmental
performance of the economy. As the world moves to deep decarbonisation, the clean
technology sector is faced with a tremendous opportunity to produce further economic
and social co-benefits for all Canadians.

KEY MESSAGES:

9.1

•

The clean technology sector is growing very quickly both
domestically and globally.

•

Utilities, equipment suppliers, and policymakers should work together
to identify strategies for reducing deployment costs of critical clean
technologies and barriers to adoption.

•

Further investments in RD&D and innovation in clean technology,
combined with market pull mechanisms such as carbon pricing, will
support Canada’s competitiveness, creating high paying jobs and
increased exports.

•

Innovation will result in economic and environmental spill-over effects,
thereby increasing resource efficiency and productivity in other sectors
and reducing other types of pollution.

•

Providing a clear and predictable signal for long-term investments and
disclosing climate-related information will allow the market to better
anticipate the transition to a low-carbon future.

•

Canada has confirmed its commitment to clean energy innovation by
joining the Mission Innovation international commitment, which aims to
accelerate innovation by doubling investments in clean energy RD&D
across the world.

The clean technology sector is growing very quickly, both domestically
and globally.

Recent historical performance of the clean technology sector in Canada has been very
strong, despite a leveling off between 2013 and 2014. The sector grew at a pace of 8%
annually between 2011 and 2013, which represents more than three times the overall
economic growth in Canada.127 Over the same time period, global clean technology
revenues increased by 10% annually. Employment in the clean technology sector in
Canada has increased from 41,000 in 2012 to 55,600 in 2014, an increase of more than
16% per year.
Solutions from clean technology producers can help address challenges in highemitting sectors, providing positive economic and environmental outcomes. Investment
opportunities in clean technology are increasing at a rapid pace. For example, the
127
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Analytica Advisors, Canadian Clean Technology Industry Report.
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IEA estimates that around $1 trillion per year of
incremental investment are required in renewable
energy and energy efficiency investments to keep
the global average temperature to well below 2°C
in 2050.128 This represents a significant opportunity for
Canadian clean technology companies to tap into
this growing market. Exports accounted for 50% of the
clean technology sector’s revenues in 2014, meaning
Canadian firms are positioned to benefit from
comprehensive efforts to export unique technologies
and expertise to new and growing markets.

9.2

Utilities, equipment suppliers and
policymakers should work together to
identify strategies for reducing deployment
costs of critical clean technologies and
barriers to adoption.

To advance the deployment of clean technologies
in Canada, it will be critical to coordinate between
actors, in order to reduce the cost of achieving
emission reductions and mitigate barriers to
adoption. Important actors in the economy, such
as Governments and utilities can play a key role in
accelerating the development and adoption of
clean technologies. Given their financial capacity,
these actors can use their purchasing power to
demonstrate clean technologies and provide a
visibility that will encourage broader adoption.
Canada has a strong financial sector, which it
can use as a powerful lever to encourage further
low-carbon development both domestically and
abroad. Although there are many significant lowcost GHG reduction opportunities in developing
countries, barriers to investment such as higher
perceived risk and imperfect information prevent
these opportunities from being realised by Canadian
companies. Through its $2.65 billion climate finance
commitment, Canada will contribute to making
these investments more accessible to Canadian
companies, allowing for Canadian low-carbon
technologies to help reduce emissions at a lower cost,
while leading to significant export opportunities.
Private sector participation is of utmost importance
at all stages of technology development. Technology
developers and users are best positioned to bring
forward new technologies that will ultimately
succeed. Governments also need to play a role
in providing the appropriate incentive framework
for this to happen, as the private sector typically
underinvests in R&D. For this to happen, there must be
a good alignment of policies to allow for technology
128

Hamilton T., The $36-Trillion Question.

developers to most effectively advance their goals.
Finally, sufficient investment is paramount to allowing
good technology solutions to reach the market.

9.3

Further investments in RD&D and innovation
in clean technology, combined with
market pull mechanisms such as
carbon pricing, will support Canada’s
competitiveness, creating high paying jobs
and increased exports.

Clean technology is a sector that defines itself
in the improvement of environmental outcomes
related to economic activities in a broad sense.
As such, it is a sector where innovation is of utmost
importance, and therefore is very RD&D-intensive.
RD&D can help solve environmental problems with
current technologies, but it can also contribute to
developing new clean technologies that will make
it easier to reduce emissions in the future. However,
for technologies to actually make a difference,
successful commercialisation has to take place.
For this to happen, market demand has to be there.
The right policies and frameworks can work to
promote a low-carbon economy by helping to
address the double market failure traditionally faced
by the clean technology sector. As with innovation
spending more broadly, there is a tendency for the
private sector to underinvest in RD&D given that the
benefits may not be fully captured by the investing
firms. As well, there is the issue of businesses not
accounting for environmental externalities in their
decision-making. Existing and potential government
policies can help address these market failures. For
example, carbon pricing allows for the consideration
of GHG emissions in the final price of a product, which
provides a market value to the environmental benefits
of clean technologies.
Other types of approaches, such as government
procurement of clean technologies and regulations,
could also increase demand for Canadian clean
technologies. Governments will have to display
leadership in providing broad support for clean
technologies, coordinating innovation efforts and
catalyzing private-sector involvement, particularly for
early-stage R&D.
These initiatives would address an important
barrier for Canada, which has historically struggled
with demonstration and commercialisation of its
clean technologies, increasing the challenge for
companies to export untested products. Given the
important growth of clean technology globally,
this would position Canada favorably in terms
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of competitiveness in this market. Canada’s
competitiveness in the clean technology market
would bring significant benefits to Canada, such as
high paying jobs and significant increases in exports.

9.4

Innovation will result in economic and
environmental spill-over effects, thereby
increasing resource efficiency and
productivity in other sectors and reducing
other types of pollution.

Innovation in clean technologies, whether it is a
breakthrough technology or one that drastically
improves the efficiency of an existing process, can
bring significant benefits to the economy as well
as spill-over effects. Economic benefits of clean
technologies can take different forms, depending
on the nature of the technology. If a technology
provides an efficiency improvement, benefits will
be seen as reduced input costs, while they can
take different forms in the case of a breakthrough
technology. The internalisation of environmental
externalities with the help of tools such as carbon
pricing will ensure that technologies that reduce
emissions have tangible economic benefits.
Another dimension where spill-over effects are
tangible is the potential to reduce production costs
and pollution through industrial ecology. Industrial
ecology is a concept that could potentially transform
the industrial sector into a highly efficient integrated
ecosystem. Industrial ecology “seeks to emulate
mature ecological systems in order to reduce
environmental impacts through maximised efficiency
of energy resource inputs and the minimisation of
unutilized waste”.129 This concept promotes more
interconnections between industrial sectors to
optimise the flows of inputs and outputs from each
industry such that all industrial processes together
minimise energy use and disposal of waste products
to improve resource efficiency and economic
competitiveness. In other words, industrial ecology
allows for output perceived as non-valuable (waste
heat, wood residues, etc.) to be used as inputs by
other companies within an industrial park,
allowing for improved competitiveness and
environmental outcomes.

9.5

Providing a clear and predictable signal
for long-term investments and disclosing
climate-related information will allow the
market to better anticipate the transition to
a low-carbon future.

129 McKinley A., Industrial Ecology: A Review with Examples
from the Canadian Mining Industry, Canadian Journal of
Regional Science.

72

“Green investment represents a major
opportunity for both long-term investors
and macroeconomic policymakers seeking
to jump-start growth.”
-

Mark Carney, Governor of the Bank
of England and Chairman of the
G20’s Financial Stability Board

The financing of climate-related initiatives is a crucial
dimension of the climate change challenge with
both a domestic and international component.
Significant investments, most notably in adaptation
measures, need to be made in order to deal with
the costs of climate change, some of which may
materialise over a long-term horizon. There are risks
and opportunities associated with these investments
that many businesses and political actors are taking
steps to address. For example, the insurance sector
has already been significantly exposed to climate
change risks.130 Those risks could be physical risks,
where investments can be affected by major events
like floods or disruption of global supply chains and
could have important impacts for insurers and reinsurers. Liability risks could also arise as investors may
be subject to lawsuits for carbon damages. Finally,
transition risks may occur as structural change in the
economy drive re-pricing of assets and values
of companies.
Another key aspect of tackling climate change
risks and opportunities is to provide investors
with reliable and detailed information of climate
change activities. Many companies, including 822
investors with US $95 trillion in assets, have chosen
to disclose information on their action on climate
change through the Carbon Disclosure Project or
the Montréal Carbon Pledge. The Financial Stability
Board’s Task Force on Climate-related Financial
Disclosures is working to develop voluntary, consistent
climate-related financial risk disclosures for use by
companies in providing information to investors,
lenders, insurers, and other stakeholders. Such
initiatives will allow a better understanding of the
link between decarbonisation and the financial
performance of firms. Further development of similar
initiatives could create a virtuous circle where action
is encouraged and best practices are shared. This
would, in turn, provide a clear and predictable

130 Bank of England, Breaking the Tragedy of The Horizon - Climate
Change and Financial Stability - Speech by Mark Carney.
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signal for investments, allowing the market to better
anticipate the transition. 131
Finally, pricing carbon will give Canadian businesses,
investors, and consumers a clear, predictable basis
for decision making. Confidence that carbon pricing
in Canada will continue to increase over time will
encourage businesses and consumers to invest in
cleaner appliances, vehicles, and technology. It
will also encourage firms to invest in research into
low-carbon technology, which will better position
Canadian firms to compete in the rapidly-growing,
low-carbon economy.

9.6

Canada has confirmed its commitment
to clean energy innovation by joining
the Mission Innovation international
commitment, which aims to accelerate
innovation by doubling investments in
clean energy across the world.

On November 30, 2015, Canada announced its
participation in the Mission Innovation international
commitment, along with 20 other countries. This
commitment is to double clean energy innovation
131

“[R]isks to financial stability will be minimised if the transition
begins early and follows a predictable path, thereby helping the
market anticipate the transition to a 2 degree world”. (Bank of
England, Breaking the Tragedy of the Horizon - Climate Change
and Financial Stability - Speech by Mark Carney.)

investments from governments over the next five
years, while encouraging greater levels of privatesector investment. This commitment also entails
working with the Breakthrough Energy Coalition, an
independent initiative that features 28 influential
investors from 10 countries that commit to providing
patient, early-stage capital (as opposed to venture
capital, which seeks returns on investment on a
much shorter time horizon) to advance clean energy
technology innovation.
As part of this initiative, it is recognised that clean
technology innovation often faces a so-called
“valley of death”, which typically appears at the
pre-commercialisation stage, where the conversion
of a proven concept into a compelling product will
determine whether a company will survive or not. This
commitment aims to bridge that gap with increased
government funding to enable more basic research,
as well as more patient private capital, which will
allow good concepts the time required to make
it to market commercialisation. Given Canada’s
particular challenges in commercialisation, this
initiative could fill an important need for Canadian
companies to succeed in clean energy innovation
that can significantly reduce GHG emissions.
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10 Achieving a Low-Carbon Future
through Infrastructure Investments
Infrastructure investments are key to supporting Canada’s deep decarbonisation efforts
over the longer term and will help reshape the economy consistent with low-carbon
pathways. Investing in infrastructure today will provide Canadians with increased
employment opportunities, and cleaner, more modern communities, while also addressing
climate change and air pollution.
Investing in public transit, green infrastructure, social infrastructure, Canada’s trade and
transportation corridors, as well as rural and northern communities, will provide a strong
foundation for more inclusive and sustainable cities, and can also help to both address
greenhouse gas emissions and enhance resilience to the impacts of climate change.
For instance, Canadian communities building new urban transit networks and service
extensions will transform the way that Canadians live, move and work.
In addition to committing significant resources (over $186 billion through to 2027-28),
Canada is also establishing a new Infrastructure Bank, an arm’s-length organization
dedicated to increasing investment in growth-oriented infrastructure, transforming the way
infrastructure is planned, funded and delivered across the country.
Considering the magnitude of investments required to develop key infrastructure projects, key
linkages between infrastructure decision-making and long-term decarbonisation include:
•

Investments are influential in setting long-term greenhouse gas pathways as the
lifespan of infrastructure assets are long-lived, often ranging from 25 to 60 years.

•

Once infrastructure investments are made, the behaviours and carbon emissions
associated with infrastructure investments are more or less ‘locked-in’ and the shift to
a new pathway can become very costly.

•

Deploying infrastructure investments strategically can attract low-carbon infrastructure
investments, creating a critical mass of funding for low-carbon solutions or the ability to
‘anchor’ future low-carbon investments. For example, making strategic investments in
alternative fuel or electric vehicle infrastructure would underpin further investments in
low-carbon vehicles.

•

The transformative nature of infrastructure projects plays a complementary and
enabling role to support the transition to a low-carbon economy. For instance,
infrastructure that is designed to withstand the projected impacts of climate change
can lead to cost savings over the longer term by avoiding maintenance and
rehabilitation costs.

Canada is committed to working closely with all stakeholders, including provinces,
territories and Indigenous peoples, to develop and implement an infrastructure plan
that delivers investments across the country. As part of this plan, investments in green
infrastructure and other streams, such as social and transportation, will reduce GHG
emissions and support the resilience of infrastructure assets. Examples may include
supporting further electrification of sectors currently reliant on fossil fuels, improving
electricity transmission systems through inter-provincial transmission lines and the expansion
of smart grids.
Investments in sustainable infrastructure will enable greater climate change adaptation
and resilience; ensure that more communities can provide clean air and safe drinking
water for their citizens; and support the transition toward more sustainable economic
growth. Canada will ensure that our mid-century climate change objectives inform our
infrastructure development going forward.
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Conclusion
Dealing with climate change will ultimately require net-zero anthropogenic greenhouse
gas emissions over the course of this century. Canada will need to fundamentally
transform all economic sectors, especially patterns of energy production and
consumption. Over time, this requires major structural changes to the economy and the
way people live, work, and consume.
A low-greenhouse gas future also represents a massive opportunity to increase
prosperity and the well-being of Canadians, to improve the livability of the built
environment, modernise transportation, and enhance the natural environment. The
benefits include: reducing air pollution and congestion, modernising infrastructure
to provide more inclusive and sustainable cities, creating cleaner and more modern
communities, growing Canada’s clean technology sector, increasing economic
productivity and efficiency, saving energy and reducing energy costs, and enhancing
resilience to the impacts of climate change.
Much of the transformation can be achieved with existing technology, but innovation,
such as through the Mission Innovation initiative, and significant investments in research,
development, demonstration & deployment, and related infrastructure, will be
fundamental to the transition.
Additional collaboration across industry leaders to identify common innovation
priorities will be needed to seize opportunities to integrate innovation into business
strategies. Funding environments, intellectual property regimes, research agendas, and
communication strategies will need to be shaped to stimulate innovation investments.
Decarbonisation will require a sustained societal effort that will take many years
to accomplish. This will require a technological ramp up of low greenhouse gas
alternatives, and also societal engagement and action by all Canadians. Working
collaboratively with Indigenous peoples by supporting their on-going implementation
of climate change initiatives will be key. Likewise, all levels of government will need to
implement a vast array of the various policy options that are available to them. In this
respect, Canada will continue to work collaboratively with provinces and territories
including through the pan-Canadian framework on clean growth and climate change.
Although the pace of this transition may vary from Canadian jurisdiction to jurisdiction,
the direction and orientation are clear.
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Annex 1: Detailed Modelling Results from 2050 Scenarios
This annex provides modelling results for the aggregate energy economy or total economy of Canada under the
described low greenhouse gas modelling analyses (see model and scenario descriptions in Chapter 3). The tables
are provided for illustrative purposes only and should not be interpreted as optimal pathways. Moreover, the
sectoral aggregation may differ from one model to another.
The table below illustrates results from ECCC’s modelling, where a 2050 target of 80% below 2005 levels is
achieved by reductions in emissions from the energy sector, industrial processes, agriculture and waste. The
reductions are influenced by a common price on greenhouse gas emissions.
As illustrated by the table, the greatest emissions reductions are projected to come from energy-related
emissions (89% below the 2005 level), followed by emissions from waste (55% below the 2005 level), industrial
process emission (50% below the 2005 level) and agriculture (36% below the 2005 level). As there are currently
relatively few moderate cost reduction opportunities for industrial process sector, a project reduction in output
drives the decline in emissions.
Table A1: Environment and Climate Change Canada - Gross Emissions (2050)
Canada’s 1990−2050 GHG Emissions by Sector (Mt CO2e)
Greenhouse Gas Categories

1990

2005

2050

% Change
Relative to 2005

TOTAL: EXCLUDING LULUCF

613

748

149

-80%

ENERGY

482

597

67

-89%

Stationary Combustion Sources

285

342

46

Transport

148

195

38

Fugitive Sources

49

61

6

CO2 Capture, Transport and Storage

-

0

-23

INDUSTRIAL PROCESSES AND PRODUCT USE

56

58

29

Mineral Products

8

10

2

Chemical Industry

17

10

19

Metal Production

24

20

5

Production and Consumption of Halocarbons,
SF6 and NF3

1

6

1

Non-Energy Products from Fuels and Solvent Use

5

12

2

Other Product Manufacture and Use

0

1

0

AGRICULTURE

49

61

39

Enteric Fermentation

23

31

20

Manure Management

8

10

6

Agriculture Soils

17

19

12

Field Burning of Agricultural Residues

0

0

0

Liming, Urea Application and Other
Carbon-containing Fertilizers

1

1

0

WASTE

26

31

14

Solid Waste Disposal

24

28

13

Biological Treatment of Solid Waste

1

1

1

Wastewater Treatment and Discharge

1

1

0

Incineration and Open Burning of Waste

1

1

0

-50%

-36%

-55%
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The table below illustrates results from ECCC’s modelling of a scenario in which a 2050 target of 80% below
2005 levels is achieved by a 65% reduction in the combined emissions of the energy sector, industrial processes,
agriculture, and waste, plus an assumed contribution from credits due to improved land sector sequestration
and internationally transferred mitigation outcomes.
As depicted in the table, the greatest reductions are projected to come from energy-related emissions
(74% below the 2005 level), followed by emissions from waste (55% below the 2005 level), industrial process
emission (28% below the 2005 level) and agriculture (15% below the 2005 level).
Table A2: Environment and Climate Change Canada-Net Emissions (2050)
Canada’s 1990−2050 GHG Emissions by Sector (Mt CO2e)
Greenhouse Gas Categories

1990

2005

2050

% Change
Relative to 2005

TOTAL: EXCLUDING LULUCF

613

748

262

-65%

ENERGY

482

597

155

-74%

Stationary Combustion Sources

285

342

86

Transport

148

195

77

Fugitive Sources

49

61

8

CO2 Capture, Transport and Storage

-

0

-17

56

58

50

Mineral Products

8

10

4

Chemical Industry

17

10

28

Metal Production

24

20

12

Production and Consumption of Halocarbons,
SF6 and NF3

1

6

2

Non-Energy Products from Fuels and Solvent Use

5

12

4

Other Product Manufacture and Use

0

1

0

49

61

44

Enteric Fermentation

23

31

23

Manure Management

8

10

7

Agriculture Soils

17

19

14

Field Burning of Agricultural Residues

0

0

0

Liming, Urea Application and Other Carboncontaining Fertilizers

1

1

1

26

31

14

Solid Waste Disposal

24

28

13

Biological Treatment of Solid Waste

1

1

1

Wastewater Treatment and Discharge

1

1

0

Incineration and Open Burning of Waste

1

1

0

INDUSTRIAL PROCESSES AND PRODUCT USE

AGRICULTURE

WASTE

84

-15%

-28%

-55%
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The table below illustrates modelling results from Trottier Energy Futures Project, where a 2050 target of 60%
below the 1990 levels is achieved by reductions in emissions from the energy sector, industrial processes,
agriculture and wastes. The table below illustrated the reductions when current technologies are available, with
the addition of interprovincial interconnections to the electricity grid.
As illustrated by the table, the greatest reductions are projected to come from electricity emissions (99% below
the 2015 level), followed by emissions from the residential sector (87% below the 2015 level), commercial
emissions (76% below the 2015 level), transportation (71% below the 2015 level) and agriculture (64% below the
2005 level).
Table A3: Trottier Energy Futures Project (Current Technology Scenario)
Canada’s 1990−2050 GHG Emissions by Sector (Trottier) Mt CO2e
Greenhouse Gas Categories

2015

2050

% Change Relative to 2015

TOTAL (EXCLUDING PROCESS EMISSIONS)

488

171

-65%

TOTAL (INCLUDING PROCESS EMISSIONS)

560

282

-50%

AGRICULTURE

16

6

-64%

COMMERCIAL

36

9

-76%

INDUSTRIAL PROCESSES AND PRODUCT USE

53

35

-34%

RESIDENTIAL

43

6

-87%

TRANSPORTATION

169

49

-71%

ELECTRICITY

60

0

-99%

SUPPLY - COMBUSTION

112

66

-41%

SUPPLY – PROCESS

71

112

56%

CURRENT TECHNOLOGY SCENARIO:
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The table below is also from the Trottier Energy Futures Project. It illustrates the reductions when other new
technologies are available to reduce GHG emission reduction costs. The contribution of new technologies
increases the reduction from agriculture, commercial, residential and supply-combustion.
As illustrated by the table, the greatest reductions are projected to come from electricity emissions (99% below
the 2015 level), followed by emissions from the residential sector (89% below the 2015 level), commercial emissions
(88% below the 2015 level), agriculture (66% below the 2015 level) and supply process emissions (56% below the
2005 level).

Table A4: Trottier Energy Futures Project (New Technology Scenario)
Canada’s 1990−2050 GHG Emissions by Sector (Trottier) Mt CO2e
Greenhouse Gas Categories

2015

2050

% Change Relative to 2015

TOTAL (EXCLUDING PROCESS EMISSIONS)

488

171

-65%

TOTAL (INCLUDING PROCESS EMISSIONS)

560

282

-50%

AGRICULTURE

16

5

-66%

COMMERCIAL

36

4

-88%

INDUSTRIAL PROCESSES AND PRODUCT USE

51

35

-32%

RESIDENTIAL

43

5

-89%

TRANSPORTATION

166

76

-54%

ELECTRICITY

64

0

-99%

SUPPLY - COMBUSTION

113

45

-60%

SUPPLY - PROCESS

71

112

56%

NEW TECHNOLOGY SCENARIO:
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The table below illustrates modelling results from DDPP Study, where a 2050 target of 88% below the 2015 levels
is achieved by reductions in emissions from all sectors of the economy except for agriculture, which was not
included as part of this modelling work.
As illustrated by the table, the greatest reductions are projected to come from residential and commercial
buildings emissions (99% below the 2015 level), followed by emissions from the personal transportation sector
(97% below the 2015 level), freight transportation emissions (95% below the 2015 level), industrial minerals
(93% below the 2015 level) and chemical products (75% below the 2005 level).
Table A5: Deep Decarbonization Pathways Project
Canada’s 1990−2050 GHG Emissions by Sector (DDPP) Mt CO2e
Greenhouse Gas Categories

2015

2050

% Change Relative to 2015

TOTAL

651

78

-88%

Residential Buildings

37

0

-99%

Commercial Buildings

38

1

-99%

Transportation Personal

88

3

-97%

Transportation Freight

112

5

-95%

Chemical Products

13

3

-75%

Industrial Minerals (Cement & Lime)

16

1

-93%

Iron and Steel

12

4

-66%

Metal Smelting

11

3

-73%

Mineral Mining

5

3

-52%

Paper Manufacturing

6

1

-84%

Other Manufacturing

21

5

-77%

Waste

8

5

-44%

Electricity

86

6

-93%

Petroleum Refining

21

1

-96%

Petroleum Crude Extraction

134

19

-86%

Natural Gas Extraction

37

14

-62%

Coal Mining

2

2

-27%

Ethanol Production

2

0

-85%

Biodiesel Production

0

3

677%
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Minister’s Message
As Canada’s Environment and Climate Change

We have laid out a comprehensive plan for ourselves, and

Minister, I am pleased to submit Canada’s

are now implementing it, along with an ambitious suite

7th National Communication and 3rd Biennial Report

of policies, programs, regulations, and funding initiatives.

to the United Nations Framework Convention on

The country has taken steps towards pricing carbon

Climate Change (UNFCCC).
In the two years since our last Biennial Report to the
UNFCCC, Canada has taken significant steps to advance
action on climate change and clean growth, both at home
and abroad.
In December 2016, the Prime Minister and Provincial
and Territorial Premiers adopted Canada’s clean growth
and climate plan to take ambitious action to fight climate
change, build resilience to the changing climate, and
drive clean economic growth. A landmark achievement,
the Pan-Canadian Framework on Clean Growth
and Climate Change is the first climate change plan
in Canada’s history to include joint and individual
commitments by federal, provincial and territorial
governments and to have been developed with

pollution: our approach requires carbon pricing across
Canada in 2018. We are also advancing a number of
additional measures that will take us the rest of the way
to our target, in continued partnership with provinces
and territories, and in consultation with stakeholders
across sectors.
Despite global action to reduce emissions, adapting to
the impacts of climate change will also be critical. In the
past year, governments across Canada have taken steps
to support communities most affected by impacts of
climate change, such as fires, floods and extreme weather.
Governments have also invested in climate solutions and
clean growth. Their investments will help Canadians
save money through the use of smarter energy solutions.
Indigenous Peoples are important environmental leaders

input from Indigenous Peoples. The Pan-Canadian

in Canada. They are often among the most vulnerable

Framework outlines more than 50 concrete measures

to the effects of a changing climate. The Government

to reduce carbon pollution, help the country adapt

of Canada is committed to ensuring that Canada’s

to the impacts of a changing climate, foster clean

Indigenous Peoples are real partners in the country’s

technology solutions, and create good jobs that

transition to a low-carbon, climate resilient economy.

contribute to a stronger economy.

That is why the Government of Canada is working

We have covered considerable ground since launching
Canada’s clean growth and climate plan just over one year
ago. Now, we’re starting to see results. Our plan includes
a pan-Canadian approach to pricing carbon pollution, as

with National Indigenous Organizations to support
the implementation of the Pan-Canadian Framework
and to advance broader clean growth and climate
change priorities.

well as measures to reduce emissions across all sectors of

These and other domestic actions represent Canada’s

the economy that put Canada on the path to meet our

commitment to implementing the Paris Agreement

Paris Agreement target to reduce emissions 30 percent

and, much like processes under the UNFCCC, the

below 2005 levels by 2030. We are determined to meet

Pan‑Canadian Framework includes accountability

or exceed that 2030 goal.

and reporting mechanisms that will allow us to revisit

Based on our updated greenhouse gas projections
included in this report, we have taken great strides
towards our target. But of course, much work remains.

our climate change measures and enhance our ambition
over time.
The Government of Canada is supporting these
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domestic actions with historic investments. In June

to advance action on climate change. For example,

2017, we launched the Low Carbon Economy Fund to

Canada has acted as a strong advocate for a global

leverage investments in projects that will support clean

hydrofluorocarbon (HFC) phase-down under the

growth and reduce greenhouse gas emissions from

Montreal Protocol. Canada also ratified the Kigali

buildings, industries and forestry. The government is

Amendment to the Protocol in November 2017, which

also investing billions in green infrastructure and public

commits countries to significantly reduce consumption

transit, and through the Canada Infrastructure Bank

and production of HFCs thereby minimizing their

and green bonds from Export Development Canada,

impact on climate change. We played a leadership role

we are using innovative financing mechanisms to

in encouraging the support of 21 other Parties to ratify

support climate investments and help new technologies

the Kigali Amendment, helping bring it into force

become mainstream.

on January 1, 2019. Canada is also playing a lead role

At the international level, Canada continues to
demonstrate its strong commitment to global leadership
on clean growth and climate change. Our country
is working closely with its international partners on
negotiations to implement the Paris Agreement under
the UNFCCC. In advance of the 23rd Conference of the

in Mission Innovation, a global initiative launched in
2015 by countries that have agreed to double national
investment in clean energy innovation over five years
while encouraging greater levels of private-sector
investment in clean energy technologies.
In addition to multilateral work, Canada continues to

Parties (COP23), together with China and the European

advance climate action directly with its partners. For

Union, Canada co-hosted a Ministerial on Climate

example, Canada worked in partnership with the United

Action, bringing together ministers and representatives

Kingdom recently to launch the Powering Past Coal

from more than 30 major economies and other key

Alliance, a global initiative to phase out traditional

players on international climate change.
In 2017, Canada also hosted a series of events on key
issues under the UNFCCC. These included carbon
markets, gender equality, and the engagement of
Indigenous Peoples in international climate action.
These complementary meetings informed the COP23
negotiations, where Canada was recognized for its

coal‑fired electricity generation. In December 2017,
Canada and five provinces joined with Mexico, Chile,
Colombia, Costa Rica and two U.S. states to establish the
Declaration on Carbon Markets in the Americas, which
aims to enhance collaboration on carbon pricing systems
and promote carbon markets throughout the Americas.
Canada understands that addressing climate change

leadership in helping to reach agreement on a UNFCCC

represents a significant economic opportunity. Those

Gender Action Plan and on the launch of the local

countries that pursue strong climate action will be best

communities and Indigenous Peoples’ platform

placed to compete in the clean growth century. Through

to enhance engagement of Indigenous Peoples on

reducing emissions and enhancing resilience, we can

international climate action.
Canada remains committed to supporting countries
that are most vulnerable to the impacts of climate

all work together to avoid the worst impacts of climate
change and secure a safer, more prosperous future for
our kids and grandkids.

change. We are delivering on a historic commitment

I look forward to continued work with my domestic and

to provide $2.65 billion in climate finance by 2020-21.

international colleagues to make this future a reality.

Canada also recently doubled its funding to the UN
Intergovernmental Panel on Climate Change (IPCC),
and hosted hundreds of scientists supporting the IPCC
at a Montréal conference in fall 2017.
We continue to work through other multilateral fora

Sincerely,
Catherine McKenna
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CHAPTER 1

Introduction and Executive
Summary: 7th National
Communication
Canada is pleased to present its 7th National Communication and 3rd Biennial Report on Climate
Change to meet its reporting requirements under the United Nations Framework Convention
on Climate Change (UNFCCC). Canada has prepared these reports in accordance with adopted
guidelines and other guidance for National Communications and Biennial Reports.
The following Introduction and Executive Summary provides an overview of Canada’s 7th
National Communication and 3rd Biennial Report to the UNFCCC.

National Action
Canada has taken significant steps to address climate change since its last report to the
UNFCCC. In addition to being one of the first Parties to the UNFCCC to sign and ratify the
Paris Agreement, Canada has followed through on its Paris commitments by developing a new
national plan to reduce greenhouse gas (GHG) emissions, enhance resilience to the impacts of
climate change, and transition to a clean growth economy.
Less than 90 days after Paris Climate Change Conference in December 2015, the Prime
Minister of Canada met with all Provincial and Territorial Premiers (collectively referred to as
First Ministers) to adopt the Vancouver Declaration on Clean Growth and Climate Change. In
the Vancouver Declaration, First Ministers agreed to work together to take ambitious action in
support of meeting or exceeding Canada’s commitment to reduce GHG emissions by 30 percent
below 2005 levels by 2030.
The Declaration also set the path toward the adoption of the Pan-Canadian Framework on
Clean Growth and Climate Change on December 9, 2016.a A historic achievement, the PanCanadian Framework is Canada’s first climate change plan to include commitments by federal,

a

The provinces of Manitoba and Saskatchewan decided not to join the Pan-Canadian Framework at this time.
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provincial and territorial governments, and is the
country’s overarching framework to reduce emissions
across all sectors of the economy, stimulate clean
economic growth and build resilience to the impacts of
climate change.
The Framework is designed to achieve the behavioural
and structural changes needed to transition to a lowcarbon economy, and was developed collaboratively by
Canada’s federal, provincial and territorial governments,
with input from Indigenous Peoples as well as from
businesses, non-governmental organizations, and
Canadians across the country.

Pan-Canadian Framework, and to identify opportunities
for further action.
Pricing carbon pollution is central to Canada’s plan.
The Government of Canada has outlined a benchmark
for pricing carbon pollution that will build on existing
provincial systems and require that a minimum price
of $10 per tonne is in place across Canada in 2018,
rising to $50 per tonne by 2022. The Pan-Canadian
Framework also includes complementary mitigation
measures to achieve emissions reductions in the
electricity, transportation, built environment, industry,
and forestry, agriculture and waste sectors, both in the
near-term and as part of a longer-term strategy.

Working with Indigenous Peoples in Canada
Indigenous Peoples are resilient climate leaders in Canada, despite
being among the most vulnerable to climate change. The Government
of Canada is committed to ensuring First Nations, Inuit, and the
Métis Nation are real partners in Canada’s transition to a low-carbon
economy. To help do so, the Government of Canada is working in
partnership with the Assembly of First Nations, Inuit Tapiriit Kanatami,
and the Métis National Council through three senior-level tables.
These innovative tables enable ongoing partnership with First
Nations, Inuit and the Métis Nation in the implementation of the
Pan-Canadian Framework and on broader clean growth and climate
change priorities. Supported by Government of Canada Budget
2017 funding, all three tables met for the first time in fall 2017, are
planning to meet again in early 2018, and are identifying areas to
work together.

The Pan-Canadian Framework builds on the early
leadership of provinces and territories and the diverse
array of policies and measures already in place across
Canada to reduce GHG emissions in all sectors of the
economy. The Pan-Canadian Framework includes over
fifty concrete measures under four key pillars: carbonpollution pricing; complementary actions to reduce
emissions; adaptation and climate resilience; and clean
technology, innovation and jobs.
The plan also includes governance and reporting
mechanisms to ensure ongoing collaboration across
federal, provincial and territorial governments, to
track progress in implementing measures under the

The Pan-Canadian Framework recognizes the
importance of building climate-resilience, and sets
out measures to help Canadians understand, plan for,
and take action to adapt to the unavoidable impacts of
climate change. As Indigenous Peoples and coastal and
northern regions are particularly vulnerable to climate
impacts, targeted action is being taken to help these
communities thrive.
Recognizing the growing global demand for clean
technologies, the Pan-Canadian Framework creates
the conditions to encourage and enhance the
development and adoption of clean technologies. The
Framework includes new actions to support early-stage
technological innovation, accelerated commercialization
and growth, enhanced adoption of clean technology, and
improved metrics to measure success.
To support these measures, the Government of Canada
has announced significant investments to support
national actions to reduce emissions, build resilience and
support clean technology and innovation.

International Action
At the international level, Canada is taking strong
action to demonstrate its commitment to advancing
the international clean growth economy. Under
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the UNFCCC, Canada is working closely with the
international community to implement the Paris
Agreement, and at the 23rd Conference of the Parties
(COP23) in November 2017 played a leadership role to
advance negotiations on the Paris Agreement guidelines.
Leading up to and during COP23, Canada also worked
to advance several key initiatives. In September 2017,
Canada, in collaboration with China and the European
Union, hosted an international ministerial meeting
with representatives from 34 countries, including major
economies, to support global climate action and the
Paris Agreement, providing an opportunity for ministers
to advance discussions in support of the Paris Agreement
and its goals. Canada will co-host a second meeting
in 2018.
Canada has also taken on a leadership role to enhance
the engagement of Indigenous People on international
climate action. In September 2017, in the lead-up to
COP23, the Government of Canada, in full partnership
with Indigenous Peoples of Canada, hosted an Informal
Dialogue attended by over 60 governments and
Indigenous peoples from around the world, which
advanced discussions on the local communities and
Indigenous Peoples platform under the UNFCCC.
Canada was recognized for its leadership in reaching
an agreement to launch the operation of the platform.
Also in the lead-up to COP23, Canada hosted an
international workshop to exchange views on options
for the Gender Action Plan under the UNFCCC, and
played a leadership role in achieving agreement on the
plan at COP23.
Canada is working to support the countries that are
most vulnerable to the impacts of climate change
and to support clean growth internationally. Canada
is delivering its historic climate finance pledge of
$2.65 billion to help developing countries transition to

low-carbon, climate resilient economies through diverse
bilateral and multilateral initiatives.
Canada is also an active participant in a variety of
multilateral fora that work to reduce GHG emissions
and enhance resilience. Canada was one of the first
countries to ratify the Montréal Protocol, and has
been a strong supporter of efforts to phase down
hydrofluorocarbons (HFCs) under the Kigali
Amendment to the Protocol. Following release of draft
regulations to phase down HFCs, Canada ratified the
Kigali Amendment in November 2017, helping to bring
the amendment into force on January 1, 2019.
Canada is playing a leadership role in Mission
Innovation—a global initiative of countries working to
scale up investment in clean energy innovation—and
is a member of the initiatives Steering Committee. At
COP23, Canada also announced the formation of a
North American Climate Leadership Dialogue with
Mexico and the United States Climate Alliance, a
bipartisan coalition of 15 United States (U.S.) governors
committed to reducing GHGs consistent with the goals
of the Paris Agreement.
Canada continues to work with international partners,
including through the recent announcement with the
United Kingdom of the Powering Past Coal Alliance,
a global initiative to phase out traditional coal-fired
electricity, as well as ongoing work with Mexico to
address methane emissions in the oil and gas sector. In
addition, in December 2017 Canada and five provinces
joined with Mexico, Chile, Columbia, Costa Rica, and
two U.S. states to establish the Declaration on Carbon
Markets in the Americas, which aims to enhance
collaboration on carbon pricing systems and promote
carbon markets throughout the American continents.
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National Circumstances
Canada’s unique geographic, demographic, and
economic circumstances influence its GHG emissions
profile. For example, while Canada has a relatively small
population, it also has one of the largest landmasses
in the world, most of it located in the northern half of
the northern hemisphere. These factors contribute to
heavier energy and transportation use than in smaller
and/or more densely populated countries.
Canada’s population remains the smallest among
G7 countries but is rapidly growing, mostly through
international migration. Currently at 36.7 million
inhabitants, it is anticipated that Canada’s population
could reach between 40.1 and 47.7 million by 2038.
Two-thirds of Canada’s population and urban centers
are located within 100 kilometers of the Canada-U.S.
border, leaving large parts of the country sparsely
populated. The large distance between metropolitan
areas and low population density generates high
emissions from the transportation sector making it
the second largest contributor of GHG emissions
in Canada.
Canada experiences a wide range of climate conditions,
with most of the inhabited regions seeing distinct
seasons—in particular very warm summers and cold
winters. Heating and cooling needs have a great impact
on energy use and GHG emissions. Canada’s climate has
been increasingly warming over the last several years.
Northern regions are the most affected, and extreme
events such as drought, forests fires, floods and severe
thunderstorms are happening more frequently.
Although climate and geography contribute to making
Canada a heavy energy user, energy efficiency has
improved in recent years. In addition, 80 percent of
Canada’s total electricity is produced from non-GHG
emitting sources, with hydroelectricity comprising most
of this production. The share of renewable power from
b

other sources than hydro has been increasing steadily
since 1990 while the supply generated from coal has
decreased substantially over the same time period.
According to the International Monetary Fund,
Canada’s growth was the fastest among G7 economies
in 2016, with an anticipated real GDP growth rate of
3.5 percent in 2017 and 3.6 percent in 2018. While
Canada’s economy is primarily driven by the service
sector, its manufacturing, construction, mining, oil and
gas, and forestry sectors still represent about 30 percent
of the economy which is unique among industrialized
countries. These emissions intensive sectors contribute
significantly to Canada’s emissions.

Canada’s Greenhouse Gas Inventory
Canada’s National Inventory Report is prepared and
submitted annually to the UNFCCC and includes
estimates of CO2 equivalent (CO2 eq) in the
following six sector categories, as defined by the
Intergovernmental Panel on Climate Change: Energy,
Industrial Processes and Product Use, Agriculture,
Waste, and Land Use, Land-use Change and Forestry
(LULUCF).b Canada also reports estimates of historical
emissions and removals according to the following
economic sector categories: electricity, transportation,
oil and gas, heavy industry, buildings, agriculture, and
waste and others.
In 2015, Canada emitted 722 megatonnes (Mt) of
CO2 eq. The energy sector (consisting of Stationary
Combustion Sources, Transport, and Fugitive Sources)
continues to account for the majority of Canada’s
emissions, at 81% or 587 Mt. Other emissions are
generated from the Agriculture sector (8%), the
Industrial Processes and Product Use sector (7%), and
the Waste sector (3%). Alberta continues to have the
highest emissions among Canadian provinces, primarily
due to expanding oil and gas operations.

The most recent report entitled National Inventory Report 1990–2015: Greenhouse Gas Sources and Sinks in Canada, and is available online at:
http://unfccc.int/files/national_reports/annex_i_ghg_inventories/national_inventories_submissions/application/zip/can-2017-nir-13apr17.zip.
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Figure 1: Canada’s Emissions Breakdown by IPCC
Sector (2015)*

Figure 2: Canada’s Total Emissions Breakdown by
GHG (2015)*

*Note: Totals may not add up due to rounding.

Similar to other industrialized counties, carbon dioxide
from the combustion of fossil fuels is the largest
contributor to Canada’s GHG emissions and accounted
for 79% of Canada’s emissions in 2015. Other emissions
include methane (14%) largely from fugitive sources in
oil and natural gas systems, agriculture and landfills and
nitrous oxide (5%) from agricultural soil management
and transport. Combined, perfluorocarbons,
sulphur hexafluoride, hydrofluorocarbons and
nitrogen trifluoride contributed less than 2% of
Canada’s emissions.

Since 1990, Canada’s emissions have overall been
increasing gradually, and have increased by 20 Mt since
the 6th National Communication report.
However, Canada’s economy has grown more rapidly
than GHG emissions and emissions intensity has
declined by 33% since 1990 and 16% since 2005.
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The reduction in emissions intensity since 1995 is
largely due to fuel switching, increases in efficiency, the
modernization of industrial processes, and structural
changes in the economy.
As the federal agency responsible for preparing and
submitting the national inventory to the UNFCCC,
Environment and Climate Change Canada has
established and manages all aspects of the arrangements
supporting the GHG inventory. The development of
Canada’s GHG inventory is based on a continuous
process of data collection, methodological refinement
and review.

Policies and Measures
Institutional Arrangements
Within the Government of Canada, the Minister
of Environment is responsible for domestic and
international climate change policies. However, as
the environment is of shared jurisdiction in Canada
and given the cross-cutting nature of climate change,
several federal, provincial and territorial ministries work
together to address this issue. At the federal level, most
climate change regulations are developed under the
authorities of the Canadian Environmental Protection Act,
1999 (CEPA 1999).
The Pan-Canadian Framework on Clean Growth
and Climate Change and its supporting governance
architecture is now the overarching framework for the
coordination and implementation of climate change
policy across Canada. Federal, provincial and territorial
Ministers are working together through longstanding
inter-ministerial fora, such as the Canadian Council of
Ministers of Environment or the Energy and Mining
Ministers Conference, to implement and report on PanCanadian Framework actions.

Policies and Measures to Reduce Emissions
A number of key cross-cutting measures are planned
or in place to reduce emissions across Canada. Several
provinces already have carbon pricing systems in place:
British Columbia has had a carbon tax in place since

2008, Québec and Ontario adopted a cap-and-trade
system in 2013 and 2017 respectively, and Alberta
extended the scope of its carbon levy in 2017. As
a result, over 80 percent of Canada’s economy and
population are covered by a carbon pricing system in
one form or another. Other provinces and territories
are considering options to develop systems for
carbon pricing. In addition, under the Pan-Canadian
Framework the federal government committed to
implement a benchmark for pricing carbon pollution. A
federal carbon pricing backstop system will be applied
in jurisdictions that request it or that do not have a
carbon pricing system in place in 2018 that meets the
pan‑Canadian carbon pricing benchmark. The federal
system would take effect January 1, 2019.
Under the Pan-Canadian Framework and through
a comprehensive array of existing measures, federal,
provincial and territorial governments are working
to target emissions across all sectors of the economy.
For example:
•• In the electricity sector, the federal government is
working to phase out traditional coal-fired electricity
generation by 2030, and investing in renewable
power, Smart Grids, and reducing reliance on diesel
in Indigenous, northern and remote communities.
•• In the transportation sector, the federal government
is regulating emissions standards for light and heavy
duty vehicles and investing in infrastructure for zeroemission vehicles. Federal, provincial and territorial
governments are also developing a Zero-Emissions
Vehicle Strategy for 2018.
•• In the building sector, the Pan-Canadian Framework
includes measures to improve energy efficiency in
buildings and appliances with work underway to adopt
more stringent codes for new and existing buildings,
including the goal that provinces and territories adopt a
“net-zero energy ready” model building code by 2030.
•• The federal government is also taking steps to reduce
GHG emissions from the industrial sector through
adopting regulations to reduce hydrofluorocarbon
emissions and methane emissions from the oil and gas
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sector, as well as via energy efficiency benchmarking
programs such as ENERGY STAR for Industry and
ISO 5001.
The Government of Canada is making significant
investments to support the measures in the PanCanadian Framework. For example, the Low Carbon
Economy Fund invests in projects that will generate
clean growth and reduce GHG emissions, and the
federal government is also providing billions of
investments in green infrastructure and public transit
investments, which will contribute directly to climate
change mitigation and adaptation activities.
Complementary to the Pan-Canadian Framework,
Canada released a Strategy on Short-Lived Climate
Pollutants which will be instrumental in achieving shortterm results on climate change as well as health benefits,
especially in the North. In November 2016, Canada also
announced its Mid-Century Long-Term Low-Greenhouse
Gas Development Strategy as required under the Paris
Agreement. The Mid-Century Strategy looks beyond
2030 and describes various pathways for innovative and
creative solutions for meeting long-term climate change
objectives and enabling economic growth.

Projections
For its 7th National Communication and 3rd Biennial
Report, Canada has presented projections with both
a “with measures” scenario and a “with additional
measures” scenario.
The “with measures” scenario includes actions taken
by governments, consumers and businesses put in
place over the last two years, up to September 2017.
This scenario does not account for all measures of the
Pan-Canadian Framework as a number of them are still
under development.

Taking into consideration all climate change policies
and measures that have been announced in Canada
and for which enough information is available, a “with
additional measures scenario” has also been developed.
The “with additional measures” scenario accounts for
those additional policies and measures that are under
development but have not yet been fully implemented,
some of which were announced as part of the PanCanadian Framework (e.g., pan-Canadian carbon
pricing). This scenario is provided for the purposes
of presenting progress to Canada’s 2030 target and to
better demonstrate the expected impact of the PanCanadian Framework.
Under this scenario, emissions in 2030 would be
583 Mt, a 232 Mt decline from projections included in
the “with measures” scenario in the 2nd Biennial Report.
This decline, equivalent to approximately a third of
Canada’s emissions in 2015, is widespread across all
economic sectors, reflecting the breadth and the depth
of the Pan-Canadian Framework.
Figure 4 shows the “with measures” and “with additional
measures” projections, as well as the projections
presented in Canada’s 2nd Biennial Report. Going
forward, it is expected that further progress will take
place, especially as current estimates do not include
the full reductions from investment in public transit,
clean technology and innovation. Potential increases in
stored carbon (carbon sequestration) in forests, soils and
wetlands will also contribute to reductions which, for a
country such as Canada, could also play an important
role in achieving the 2030 target.

"With Measures" Case (NC7)
Additional reductions
"With Additional Measures" Case (NC7)
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Figure 4: Scenarios of Canadian Emissions to 2020 and 2030 (Mt CO2 eq) (Excluding Land Use, Land-Use Change
and Forestry)

Moreover, these projected emission reductions do not
account for additional mitigation measures that could be
implemented by the provinces and territories between
now and 2030. Emissions reductions from additional
future actions will be assessed as new measures
are implemented.
Environment and Climate Change Canada updates
these projections annually, reflecting the latest historical
data and up-to-date future economic and energy market
assumptions. However, there is significant uncertainty
with regards to key drivers of GHG emissions, such as
future world oil and gas prices, economic growth and
developments in technologies. Projections therefore
fluctuate over time as a result of changes in these key
drivers assumptions.

Vulnerabilities
Climate change impacts are already being felt in Canada
with some of the most vulnerable communities among
the most affected. In the Canadian Arctic, average
temperature has increased at a rate of nearly three

times the global average. Extreme weather events such
as those experienced in 2016 with forest fires in Fort
McMurray, Alberta, and again in 2017 with forest fires
in British Columbia and floods in Ontario and Québec,
are also expected to become increasingly frequent.
Northern and Indigenous Peoples and communities
are among the most exposed to the impacts of climate
change which affects not only infrastructures but also
sources of food and water. Federal, provincial and
territorial governments have committed to work in
partnership with Indigenous communities to address
climate change impacts. In the Budget 2017, the
Government of Canada provided funding to increase
support for First Nations and Inuit communities to
undertake climate change and health-adaptation projects
that protect public health.

0648011
Introduction and Executive Summary: 7th National Communication

Adapting and building resilience to the impacts of
climate change is one of the pillars of the Pan-Canadian
Framework on Clean Growth and Climate Change.
Building climate resilient infrastructure and developing
codes and standards will be instrumental in addressing
vulnerabilities and strengthening the resilience of
communities and ecosystems. To achieve this, the federal
government announced investments of $22 billion in
green infrastructure, a portion of which will support
adaptation activities. These investments will include
$9.2 billion for bilateral agreements with provinces and
territories which will include investments in adaptation
and climate resilience, and $2 billion for a Disaster
Mitigation and Adaptation Fund to support infrastructure
required to deal with the effects of a changing climate.

Furthermore, efforts are underway to establish a
Canadian Centre for Climate Services as committed to
in the Pan-Canadian Framework. This centre will work
with provincial and territorial governments, Indigenous
Peoples and other partners and provide climate
information products, tools and services to support
adaptation decision making across the country.

All levels of government in Canada, as well as
communities, are increasingly aware of climate
change impacts and integrating climate considerations
in assessments and decision-support tools. The
Government of Canada has published sectoral level and
national level assessments and has supported provincial
and territorial assessments of climate change impacts
and risks, for example in Prince Edward Island which is
particularly exposed to flooding and erosion.

Recently, Canada significantly increased its financial
contribution to support developing countries’ transition
to low carbon economies. In 2015, Canada pledged
$2.65 billion over five years for this initiative and began
delivering on this pledge in 2016. Over the last two
years, Canada has announced an additional $353 million
for assistance to developing countries.

The federal government, provinces and territories,
municipalities, and several Indigenous communities have
been developing plans and strategies to adapt to climate
change. The Federal Adaptation Policy Framework
and the Pan-Canadian Framework both offer strong
guidance and actions for Canada to adapt and strengthen
its resilience to climate change. Several provinces and
territories have released their own adaptation strategies
or action plans since the 6th National Communication
(Yukon, Northwest Territories, Nunavut, British
Columbia, Ontario, Québec, Prince Edward Island,
and Newfoundland and Labrador) and many others
have integrated adaptation planning to better guide
government decision-making.

Financial, Technology and CapacityBuilding Support
Canada is committed to supporting developing countries
to obtain clean and reliable sources of energy and
enhance resilience, particularly the poorest and most
vulnerable countries, in their fight to adapt to the
impacts of climate change.

Over 50 developing countries are benefitting directly
from recent Canadian climate change support, and a
much larger number of countries are also benefitting
from contributions made by Canada to other
multilateral funds.

Figure 5: Global Map of Countries Directly Receiving
Canadian climate finance
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Over 2015 and 2016, 54% of Canada’s climate finance
was allocated to adaptation initiatives, 42% to clean
energy and mitigation initiatives, and 4% to crosscutting initiatives that targeted both mitigation
and adaptation.
Canada’s climate finance is delivered through various
federal departments, sub-national governments, and
agencies which work closely together to track Canada’s
climate finance to present a comprehensive picture of
Canada’s contribution to the transition to low carbon
and climate resilient economies.
The private sector also plays a key role in reaching the
investment levels required to shift the world towards
a low-carbon and climate resilient path. Canada is
actively contributing to global efforts to mobilize private
investment, using public climate funding to catalyze
private investment for transformational climate change
mitigation and adaptation initiatives. This funding
helps mobilize private sector investment and expertise,
including in clean technology innovation, in developing
countries so that they too may seize the economic
opportunities of the global shift towards clean growth.
Canada is also actively engaged in a broad range of
actions to advance the development and deployment
of clean technologies globally. These actions include
developing and sharing knowledge and tools to support
clean energy software and smart grids.

Research and Systematic Observation
In Canada, climate science research and monitoring
approaches involve federal, provincial, municipal,
academic and private sector partners.
The federal government is currently developing
a federal climate change science plan to support
implementation of the Pan-Canadian Framework on
Clean Growth and Climate Change and several other
research initiatives are already underway within the
Government of Canada.

Several research and climate observation programs
are being supported by the Canadian Space Agency
such as the Polar Space Task Group or the Earth
Observation Application Development Program.
Three federal Research Granting Agencies are also
contributing financial resources to research initiatives
related to climate change and atmospheric research led
by universities, governments, or partner organizations
and through the Network of Centers of Excellence and
the Canada Research Chairs program. Two Networks
of Centers of Excellence initiatives are directly related
to climate research and monitoring: ArcticNet and the
Marine Environmental Observation Prediction and
Response Network.
With regard to systematic climate monitoring and
observation, Canada endorsed the Joint Declaration on
Harnessing the Data Revolution for Climate Resilience
in December 2016. Canada plays a proactive role
in supporting the emerging Open Data for Climate
Actions initiative coordinated by the International Open
Data Charter.
The Government of Canada is also deploying
considerable expertise and resources in monitoring and
researching atmospheric, oceans, and land data. As a
northern country, Canada is also actively involved in
research and observation of sea ice, snow, permafrost
and glaciers which will help us understand the impacts
of climate change on these fragile ecosystems and the
populations living in these regions.
Canada continues to support the involvement of
Canadian experts in national and international climate
science assessments. Canadian experts are participating
in the activities of the Intergovernmental Panel on
Climate Change (IPCC), including the preparation of
Assessment Reports, and Canada hosted the plenary
session of the IPCC in Montréal in September 2017.
Canada is also a member of the Arctic Council and
participates actively in the scientific assessments
undertaken through its working groups.
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As mentioned above, a Canadian Centre for Climate
Services is currently being established which will
improve dissemination of climate data and scenarios
from the Government of Canada.

Education, Training, and Public
Awareness
Across Canada, all levels of government and numerous
non-governmental organizations have undertaken
a range of activities to broaden public awareness of
climate change and encourage collective action. The
2017 Generation Energy dialogue utilized polls, surveys,
and citizen dialogues to engage over 380,000 people
in an inclusive discussion on Canada’s low-carbon
energy future.
Canada also views public engagement as an essential
aspect of developing climate change policy, and public
input was instrumental in shaping the Pan-Canadian
Framework in 2016.
The subject of climate change is integrated into the
primary and secondary school curriculum in Canada,
and many nongovernmental organizations exist to assist
educators to access diverse resources and align teaching
activities with the required curriculum. Most Canadian
universities offer environmental programs, and several
offer courses in climate science and research. Academia
and government scientists have also partnered to
collaborate on climate change research.

Federal, provincial and territorial governments
frequently make use of the web and social media as a
platform to deliver relevant information about climate
change programs and initiatives. Training programs
offered by non-governmental organizations, educational
institutions, government agencies and specialist
groups also help organizations meet their business or
educational objectives and also contribute to Canada’s
climate change goals. Similarly, numerous organizations
in Canada act as climate change resource or information
centres for Canadians, governments and businesses. The
Canadian Centre for Climate Services will help improve
dissemination of climate data and information through
an online climate information portal.
Canada also engages in a number of collaborative
international initiatives that involve sharing experiences,
best-practices and working towards common climate
change goals.
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CHAPTER 2

Canada’s National Circumstances
This chapter outlines national circumstances within Canada that contribute to observed trends
in greenhouse gas (GHG) emission levels and removals. For the purposes of this report, Canada
defines a national circumstance as a relatively inflexible characteristic of a nation, not easily
shaped by government policy, which significantly influences its GHG emissions.
Canada’s unique geographic, demographic, and economic circumstances influence its GHG
emissions profile. For instance, Canada has a highly variable climate that contributes to higher
energy use for space heating and cooling in the building sector compared to some other
industrialized countries. Canada also has a large landmass, with a low population density that
contributes to longer travel times and higher demand for freight transportation than in smaller
and/or more densely populated countries. Canada has a resource-based economy and has seen
sustained economic growth, as well as faster than average population growth relative to other
Organisation for Economic Cooperation and Development (OECD) countries. Canada is also a
net exporter of energy and has an energy intensive industrial sector.
While Canada represented only 1.6% of total global GHG emissions in 2014, it is one of
the highest per capita emitters due to its size, its climatic conditions, and its energy intensive,
resource based economy.1 Although Canada has the second highest GHG emissions intensity
per capita among the G7 countries, since 1990 the level of emissions per unit of real gross
domestic product (GDP) has fallen 33% reflecting more efficient industrial processes, a shift to
a more service based economy, and lower emitting energy generation through fuel switching.2
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2.1 Governance Structure
Canada is a geographically large federation composed of
a central federal government, 10 provincial governments,
and 3 territorial governments. The Canadian
Constitution and convention assign different powers
to each level of government.
Protection of the environment is not specifically
addressed under the Constitution. It has become an area
of shared jurisdiction as governments have taken action
according to their respective authorities. Constitutional
jurisprudence continues to evolve in this area.
Federal environmental laws are based on federal
constitutional powers such as international borders,
international relations, trade and commerce, navigation
and shipping, seacoasts and fisheries, criminal law, and
the power to legislate in the national interest.
Provincial environmental laws are based on provincial
constitutional powers, which include municipalities,
local works and undertakings, property and civil rights,
provincially owned (public) lands and natural resources.
Territorial governments exercise delegated powers
under the authority of the Parliament of Canada. The
devolution of powers, or the transfer of provincelike responsibilities from the federal government to
territorial governments, is ongoing.
Every jurisdiction has an environmental ministry or
agency, but environmental responsibilities can be
widely shared within each government. Within the
federal government, for example, several departments
and agencies have mandates that have a significant
environmental component: Environment and Climate
Change Canada, Fisheries and Oceans Canada, Natural
Resources Canada, Agriculture and Agri-Food Canada,
Transport Canada, Health Canada, Parks Canada
Agency, the Canadian Environmental Assessment
Agency, and Innovation, Science and Economic
Development Canada.

In addition, many of the federal Ministers leading these
departments have formal mandate letter commitments
to work with Environment and Climate Change Canada
in addressing climate change. For instance, the Minister
of Fisheries, Oceans and the Canadian Coast Guard has
been tasked to work with the Minister of Environment
and Climate Change Canada and the Minister of
Science to examine the implications of climate
change on Arctic marine ecosystems. The Minister
of Innovation, Science, and Economic Development
has also been tasked to work with the Minister of
Environment and Change and the Minister of Natural
Resources in making strategic investments in a clean
technology sector.
Natural resources, including energy, fall mainly under
provincial jurisdiction. Provincial governments own
the resources within their boundaries and have broad
responsibility for managing resource development
activities, except on some federal lands (e.g., National
Parks, north of the 60th parallel, offshore) and some
Indigenous lands (e.g., lands managed by an Indigenous
government established through a land claim).
Provincial governments manage resource ownership,
royalties, land-use planning and allocations as well
as exploration, development, conservation and use of
natural resources within their boundaries.
The federal government has responsibility for
interprovincial and international trade, and the National
Energy Board regulates interprovincial/international
pipelines and energy exports and imports. In terms
of environmental assessment, federal environmental
assessments are focused on those major projects with the
greatest potential for significant adverse environmental
impacts related to federal jurisdiction. With respect to
climate change, emissions of GHGs are legislated both
at the federal and provincial levels.
Given that the environment is an area of shared
jurisdiction between the federal and provincial or
territorial governments, powers between the federal and
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provincial/territorial jurisdictions often overlap with
regard to particular environmental issues. To that end,
several multi-level governance mechanisms ensure close
collaboration in policy and regulatory development
and implementation, from the Canadian Council of
Ministers of the Environment and issue-specific councils
and working groups, to equivalency and other types of
agreements between federal environmental authorities
and their provincial and territorial counterparts.
With the creation of the Pan-Canadian Framework
on Clean Growth and Climate Change in December
2016, its supporting governance architecture is now
the overarching framework for the coordination and
implementation of climate change policy across Canada.
Further information on Pan-Canadian Framework
institutional arrangements is provided in Chapter 4:
Policies and Measures.
First Nations, the Métis Nation, and Inuit are the
Indigenous Peoples of Canada, with their own distinct,
rights-bearing communities with their own histories.
Indigenous Peoples have a special constitutional
relationship with the Government of Canada. This
relationship, including existing Aboriginal and treaty
rights, is recognized and affirmed in section 35 of the
Constitution Act, 1982. Section 35 contains a full suite of
rights, and holds the promise that Indigenous nations
will become partners in Confederation on the basis of a
fair and just reconciliation between Indigenous Peoples
and the Crown.5 Canada’s constitutional and legal order
recognizes the reality that Indigenous Peoples’ ancestors
owned and governed the lands which now constitute
Canada prior to the Crown’s assertion of sovereignty. All
of Canada’s relationships with Indigenous Peoples are
based on recognition of this fact and supported by the
recognition of Indigenous title and rights, as well as the
negotiation and implementation of pre-Confederation,
historic, and modern treaties. Many modern treaties
include environmental provisions.
Indigenous Peoples demonstrate climate change
resilience in the face of unique and diverse

circumstances that include being among the most
vulnerable to climate change. First Nations, Inuit, and
Métis continue to be guardians and stewards of the
environment. Foundational to Canada’s approach to
climate change is a commitment to support and partner
with Indigenous communities as they take action and
exercise their right to self-determination.
As the federal, provincial, and territorial governments
take action on climate change, Canada will move
forward respecting the rights of Indigenous Peoples,
including through robust, meaningful engagement
that draws on Traditional Knowledge. A key priority
remains strengthening the collaboration between
federal, provincial, and territorial governments and
Indigenous Peoples on mitigation and adaptation
actions, based on recognition of rights, respect,
cooperation, and partnership. Indigenous Peoples
are important leaders and partners in developing real
and meaningful climate action. The Government of
Canada is advancing meaningful engagement with First
Nations, Inuit, and the Métis Nation on climate action,
including through three distinctions-based engagement
tables. As such, these tables provide opportunities for
ongoing engagement with Indigenous Peoples in the
implementation of the Pan-Canadian Framework on
Clean Growth and Climate Change and on broader
climate change priorities.

2.2 Population Profile
In 2016, Canada’s population was 36.3 million.3 This
represents significant growth from 27.7 million in 1990.4
While the Canadian population remains the smallest
among G7 countries, it is the fastest growing with an
average annual population growth rate of 1% from 2011
to 2016.6 Net international migration was responsible
for two-thirds of the population increase from 2011 to
2016. It is projected that there will be between 39.4 and
47.8 million people in Canada by 2038 and between 40.0
and 63.5 million by 2063.7
Canada’s population is not spread evenly across the
country. The southern part of Canada is home to a
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large number of urban centres, leaving the northern
regions of the country much less populated. In 2016 it
was estimated that two out of three Canadians (66%)
lived within 100 kilometers of the southern CanadaUnited States (US) border, an area that represents 4% of
Canada’s territory.8 Moreover, in 2011, it was estimated
that 81% of Canada’s population lived in urban areas,
while 19% lived in rural areas.9
Canada has 35 metropolitan areas (where the
population is greater than 100,000), many of which
have large distances between them (i.e., approximately
450 kilometers between Ottawa and Toronto, Ontario).10
In 2016, Canada’s population density was estimated
to be 3.9 people per square kilometre, compared with
35.3 people per square kilometre in the US.11 Large
distances between Canada’s metropolitan areas and a low
population density contribute to high energy demand
(and GHG emissions) related to the transportation of
people and goods.
Canada
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Figure 2.1: Population growth rate (in %) of G7
countries, 2011 to 2016
Source: Chart 1 Average annual population growth rate among G20
and G7 countries, 2011 to 2016. 2017. Statistics Canada.

2.3 Economic Profile
As of 2016, Canada was the world’s 10th largest
economy with a GDP of CAD$2.1 trillion.12 On a GDP
per capita basis, Canada ranks 17th in the world.13
Between 1990 and 2016, Canadian real GDP grew
by 80%.14 At the same time, the population grew by
31%.15 This economic and population growth boosted

domestic living standards and consumption considerably.
In recent years, the economy has recovered steadily,
despite a slight contraction in 2009, with GDP growing
at 1.5% in 2016.16
Canada’s economy is driven by the services sector,
comprising 70% of GDP in 2016.17 Goods-producing
industries, led by manufacturing, mining and oil and
gas, and construction, comprise the remaining 30%.
Many of Canada’s goods are produced for export. In
2016, the value of total exports of goods and services was
$580 billion.18
As a resource-rich economy, Canada is also a net
exporter of agriculture, energy (electricity and oil and
gas) and many resource-based commodities such as
pulp and paper, mined metals and aluminum. In 2016,
Canada’s exports of energy, extracted resources, and
agricultural commodities were valued at $49 billion.19
However, because of a significant increase in
manufactured imports coupled with the impact of the
economic downturn, Canada has been in an overall
net import position between 2009 and 2016 on an
annual basis.20
Canada’s international trade is highly concentrated
on its shared border with the US, with 75% of its
exports and 65% of its imports devoted to its southern
neighbour in 2016.21 In recent years however, China
has been an increasing source of imports (7% in 2016)
and exports (4% in 2016).22 On May 17th 2017, Canada
ratified a free trade agreement with the European
Union, its second largest trading partner, which will
likely increase the flow of trade between the two regions
in the future. Other important trade partners include
Japan, Mexico, South Korea and India.23
Table 2.1 below describes Canada’s employed population
by source of employment. Due to the significant size of
the service industry, 79% of the working population is
employed by the services-producing sectors in 2016.
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Table 2.1: Canadian employment by industry (2016)24
INDUSTRY
ALL INDUSTRIES

EMPLOYMENT

INDUSTRY

18,079.9

Goods-producing sectors

3,833.0

Agriculture

289.2

Forestry, fishing, mining, quarrying, oil and gas
(also referred to as natural resources)

326.8

Utilities

137.2

Construction

1,385.0

Manufacturing

1,694.8

SERVICES-PRODUCING SECTORS

EMPLOYMENT

Business, building and other support services

766.4

Educational services

1,270.0

Health care and social assistance

2,339.3

Information, culture and recreation

782.4

Accommodation and food services

1,212.7

Other services (except public administration)

774.9

Public administration

927.3

*All numbers written in thousands.

14,246.9

Wholesale and retail trade

2,745.9

Transportation and warehousing

907.4

Finance, insurance, real estate, rental
and leasing

1,127.0

Professional, scientific and technical services

1,393.7

Table 2.2 describes the GDP output related to each
industry in Canada. The significant contributions to
Canada’s economy include real estate, manufacturing,
mining and oil and gas extraction as well as construction
and finance.

Table 2.2: Gross Domestic Product at Basic Prices, by Industry (Annually)25

2012

2013

2014

2015

2016

2015 TO
2016 (%
CHANGE)

1,560,152

1,599,575

1,641,305

1,656,117

1,677,594

1.30

473,672

489,471

504,533

494,747

491,140

-0.73

23,823

28,066

26,437

27, 389

28,713

4.84

124,136

130,628

139,962

135,107

132,771

-1.73

36,850

36,892

36,881

36,711

36,884

0.47

Construction

119,406

124,601

127,463

121,441

117,519

-3.23

Manufacturing

168,638

168,087

173,050

173,342

174,482

0.66

INDUSTRY
ALL INDUSTRIES
Goods-producing industries
Agriculture, forestry, fishing and hunting
Mining, quarrying, and oil and gas extraction
Utilities

1,087,557

1,111,290

1,138,046

1,162,296

1,187,120

2.14

Wholesale trade

Service-producing industries

88,008

91,725

95,370

96,267

97,638

1.42

Retail trade

81,037

85,555

88,607

90,359

92,730

2.62

Transportation and warehousing

65,623

66,797

69,812

72,532

74,791

3.11

50,547

50,270

50,488

50,521

50,850

0.65

Finance and insurance

Information and cultural industries

102,324

106,072

109,444

114,994

120,038

4.39

Real estate and rental and leasing

194,860

200,269

206,325

213,362

219,794

3.01

Professional, scientific and technical
services

83,971

86,242

88,776

90,060

90,984

1.03

Management of companies and enterprises

11,380

12,120

12,173

12,513

12,215

-2.39

Administrative and support, waste
management and remediation services

41,301

41,594

42,414

42,318

42,240

-0.18

Educational services

83,538

84,792

85,321

86,768

88,098

1.53

Health care and social assistance

95,134

95,158

96,468

98,198

100,635

2.48

Arts, entertainment and recreation

11,143

11,205

11,266

11,819

12,302

4.08

0656019
Canada’s National Circumstances

2012

2013

2014

2015

2016

2015 TO
2016 (%
CHANGE)

Accommodation and food services

32,056

33,233

34,113

34,606

35,465

2.48

Other services (except public
administration)

30,997

31,736

32,523

32,640

32,291

-1.07

105,309

104,874

105,565

105,908

107,344

1.36

INDUSTRY

Public administration

*All numbers written in millions of chained dollars (2007). **Seasonally Adjusted Annual Rates.

2.4 Geographic Profile
Canada is a country of physical extremes and contrasts,
spanning 41 degrees of latitude and 88 degrees of
longitude. Its surface area is 9,984,670 km², with
land accounting for 9,093,507 km² and fresh water
accounting for 891,163 km².26 The country extends
5,300 kilometers east to west, the distance between Paris
and New York, and 4,600 kilometers north to south. It is
the second largest country in the world and encompasses
six times zones. Canada also has the longest coastline
of any country, spanning 243,042 kilometers along the
Atlantic, Pacific and Arctic Oceans.27
Canada has more lake area than any other country
in the world, with lakes that are among some of the
largest. The Great Lakes, which straddle the southern
Canada-US boundary, contain 18% of the world’s
fresh lake water.28 Large rivers also stretch across
Canada, with many situated north of 60 degrees
latitude. For example, the Mackenzie River is over
4,000 kilometres long and is the country’s largest river.
Wetlands cover about 14% of the land area of Canada
and approximately 60% of Canada’s fresh water drains
to the north.29
The two most extensive types of land cover in Canada
are evergreen forest (26%) and low vegetation and
barren land (29%).30 These two types of land cover
represent just over half of Canada’s land cover.
Additional land cover in Canada includes grassland,
shrubland, mixed forest, cropland, deciduous forest,
water, snow, ice, and urban and built-up land.31
Canada is also divided into fifteen terrestrial ecozones,
which each represent a large and generalized area of

land characterized by interactive and adjusting abiotic
and biotic factors. These ecozones range from the
Arctic Cordillera Ecozone where the environment is
dry and cold and is covered by vast polar ice fields and
alpine glaciers; to the Pacific Maritime Ecozone, with
ecosystems ranging from humid coastal rainforest to
cool boreal and alpine conditions at higher elevations.
In contrast, the Boreal Shield Ecozone, the largest of
Canada’s ecozones, presents an continuous stretch of
trees, water bodies, and bedrock and is characterized by
long cold winters and short warm summers.
These geographical contrasts present different
challenges when assessing climate resilience and
mitigating climate change impacts. For instance, coastal
erosion, reduction in ice cover, and thawing permafrost
increase risks to critical infrastructure, health, and food
security in Canada.

2.5 Climate Profile
Canada has a wide range of climatic conditions:
Canada’s Pacific coast is relatively mild year-round,
while the Prairie Provinces (in the central western
portion of the country) have greater extremes (cold
winters and warm summers).
Average annual temperatures differ considerably from
region to region throughout the country. Toronto,
Ontario, located in the south of the country, has an
annual average daily temperature of about 8°C which
contrasts markedly with the -16°C annual average
daily temperature for Resolute, Nunavut in Canada’s
Arctic. Halifax, Nova Scotia, on Canada’s Atlantic coast,
averages about 7°C, while Vancouver, British Columbia,
on the Pacific coast, averages about 10°C.32
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2.6 Energy

In most regions in Canada, summer and winter
temperatures dictate both heating and cooling needs,
which impact energy use. For example, Montréal,
Québec, annually experiences on average 271 cooling
degree-days (summed daily mean temperature
deviations above 18°C) and approximately 4,363
heating degree-days (summed daily mean temperature
deviations below 18°C).33
Canada also has considerable regional variation in
precipitation. On Canada’s Pacific Coast, some locations
average as much as 2,000 to 3,000 millimetres (mm) a
year, contrasted with the much drier Prairie Provinces
where some locations see as little as 200 to 400 mm a
year. In the far north of Canada, precipitation totals
are generally less than 200 mm a year; for example,
Resolute, Nunavut sees an average of 161 mm of annual
precipitation.34

Canada has an abundant and diversified portfolio of
energy resources. In terms of hydrocarbon resources,
Canada is a major global producer and exporter. Canada
is also a leader in clean electricity, with 80% of its power
generation coming from non-GHG emitting sources,
ranking 2nd among G7 countries. In terms of renewable
energy Canada leads among the G7 with 65% of
electricity generated from hydro, wind, solar and other
renewable sources.35
Energy: Canada’s Position in the World
••
••
••
••
••

2nd in hydroelectricity production
2nd in uranium production and exports
3rd in oil reserves, 4th in production and 3rd in exports
5th in natural gas production and 4th in exports
7th in wind energy capacity

Sources: International Energy Agency, Natural Resources Canada,
World Nuclear Association.

In 2015, the energy sector accounted for 7.3% of
Canada’s GDP in current prices (nominal GDP), and
directly employed about 280,000 people. Canada is also
a major exporter of energy products. In 2015, 78% of
Canada’s production of crude oil was exported. Canada’s
energy exports mostly go to the US, with the exception
of coal and uranium.36

In addition to variable temperature and precipitation,
Canada also experiences extreme weather events
including droughts, floods, high winds, tornadoes, snow
and ice storms, and severe thunderstorms.
Information on vulnerabilities, impacts and adaptation
measures is presented in Chapter 6: Vulnerability
Assessment, Climate Change Impacts and
Adaptation Measures.
Table 2.3: Canada’s Energy Exports (2015)

EXPORTS

IMPORTS

% of Canadian
production

% to U.S.

% of U.S. imports

% of U.S.
consumption

% of Canadian
consumption

Crude oil

78

99

43

20

33

Refined petroleum
products

26

95

29

3

13

RESOURCE/
PRODUCT

Natural gas

51

100

97

10

21

Coal

49

4

10

0.1

19

Uranium

86

33

18

17

—

9

100

89

2

2

Electricity

Source: Energy Markets Fact Book 2016–2017. Natural Resources Canada. 2017. Ottawa.
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In 2015, annual capital expenditures by the energy sector
totalled $90 billion or 36% of total public and private
investments in Canada. This amount has decreased
substantially from 2014 by over $27 billion. Investments
in Canada’s oil sands sector reached $208 billion in
2015, up from $81 billion in 2006. In the electricity
sector, capital expenditures have almost quadrupled
between 2000 and 2013, from just over $6 billion to
over $20 billion.37

3.9 million barrels per day in 2015.42 61% of Canada’s
current production comes from the oil sands.43

Canada’s provincial governments are the direct
managers of most of Canada’s natural resources and
have responsibilities for energy resource management
within their borders.

2.6.1.2 Natural Gas

2.6.1 Energy Reserves, Production, and Trade
Three quarters of Canada’s primary energy production
in 2014 was in crude oil and natural gas.38 Western
Canada is a producer of crude oil and natural gas, which
it exports across Canada and to the US. Eastern Canada
imports oil and gas and has some refining facilities.
Other Renewables
4%

NGLs
3%

Coal
8%

Hydro
7%
Nuclear
2%

Natural gas
33%
Crude oil
2%

Figure 2.2: Canada’s primary energy production, 2014
Source: Energy Markets Fact Book 201-62017. Natural Resources
Canada. 2017. Ottawa.

2.6.1.1 Crude Oil
Canada has 10% of the world’s established reserves
of crude oil, or 170 billion barrels.39 The oil sands
constitute 97% of these reserves.40 Crude oil production
in Canada has grown steadily over the past two decades,
up from 1.7 million barrels per day in 199041 to

In 2015, Canada exported 78% of its annual crude oil
production, with 99% of exports going to the US.44 In
2015, Canadian crude oil represented about 43% of all
US crude oil imports and 20% of US refinery crude oil
intake, making Canada its leading foreign supplier of
crude oil.45

Canada is the 5th largest producer and 4th largest
exporter of natural gas in the world. Canada is part of a
fully-integrated North American market where natural
gas moves from supply basins to demand centers via
an extensive pipeline network. As of 2014, Canada has
70 trillion cubic feet of proven natural gas reserves.46
In 2015, Canadian natural gas production averaged
15.1 billion cubic feet per day (Bcf/d) of marketable
natural gas. Unconventional gas production, including
shale and tight gas, now accounts for over 60% of
Canadian production. 51% of Canadian production
in 2015 was exported to the US, meeting 10% of US
natural gas demand. In 2015, Canada imported close to
1.9 Bcf/d of natural gas, mainly from the US. Canada’s
current production of natural gas is below its mid-2000s
peak of 16.6 Bcf/d, reflecting very low natural gas prices,
and a reduced US dependence on Canadian natural
gas exports.47

2.6.1.3 Coal
Canada ranks 15th in the world in proven coal reserves
with about 6,600 million tonnes (Mt), and Canada’s
2015 coal production was at 62 Mt, down from 67 Mt in
2012.48 About half of the 2015 production was exported.
The majority of exports were destined for Asian markets,
with China, Japan, and South Korea receiving 64%
of total exports. Canada is both an importer and an
exporter of coal; however, Canada’s imports of coal have
declined by more than 50% since peaking in 2003. In
2015, Canada imported about 8 Mt of coal, of which
75% came from the US.49
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2.6.1.4 Electricity

2.7 Transportation

In 2014, Canada produced 639 terawatt-hours of
electricity, generated from a mix of sources. Currently,
80% of Canada’s electricity is produced from nonGHG emitting sources, principally hydro (59%) and
nuclear (15.9%). Canada is the second largest producer
of hydroelectricity in the world. Since 1990, renewable
power production from sources other than hydro (i.e.,
wind, tidal, solar and biomass) has been increasing and
now makes up over 5% of total production.50 The share
of electricity supply generated from coal decreased from
almost 17% in 1990 to 9.5% in 2014.51

Transportation is critical to the Canadian and global
economy. As a trading nation, Canada relies on a
transportation sector that is globally competitive. In
2016, the broader transportation industry contributed
4.5% to Canada’s GDP.59

In 2015, Canada exported 68 terawatt-hours of
electricity to the US which represents about 9% of the
electricity generated in Canada in 2015 and about 2%
of total US consumption.52 In 2015, Canada imported
about 9 terawatt-hours of electricity from the US.53

2.6.2 Energy Consumption
Canada’s economy is becoming increasingly less energy
intensive. From 1990 to 2014, Canada’s energy intensity
per dollar of GDP (in constant 2007 dollars) declined
25.5%.54 In that time period, Canada’s GDP increased
by 75.9% (about 2.4% per year) while energy use
increased by 31%.55
Over the 1990 to 2014 period, energy use on a per
capita basis increased by 2%.56 Canada’s per capita
consumption of oil products, natural gas, and electricity
is higher than in most other industrialized countries,
reflecting the energy use of industries such as mining,
pulp and paper, and petroleum refining.57 Other key
factors include long distances between communities,
and a relatively cold climate.
It is worth noting, however, that the share of renewable
energy of Canada’s total primary energy supply was
18.1% in 2015, compared to an OECD and world
average of 9.6% and 13.4% respectively.58

Despite improvements in emissions intensity,
transportation remains the second largest source of
GHG emissions in Canada (see Chapter 3: Canada’s
Greenhouse Gas Inventory). From 1990 to 2015,
Canada saw a 42% growth in transportation emissions
that is mainly due to an increase in on-road freight
transportation activity, an increase in the overall number
of vehicles on the road, and a shift in personal vehicle
ownership from cars to light trucks.60

2.7.1 Road Transportation
Road transportation is the largest source of passenger
and freight transportation emissions, and is also the
most important in terms of the value of goods traded
between Canada and the US. Canada has more than
1.13 million km of 2-lane equivalent roads, roughly
38,000 km of which make up the National Highway
System.61 Canada’s road network is shared by different
users, including approximately 22 million light
passenger vehicles, 1.05 million medium and heavy
trucks, 91,000 buses, and 720,000 motorcycles and
mopeds.62 In 2016, more than 24.3 million road motor
vehicles were registered in Canada.63 Between 1990 and
2015, the total number of vehicles in Canada increased
by 66%.64
On-road freight accounts for 32% of the transportation
sector’s share of GDP. In 2016, over 55% of Canadian
exports to the US were transported by trucks,
representing $218 billion of goods, while 72% of
imports from the US ($200 billion) were similarly
transported.65 Between 1990 and 2015, GHG emissions
from freight trucks increased by 205%.66
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2.7.2 Aviation
With 36,450 civil aircrafts, Canada has the second
largest civil aviation aircraft fleet in the world.67 Its
commercial sector ranges from international scheduled
services to small, single aircraft charter companies and
business aircraft operators. In 2015, air transportation
carried over 75.5 million passengers (up 4.5% from
2014) and 739,000 tonnes of freight.68 Overall, air
transportation represented 13% of the transportation
sector’s share of GDP in 2016.69

2.7.3 Rail
The North American rail industry is highly integrated.
The primary freight firms in Canada serve as an
important supply chain link for Canada’s key trade
corridors, and gateways. The rail transportation industry
generates approximately $6.9 billion in 2016, about

10% of the transportation sector’s contribution to
Canada’s GDP, 91% of which comes from rail freight
operations, with the remaining 9% coming from
passenger rail services.70

2.7.4 Marine
Canada’s marine industry is comprised of domestic
marine service operators who provide both domestic and
international shipping services, as well as international
shipping lines calling at major Canadian ports. Canadian
ports and harbors serve as vital links and gateways that
facilitate domestic and international economic activities.
Canada is home to more than 560 port facilities, about
870 fishing harbours, and 130 recreational harbours.71
In 2016, marine transportation services handled over
$199 billion of Canada’s international trade.72

Table 2.4: GHG emissions by transportation mode, 1990–2015
GHG EMISSIONS (MT CO2EQ)
SECTOR AND MODE
TRANSPORTATION
Passenger Transport
Cars, trucks and motorcycles
Bus, Rail and Domestic
Aviation
Freight Transport
Heavy duty trucks, Rail
Domestic Aviation and Marine
Others*

CHANGE (%)

1990

2005

2010

2011

2012

2013

2014

2015

1990–
2015

2005–
2015

122

163

171

171

173

176

173

173

42%

6%

78

93

92

90

90

92

89

91

17%

-2%

71

85

85

83

83

84

82

83

17%

-2%

7

7

7

7

7

8

7

7

0%

0%

34

64

73

75

77

78

77

76

124%

19%

27

56

65

69

71

72

71

71

163%

27%

6

8

8

7

7

6

6

5

-17%

-38%

10

7

7

6

6

6

6

6

-40%

-14%

*Others refer to recreational, commercial and residential off-road transporation.
Source: United Nations Framework Convention on Climate Change. 2017. National Inventory Report 1990–2015: GHG Sources and Sinks in
Canada, Part I, Table 2-12.
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2.8 Industry Profile
Canada’s industrial sector is very diverse with facilities
engaged in mining, manufacturing, construction and
forestry. Taken together, these sectors contributed to

29% of Canada’s GDP in 2016,73 with the total value
of exports from the top 25 industries representing
CAD $517 billion in 2016.74

Table 2.5: Emissions by Industry, 1990–2015
1990

2005

2010

Mining

2012

2013

2014

2015

77

77

75

MT CO2 EQUIVALENT

INDUSTRY
Heavy Industry

2011

97

86

73

80

79

7

7

8

8

8

8

8

8

Smelting and refining
(non-ferrous metals)

17

14

11

11

10

11

10

10

Pulp and paper

15

9

7

7

7

7

6

6

Iron and steel

16

16

14

17

17

15

16

14

Cement

10

13

10

10

11

10

10

10

3

3

3

3

3

2

3

2

29

23

21

23

24

24

24

25

Lime and gypsum
Chemicals and fertilizers
Coal Production
Light manufacturing, construction
& forest resources

4

2

3

3

3

3

2

2

29

24

22

23

22

22

21

21

Source: National Inventory Report 1990–2015: GHG Sources and Sinks in Canada. United Nations Framework Convention on Climate
Change. 2017.

2.9 Waste
In 2014, Canadians generated 34 million tonnes of
municipal solid waste.75 About 40% of the waste
generated originated from residential sources and
60% from non-residential sources.76 Of this total,
25% was diverted through material recovery facilities
or centralized organics processing operations (i.e.,
recycling and composting), and 75% was sent for
disposal in landfills or incineration facilities.77 Paper
fibres made up the largest portion of all diverted
materials at 40% (3.6 million tonnes), followed by
organic materials at 30% (2.7 million tonnes).78
During the period of 2002 to 2014, the quantity of
solid waste diverted through recycling and composting
increased by 36%. Despite this increase in waste being
diverted from landfills, the overall quantity of municipal
solid waste sent for disposal increased by 4% during the
2002 to 2014 period.79

The total amount of organic waste diverted to recycling
or organics processing facilities doubled between
2002 and 2014.80 Expenditures on organic processing
facilities increased by 8.5% from 2012 to 2014, reaching
$92.3 million dollars in 2014.81
At many large municipal solid waste landfill facilities,
landfill gas is captured to be flared or utilized, or
both. Owing to the relatively high concentration of
methane in the landfill gas, the gas can be combusted
for electricity or heat generation. Between 1997 and
2015, the number of landfill gas capture systems has
more than doubled, increasing from 31 to 81 facilities.
Total landfill gas capture increased from 21% in 1990 to
38% in 2015.82
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2.10 Building Stock

Lighting Space cooling
3% 1%

2.10.1 Residential
Between 1990 and 2014, the number of households
in Canada increased by 41% (4.1 million) and the
population grew by 28% (7.9 million).83 In addition
to the rise in the number of households, the average
living space and the penetration rate of appliances have
also increased. Despite these trends, residential energy
use increased by just 9.5% over the same period as
homeowners switched to cleaner energy sources (such as
natural gas) and energy efficient technologies.84
The main sources of residential energy use include
natural gas, electricity, wood, heating oil, and propane.
As per Figure 2.3, due to Canada’s relatively cold climate,
space heating and water heating are the main residential
energy uses.
The amount of energy used by the residential sector
to heat each square metre of living space decreased
significantly between 1990 and 2014, mainly driven by
energy efficiency gains. More Canadians shifted from
oil to less emissions intensive natural gas as a source of
home heating fuel, with natural gas use for space heating
increasing by 31% between 1990 and 2014.85
The number of major appliances operated in Canada
between 1990 and 2014 increased by about 55%.
However, the total amount of energy that households
used to power major appliances decreased by 26% due
to significant energy efficiency improvements.86 Some
of these improvements can be attributed to federal,
provincial, and territorial government efforts to work
with industry and public stakeholders to implement
energy guide rating systems (i.e., EnerGuide) and
voluntary standards such as ENERGY STAR that
help increase consumer awareness of major appliances’
energy use and associated operating costs.

Appliances
12%

Space
heating
64%

Water heating
19%

Figure 2.3: Distribution of residential energy use by
end-use, 2014
Source: Natural Resources Canada. 2017. Energy Use Data
Handbook, 1990–2014, Ottawa (ON).

2.10.2 Commercial/Institutional
In 2014, the commercial/institutional building sector
was responsible for 11% of the total energy use in
Canada. In the commercial/institutional sector, energy
is used for space heating, cooling, lighting and water
heating, as well as for operating auxiliary equipment
(such as computers and servers) and motors. Space
heating accounts for the largest share of energy use,
around 56%, followed by auxiliary equipment at 14%.87
Energy usage by auxiliary equipment has risen steadily
due to increasing use of new electronic technologies.
Energy efficiency efforts have reduced overall building
sector energy intensity in terms of energy consumed
per unit of floor space by 11% between 1990 and
2014.88 Over the same period, the total floor space has
increased by 48% while total energy consumption rose
by 32%.89 Energy consumption growth can be explained
by economic growth, an increase in computerization of
the work environment and an increase in the number of
devices per employee.
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The estimated participation rate in “green”/energy
rating programs—such as LEED (Leadership in
Energy and Environmental Design), Green Key EcoRating Program, Greenleaf, BOMA BEST (Building
Environmental Standards), and ENERGY STAR
Portfolio Manager benchmarking tool—is growing.
In 2012, about 12% of the commercial and institutional
building stock was registered in these programs
in Canada.90

2.11 Agriculture
In 2016, Canada’s primary agriculture sector accounted
for 1% of GDP while being at the heart of a broader
agriculture and agri-food system which represents
7% of total GDP, employs approximately 2.3 million
Canadians (one in eight jobs), and places Canada as
the 5th largest exporter of agriculture and agri-food
products internationally.91
Canada’s agriculture and agri-food exports reached
$56 billion in 2016, with oilseeds and oilseed products
accounting for 25%, followed by grains and grain
products at 22%, and live animals, red meat and other
animal products at 17%.92 Crop production and beef
farming have long been the backbone of Canada’s
agriculture industry. In 2016, a third of Canadian farms
were engaged in grain and oilseed cropping and one-infive were raising beef cattle.
Despite having the second highest arable land per capita
ratio in the world, only 7% of Canada’s land mass is
suitable for agricultural production.93 In 2016, total
farm area was 64.8 million hectares (160.1 million
acres). Land for crop production has been increasing
over time, rising to 37.8 million hectares (93.4 million
acres) in 2016 while areas for pasture and other land
have been slowly decreasing to reach 27 million hectares
(66.7 million acres).94
Non-energy GHG emissions directly related to animal
and crop production accounted for 59 megatonnes
CO2 eq in 2015. Of this total, livestock emissions from
enteric fermentation and manure management, storage

and application accounted for 37 megatonnes CO2 eq
while crop production accounted for 22 megatonnes
from the application of synthetic nitrogen fertilizer
and crop residue decomposition. In addition to nonenergy GHG emissions, on-farm fuel use generated
14 megatonnes CO2 eq in 2015.95
In recent decades, Canadian farmers have increasingly
substituted conventional tillage with no-till and
conservation tillage seeding techniques. No-till practices
are currently used on 59% of total land prepared for
seeding while conservation tillage is used on 24%.96 The
extensive adoption of such tillage practices, combined
with a major reduction in summerfallow and sound crop
rotations, has contributed to turn Canadian agricultural
soils into a net carbon sink which sequestered
11 megatonnes CO2 eq in 2015.97 However since 2006,
net removals are slowly levelling off mainly due to soil
organic carbon approaching equilibrium levels.
In the beef sector, Canadian farmers have also made
significant improvements in feeding and breeding
practices. In 2011, Canada produced 32% more beef
than in 1981, while using 29% less breeding stock
and 24% less land. These gains in productivity have
translated into 15% less GHGs being emitted per unit
of meat than in 1981.98 Similar declining emission
intensities have also been measured for dairy and
swine production.99
Overall, total net emissions from agriculture have been
slightly declining since 2000 while productivity growth
has contributed to higher output levels. More efficient
input uses and better management practices have
resulted in a decoupling of GHG emissions from output
and an improvement of the emission intensity of the
Canadian agriculture sector.

2.12 Forest
Canada has 396 million hectares of forest, other
wooded land, and other land with tree cover.100 Forest
land accounts for 347 million hectares,101 65% of
which is considered “managed forest” (forests under
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direct human influence) for the purposes of the GHG
inventory.102 In 2016, the forest sector contributed
$23.1 billion to national nominal GDP (approximately
1.2% of Canada’s total GDP) and directly employed an
estimated 211,075 Canadians.103
Most of Canada’s forest land is publicly owned; 90%
is under provincial or territorial jurisdiction, 4% is
under federal and Indigenous jurisdiction, and the
remaining 6% is privately owned.104 All lands under
federal jurisdiction that are harvested for commercial
timber must be regenerated naturally, by planting and
seeding, or by using a combination of these methods.105
As of December 2016, Canada had 168 million hectares
of forests certified as being sustainably managed
under one or more of three globally recognized
certification systems.106
Canada’s vast forest ecosystems are exposed to
significant natural disturbances such as fire, insects,
disease and weather-related events that affect forest
health and structure. A small portion of Canada’s
forests is also disturbed by harvesting and other
human activities each year, but the area of harvest
(approximately 780,000 hectares in 2015) is relatively
small compared to the area of natural disturbances
caused by fire and insects. Harvest volumes rose through
the 1990s and peaked at a record level of 211 million
cubic metres in 2004, but subsequently fell to an almost
40-year low of 119 million cubic metres in 2009, as a
result of the global recession.107 Since then, harvest rates
have recovered somewhat, to the level of the early 1990s.

Despite Canada’s ongoing fire suppression efforts, the
annual total area burned by wildfire in the forest has
increased in recent years. In 2015, a total of 7,068 forest
fires burned about 3.9 million hectares in the total forest
(managed and unmanaged forest), which is about 50%
above the 10-year average for area burned.108 Even
with an integrated pest management approach, pest
infestations including spruce budworm (concentrated
in Eastern Canada) and forest tent caterpillar and
mountain pine beetle (concentrated in Western Canada)
have severely damaged over 17.6 million hectares
across Canada in 2015.109 Insect damage can increase
the risk of wildfire, and drought can stress trees,
making them more susceptible to attack by insects and
disease.110 It is expected that climate change (changes
in temperature, precipitation and season length) will
further exacerbate the impacts and increase frequency of
natural disturbances.111
In previous GHG inventories, Canada’s estimates of
managed forest emissions and removals displayed large
interannual variability due to the impacts of natural
disturbances, and this masked the impact of forest
management activities. Starting with its 2017 National
Inventory Report on GHGs, Canada implemented
an improved approach for estimating and reporting
anthropogenic emissions and removals in its managed
forests in which emissions and removals in forest stands
dominated by natural disturbances are temporarily
excluded from reporting (see Chapter 3: Canada’s
National Greenhouse Gas Inventory).
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CHAPTER 3

Canada’s Greenhouse Gas
Inventory
Canada ratified the United Nations Framework Convention on Climate Change (UNFCCC)
in December 1992, and the Convention came into force in March 1994. Articles 4 and 12
of the Convention commit all Parties to develop, periodically update, publish and make
available to the Conference of the Parties (COP) their national inventories of anthropogenic
emissions by sources and removals by sinks of greenhouse gases (GHGs) not controlled by the
Montréal Protocol.1
Canada’s National Inventory is prepared and submitted annually to the UNFCCC by April 15
of each year, in accordance with revised Guidelines for the preparation of national communications
by Parties included in Annex I to the Convention, Part I: UNFCCC reporting guidelines on annual
inventories (UNFCCC Reporting Guidelines), adopted through Decision 24/CP.19 at COP 19
in Warsaw in 2013. The annual inventory submission consists of the National Inventory Report
(NIR) and the Common Reporting Format (CRF) tables.
The inventory GHG estimates include carbon dioxide (CO2), methane (CH4), nitrous oxide
(N2O), perfluorocarbons (PFCs), hydrofluorocarbons (HFCs), sulphur hexafluoride (SF6), and
nitrogen trifluoride (NF3) in the following five sectors defined by the Intergovernmental Panel
on Climate Change (IPCC): Energy, Industrial Processes and Product Use (IPPU), Agriculture,
Waste, and Land Use, Land-Use Change and Forestry (LULUCF). The GHG emission and
removal estimates contained in Canada’s GHG inventory are developed using methodologies
consistent with the 2006 IPCC inventory guidelines. In line with the principle of continuous
improvement, the underlying data and methodology for estimating emissions are revised
over time; hence, total emissions in all years are subject to change as both data and methods
are improved.
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This chapter summarizes the latest information on
Canada’s net anthropogenic emissions as reported in
the National Inventory Report 1990–2015: Greenhouse
Gas Sources and Sinks in Canada (Canada’s 2017 NIR)
and provides a description of the factors underlying the
emissions trends. The Executive Summary of Canada’s
2017 NIR is available online at: http://www.ec.gc.ca/gesghg and the full 2017 submission to the UNFCCC is
available at: http://unfccc.int/national_reports/annex_i_
ghg_inventories/national_inventories_submissions/
items/10116.php.

3.1 Overview a National
GHG Emissions
In 2015, the most recent annual dataset in this report,
Canada’s GHG emissions were 722 megatonnes of
carbon dioxide equivalent (Mt CO2 eq),2 a net decrease
of 16 Mt in total emissions or 2.2% from 2005 emissions
(Figure 3-1).3 Annual emissions fluctuated between
2005 and 2008, dropped in 2009, and gradually
increased thereafter.
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Figure 3-1: Canadian GHG Emissions Trend (2005–2015) and 2030 Target (excluding LULUCF)

In 2015, the Energy Sector (consisting of Stationary
Combustion Sources, Transport, and Fugitive Sources)
emitted 587 Mt of GHGs, or 81% of Canada’s total
GHG emissions (Figure 3-2). The remaining emissions
were largely generated by the Agriculture (8%) and
Industrial Processes and Product Use (7%) Sectors, with
minor contributions from the Waste Sector (3%). The
LULUCF Sector was a sink in 2015, with net removals
of 34 Mt, a 3 Mt reduction from the net removals of
37 Mt in 2005.
Canada’s emissions profile is similar to that of most
industrialized countries. CO2 is the largest contributor

to Canada’s GHG emissions, accounting for 568 Mt
or 79% of total emissions in 2015 (Figure 3-3). The
majority of the CO2 emissions in Canada result from
the combustion of fossil fuels. CH4 emissions in 2015
amounted to 102 Mt or 14% of Canada’s total. These
emissions consist largely of fugitive emissions from oil
and natural gas systems, agriculture and landfills. N2O
emissions arise from activities such as agricultural soil
management and transport, and accounted for 39 Mt
or 5.4% of Canada’s emissions in 2015. Emissions of
synthetic gases (HFCs, PFCs, SF6 and NF3) constituted
slightly less than 2%.
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Figure 3-2: Canada’s Emissions Breakdown by IPCC
Sector (2015)*

Figure 3-3: Canada’s Emissions Breakdown by
GHG (2015)*

*Note: Totals may not add up due to rounding.

Over the last decades Canada’s economy has grown
more rapidly than its GHG emissions. As a result, the
emission intensity for the entire economy (GHG per
Gross Domestic Product (GDP)) has declined by 16.4%
since 2005 (Figure 3-4 and Table 3-1). A divergence
of emissions and emissions intensity began in the

early 1990s (Figure 3-4) and can be attributed to fuel
switching, increases in efficiency, the modernization
of industrial processes, and structural changes in the
economy. These long-term trends have led to continued
reduction in emissions intensity. Section 3.3 provides
more information on trends in GHG emissions.
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Figure 3-4: Indexed Trend in GHG Emissions and GHG Emissions Intensity (1990–2015)
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Table 3-1: Trends in Emissions and Economic Indicators, Selected Years
YEAR
Total GHG (Mt)

1990

2005

2010

2011

2012

2013

2014

2015

611

738

701

707

716

729

727

722

NA

NA

-5.1%

-4.2%

-3.0%

-1.2%

-1.5%

-2.2%

993

1,503

1,584

1,633

1,659

1,698

1,742

1,757

NA

NA

5.4%

8.7%

10.4%

13.0%

16.0%

16.9%

0.62

0.49

0.44

0.43

0.43

0.43

0.42

0.41

NA

NA

-9.9%

-11.8%

-12.1%

-12.6%

-15.1%

-16.4%

Change since 2005 (%)
GDP (Billion 2007$)
Change since 2005 (%)
GHG Intensity (Mt/$B GDP)
Change since 2005 (%)

GDP data source: Statistics Canada (no date(a)) Table 380-0106—Gross domestic product at 2007 prices, expenditure-based, annual (dollars).
CANSIM (database).
NA not applicable

Canada represented approximately 1.6% of total
global GHG emissions in 2013,4 although it is one of
the highest per capita emitters. Canada’s per capita
emissions have dropped substantially since 2005, when

this indicator was 22.9 t. By 2009, per capita emissions
had dropped to 20.5 t and have remained at historic
lows ever since, with 2015 seeing the smallest per capita
emissions yet at 20.1 t (Figure 3-5).
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Figure 3-5: Canadian per Capita GHG Emissions (2005–2015)
Population data source: Statistics Canada. No date(b). Table 051-0001: Estimates of Population, by Age Group and Sex for July 1, Canada,
Provinces and Territories, Annual (persons unless otherwise noted) CANSIM (database).

3.2 Emissions and Trends by IPCC
Sectors
Trends in Emissions
Over the period 2005–2015, total emissions decreased
by 16 Mt or 2.2% (Figure 3-6). The Energy Sector
dominated the long-term trend, with emission decreases
of 11 Mt (3%) in Stationary Combustion Sources and
4 Mt (7%) in Fugitive Sources (Table 3-2). In addition,

the IPPU and Waste Sectors each saw decreases of
3 Mt (6% and 10% respectively), while emissions from
Agriculture decreased by 2 Mt (3%). Over the same
period, emissions from Transport increased by 7 Mt
(4%) partially offsetting the decreases from the other
sectors (Figure 3-7).
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Figure 3-6: Trends in Canadian GHG Emissions by IPCC Sector (2005–2015)

Increases in emissions since 2009 can be attributed to
increases in energy consumption and fugitive emissions
in oil and gas operations (29 Mt),5 increases in the
number of heavy-duty diesel vehicles in operation
(8 Mt), increased consumption of halocarbons (4 Mt),
and continuous increases in the application of inorganic
nitrogen fertilizers (3 Mt). During the same period,

there was a 15 Mt decrease in emissions from electricity
generation, which partly offset emission growth.
Chapter 2 of Canada’s 2017 NIR provides more
information on trends in GHG emissions from both
1990 and 2005 and their drivers.6 Further breakdowns
of emissions by subsector and gas, and a complete time
series can be found in Annex 9 of Canada’s 2017 NIR.

Table 3-2: Canada’s GHG Emissions by IPCC Sector (1990–2015)
1990

2005

2010

2011

2012

2013

2014

2015

Mt CO2 equivalent

GREENHOUSE GAS CATEGORIES
1

TOTAL

611

738

701

707

716

729

727

722

Energy

483

595

571

575

578

592

594

587

a. Stationary Combustion Sources

286

339

318

320

322

329

332

328

94

122

101

94

91

88

85

84

Public Electricity and Heat Production
Petroleum Refining Industries

17

20

19

19

20

19

18

17

Mining and Upstream Oil and Gas
Production

41

68

81

82

91

99

102

105

Manufacturing Industries

56

48

41

44

44

45

45

43

2

1

2

1

1

1

1

1

Construction
Commercial and Institutional

26

32

28

30

28

30

32

31

Residential

47

46

43

46

42

44

46

43
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1990

2005

2012

2013

2014

2015

2

2

3

b. Transport

148

195

Domestic Aviation

7

Road Transportation

2011

4

4

4

4

4

199

200

200

204

202

202

8

6

6

7

8

7

7

Mt CO2 equivalent

GREENHOUSE GAS CATEGORIES
Agriculture/Forestry/Fishing

2010

92

134

142

143

144

147

144

144

Railways

7

7

7

8

8

7

8

7

Domestic Navigation

5

6

7

6

6

5

5

4

Other Transportation

37

41

38

38

36

37

38

39

49

61

54

55

57

59

60

57

3

1

1

1

1

2

1

1

46

59

53

54

56

57

58

56

—

0

0

0

0

0

0

0

56

54

48

52

56

54

51

51

c. Fugitive Sources
Coal Mining
Oil and Natural Gas
d. CO2 Transport and Storage
Industrial Processes and Product Use
a. Mineral Products

8

10

8

8

8

8

8

8

b. Chemical Industry

17

9

5

6

6

6

6

7

c. Metal Production

24

20

16

17

17

15

15

14

d. Production and Consumption of
Halocarbons, SF6 and NF3

1

5

8

9

9

9

10

11

e. Non-Energy Products from Fuels and
Solvent Use

5

9

11

12

15

15

12

11

f. Other Product Manufacture and Use

0

1

0

0

0

0

0

0

Agriculture

49

61

56

55

57

60

58

59

a. Enteric Fermentation

23

31

26

25

25

25

25

25

8

10

8

8

8

8

8

9

17

18

20

20

21

23

22

23

d. Field Burning of Agricultural Residues

0

0

0

0

0

0

0

0

e. Liming, Urea Application and Other
Carbon-containing Fertilizers

1

1

2

2

2

3

2

3

b. Manure Management
c. Agricultural Soils

Waste

24

28

25

25

24

24

25

25

a. Solid Waste Disposal

22

25

22

22

22

22

22

22

b. Biological Treatment of Solid Waste

1

1

1

1

1

1

1

1

c. Wastewater Treatment and Discharge

1

1

1

1

1

1

1

1

d. Incineration and Open Burning of Waste

1

1

1

1

1

1

1

1

-99

-37

-28

-26

-30

-29

-33

-34

-252

-183

-159

-160

-164

-163

-166

-164

9

-10

-12

-12

-12

-11

-11

-11

Land Use, Land-use Change
and Forestry
a. Forest Land
b. Cropland
c. Grassland

1

1

0

1

2

1

1

1

d. Wetlands

5

3

3

3

3

3

3

3

e. Settlements

4

4

4

4

4

4

4

4

135

149

136

138

137

138

137

135

f. Harvested Wood Products

National totals exclude all GHGs from the Land Use, Land-use Change and Forestry Sector.

1
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Figure 3-7: Changes in Emission by IPCC Sector (2005–2015)

The following describes the emissions and trends of
each IPCC sector in further detail.

Energy—2015 GHG Emissions (587 Mt)
Energy consumption is by far the largest source of
GHG emissions in Canada. In line with the 2006 IPCC
Guidelines for National Greenhouse Gas Inventories (IPCC
2006), sources in the Energy Sector are grouped under
Stationary Combustion, Transport, Fugitive Sources,
and CO2 Transport and Storage.
Stationary Combustion accounts for the largest portion
(56%) of emissions from the Energy Sector. In 2015,

emissions totaled 328 Mt, an increase of 15% from the
1990 level of 286 Mt and a decrease of 3.4% from 2005
emissions of 339 Mt (Figure 3-8).
Dominant categories in Stationary Combustion are
Mining and Upstream Oil and Gas Production, which
contributes 32% of the total Stationary Combustion
emissions, and Public Electricity and Heat Production,
which contributes 26% in 2015. Manufacturing
Industries and Residential each contribute 13% of
the total Stationary Combustion emissions, while
Commercial and Institutional contributes 9%.
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Figure 3-8: Trends in Canadian GHG Emissions from Stationary Combustion Sources (1990–2015)

In 2015, GHG emissions from the IPCC Energy Sector
(587 Mt) were 1.4% lower than in 2005 (595 Mt).
Within the Energy Sector, the 37 Mt increase in
emissions from Mining and Upstream Oil and Gas
Production was offset by a 38 Mt decrease in emissions
from Public Electricity and Heat Production.
Decreasing energy generation from coal and oil,
accompanied by an increase in hydro, nuclear and wind
generation, was the largest driver of the 31% decrease
in emissions associated with Electricity Production
between 2005 and 2015. The permanent closure of all
coal generating stations in the province of Ontario by
2014 was the determinant factor.7 Emission fluctuations
over the period reflect variations in the mix of electricity
generation sources.8
GHG emissions from Manufacturing Industries
decreased by 5.0 Mt between 2005 and 2015, consistent
with both a 16% decrease in energy use and an observed
decline in output9 in these industries.
Oil production has been driven primarily by a rapid
rise in the extraction of bitumen and synthetic crude oil
from Canada’s oil sands operations, where total output

has increased by 140% since 2005. This has contributed
to the 37 Mt increase in emissions between 2005 to 2015
from Mining and Upstream Oil and Gas Production.
However, from 2010 to 2015 the emission intensity
of oil sands operations themselves have dropped by
approximately 16% as a result of technological and
efficiency improvements, less venting emissions and
reductions in the percentage of crude bitumen being
upgraded to synthetic crude oil.
Transport is a large and diverse subsector, accounting
for 202 Mt of GHG emissions or 34% of Canada’s
Energy Sector emissions in 2015. Transport includes
emissions from fuel combustion in six categories:
Road Transportation, Domestic Aviation, Domestic
Navigation, Railways, Other Transportation (Off-road),
and Pipeline Transport. From 1990 to 2015, Transport
emissions rose 36% (54 Mt), accounting for a significant
portion of Canada’s emissions growth (Figure 3-9).
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Figure 3-9: Trends in Canadian GHG Emissions from Transport (1990–2015)

The majority of transport emissions in Canada are
related to Road Transportation, which includes personal
transportation (light-duty vehicles and trucks) and
heavy-duty trucks. The growth in road transport
emissions is largely due to more driving. Despite a
reduction in kilometres driven per vehicle, the total
vehicle fleet has increased by 19% since 2005, most
notably for trucks (both light and heavy-duty), leading
to more kilometres driven overall.
Fugitive emissions are the intentional or unintentional
releases of GHGs from the production, processing,
transmission, storage and delivery of fossil fuels.
Released hydrocarbon gases that are disposed of by
combustion (e.g. flaring of natural gases at oil and gas
production and processing facilities) are also considered
fugitive emissions. Fugitive Sources are broken down
into two main categories: Coal Mining and Oil and
Natural Gas. Emissions from the Oil and Natural
Gas category contributed 98% of the total fugitive
emissions in 2015, with Coal Mining accounting for the
remaining 2%. Overall, these sources constituted about

10% of Energy Sector emissions in 2015 and alone
contributed 7% to the growth in emissions between
1990 and 2015.

Industrial Processes and Product Use—2015
GHG Emissions (51 Mt)
The IPPU Sector covers non-energy GHG emissions
that result from manufacturing processes and use of
products, such as limestone calcination in cement
production and the use of HFCs and PFCs as
replacement refrigerants for ozone-depleting substances
(ODSs). Emissions from the IPPU Sector contributed
51 Mt (7%) to Canada’s 2015 emissions, compared with
56 Mt (9%) in 1990, a decrease of approximately 5 Mt
or 9%.
Emissions of most industries decreased in 2008 and 2009
and have remained at similar levels since then. A notable
exception includes the 5.9 Mt (116%) increase in
emissions from the use of HFCs since 2005 (Table 3-3).
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The aluminium industry has decreased its process
emissions, largely due to technological improvements
introduced to mitigate PFC emissions. The overall

decrease in GHG emissions from chemical industries
is primarily a result of the closure in 2009 of the sole
Canadian adipic acid plant located in Ontario.

Table 3-3: GHG Emissions from IPPU Categories, Selected Years
GHG EMISSIONS (MT CO2 EQ)
GHG SOURCE CATEGORY

1990

2005

2010

2011

2012

CHANGE (%)

2013

2014

2015

1990–
2015

2005–
2015

Total—Industrial Processes

56

54

48

52

51

56

53

51

-8.9%

-6.4%

Mineral Products

8.4

10

7.8

7.9

8.5

7.7

7.8

8.0

-4.7%

-21%

Cement Production

5.8

8

6.0

6.1

6.6

6.0

5.9

6.3

8.8%

-18%

Lime Production

1.8

2

1.4

1.4

1.4

1.4

1.5

1.3

-24%

-22%

Mineral Product Use

0.9

1

0.4

0.5

0.4

0.4

0.4

0.4

-52%

-52%

17

9.5

5.5

6.1

6.4

6.4

6.0

6.5

-62%

-31%

Ammonia Production

2.8

3

2.5

2.9

3.0

2.9

2.5

2.9

2.8%

5.3%

Nitric Acid Production

1.0

1.2

1.1

1.1

1.1

1.0

1.0

1.1

14%

-7.7%

Chemical Industry

Adipic Acid Production

10

3

—

—

—

—

—

—

-100%

-100%

Petrochemical Production & Carbon
Black Production

3.3

3.0

1.9

2.1

2.3

2.5

2.4

2.5

-22%

-16%

24

20

16

17

17

15

15

14

-40%

-30%

10

10

9.2

10

10

8.0

8.9

8.0

-24%

-22%

Metal Production
Iron and Steel Production
Aluminium Production

10

9

6.9

6.8

6.5

6.5

5.8

6.0

-42%

-31%

SF 6 Used in Magnesium Smelters and
Casters

3.0

1.2

0.2

0.2

0.2

0.2

0.2

0.2

-93%

-82%

Production and Consumption of
Halocarbons, SF6 and NF3

1.0

5

7.8

8.6

9.1

9.4

10

11

1,029%

116%

Non-Energy Products from Fuels and
Solvent Use

5.0

9

11

12

15

15

12

11

115%

22%

Other Product Manufacture and Use

0.4

0.5

0.4

0.4

0.5

0.5

0.4

0.5

29%

-9.3%

Note: Totals may not add up due to rounding.

Agriculture—2015 GHG Emissions (59 Mt)
The Agriculture Sector covers non-energy GHG
emissions relating to the production of crops and
livestock. Emissions from Agriculture accounted for
59 Mt, or 8% of total GHG emissions for Canada
in 2015, down 2 Mt from their peak in 2005, but
nonetheless an increase of 10 Mt or 22% since 1990
(Table 3-4).
In 2015, Agriculture accounted for 28% of national CH4
emissions and 71% of national N2O emissions.

The main drivers of the emission trend in the
Agriculture Sector are the fluctuations in livestock
populations and application of inorganic nitrogen
fertilizers in the Prairie Provinces. Since 2005, fertilizer
use has increased, while livestock populations peaked in
2005 and decreased sharply to 2011. In 2015, emissions
from livestock digestion (enteric fermentation)
accounted for 42% of total agricultural emissions,
and the application of inorganic nitrogen fertilizers
accounted for 22% of total agricultural emissions.
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Table 3-4: GHG Emissions from Agriculture, Selected Years
GHG EMISSIONS (MT CO2 EQ)1

CHANGE (%)

1990

2005

2010

2011

2012

2013

2014

2015

1990–
2015

2005–
2015

49

61

56

55

57

60

58

59

22%

-3%

Enteric Fermentation

23

31

26

25

25

25

25

25

10%

-20%

Manure Management

7.5

9.8

8.5

8.4

8.4

8.4

8.5

8.5

13%

-13%

Agricultural Soils

17

18

20

20

21

23

22

23

36%

24%

0.23

0.05

0.03

0.03

0.04

0.05

0.05

0.05

-76%

19%

1.2

1.4

1.8

2.0

2.3

2.7

2.5

2.7

125%

88%

GHG SOURCE CATEGORY
Agriculture

Field Burning of Agricultural
Residues
Liming, Urea Application
and Other Carboncontaining Fertilizers

Totals may not add up due to rounding.

1

Waste—2015 GHG Emissions (25 Mt)

Methane emissions from publicly and privately owned
municipal solid waste landfills (MSW) make up 86% of
emissions from Solid Waste Disposal. The remainder
originate from on-site industrial landfills of wood
residues; such landfills are declining in number as
markets for wood residues grow.

The Waste Sector includes GHG emissions from
the treatment and disposal of liquid and solid wastes.
Emissions from Waste contributed 25 Mt (3.4%) to
Canada’s total emissions in 2015 and 28 Mt (3.7%) in
2005 (Table 3-5).
The primary source of emissions in the Waste Sector is
Solid Waste Disposal, which includes municipal solid
waste (MSW) landfills (19 Mt in 2015) and wood waste
landfills (4 Mt in 2015). In 2015, Solid Waste Disposal
accounted for 90% of Waste emissions, while Biological
Treatment of Solid Waste (composting), Wastewater
Treatment and Discharge, and Incineration and
Open Burning of Waste contributed 3.8%, 4.3% and
2.2%, respectively.

Methane emissions from MSW landfills decreased
11% between 2005 and 2015. Of the 30 Mt CO2 eq of
CH4 generated by MSW landfills in 2015, only 19 Mt
(or 62% of generated emissions) were actually emitted
to the atmosphere. The other 11 Mt were captured
and combusted at 81 landfill gas collection sites. The
quantity of captured CH4 increased from 27% in 2005
to 38% in 2015. Of the total amount of CH4 collected
in 2015, 51% (5.6 Mt) was utilized for various energy
purposes and the remainder was flared.

Table 3-5: GHG Emissions from Waste, Selected Years
GHG EMISSIONS (MT CO2 EQ)
GHG SOURCE CATEGORY

1990

2005

2010

2011

2012

2013

CHANGE (%)
2014

2015

1990–
2015

2005–
2015

24

28

25

25

24

24

25

25

3.3%

-10%

22

25

22

22

22

22

22

22

2.9%

-11%

Biological Treatment of Solid Waste

0.72

0.97

0.96

0.93

0.94

0.94

0.95

0.94

31%

-2.8%

Wastewater Treatment and Discharge

0.87

1.02

1.03

1.04

1.04

1.05

1.06

1.06

22%

4.5%

Incineration and Open Burning of
Waste

0.79

0.70

0.66

0.65

0.53

0.55

0.55

0.55

-30%

-21%

Waste Sector
Solid Waste Disposal

Note: Totals may not add up due to rounding.
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Land Use, Land-use Change and Forestry—2015
(Net GHG Removals of 34 Mt)
The Land Use, Land-use Change and Forestry
(LULUCF) Sector reports anthropogenic GHG fluxes
between the atmosphere and Canada’s managed lands,
including those associated with land-use change and
emissions from Harvested Wood Products (HWP),
which are closely linked to Forest Land.
In this sector, the net flux is calculated as the sum of
CO2 and non-CO2 emissions to the atmosphere and
CO2 removals from the atmosphere. In 2015, this net
flux amounted to removals of 34 Mt (Figure 3-10),
which, if included, would decrease the total Canadian
GHG emissions by 4.7%. New this year, the LULUCF
estimates now exclude the impact of significant natural
disturbances in managed forests (wildfires and insects),
revealing more meaningful trends associated with
anthropogenic activities. Additional information on the
changes made this year can be found in Chapter 6 of
Canada’s 2017 NIR.
The trend in net removals is mainly driven by a decrease
in net CO2 removals from Forest Land combined with
HWP, partially attenuated by an increase in net CO2
removals in Cropland and reduced emissions from the
conversion of forests to other land use.
Net removals from Forest Land decreased from 180 Mt
in 2005 to 165 in 2015, fluctuating in recent years
between removals of 160 to 170 Mt as forests recover
from peak harvest rates and insect disturbance in the
mid-2000s. Over this same period emissions from HWP

originating from Canada fluctuated between 150 Mt
in 2005, to a low of 125 Mt in 2009 (the year of the
lowest harvest rates), and have since increased to 135 Mt
in 2015. A significant proportion of HWP emissions
result from the decay of long-lived wood products
reaching the end of their economic life decades after the
wood was harvested. HWP emissions like Forest Land
emissions and removals are influenced by recent forest
management trends, but also by the long-term impact of
forest management that occurred in past decades.
Since 2005, net removals from Cropland have increased
slightly from 10.3 to 10.9 Mt. However removals
actually peaked in 2009 at 11.7 Mt and have since
declined as a result of an increase in the conversion of
perennial to annual crops on the prairies, the declining
effect of conversion to conservation tillage and slower
rates of agricultural expansion onto forest land.
The conversion of forests10 to other land uses is a
prevalent, yet declining, practice in Canada and is
mainly due to forest conversion to settlements for
resource extraction and cropland expansion. Emissions
due to forest conversion fell from 16 Mt in 2005 to
14 Mt in 2015.
All emissions and removals in the LULUCF Sector are
excluded from the national totals. However, if included,
the estimated net removals would decrease Canada’s
total GHG emissions by about 16%, 5.0% and 4. 6%, in
1990, 2005 and 2015, respectively.
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Figure 3-10: Net Flux from LULUCF Relative to Total Canadian Emissions, 1990–2015

3.3 Emissions Trends by Canadian
Economic Sectors
For the purposes of analyzing economic trends
and policies, it is useful to allocate emissions to the
economic sector from which the emissions originate.
In general, a comprehensive emission profile for a
specific economic sector is developed by reallocating
the relevant proportion of emissions from various IPCC
subcategories. This reallocation simply re-categorizes
emissions under different headings and does not change
the overall magnitude of Canadian emissions estimates.
The following section reports emissions according to
the following Canadian economic sectors: Oil and Gas,
Electricity, Transportation, Heavy Industry,11 Buildings,
Agriculture, and Waste and Others.
Examining the historical path of Canadian GHG
emissions by economic sectors allows a better
understanding of the connection between economic
activities and emissions for the purposes of analyzing
trends and for policy and public analysis. This approach
is also more closely aligned with that taken in the PanCanadian Framework on Clean Growth and Climate

Change. Within this report, Canada’s economic sector
categorization is used to present Canada’s policies and
measures to reduce GHG emissions (see Chapter 4), and
Canada’s emissions projections are presented using both
IPCC and economic sector categories (see Chapter 5).
Table A10-3 from Canada’s 2017 NIR has been added at
the end of this Chapter and illustrates the relationship
between IPCC and Canadian economic sectors.
GHG emissions trends in Canada’s economic
sectors from 2005 to 2015 are consistent with those
described for IPCC sectors, with the Oil and Gas and
Transportation economic sectors showing emission
increases of 20% and 6% respectively over the last
decade (Figure 3-11 and Table 3-6). These increases
have been more than offset by emission decreases
in Electricity (33%), Heavy Industry (13%) and
Waste & Others (13%).
Further information on economic sector trends can be
found in Chapter 2 of Canada’s 2017 NIR. Additional
information on the IPCC and economic sector
definitions can be found in Part 3 of Canada’s 2017 NIR.
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Agriculture
73 Mt CO2 eq
(10%)

Waste & Others
48 Mt CO2 eq
(7%)

Oil and Gas
189 Mt CO2 eq
(26%)

Buildings
86 Mt CO2 eq
(12%)

Electricity
79 Mt CO2 eq
(11%)

Heavy Industry
75 Mt CO2 eq
(10%)

Transporta?on
173 Mt CO2 eq
(24%)

Note: Totals may not add up due to rounding.

Figure 3-11: Canada’s Emissions Breakdown by Economic Sector (2015)
Table 3-6: Canada’s GHG Emissions by Economic Sector, Selected Years
2005

2009

2010

2011

2012

2013

2014

2015

NATIONAL GHG TOTAL

738

689

701

707

716

729

727

722

Oil and Gas

158

158

160

161

174

185

190

189

Electricity

117

95

96

89

85

82

80

79

Transportation

163

163

171

171

173

176

173

173

Heavy Industry

86

71

73

80

79

77

77

75

Buildings

85

84

81

87

85

85

88

86

Agriculture

74

70

70

70

71

74

72

73

Waste & Other

54

49

50

50

49

49

48

48

Note: Totals may not add up due to rounding.
Estimates presented here are under continual improvement. Historical emissions may be changed in future publications as new data becomes
available and methods and models are refined and improved.
*Less than 0.5 Mt CO2-eq

Oil and Gas
In 2015, the Oil and Gas sector produced the largest
share of GHG emissions in Canada (26%). Between
1990 and 2015, emissions from this sector increased by
82 Mt. The majority of this increase (50 Mt) occurred
between 1990 and 2005 as the sector expanded and
adopted new extraction processes. However, growth
in GHG emissions from the oil and gas sector slowed

between 2005 and 2015 due to the gradual exhaustion of
traditional natural gas and oil resources in Canada.

Transportation
Canada’s Transportation sector is the second-largest
contributor to Canada’s GHG emissions, representing
24% of total emissions in 2015. Between 1990 and
2010 emissions rose by 49 Mt (41%), but since then,
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emissions from this sector have leveled off. Section 3.3
discusses the main drivers of historical emissions trends
associated with passenger and freight transport.

Electricity
In 2015, the Electricity sector (excluding industrial and
commercial cogeneration) contributed 11% to total
Canadian emissions. Emissions from the Electricity
sector increased in parallel with the rising demand for
electricity both domestically and to satisfy export to the
United States over the earlier years of the reporting
period, but have fallen significantly during the latter
years. Section 3.3 discusses the main historical drivers of
emissions trends associated with electricity generation.

Heavy Industry
The Heavy Industry sector experienced some fluctuation
in emissions over the reporting period. Emissions from
this sector were responsible for 16% of total Canadian
emissions in 1990, falling to 12% in 2005. In more
recent years, emissions have fallen further as a result of
reduced economic activity and the continued evolution
of Canadian production towards other sectors and
services, representing a decrease of 11 Mt between 2005
and 2015.

Buildings
GHG emissions from the Buildings sector have
increased with population and commercial development
but, like all sectors of the economy, decreased in the
2008–2009 recessionary period and have remained
relatively steady since then. While residential fuel use
has remained relatively steady since 1990, increases in
the service industry have resulted in emissions increases
from 73 Mt to 86 Mt (17%).

Agriculture and Waste & Other
Emissions from the Agriculture sector continued a slow
upward trend throughout the reporting period, rising
from 60 Mt in 1990 to 73 Mt in 2015. This increase in
emissions is due primarily to increases in livestock and
crop production. Emissions from the Waste and Others
sector remained relatively stable. Overall emissions

decreased over the time series, from a high of 57 Mt in
1990 to 48 Mt in 2015.

3.4 Provincial and Territorial GHG
Emissions
Emissions vary significantly by province as a result of
population, energy sources and economic structure. All
else being equal, economies based on resource extraction
will tend to have higher emission levels than servicebased economies. Likewise, provinces that rely on fossil
fuels for their electricity generation emit relatively more
GHGs than those that rely more on hydroelectricity.
Historically Alberta and Ontario have been the
highest emitting provinces. Since 2005, emission
patterns in these two provinces diverged. Emissions
in Alberta increased from 233 Mt in 2005 to 274 Mt
in 2015 (18%), primarily as a result of the expansion of
oil and gas operations (Figure 3-12 and Table 3-7). In
contrast, Ontario’s emissions have steadily decreased
since 2005 (by 38 Mt or 19%), owing primarily to the
closure of coal-fired electricity generation plants.
Electricity production in Québec and British Columbia
relies on abundant hydroelectric resources, resulting
in more stable emission patterns across the time series.
Québec experienced a 9.8% (8.7 Mt) decrease from
its 2005 emissions level, while British Columbia had a
decline of 4.7% (3.0 Mt).
Emissions in Saskatchewan increased by 7.8% (5.5 Mt)
between 2005 and 2015 as a result of activities in
the oil and gas industry, potash and uranium mining
and transportation. Emissions in Manitoba and
Newfoundland and Labrador have also increased since
2005, but to a lesser extent (0.7% and 2% respectively).
Provinces which have seen more significant decreases in
emissions include New Brunswick (31% reduction, or
6.2 Mt), Nova Scotia (30% reduction, or 7.0 Mt), and
Prince Edward (14% reduction, or 0.3 Mt).
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Figure 3-12: Emissions by Province in 2005, 2010 and 2015
Table 3-7: GHG Emissions by Provinces/Territories, Selected Years
GHG EMISSIONS (MT CO2 EQ)1
YEAR

1990

2005

2010

CHANGE (%)

2011

2012

2013

2014

2015

2005–2015

GHG TOTAL (CANADA)

611

738

701

707

716

729

727

722

-2.2%

NL

9.5

10.1

10.3

10.3

9.9

9.6

10.6

10.3

2.1%

PE

1.9

2.1

2.0

2.2

2.1

1.8

1.8

1.8

-14%

NS

20

23

20

21

19

18

16

16

-30%

NB

16

20

19

19

17

15

14

14

-31%

QC

89

89

82

84

81

82

80

80

-10%

ON

181

204

175

175

171

171

168

166

-19%

MB

19

21

20

19

21

21

21

21

0.7%

SK

45

70

70

69

72

74

75

75

7.8%

AB

175

233

241

246

260

272

276

274

18%

BC

52

64

59

60

61

62

61

61

-4.7%

YT

0.5

0.4

0.4

0.4

0.4

0.4

0.3

0.3

-43%

NA

1.6

1.3

1.4

1.5

1.4

1.3

1.4

-12%

NU2

NA

0.5

0.5

0.5

0.6

0.6

0.7

0.6

38%

NT&NU2

1.6

NA

NA

NA

NA

NA

NA

NA

—

NT

2

Note:
1
Totals may not add up due to rounding.
2
To account for the creation of Nunavut in 1999, a time series from 1999–2015 is provided for both Nunavut and the Northwest Territories, and
the years 1990–1998 are presented as a combined region (see Annex A11 for more information).
NA not applicable
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3.5 National Inventory Arrangements
The Pollutant Inventories and Reporting Division
within Environment and Climate Change Canada
is the single national entity with responsibility for
preparing and submitting the National Inventory to the
UNFCCC and for managing the supporting processes
and procedures.
The institutional arrangements for the preparation of
the inventory include: formal agreements supporting
data collection and estimate development; a quality
management plan, including an improvement plan;
the ability to identify key categories and generate
quantitative uncertainty analysis; a process for
performing recalculations due to improvements;
procedures for official approval; and a working archive
system to facilitate third-party review.
Submission of detailed information regarding the
national inventory arrangements, including details on
institutional arrangements for inventory preparation,
is also an annual requirement under the UNFCCC
reporting guidelines on annual inventories (see
Chapter 1, Section 1.2 of Canada’s 2017 NIR).

roles and responsibilities for the preparation of the
inventory, both internally and externally. As such,
Environment and Climate Change Canada is involved
in many agreements with data providers and expert
contributors in a variety of ways, ranging from informal
to formal arrangements. These agreements include:
partnerships with other government departments,
namely Statistics Canada, Natural Resources Canada
(NRCan), Agriculture and Agri-Food Canada
(AAFC), and Transport Canada; arrangements with
industry associations, consultants and universities; and
collaborative agreements with provincial and territorial
governments on a bilateral basis (Figure 3-13).

PARTNERS AND CONTRIBUTORS

STATISTICS CANADA

Energy and other activity data
Census of Agricuture

NATURAL RESOURCES CANADA
Canadian Forest Service (CFS)
Forest Land

AGRICULTURE AND AGRI-FOOD
CANADA
Science and Technology Branch
Cropland management

Data Sharing
Agreements,
MOUs, etc.

TRANSPORT CANADA

Pollutant
Inventories and
Reporting
Division
(PIRD)

Road Fuel Efficiency Data

CONSULTANCIES

Specialty emissons expertise

INDUSTRY ASSOCIATIONS

Institutional Arrangements
As the federal agency responsible for preparing and
submitting the national inventory to the UNFCCC,
Environment and Climate Change Canada has
established and manages all aspects of the arrangements
supporting the GHG inventory.
Sources and sinks of GHGs originate from a
tremendous range of economic sectors and activities.
Recognizing the need to draw on the best available
technical and scientific expertise and information,
Environment and Climate Change Canada has defined

Some emissions data, activity data,
research and information

Figure 3-13: Partners and Contributors to National
Inventory Arrangements

Process for Inventory Preparation
Canada’s inventory is developed, compiled and reported
annually by Environment and Climate Change Canada’s
Pollutant Inventories and Reporting Division, with
input from numerous experts and scientists across
Canada. Figure 3-14 identifies the various stages of the
inventory preparation process.

0686049
Canada’s Greenhouse Gas Inventory

Peer Review / Veriﬁca.on

Pollutant Inventories & Repor.ng Division

• ECCC's GHG Emissions Repor1ng Program
• Environmental and industry stakeholders
• Provincial experts
• Other Federal departments
Review

Inventory
Experts

Industrial
Processes &
Waste

GHG
Repor1ng
Program

Agriculture and
LULUCF
GHG Inventory
Development and
Quality Management

Quality
Management

National
Inventory
Report

April 15

CRF
Tables

Energy &
Transporta1on

Inventory
Submission to
the UNFCCC

Review

UNFCCC
Expert Review

Addi.onal Data Genera.on
• Provincial / Territorial Emissions by Gas
and by Economic Sector
• More detailed sectoral breakdown

Users of the GHG Inventory Data
• Emission Trends / Projec1ons
• GHG Indicators
• Regula1on & Policy Development
• Provincial GHG Inventories

Figure 3-14: Inventory Preparation Process

The inventory builds from a continuous process of
methodological improvements, refinements and review,
according to the quality management and improvement
plans. The Inventory Coordinator within the Quality
Management and Verification section is responsible
for preparing the inventory development schedule;
the schedule may be adjusted each year based on the
results of the lessons-learned review of the previous
inventory cycle, Quality assurance, quality control
(QA/QC) follow-up, the UNFCCC review report,
and collaboration with provincial and territorial
governments. Based on these outcomes, methodologies
and emission factors are reviewed, developed and/or
refined. QA reviews of methodologies and emission
factors are typically undertaken for categories for which
a change in methodology or emission factor is proposed
and for categories that are scheduled for a QA review of
methodology or emission factor.
There have been no changes to the National Inventory
Arrangements since the previous annual GHG
inventory submission.

Quality Assurance, Quality Control
and Verification
QA/QC and verification procedures are an integral part
of the inventory development and submission processes.
These procedures ensure that Canada is able to meet
the UNFCCC reporting requirements of transparency,
consistency, comparability, completeness and accuracy
and, at the same time, continuously improve data
and methods to ensure that a credible and defensible
inventory is developed.
The development of Canada’s GHG inventory is
based on a continuous process of data collection,
methodological refinement and review. QA/QC
procedures take place at all stages of the inventory
development cycle.
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In order to ensure that an inventory of high quality is
produced each and every year, a National Inventory
Quality Management System has been developed
and implemented for the annual compilation and
publication of the national GHG inventory. The
Quality Management System is documented in a
Quality Manual, which includes a QA/QC plan, an
Inventory Improvement Plan, processes for creation,
documentation and archiving of information, a
standardized process for implementing methodological
change, identification of key roles and responsibilities,
as well as a timeline for completing the various NIR
related tasks and activities.

Process for Recalculations of Estimates
It is good practice to continually improve national
inventories. Environment and Climate Change Canada
consults and works closely with key federal and
provincial partners along with industry stakeholders,
research centres and consultants on an ongoing basis
to improve the quality of the underlying variables and
scientific information used in the compilation of the
national inventory. As new information and data become
available and more accurate methods are developed,
previous estimates are updated to provide a consistent
and comparable trend in emissions and removals.
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Table A10-3 from Canada’s 2017 NIR: Relationship between Canadian Economic Sectors and IPCC Sectors, 2015
National Inventory Categorya

National Inventory Category

ENERGY
ENERGY: FUEL COMBUSTION

INDUSTRIAL PROCESSES AND PRODUCT USE

AGRICULTURE

WASTE

ENERGY: FUGITIVE

Stationary Combustion
Industrial Cogeneration

National Inventory Totala,b

Electricityc

Steam
for Sale

Transport

Fugitive
(Unintentional)

Flaring

Venting

Total

Mineral
Productsd

Chemical
Industrye

Metal
Productionf

Consumption of
Halocarbons, SF6
and NF3

Non-Energy
Products from Fuels
and Solvent Use

Other Product
Manufacture
and Use

Total

Manure
Management

Enteric
Fermentation

Agriculture
Soils

Total

Mt CO2 equivalent

Solid Waste
Disposal

Biological
Treatment of
Solid Waste

Wastewater
Treatment and
Discharge

Incineration and
Open Burning
of Waste

Total

1.1

0.6

24.7

LULUCFB

Mt CO2 equivalent

722

305

21.2

1.3

202

21.0

5.1

30.8

587

189

106.7

13.1

0.1

11.7

19.8

5.1

30.8

187.3

2.1

2.1

167

89.9

12.7

11.5

18.7

4.9

29.4

167.2

0.2

0.2

Natural Gas Production
and Processing

56

24.8

8.4

0.3

10.1

1.1

10.9

55.6

0.0

0.0

Natural Gas Production
and Processing

Conventional Oil
Production

31

8.8

0.8

0.1

3.1

2.7

15.2

30.8

0.0

0.0

Conventional Oil
Production

Conventional Light Oil
Production

14

2.8

0.6

0.1

2.0

2.0

6.8

14.2

0.0

0.0

Conventional Heavy Oil
Production

15

5.2

0.0

1.1

0.2

8.4

15.0

Oil and Gas
Upstream Oil and Gas

8.0

6.5

14.2

11.0

10.8

0.5

51.1

8.5

25.0

25.4

59.0

22.1

0.9

National Inventory Totala,b
Oil and Gas
Upstream Oil and Gas

Conventional Light Oil
Production
Conventional Heavy Oil
Production

Frontier Oil Production

2

0.8

0.3

0.0

0.0

0.5

0.0

1.6

Oil Sands (Mining, In-situ,
Upgrading)c

71

56.3

3.4

3.1

4.4

1.1

2.5

70.8

0.1

0.1

Oil Sands (Mining, In-situ,
Upgrading)c

3.1

18.0

0.1

0.1

Mining and Extraction

0.0

0.0

Mining and Extraction

18

9.7

0.8

4.0

0.3

In-situ

34

31.5

1.7

0.3

0.1

0.1

33.7

Upgrading

19

15.0

0.9

0.1

0.7

2.4

19.1

8.0

1.2

0.0

0.8

10.0

Frontier Oil Production

In-situ Extraction

Oil and Natural Gas
Transmission

10

Downstream Oil and Gas

22

16.9

0.4

0.1

0.1

1.1

0.2

1.4

20.1

2.0

2.0

21

16.9

0.4

0.1

0.0

0.1

0.2

1.3

19.0

2.0

2.0

0.1

1.0

0.0

0.1

1.2

Petroleum Refining
Natural Gas Distribution
Electricity
Transportationg
Passenger Transport
Cars, Light Trucks and
Motorcycles
Bus, Rail and Domestic
Aviation
ECONOMIC CATEGORY

Stationary

Freight Transport

1
79

78.1

0.5

Upgrading
Oil and Natural Gas
Transmission
Downstream Oil and Gas
Petroleum Refining
Natural Gas Distribution

78.6

0.2

0.2

Electricity
Transportationg

173

169.5

169.5

3.3

0.0

0.0

3.3

88

86.0

86.0

1.8

0.0

0.0

1.8

80

78.8

78.8

1.7

0.0

0.0

1.7

Cars, Light Trucks and
Motorcycles

7

7.2

7.2

0.1

0.0

0.0

0.1

Bus, Rail and Domestic
Aviation

Passenger Transport

76

74.1

74.1

1.4

0.0

0.0

1.5

Heavy Duty Trucks, Rail

70

68.8

68.8

1.4

0.0

0.0

1.4

Heavy Duty Trucks, Rail

Domestic Aviation and
Marine

5

5.2

5.2

0.1

0.0

0.1

Domestic Aviation and
Marine

Other: Recreational,
Commercial and Residential

9

9.5

9.5

Heavy Industry
Mining
Smelting and Refining (Non
Ferrous Metals)
Pulp and Paper

75

31.3

6.7

8

3.6

1.1

10

2.6

0.6

Freight Transport

Other: Recreational,
Commercial and Residential

3.3

41.9

2.9

7.6

7.9

0.3

0.1

2.9

0.0
0.0

6.5

14.2

0.6

3.5

32.7

0.0

0.1

0.1

Mining

0.8

7.0

Smelting and Refining (Non
Ferrous Metals)

0.0

0.0

Pulp and Paper

0.1

8.1

Iron and Steel

6.2

Heavy Industry

6

4.5

1.3

0.1

0.1

5.9

Iron and Steel

14

5.2

0.0

0.0

0.2

5.4

Cement

10

4.1

0.0

4.2

6.3

0.0

6.3

Cement

2

1.0

0.0

1.0

1.3

0.0

1.4

Lime & Gypsum

25

10.3

4.2

0.3

0.1

14.9

0.2

0.6

2.4

9.7

86

72.7

0.8

0.1

73.6

6.8

4.9

0.3

12.0

Service Industry

41

29.7

0.8

0.1

30.6

5.4

4.9

0.3

10.5

Residential

45

43.0

43.0

1.5

73

3.6

10.3

13.9

0.0

0.0

On Farm Fuel Useh

14

3.6

10.3

13.9

0.0

0.0

Crop Production

22

Animal Production

37

Lime & Gypsum
Chemicals & Fertilizers
Buildings

Agriculture

Waste

8.0

6.5

Chemicals & Fertilizers
Buildings
Service Industry

1.5

Residential
8.5

25.0

25.4

59.0

22.3

22.3

3.1

36.6

Agriculture
On Farm Fuel Useh

8.5

25.0

Crop Production
Animal Production

25

22.1

0.9

Solid Waste

23

22.1

0.9

Wastewater

1

Waste Incineration

1

Coal Production

1.1

0.6

1.1
0.6

23.1

Solid Waste

1.1

Waste Water
Waste Incineration

0.6

0.5

Light Manufacturing,
Construction & Forest
Resources

21

12.6

0.5

0.0

7.0

20.2

0.2

0.4

0.2

0.0

0.7

Light Manufacturing,
Construction & Forest
Resources

Light Manufacturing

0.5

0.0

1.6

13.4

0.2

0.4

0.2

0.0

0.7

Light Manufacturing

4.3

5.6

0.0

0.0

Construction

1.2

1.3

0.0

0.0

14

11.2

6

1.3

Forest Resources

1

0.1

0.0

1.1

Waste

2

Construction

0.5

24.7

2.1

Coal Production

Forest Resources
-33.5

Notes: Totals may not add up due to rounding. Economic category totals rounded to nearest megatonne (Mt). The estimates for the economic categories may not add up to the National Inventory Totals due to rounding and statistical
differences in the RESD for the IP category of Other & Undifferentiated Production.
Estimates presented here are under continual improvement. Historical emissions may be change in future publications as new data becomes available and methods and models are refined and improved.
a
Categorization of emissions is consistent with the IPCC’s sectors following the reporting requirement of the UNFCCC.
b
National totals exclude all GHGs from the Land Use, Land Use Change and Forestry Sector.
c
Industrial cogeneration includes emissions associated with the simultaneous production of heat and power. At some facilities, a portion of this power is generated by onsite utility-owned generators. As such, the cogeneration
emissions for these specific facilities are included under the Public Electricity and Heat Generation category in the National Inventory (UNFCCC) format.

d
e

g

Mineral products includes cement production, lime production and mineral product use.
Chemical industry includes ammonia production, nitric acid production, petrochemical production, and adipic acid production.
Metal production includes iron and steel production, aluminum production, and SF6 used in magnesium smelters and casters.
Emissions from the consumption of propane and natural gas in Transportation are allocated to Cars, Light Trucks and Buses

The number of significant figures presented in this table does not reflect the accuracy of the values. For more information on rounding, please see
0.0 Indicates emissions of less than 0.05 Mt CO2 eq.

ECONOMIC CATEGORY

ECONOMIC
CATEGORY
TOTAL
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CHAPTER 4

Policies and Measures

4.1 Overall Policy Context
As a decentralized federation, addressing climate change in Canada requires action across federal,
provincial and territorial governments. Within the Government of Canada, the Minister of Environment
and Climate Change is responsible for domestic and international climate change policies. In recognition
of the need for a coordinated national approach, in October 2015, Canada’s Prime Minister mandated the
Minister of Environment and Climate Change to develop, in partnership with provinces and territories,
“a plan to combat climate change and reduce GHG emissions, consistent with [Canada’s] international
obligations and our commitment to sustainable economic growth.”1
Arising from this mandate, on December 9, 2016 Canada’s federal, provincial and territorial governments
took the historic step of adopting the Pan-Canadian Framework on Clean Growth and Climate Change
(the Pan-Canadian Framework), a comprehensive plan to reduce emissions across all sectors of the
economy, stimulate clean economic growth, and build resilience to the impacts of climate change.
The Pan-Canadian Framework was designed to achieve the behavioral and structural changes needed
to facilitate Canada’s transition to a low-carbon economy. Actions taken under the Pan-Canadian
Framework, supported by significant federal investments announced in the Government of Canada’s
Budget 2017, will support Canada’s efforts to meet its target to reduce GHG emissions by 30 per cent
below 2005 levels by 2030, as committed under the Paris Agreement.2
The Pan-Canadian Framework will drive both near- and longer-term reductions and has established
processes to enhance ambition over time, setting Canada on a pathway consistent with its Mid-Century
Long-Term Low-GHG Development Strategy. The Pan-Canadian Framework and Mid-Century Strategy are
aligned with the Paris Agreement’s goal to limit the increase in global average temperature to well below
2ºC, and pursue efforts to limit the increase to 1.5ºC.
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4.1.1 Development of the Pan-Canadian
Framework
The Pan-Canadian Framework was developed
collaboratively amongst Canada’s federal, provincial and
territorial governments, with input from Indigenous
Peoples as well as from businesses, non-governmental
organizations, and Canadians across the country.
Development of the Framework began with the
Vancouver Declaration issued on March 3, 2016, when
Canada’s First Ministers agreed to work together on
a national plan on climate change and clean growth,
building on commitments and actions already taken by
provinces and territories.a To achieve this objective, the
Vancouver Declaration tasked four federal-provincialterritorial working groups to work with Indigenous
Peoples; to consult with the public, businesses and civil
society; and to present options to act on climate change
and enable clean growth.
Following extensive public consultations and analysis
undertaken by the working groups, First Ministers
reconvened in December 2016 and adopted the
Pan-Canadian Framework.b The Pan-Canadian
Framework builds on existing policies and outlines the
additional actions that federal, provincial and territorial
governments will take, both individually and collectively,
to address climate change. It also describes reporting
and oversight provisions to monitor results and ensure
transparency. Indigenous Peoples contributed their
knowledge and priorities throughout the process to
develop the Pan-Canadian Framework through reports,
meetings, regional workshops, and national assemblies.
The Assembly of First Nations (AFN), Inuit Tapiriit
Kanatami (ITK), and the Métis National Council
(MNC), in particular, provided important considerations
and recommendations, either directly to working
groups or to ministers. This engagement culminated in
meetings between the First Ministers and Indigenous
leaders before and during the December 2016 First

Ministers’ Meeting. Moving forward, the Government
of Canada and the AFN, ITK, and the MNC are
advancing meaningful engagement on implementing the
Pan-Canadian Framework and broader clean growth
and climate change priorities through three separate
engagement tables, as agreed to with the Prime Minister
and leaders of the AFN, ITK, and the MNC on
December 9, 2016.
Working with Indigenous Peoples in Canada
Indigenous Peoples are resilient climate leaders in Canada,
despite being among the most vulnerable to climate change. The
Government of Canada is committed to ensuring First Nations,
Inuit, and the Métis Nation are real partners in Canada’s transition
to a low-carbon economy. To help do so, the Government of
Canada is working in partnership with the Assembly of First
Nations, Inuit Tapiriit Kanatami, and the Métis National Council
through three senior-level tables. These innovative tables enable
ongoing partnership with First Nations, Inuit and the Métis Nation
in the implementation of the Pan-Canadian Framework and on
broader clean growth and climate change priorities. Supported by
Government of Canada Budget 2017 funding, all three tables met
for the first time in fall 2017, are planning to meet again in early
2018, and are identifying areas to work together.

As described below, Pan-Canadian Framework
governance and reporting mechanisms are in place to
ensure ongoing collaboration across federal, provincial
and territorial governments, to track progress in
implementing measures, and to identify opportunities
for further action. By regularly revisiting progress, the
effectiveness of actions will be assessed to encourage
continual improvement and to increase ambition over
time, in accordance with the Paris Agreement.

4.1.2 Elements of the Pan-Canadian Framework
The Pan-Canadian Framework consists of four main
pillars:
1. Pricing carbon pollution;
2. Complementary measures to further reduce
emissions across the economy;
3. Measures to adapt to the impacts of climate change
and build resilience; and

a

The Prime Minister of Canada and provincial and territorial Premiers are collectively referred to as First Ministers.

b

Saskatchewan and Manitoba did not adopt the Pan-Canadian Framework at this time.
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4. Actions to accelerate innovation, support clean
technology, and create jobs.
Together, these interrelated pillars form a
comprehensive plan to address climate change and
grow the low-carbon economy.

•• improving the energy efficiency of vehicles, buildings
and industries;
•• putting more zero-emission vehicles on the road;
using cleaner fuels to power the economy; and
•• reducing emissions and increasing carbon
sequestration in the agriculture, forestry and
waste sectors.

Carbon pricing is at the heart of the Pan-Canadian
Framework. While over 80 per cent of Canadians
currently live in a province with economy-wide carbon
pricing in place, work is underway to expand this to
other provinces and territories. In October 2016, the
Government of Canada announced a carbon pricing
benchmark, which outlines a set of principles and
criteria to ensure that carbon pricing applies across
Canada to a broad set of emissions sources with
increasing stringency over time. The benchmark
explains that provinces and territories can implement
the pricing system of their choice (a carbon tax, a carbon
levy and performance-based emission system, or a cap
and trade system).

Under its fourth pillar, the Pan-Canadian Framework
also creates the necessary conditions for innovation,
accelerating investments in research, development and
demonstration (RD&D), and private sector investment
in the clean technology sector. Key actions under
the Pan-Canadian Framework include: supporting
RD&D in emissions reducing technologies; helping
companies commercialize and export their products and
services; enabling access to capital for clean technology
businesses; supporting Indigenous Peoples and northern
and remote communities to adapt clean technology to
their needs; and aligning investments across all levels
of government.

In addition, the Government of Canada is also
developing a federal backstop carbon pricing system,
which will apply in any jurisdiction that requests
it or that does not have a carbon pricing system in
place in 2018 that meets the benchmark. In 2017, the
Government released a technical discussion paper
outlining the proposed design of the federal carbon
pricing backstop system—composed of a levy and
performance-based pricing system. The Government
also released additional guidance on the pan-Canadian
carbon pollution pricing benchmark as a follow up to
the 2016 announcement.

Implementation of the Pan-Canadian Framework is
supported by historic investments of over $46 billion by
the Government of Canada to meet the 2030 emission
reductions target. This funding includes:
•• Funding for the Low Carbon Economy Fund, which
will support new or expanded actions to reduce
emissions by provinces and territories, municipalities,
Indigenous governments and organizations, and both
not-for-profit and for-profit organizations;
•• Investments of $21.9 billion in green infrastructure,
which will support projects such as electricity
transmission and grids, renewable energy, electric

The second pillar of the Pan-Canadian Framework
covers complementary mitigation measures that will
enable Canada to achieve emissions reductions across all
sectors, both in the near-term and as part of a longerterm strategy. The Pan-Canadian Framework approach
focuses on the following key areas:
•• expanding and linking clean electricity systems across
the country;

vehicle charging and natural gas and hydrogen
refuelling stations, new building codes, and other
measures such as increasing the resilience of built and
natural infrastructure;
•• Investments of $20.1 billion in urban public transit
infrastructure; and
•• $2.2 billion in clean technology investments
including nearly $1.4 billion in financing dedicated to
supporting clean technology firms.
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In its first year of implementation, federal, provincial
and territorial governments have already made good
progress in putting the Pan-Canadian Framework into
action. Governance, reporting and oversight structures
have been established to track progress and ensure
success. Funding has been mobilized to support many of
the new actions included in the Framework, including
significant transfers from federal to provincial and
territorial governments. Work is underway to implement
carbon pricing systems across Canada, and governments
have made significant progress on complementary
measures to reduce emissions across the economy.
Action by Provinces and Territories
The Pan-Canadian Framework builds on the
considerable leadership and actions taken individually
and collectively by Canada’s provinces and territories.
Over the past several years, provincial and territorial
governments have continued to take significant action
to address climate change, and several have adopted new
or renewed climate change action plans and strategies
encompassing a variety of actions and commitments:
•• Provincial and territorial Premiers endorsed the
Canadian Energy Strategy in July 2015, setting the
stage for a cooperative approach toward sustainable
energy development. Through the Vancouver
Declaration in March 2016, Canada’s Prime Minister
joined the Premiers in reaffirming the importance
of energy to Canada’s economy and demonstrated
the need for energy policy and climate policy to go
hand-in-hand, supporting Canada’s transition toward
a strong and diversified lower carbon economy.
•• British Columbia (B.C.) released a Climate
Leadership Plan in August 2016, which replaced the
previous 2008 Climate Action Plan. The B.C. Plan
proposed 21 actions across six sectors: natural gas;
transportation; forestry and agriculture; industry and
utilities; communities and built environment; and
public sector leadership. The new B.C. government
appointed in June 2017 is planning additional
measures, including setting a new legislated 2030
reduction target.

•• The Alberta government presented its Climate
Leadership Plan in November 2015. The plan details
a strategy to reduce GHG emissions and transition
towards a lower carbon economy by focusing on
four key areas: introducing a new carbon pricing
system; beginning a phase out of coal-fired electricity
generation and increasing the use of renewable
energy options; legislating a limit of 100 Mt on any
increase of oil sands emissions; and reducing methane
emissions by 45 per cent by 2025.
•• In December 2017, Saskatchewan released its
climate change plan entitled Prairie Resilience: A
Made-in-Saskatchewan Climate Change Strategy. The
strategy outlines the measures that Saskatchewan
will take to reduce GHGs, and highlights adaptation
and resilience as an essential part of action on
climate change.
•• In October 2017, Manitoba released its Made-inManitoba Climate and Green Plan that includes carbon
pricing and specific priorities for addressing climate
change, jobs, nature, and water.
•• In November 2015, the province of Ontario released
its Climate Change Strategy. In addition to adopting a
cap and trade system, Ontario announced its plans to
achieve a capacity of 20,000 megawatts of renewable
energy (about half of Ontario’s current installed
capacity) by 2025. The Strategy provides a high
level outline of the steps Ontario will take to reach
its GHG emissions reduction target of 37 per cent
below 1990 emissions by 2030. Ontario’s Five Year
Climate Change Action Plan, released in June 2016, was
adopted to implement the strategy, and establishes
the framework necessary to meet targets for 2030 and
2050. It will be assessed and renewed every five years.
Key measures from the Action Plan are to promote
low-carbon and zero-emission transportation, reduce
emissions from fossil fuel in buildings, and make
climate change planning mandatory in municipal
plans. The Action Plan also lays the foundation for
the cap and trade system and proposes measures to
support research, innovation, and commercialization
of new low-carbon technologies.
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•• In addition to implementing its 2013–2020 Climate
Change Action Plan, Québec announced its Energy
Policy in April 2016, which includes five separate
targets the province intends to reach by 2030:
Improve energy efficiency by 15 per cent, reduce oil
consumption by 40 per cent, eliminate thermal coal,
increase renewable energy production by 25 per cent,
and increase bioenergy production by 50 per cent.
The province also intends to go from 47 per cent to
60.9 per cent of renewable energy supplies for its total
energy needs. In June 2017, Québec released its first
action plan (2017–2020) to implement this policy.
It contains 42 measures aimed at accelerating the
transition to renewable energies and stimulating the
market for electric vehicles.
•• New Brunswick released its climate change strategy,
Transitioning to a Low-Carbon Economy, in December
2016. The plan notes the intention of the government
to implement a carbon pricing system, to adopt
renewable energies, and to phase out traditional
coal-fired electricity. The plan establishes a dedicated
climate change fund to advance climate change
mitigation and adaptation initiatives using revenues
from carbon pricing. Highlights of the plan include
a commitment to expand energy efficiency and
clean energy programs across all sectors, and to
establish performance targets for energy efficiency
program-delivery services. The province is also
planning for and investing in new technologies that
reduce pollution, such as smart grids and renewable
electricity, and is committing to increase spending
on energy efficiency by 50 per cent in its next capital
budget. In addition, New Brunswick commits to
making its government operations carbon-neutral by
2030. In addition, in December 2017 New Brunswick
tabled a Climate Change Act to provide a legal basis for
elements of its strategy, including to create legislated
GHG emissions reduction targets, provide a legal
requirement for a Climate Change Action Plan and
annual reporting on climate action and commitments,
and other measures.

•• In addition to continued work on its Climate Change
Action Plan, Prince Edward Island released its 2016–17
Energy Strategy in March 2017. The Strategy identifies
actions to undertake in four key sectors: Energy
efficiency and Conservation, Power Generation
and Management, Biomass and Heating and
Transportation. The province intends to take action
to develop incentives for buying electric vehicles and
will work with regional partners to expand renewable
energy exports.
In addition to adopting new and renewed climate change
plans, other subnational governments across Canada
continue to implement plans already in place, or are
developing new or renewed plans:
•• Québec continues implementation of the 2013–2020
Climate Change Action Plan adopted in 2012, and
announced in 2015 a new GHG reduction target of
37.5 per cent below 1990 emissions by 2030.
•• Yukon is also moving forward with implementation
of the Climate Change Action Plan adopted in 2009
which sets reduction targets in four economic sectors
(electricity, transportation, industrial operations
and buildings).
•• Nova Scotia, Prince Edward Island, Newfoundland
and Labrador and the Northwest Territories are at
different stages in developing new or renewed climate
change action plans.

4.1.3 Institutional Arrangements
The Pan-Canadian Framework on Clean Growth
and Climate Change and its supporting governance
architecture is now the overarching framework for the
coordination and implementation of climate change
policy across Canada.
Environment and Climate Change Canada leads
the coordination of Pan-Canadian Framework
implementation at the federal level, in close
collaboration with several other implicated federal
government departments. For example, Natural
Resources Canada, Transport Canada, Innovation
Science and Economic Development Canada, and
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Infrastructure Canada are actively involved in the
development and implementation of Canada’s climate
change policies and measures under the Pan-Canadian
Framework. Federal government officials meet regularly
through the Pan-Canadian Framework Deputy
Minister Oversight Committee to track progress
under the Framework, and work closely to implement
specific measures. Federal officials regularly brief the
Prime Minister on progress under the Pan-Canadian
Framework through the Prime Minister’s Results Table
on Clean Growth and Climate Change.
In addition to coordination at the federal level,
implementation of the Pan-Canadian Framework
requires close interjurisdictional coordination across
federal, provincial, and territorial governments. As
described in Chapter 2: National Circumstances, the
environment is an area of concurrent jurisdiction
in Canada, and aside from a few exceptions, natural
resources, including energy, are under provincial
jurisdiction. Longstanding mechanisms to support
interjurisdictional coordination on environment policies
play a key role in the Pan-Canadian Framework.
As the leaders of their respective jurisdictions, Canada’s
First Ministers provide the most senior level forum
to discuss climate change and clean growth policies
across Canada.
First Ministers Meetings (FMM), gathering together
the Canadian Prime Minister and all provincial and
territorial Premiers, are now held regularly to discuss
policy issues of importance. In 2016, for the first time,
two First Ministers Meetings were held to discuss
climate change action exclusively. These discussions led
to the Vancouver Declaration on Clean Growth and
Climate Change in March 2016 and the adoption of the
Pan-Canadian Framework in December 2016.

c

Beyond First Ministers, federal/provincial/territorial
meetings happen throughout the year at all levels,
from the working level through to Ministers. Federal,
provincial and territorial Ministers with common
interests or portfolios are often organized into
councils such as the Canadian Council of Ministers of
Environment. The Pan-Canadian Framework implicates
many portfolios and ministerial mandates. Nine councils
and ministerial tables are mandated with overseeing the
implementation of the Framework.c
The Canadian Council of Ministers of the Environment
plays a central role in overseeing the overall
implementation of the Pan-Canadian Framework, with
responsibility for three of its four pillars (mitigation,
adaptation and resilience and carbon pricing (with
Finance Ministers)).
In addition to longstanding mechanisms like First
Ministers Meetings and the Canadian Council of
Ministers of the Environment, specific institutional
arrangements have also been established to support the
implementation of Pan-Canadian Framework actions,
to engage in necessary technical work, and to prepare
annual Pan-Canadian Framework progress reports to
First Ministers.
An intergovernmental process has been established
to prepare annual reports. Federal, provincial,
and territorial Ministerial councils and tables are
providing First Ministers with Progress Reports on
implementation of the Pan-Canadian Framework for
actions under their responsibility. A Synthesis Report
on Pan-Canadian Framework implementation is also
prepared by an intergovernmental committee and
provided annually to First Ministers—the First Synthesis
Report was released on December 9, 2017.

The councils and ministerial tables overseeing implementation of the Framework are the following: Canadian Council of Ministers of
Environment; Canadian Council of Forest Ministers; Energy and Mines Ministers’ Conference; Ministers of Finance; Council of Ministers
Responsible for Transportation and Highway Safety; Ministers of Innovation and Economic Development; Ministers of Infrastructure; Ministers
of Agriculture; and Ministers responsible for Emergency Management.
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In addition, government officials from across Canada
contribute to Pan-Canadian Framework implementation
through coordinating committees, and technical
working groups have been established to engage in
collaborative technical work to facilitate Pan-Canadian
Framework implementation, including on issues such
as GHG measurement, inventories and reporting, and
carbon offsets and credits.
The arrangements described above represent the
current governance and reporting architecture for the
Pan-Canadian Framework. These arrangements may
be adapted in future years as implementation of the PanCanadian Framework continues.

4.1.4 Legislative instruments

enable the implementation of a federal ‘backstop’ carbon
pricing system.
In accordance with their unique jurisdictional
responsibilities, provinces and territories have adopted
legal instruments providing them with authorities
necessary to address environmental, climate change,
and energy policy. Such examples include Ontario’s
Environmental Protection Act or the Environment Quality
Act in Québec.

4.2 Monitoring and Evaluation of
Progress Towards Canada’s Economywide Emission Reduction Target
While the Pan-Canadian Framework focuses on
Canada’s 2030 target of reducing GHG emissions by
30 per cent below 2005 levels, it also includes measures
that will reduce emissions in the near term and will
bring Canada closer to achieving its Copenhagen target
of reducing GHG emissions by 17 per cent below 2005
levels by 2020.e

Federal action on climate change is enabled by several
key legal instruments.d The Canadian Environmental
Protection Act, 1999 (CEPA) is the primary legal
instrument allowing the Government of Canada to take
action to protect the environment and human health in
order to contribute to sustainable development. The Act
includes authorities to regulate various aspects related
to releases of GHGs, including setting the quantity or
concentration of a GHG that may be released from
various types of facilities, or from vehicles, engines,
and equipment.

For example, the pan-Canadian carbon price will drive
emissions reductions in the pre-2020 period. In addition,
several new regulations will soon be finalized, and
incoming provincial and territorial policies, plans and
measures will decrease Canada’s GHG emissions further.

Since submission of the 6th National Communication,
several regulations under the authorities of CEPA
have been or are in the process of being developed or
amended in order to implement actions announced
under the Pan-Canadian Framework. Such regulations
include Regulations for Coal-Fired Generation of
Electricity, Light and Heavy Duty Vehicles Regulations,
Clean Fuel Standard Regulations, Methane Regulations
and Regulations for phasing out hydrofluorocarbons
(HFCs). New legislation is also being prepared to

The Pan-Canadian Framework commits to ongoing
monitoring and reporting on results in order to ensure
that policies are effective, to take stock of progress
achieved, and to inform Canada’s future national actions
in accordance with the Paris Agreement. This includes
annual reporting to the Prime Minister of Canada and
provincial and territorial Premiers; external assessment
and advice by experts; meaningful engagement with
Indigenous Peoples, including through distinction-based
tables; and reviews of carbon pricing approaches in 2020

d

e

Canada’s 6th National Communication contains a comprehensive list of the current legal instruments governing environmental issues in
different economic sectors, which provide authorities for the federal government to act to reduce GHG emissions. Canada’s 6th National
Communication can be accessed at the UNFCCC website: https://ec.gc.ca/cc/16153A64-BDA4-4DBB-A514-B159C5149B55/6458_
EC_ID1180-MainBook_high_min%20FINAL-s.pdf.
For tabular information on Canada’s emission reduction target, please see Section III of the 3rd Biennial Report.
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and 2022, including expert assessment of stringency
and effectiveness that compares carbon pricing systems
across Canada. In addition, the Government of
Canada will continue to regularly evaluate regulatory
approaches, and track and report on progress.
Annual reports provide an update on Pan-Canadian
Framework actions, and allow First Ministers to
take necessary decisions and task further work, as
appropriate, under the Pan-Canadian Framework. The
first of these reports was submitted to First Ministers in
December 2017.
Beyond arrangements to oversee the implementation of
the Pan-Canadian Framework, progress toward meeting
Canada’s 2030 GHG reduction target is also monitored
through a number of public and corporate reporting
tools for government policies and programs.
The 2016–19 Federal Sustainable Development Strategy
(FSDS) was tabled in Parliament in October 2016. The
FSDS is the federal government’s primary vehicle for
sustainable development planning and reporting and
demonstrates federal leadership on climate change. The
FSDS is now updated periodically within each threeyear cycle and tracks Canada’s progress towards its
GHG reduction target through achievement of shortterm milestones.
Canada’s National Inventory Report, which is submitted
annually to the United Nations Framework Convention
on Climate Change, provides information on total
historical GHG emissions levels and helps track
progress on Canada’s target from one year to another.
Whether through the Biennial Report or through
ECCC’s Canada’s Reference Case report,3 Canada publishes
annual detailed GHG emissions projections towards
2030, including future impacts of policies and measures
taken by provinces and territories and projections by
sector. (See Chapter 5: Projections and the Total Effects
of Policies and Measures for further information on

Canada’s economy-wide GHG projections and an
estimate of the total effect of policies and measures.)
Several mechanisms also exist within the federal
government for accountability, including the following:
•• The Commissioner of the Environment and
Sustainable Development reports to the Auditor
General and provides objective, independent analysis
and recommendations on the federal government’s
efforts to protect the environment and foster
sustainable development. The Commissioner
conducts performance audits, and is responsible for
assessing whether federal government departments
are meeting their sustainable development objectives,
including on climate change. Reports and audits
are tabled in Parliament and provide observations
and recommendations for initiatives that require
improvement. In addition to arrangements at the
federal level, provinces and territories also have their
own respective arrangements to audit the effectiveness
of environmental policies and programs.
•• The Results and Delivery Charters for Effective
Action on Clean Grown and Climate Change,
Investing in Canada, and Innovation are reporting
tools developed in collaboration with key federal
departments that are used for measuring progress
against Pan-Canadian Framework outcomes. It
will include regular public reporting on progress
against key metrics and indicators. Departmental
Results Frameworks are another mechanism of the
federal government to measure the achievements of
departments’ results against core responsibilities such
as taking action on clean growth and climate change.

4.2.1 Accounting toward Canada’s economywide emission reduction target

Land-use, land-use change and forestry accounting
A unique challenge in both projecting and accounting
for emissions and removals in Canada’s managed forest
is the fact that natural disturbances result in significant
variations in annual forest emission and removal
estimates. As well, natural disturbances generally
cannot be predicted. Canada’s recent Nationally
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Determined Contribution, released in May 2017, notes
that Canada is examining its approach to accounting
in the LULUCF sector towards its 2030 emissions
reduction target. It also indicates that Canada will
exclude the impacts of natural disturbances and use the
IPCC production approach to account for harvested
wood products. This approach applies to Canada’s 2020
emission reduction target as well.
The historical estimates for LULUCF from 1990–2015
found in Canada’s 2017 National Inventory Report
exclude for the first time the impacts of natural forest
disturbances that occurred in the historical period. Work
continues to refine LULUCF estimates that focus on
anthropogenic emissions and removals as a basis for
improved reporting and accounting for LULUCF. As
this work is still underway, only historical inventory
estimates are provided here.
Contribution of internationally-transferred
mitigation outcomes
The federal government, in cooperation with provincial
and territorial governments and relevant partners, will
continue to explore which types of tools related to the
acquisition of internationally transferred mitigation
outcomes may be beneficial to Canada and will advance
a robust approach to the implementation of Article 6
of the Paris Agreement. A first priority is ensuring any
cross-border transfer of mitigation outcomes is based on
rigorous accounting rules, informed by experts, which
result in real reductions. This clarity is particularly
important as Ontario and Quebec’s carbon markets are 	
linked with California.
The federal government will work with Ontario,
Québec, and other interested provinces and territories,
as well as with international partners, to ensure
that allowances acquired through internationalemissions trading are counted towards Canada’s
international target.

f

4.3 Policies and Measures to Reduce
Greenhouse Gas Emissions
This section provides a narrative overview of Canada’s
key policies and measures by economic sector, with
an emphasis on those measures that have recently
been adopted.f Comprehensive tabular information on
key policies and measures in place at the federal and
provincial/territorial levels, as required by the National
Communication guidelines, is provided in the Annex to
this chapter, which contains National Communication
Table 1: Summary of Policies and Measures by Sector
(Biennial Report Table 3). Within this section, the
description of policies are organized by economic
sector beginning with key federal policies and measures,
followed by provincial measures from west to east,
and territorial measures. Cross-cutting measures are
provided first, followed by economic sectors.
Priority has been given to those policies and measures
that have the most significant impact on sectoral GHG
emissions. To provide additional context, information is
also included on key supporting and enabling measures,
such as clean technology policies, investment programs,
as well as efforts to green government operations.
Where mitigation estimates were not provided, Canada
has indicated the reason why they were not included (see
notation legend within the Annex of Chapter 4: Policies
and Measures). For example, mitigation estimates
were not provided for measures that are still under
development, and/or for those measures where it
is difficult to estimate the direct mitigation impact,
such as for supporting measures. The methodology
for estimating expected emissions reductions from
individual measures may vary by implementing entity
and have been included on an as-provided basis. An
estimate of the total mitigation impact of policies and
measures—including interactive effects—is provided in
Chapter 5: Projections and the Total Impacts of Policies
and Measures.

For additional information on the IPCC and economic sector definitions, as well as a detailed cross-walk between IPCC and the economic
sector categories, please see Chapter 3: Canada’s Greenhouse Gas Inventory.
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4.3.1. Cross-cutting policies and measures
Federal, provincial and territorial governments are
moving forward with implementation of significant
cross-cutting GHG mitigation measures that will
reduce emissions across the economy. These measures
include, for example, pricing carbon pollution and
establishing a clean fuel standard, which will apply
to a broad set of economic sectors, as well as funding
to improve infrastructure, and clean technology and
innovation measures.

4.3.1.1 Carbon Pricing

Federal Carbon Pricing Approach and Backstop
System
As described previously, in October 2016, the federal
government published a benchmark requiring that
carbon pricing applies to a broad set of emission sources
throughout Canada, with increasing stringency over
time. A federal carbon pricing backstop system will be
applied in jurisdictions that request it or that do not
have a carbon pricing system in place in 2018 that meets
the pan-Canadian carbon pricing benchmark. The
federal system would take effect January 1, 2019.
Under this system, provinces and territories will have
the flexibility to implement either an explicit pricebased system (a carbon tax such as the one in British
Columbia, or a hybrid approach composed of a carbon
levy and an output-based pricing system, such as in
Alberta) or a cap and trade system (such as those in
Québec and Ontario).
In addition to the parameters above, the benchmark also
stipulates the following:
•• Pricing will be based on GHG emissions and applied
to a common and broad set of emissions sources to
ensure effectiveness and minimize interprovincial
competitiveness impacts.
•• Stringency of pricing systems will increase over
time to contribute to the national target and provide
market certainty.
–– For jurisdictions with an explicit price-based system,
the carbon price should start at a minimum of $10

per tonne in 2018, and rise by $10 per year to $50
per tonne in 2022.
–– Jurisdictions with cap and trade systems need:
(i) a 2030 emissions reduction target equal to or
greater than Canada’s 30 per cent reduction target;
(ii) declining (more stringent) annual caps to at
least 2022 that correspond, at a minimum, to the
projected emissions reductions resulting from the
carbon price that year in price-based systems.
•• Revenues from pricing systems are to remain in the
jurisdiction of origin and used according to their
needs including, for example, to address impacts on
vulnerable populations and sectors and to support
climate change and clean growth goals.
•• The overall approach to carbon pricing will be
reviewed by early 2022 to confirm the path forward,
including continued increases in stringency.
•• Jurisdictions are to provide regular, transparent and
verifiable reports on the outcomes and impacts of
carbon pricing policies.
•• The Government of Canada will work with Canadian
territories to address their specific challenges.
Provincial Carbon Pricing Systems
Many provinces are leading the way on carbon pricing
and already have systems in place:
•• British Columbia’s carbon tax, in place since 2008
and currently set at $30/tonne CO2e, will increase
by $5 per tonne per year starting April 1, 2018. The
province will take measures to expand carbon pricing
to include fugitive emissions and emissions from slashpile burning.
•• Alberta extended the reach of its carbon pricing
system to increase coverage across the economy.
Starting on January 1, 2017 a carbon levy applies to
all fuels that emit GHG emissions when combusted.
The levy rate is currently $20/tonne CO2e and will
increase to $30/tonne in 2018. Alberta’s current
Specified Gas Emitters Regulation will be also replaced in
2018 by a Carbon Competitiveness System, which will
use an output-based emission allocations approach for
emissions-intensive, trade-exposed industries.
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•• Québec introduced a cap and trade system in 2013.
This system has been linked with California’s system
since 2014. By the end of 2017, Québec and California
will have held a total of thirteen joint auctions of
GHG emission allowances. Proceeds from the cap
and trade auctions are directed to a Green Fund and
reinvested in actions to reduce emissions and adapt to
climate change impacts.
•• Ontario launched its cap and trade program in January
2017 and held its first auction of emission allowances
in March 2017. Ontario’s cap and trade regulations
cover about 82 per cent of emissions (including
industry, electricity and fuels, excluding marine
and aviation). On September 22, 2017, Ontario,
Québec, and California signed an agreement linking
the carbon markets of the three jurisdictions. This
agreement integrates and harmonizes emissions cap
programs, allowing entities to meet their emissions
compliance obligations in a more flexible and costeffective manner while maintaining the environmental
integrity of each jurisdiction’s progress. Proceeds from
Ontario’s carbon market are invested into climate
actions that help people and businesses reduce GHG
emissions and use cleaner technology to power their
homes and workplaces.
Work is underway to expand carbon pricing to other
provinces and territories:
•• Saskatchewan’s climate change plan, entitled Prairie
Resilience: A Made-In-Saskatchewan Climate Change
Strategy, does not outline a specific approach to
pricing carbon. However, the provincial plan indicates
the province will implement sector-specific outputbased performance standards on large industrial
facilities emitting more than 25,000 tonnes of
CO2 eq per year. Flexible compliance options
including emissions intensity reduction investments,
purchasing offsets, and ‘best performance credits’
from facilities that have exceeded their required
emissions reductions.
•• In 2017, Nova Scotia conducted stakeholder
consultations on cap and trade design options. Nova

Scotia plans to develop cap and trade program
regulations in 2018.
•• Manitoba released a Made-in Manitoba Climate and
Green Plan that includes carbon pricing.
•• New Brunswick released an update on its climate
change actions and tabled a proposed Climate Change
Act in December 2017, which outlined a proposed
approach to carbon pricing.
•• Prince Edward Island is preparing to launch a carbon
pricing mechanism in 2018.
•• Newfoundland and Labrador has passed legislation
for a performance-based system for large
onshore industrial emitters and has put in place
reporting requirements.
•• Yukon is studying the impacts of carbon pricing on its
residents, businesses and industry.
•• The Northwest Territories (NWT) is examining
an approach to implementing carbon pricing in
the NWT in a manner that reflects the unique
circumstances in the NWT.
•• Nunavut is studying the impacts of carbon pricing
on Nunavummiut.

4.3.1.2 Cross-Cutting Regulations

Federal Clean Fuel Standard
In November 2016 the Government of Canada
announced that it would consult with provinces and
territories, Indigenous Peoples, industries, and nongovernmental organizations to develop a Clean Fuel
Standard to reduce Canada’s GHGs through the
increased use of lower carbon fuels and alternative
technologies. The objective of the Clean Fuel Standard
is to achieve 30 megatonnes of annual reductions in
GHG emissions by 2030.
Following this announcement, in February 2017 Canada
published a discussion paper to inform development of a
Clean Fuel Standard to reduce lifecycle emissions from
fuels used in transportation, buildings and industry. A
draft regulatory framework was published in December
2017 to inform further consultations ahead of formal
publication of proposed regulations in mid-2018. The
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final regulations will be published in 2019. The coming
into force date is still under consideration.
Federal Regulations for the Phase-Down
of Hydrofluorocarbons
Canada has long been a proponent of a global phasedown of HFCs, and was a key player in negotiations
on the Kigali Amendment to the Montréal Protocol
on Substances that Deplete the Ozone Layer, which
Canada ratified in November 2017. On October 18,
2017, Canada published regulations to phase down
HFCs in accordance with the Kigali Amendment. The
regulations will also avoid future emissions of HFCs,
thereby minimizing their impact on climate change
and contributing to Canada’s commitment under the
Paris Agreement.

4.3.1.3 Key Investments

Low Carbon Economy Fund
Launched in June 2017, the Government of Canada’s
Low Carbon Economy Fund (LCEF) is an important
part of the Pan-Canadian Framework. Disbursed
over five years, the Low Carbon Economy Fund will
primarily target energy efficiency measures in residential
and commercial buildings, energy efficiency, fuel
switching or process changes in the industrial sector,
and carbon sequestration and emission reductions in the
forestry and agriculture sectors.
Funding has been divided into two envelopes:
•• The Low Carbon Economy Leadership Fund will
provide $1.4 billion to provinces and territories
that have adopted the Framework. The federal
government is working with provinces and territories
to support priority actions and will put in place
funding agreements with eligible jurisdictions so they
can undertake action starting in early 2018.
•• The remainder of the funding will be available
for the Low Carbon Economy Challenge and for
implementing the Pan-Canadian Framework.
Funded projects under the Challenge will leverage
ingenuity across the country to reduce GHGs and

generate clean grown in support of the Pan-Canadian
Framework. Projects submitted by provinces and
territories, municipalities, Indigenous governments
and organizations, and both not-for-profit and forprofit organizations will be considered, with a focus
on those projects that best reduce GHG emissions and
generate clean growth.
Federal Green Infrastructure funding
The Government of Canada committed to provide
$21.9 billion in Green Infrastructure funding, which
will be a major source of funding for mitigation and
adaptation infrastructure.
Disbursed over 11 years, funding will be directed
to mitigation initiatives such as upgrading existing
infrastructure, including electricity grids, renewables,
reducing reliance on diesel in remote and northern
communities, public transit, electric and alternative
vehicle infrastructure, energy efficient buildings and
landfill/solid waste diversion. Adaptation activities could
include afforestation, constructed/managed wetlands,
dams, dikes, and rain gardens. Discussions are underway
with provincial and territorial governments to identify
specific projects to be funded.
At least $4.6 billion will be invested in projects that will
increase generation of clean energy, increase capacity
to manage more renewable energy, improve the energy
efficiency of eligible public buildings, and increase access
to clean energy transportation.
A new infrastructure Bank will invest $5 billion in green
infrastructure projects that have revenue-generating
potential and are in the public interest. These could
include for example, investments towards green energy
transmission or in infrastructure supporting trade
and transportation.
In addition to specific investments in green
infrastructure, Canada is also investing $20.1 billion
over 11 years in urban public transit infrastructure
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through the Public Transit Infrastructure Fund. These
investments will help reduce GHG emissions and
improve air quality.

4.3.1.4 Clean Technology and Innovation
As the fourth pillar of the Pan-Canadian Framework,
Canada is working to create the conditions to be a
leader in the global clean economy. This includes
work to build early-stage innovation to create a strong
pipeline of ideas in Canada’s clean technology ecosystem
while positioning Canada’s energy, mining, forest
and agriculture sectors as leaders in the new resource
economy. Several provinces are partnering with the
federal government to help clean technology producers
access the funding support and capital they need to
develop, demonstrate, and show the commercial viability
of their new clean technology products. Programs
are also being implemented to foster technology
adoption through government procurement in order
to lay the foundation for a strong domestic clean
technology market.
Governments are also working together on a clean
technology data strategy, and an international business
development strategy for clean technology has been
developed to encourage exports and access to global
markets. Finally, through the newly established federal
Clean Growth Hub, client services will be streamlined
for clean technology producers, improving federal
program coordination, enabling tracking and reporting
on clean technology, and connecting stakeholders to
international markets.
Building Early-Stage Innovation
Impact Canada
The Government of Canada allocated $75 million in
Budget 2017 to create the clean technology stream of
Impact Canada, a new initiative that will help focus
and accelerate efforts toward solving Canada’s big
challenges, such as helping Canada’s northern and
remote communities reduce their reliance on diesel as a
power source. The Impact Canada initiative and initial
clean technology challenges are expected to be launched

in winter 2018 with additional challenges to follow later
in the year.
Clean Growth in Natural Resources Sectors
Innovation Program
The Clean Growth in Natural Resource Sectors
Innovation Program is a new approach to advancing
clean technologies across Canada’s energy, mining,
and forestry sectors. Leveraging novel cross-sectoral
and outcome-oriented mechanisms, the $155 million
program will support clean technology RD&D,
including up to first commercial installation. This
program aims to strengthen federal, provincial and
territorial coordination and leveraging of clean
technology investments to more effectively help Canada
to meet its climate change goals and create economic
opportunities, including in international markets. As
a result, only projects with provincial and territorial
support are eligible for funding.
Energy Innovation Program
The Energy Innovation Program will directly enable
implementation of the Pan-Canadian Framework.
In the near-term, this program will focus funding on
RD&D of clean energy technologies with the potential
for replication and adoption prior to 2030. Energy
Innovation priorities are: renewable energy, smart grid
and storage systems; reducing diesel use by industrial
operators in northern and remote communities;
methane and volatile organic compound (VOC)
emission reduction; reducing GHGs in the building
sector; carbon capture, use and storage; and improving
industrial efficiency.
Accelerating commercialization and growth
Clean Technology Financing
The Government of Canada announced nearly
$1.4 billion in new financing, on a cash basis, to be
mobilized through the Business Development Bank
of Canada and Export Development Canada to help
Canada’s clean technology producers grow and expand.
Of the $1.4 billion in new financing, $950 million is
in growth capital and approximately $450 million is in
additional project finance.
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The Government of Canada also made available
$400 million to Sustainable Development Technology
Canada to support projects across Canada to develop
and demonstrate new clean technologies that promote
sustainable development.
Provinces and Territories are working with the federal
government to leverage and maximize the impact of
this new funding. For example, the Government of
British Columbia and the Government of Canada
have established a $40 million partnership between
the Innovative Clean Energy Fund and SDTC to
support the development of clean energy projects and
technologies at the pre-commercialization stage.
Broader innovation support
The Government of Canada announced a suite of
innovation initiatives in Budget 2017 to support
Canada’s innovators. The Innovation Superclusters
Initiative, the Strategic Innovation Fund and the
Venture Capital Catalyst Initiative will support the
growth of innovators in all sectors of the economy,
including clean technology. These innovation programs
are at various stages of implementation and will continue
to be developed and rolled-out in 2018.
Fostering adoption
Innovative Solutions Canada
Budget 2017 established Innovative Solutions Canada,
a new innovation procurement program. This new
initiative will enhance early stage R&D and later stage
prototypes through the development and validation of
novel products and services from Canadian innovators
and entrepreneurs. The R&D performed by Canadian
small businesses may also include clean technology
development should departments issue challenges in that
area. In return, the Government will have access to the
latest, most innovative products and services, and the
program will be designed to be scalable, so that other
Canadian jurisdictions can take part in the future. To
encourage inclusive growth, particular effort will also
be made to encourage procurement from companies
led by women and other underrepresented groups. The

program was launched in the fall of 2017, and the first
round of challenges is planned to begin in early 2018.
Strengthening collaboration and metrics for success
Clean Growth Hub
Budget 2017 provided $12 million for Innovation,
Science and Economic Development Canada and
Natural Resources Canada to establish a Clean Growth
Hub to help clean technology proponents navigate
federal clean technology programs. The Hub will form a
central office with participants from many departments
and agencies in order to deliver a public-facing,
no-wrong-door approach to streamline client services,
improve federal program coordination, enable tracking
and reporting on clean technology results across
government, and connect stakeholders to international
markets. The Clean Growth Hub is being established
within Innovation Canada, a coordinating body
established to streamline innovative activities across
economic sectors.
Clean Technology Data Strategy
Under the Pan-Canadian Framework, federal,
provincial, and territorial governments committed to
work together to enhance policy and program alignment
across jurisdictions and institutions and to establish
a clean technology data strategy. The Government
of Canada committed $14.5 million to develop this
strategy to ensure the alignment and integration of data
collection and reporting activities to foster consistent,
complementary and comparable information on the
Canadian clean technology economy.

4.3.1.5 Government Leadership
Federal, provincial, and territorial governments
committed to set ambitious targets for emissions
reductions from government operations, cut emissions
from government buildings and fleets, and scale up clean
procurement. The federal government has committed to
reducing its GHG emissions by 40 per cent by 2030, or
earlier. Public reporting in July 2017 showed that federal
GHG emissions decreased by 19 per cent between
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2005–06 and 2014–15. The federal government has also
set a goal of using 100 per cent clean power by 2025.
The federal government provides technical support
services to federal organizations seeking GHG
reductions from their internal building and fleet
operations. Support helps federal organizations
implement accountability structures, build capacity
to integrate energy management into day-to-day
operations, develop action plans, establish retrofit
financing through energy performance contracting, and
sustain long-term progress through continuous learning,
monitoring and tracking.

4.3.2 Electricity Sector
With about 80 per cent of electricity coming from nonemitting sources, Canada already has one of the cleanest
electricity systems in the world. Canada will continue
to reduce GHGs from electricity generation, and under
the Pan-Canadian Framework, federal, provincial, and
territorial governments agreed to the following actions:
increasing the amount of electricity generated from
renewable and lower-emitting sources; connecting
clean power with places that need it; modernizing
electricity systems; and reducing reliance on diesel
working with Indigenous Peoples and northern and
remote communities.

4.3.2.1 Increasing electricity generated by
renewable and lower-emitting sources
The federal, provincial and territorial governments
are taking concrete steps to reduce emissions from
electricity generation. GHG emissions are being
reduced by phasing out coal-fired electricity generation,
while new hydro, wind, solar and other renewable
capacity is being added to the electricity system.
Reducing CO2 emissions from coal-fired generation
of electricity
With the adoption of the Pan-Canadian Framework,
Canada is moving forward to accelerate the phase-out of
traditional coal units across the country by 2030.

In early 2018, the Government of Canada will publish
draft amendments for coal-fired electricity generation
for public comment. The amended regulation will
accelerate the phase out of traditional coal electricity
by 2030. The amendments will apply to the Regulations
to reduce carbon dioxide emissions from coal-fired electricity,
which took effect in 2015 and required the phase-out
of existing coal-fired units without carbon capture and
storage once units reach a defined period of operating
life. Final amendments are targeted for publication by
December 2018.
Building on this domestic action, on November 16,
2017, the governments of Canada and the UK launched
Powering Past Coal at the International Climate Change
Conference, a global alliance which aims to encourage
the phase-out of unabated coal-fired electricity.
Provinces are also taking action on coal-fired electricity.
On April 15, 2014, Ontario became the first jurisdiction
in North America to fully eliminate coal as a source
of electricity generation. This action was the single
largest GHG-reduction initiative in North America,
eliminating more than 30 Mt of annual GHG emissions
and equivalent to taking seven million vehicles off
the road. On November 23, 2015, Ontario passed the
Ending Coal for Cleaner Air Act, permanently banning
coal-fired electricity generation in the province.
Under its Climate Leadership Plan released in 2015,
Alberta announced it would phase-out emissions from
traditional coal-fired electricity by 2030, achieving
expected cumulative emission reductions of 67 Mt.
In addition, Nova Scotia has created a regulatory
framework to transition from coal to clean electricity
generation, and New Brunswick and Saskatchewan
will work to eliminate conventional coal-fired
electricity generation aligned with federal regulations.
Saskatchewan also developed the first commercialscale carbon capture and storage technology, which can
capture 90 per cent of emissions from the Boundary
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Dam coal-fired electricity generation power plant. The
project has been in operation since 2014.
Federal Limits on Natural Gas-Fired Electricity
Emissions
In addition to action to reduce emissions from coalfired electricity, by 2020 the Government of Canada
will implement new performance standards that will
impose emissions limits on natural gas-fired electricity
generation. Draft federal regulations for natural gasfired electricity are targeted for publication in early 2018
for public comment, with final regulations targeted for
publication by winter 2018/2019.
Emerging Renewable Power Program
Budget 2017 announced investment of up to
$200 million to expand the portfolio of commerciallyviable renewable energy sources available to provinces.
The funding will support renewable power technologies
that have been deployed commercially abroad (e.g.
offshore wind, geothermal), and have been demonstrated
but not deployed at the utility scale in Canada (e.g.
tidal). This program can expand the portfolio of
commercially-viable, investment-ready, renewable
electricity technologies available in Canada, support
development of Canadian supply chains, and reduce
GHG emissions. The program is scheduled to launch in
winter 2018.
Smart Grid Program
This demonstration and deployment program is focused
on better utilizing the existing capacity of electricity
assets, increasing penetration of renewable energy, and
increasing the reliability, resiliency and flexibility of the
power system while maintaining cyber security. Budget
2017 announced funding of $100 million over 4 years,
and the program is scheduled to launch in winter 2017.
Muskrat Falls Hydroelectric Project
Newfoundland and Labrador continues work towards
completion of the Muskrat Falls hydroelectric project.
When completed, it is expected that 98 per cent of
Newfoundland and Labrador’s electricity will come
from renewable sources, with surpluses exported to

the province of Nova Scotia and other jurisdictions.
Muskrat Falls will enable Newfoundland and Labrador
to displace an estimated 1.2 Mt of GHG emissions
annually from its oil-fired thermal generating station
in Holyrood which accounts for over 10 per cent of the
province’s current GHG emissions.
Provincial Renewable Electricity Targets
Several provinces have also introduced renewable
electricity targets for their electricity supply:
•• In 2010, British Columbia introduced the Clean
Energy Act, which includes the requirement that at
least 93 per cent of the electricity in the province
come from clean or renewable sources.
•• Under its Climate Leadership Plan, Alberta has
committed to achieve 30 per cent renewable electricity
by 2030, including Micro-Generation Regulations
amendments to provide more flexible rules for
Albertans generating their own electricity. In 2017,
Alberta also proclaimed the Renewable Electricity Act
and launched the Renewable Electricity Program
to increase the share of renewable electricity in its
electricity grid.
•• In 2015, SaskPower, a crown corporation that is
Saskatchewan’s main energy supplier, committed to an
objective of 50 per cent electricity generation capacity
from renewable sources by 2030. Achieving this
objective will involve deployment of wind, solar and
biomass energy that will reduce Saskatchewan’s GHG
emissions by about 40 per cent below 2005 levels
in Saskatchewan.
•• New Brunswick continues to work towards achieving
its goal of 40 per cent of electricity supply from
renewable sources and 75 per cent non-emitting
electricity supply by 2020.
•• Nova Scotia is on track to achieve its target of
ensuring 40 per cent of electricity is from renewable
sources in 2020.

4.3.2.2 Connecting clean power with places that
need it
Federal, provincial and territorial governments
committed to work together to help build new and
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enhanced transmission lines between and within
provinces and territories. This will improve transmission
of clean and renewable electricity to provinces and
territories that need it and reduce their reliance on
fossil fuels. Provincial and territorial actions are being
supported by federal investments.
Provincial and territorial actions in support of this
objective include:
•• Completion by Prince Edward Island (PEI) of a cable
interconnection upgrade within the Northumberland
Strait, between the provinces of Prince Edward Island
and New Brunswick. Two 180 MW cables will help
meet the growing demand for electricity on PEI,
deliver reliable, long-term energy to the island, and
help balance the intermittent nature of the province’s
growing wind energy supply. The project was
completed in 2017 and cables are in operation.
•• In December 2016, Ontario’s Independent Electricity
System Operator and Québec’s Hydro-Québec
Energy Marketing signed a multi-year electricity
trade agreement for energy, capacity and storage. This
agreement will reduce GHG emissions and ensure
system reliability and affordability.
•• Manitoba Hydro (MH) and Saskatchewan Power
Corporation (SPC) signed a Memorandum of
Understanding in September 2016 to identify
opportunities to increase transmission capacity
between the provinces by up to 1,000 MW and to
collaborate on generation projects and additional
exports and services. MH and SPC have also executed
two power purchase agreements in recent years,
including a 20-year, 100-MW power sale agreement
commencing in June 2020. This sale requires
the construction of a new 230 kV transmission
interconnection from Manitoba to Saskatchewan
and requires 18 per cent of the dependable
energy from the 695 MW Keeyask hydroelectric
generating station.

4.3.2.3 Modernizing electricity systems
Federal, provincial and territorial governments are
also collaborating to support the demonstration and

deployment of smart-grid technologies that help electric
systems make better use of renewable energy, facilitate
the integration of energy storage for renewables, and
help expand renewable power capacity. The following
examples illustrate measures that are being taken to fulfil
this commitment:
•• The Government of Canada allocated $100 million
to fund next-generation smart grid, storage and clean
electricity technology demonstration and deployment
projects. The program was launched in fall 2017.
•• The Government of Ontario has allocated $4 million
through its Green Investment Fund to support
micro-grid demonstration projects, and has identified
projects to support.
•• Prince Edward Island is conducting a study on its
electricity grid that aims to maximize the benefits
from renewable sources of electricity and the future
electrification of the transportation system.

4.3.2.4 Reducing reliance on fossil fuels in
Indigenous, northern and remote communities
Under the Pan-Canadian Framework, federal, provincial
and territorial governments committed to accelerate
and intensify efforts to improve efficiency of diesel
generating units, connect communities to the electricity
grids, and demonstrate and install new hybrid or
renewable energy systems.
This commitment is implemented through programs
such as the Clean Energy for Rural and Remote
Communities program and the Northern REACHE
(Responsible Energy Approach for Community Heat
and Electricity) program:
•• The Clean Energy for Rural and Remote
Communities program will advance sustainable,
renewable energy (for heat and power) projects in
remote communities to reduce consumption of fossil
fuels, through deployment of new renewable energy
and energy efficiency technologies, demonstration
of innovative clean energy solutions, supporting the
development of bioheating projects, and capacity
building for local technical expertise.
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•• The Northern REACHE program provides funding
for planning and construction of renewable energy
and energy efficiency projects, and related capacity
building and planning in the Yukon, Northwest
Territories, Nunavut, Nunavik, and Nunatsiavut
regions. For example, the governments of Canada
and Ontario are collaborating with Wataynikaneyap
Power (an electricity transmission company owned by
22 First Nation communities) to connect Pikangikum
First Nation to Ontario’s power grid and eliminate the
community’s dependence on diesel fuel.
•• As part of funding for rural and northern
communities, under Budget 2017 the federal
government announced funding for an Arctic Energy
Fund which will seek to enhance energy security in
communities north of the 60th parallel, including
Indigenous communities.
•• Ontario also committed in its Climate Change
Action Plan to support renewable micro-grid projects
to reduce diesel reliance in remote First Nation
communities. Ontario is working in collaboration
with First Nations to develop a plan for implementing
this commitment.
Increasing energy efficiency and the use of renewable
energy sources will result in environmental, social, and
economic benefits to support healthier, more sustainable
Indigenous, northern and remote communities. In
addition to reducing GHG emissions, these actions
have numerous side-benefits for communities such
as improving air quality and energy security and
creating the potential for locally owned and operated
power generation.

4.3.3 Transportation Sector
The transportation sector is the second largest source
of GHG emissions in Canada. The transition towards a
low-carbon transportation system is already underway
with more zero-emissions vehicles on Canadian roads
every year. With currently 80 per cent of its electricity
generated from non-emitting sources, Canada has a
strong incentive to electrify its transportation system. In
particular, under the Pan-Canadian Framework, federal,

provincial and territorial governments are working
together on the following four priorities: setting
emissions standards and improving efficiency; putting
more zero-emission vehicles on the road; shifting
from higher to lower emitting modes and investing in
infrastructure; and, using cleaner fuels.

4.3.3.1 Setting Emissions Standards and Improving
Efficiency
Consistent with its role in setting national vehicle
emissions standards, under the Pan-Canadian
Framework the federal government committed to:
continue its work to implement increasingly stringent
standards for emissions from light-duty vehicles; work
with provinces, territories, and industry to develop new
requirements for heavy-duty trucks to install fuelsaving devices; and take a number of actions to improve
efficiency and support fuel switching in the rail, aviation,
marine, and off-road sectors.
Emission Standards for new Heavy-Duty Vehicles
Canada currently has in place the Heavy-duty Vehicle
and Engine GHG Emission Regulations. The regulations
apply to model years 2014 and beyond to reduce
GHG emissions by establishing mandatory GHG
emission standards for new on-road heavy-duty vehicles
and engines. The regulations are aligned with U.S.
national standards given the integrated North American
auto market.
In March 2017, Canada published the draft Regulations
Amending the Heavy-duty Vehicle and Engine GHG
Emission Regulations and Other Regulations Made Under
the Canadian Environmental Protection Act, 1999 which
would introduce more stringent GHG emission
standards that begin with the 2021 model year for
on-road heavy-duty vehicles and engines. Further, the
proposed Amendments introduce new GHG emission
standards that would apply to trailers hauled by
on-road transport tractors for which the manufacture
is completed on or after January 1, 2018, starting with
model year 2018 trailers. These emission standards for
heavy-duty vehicles, engines and trailers would increase
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in stringency every three model years to the 2027 model
year and maintain full stringency thereafter. The final
regulations are targeted for publication in 2018.
Emissions Standards for Light-Duty Vehicles
The Regulations Amending the Passenger Automobile and
Light Truck GHG Emission Regulations (covering model
years 2017 and beyond), published in 2014, build on the
success of the Passenger Automobile and Light Truck GHG
Emission Regulations covering model years 2011 through
2016. They have been developed in collaboration with
the U.S. to ensure alignment. The amended regulations
continue to apply to companies that manufacture or
import new light-duty vehicles into Canada for the
purpose of sale. Similar to the current regulations which
apply to the model years 2011–2016, the amended
regulations establish progressively more stringent GHG
emission standards to new passenger automobiles and
light trucks for model years 2017 and beyond, while
providing companies with flexibility to comply in a costeffective manner.

4.3.3.2 Putting More Zero Emission Vehicles
on the Road
Under the Pan-Canadian Framework, federal,
provincial, and territorial governments committed to:
work with industry and other stakeholders to develop
a Canada-wide strategy for zero-emission vehicles
(ZEVs) by 2018; and to work together, including with
private sector partners, to accelerate demonstration and
deployment of infrastructure such as fast chargers for
electric vehicles, as well as natural gas and hydrogen
refuelling stations.
Canada-Wide Zero-Emission Vehicle Strategy
Consistent with commitments under the Pan-Canadian
Framework, in May 2017, the Government of Canada
announced plans to develop a national strategy to
increase the number of ZEVs on Canadian roads
by 2018. As part of the commitments made in the
Pan-Canadian Framework, a federal, provincial and
territorial Steering Group has been established to
oversee the development of the Strategy. The Strategy

will complement and build on current ZEV related
initiatives taking place across the country.
In addition to a national strategy, provinces are putting
in place measures to accelerate the adoption of ZEVs:
Québec Zero-Emission Vehicles Standard
The province of Québec adopted the Act to increase the
number of zero-emission motor vehicles in Québec in order to
reduce GHG and other pollutant emissions on October 26,
2016. Following the adoption of the Act, two draft
regulations were published on July 5, 2017. The first
details the requirements of the future ZEV standard,
while the second determines the number of credits that
can be used by individual motor vehicle manufacturers.
These draft regulations were the subject of a 45-day
public consultation that ended on August 19, 2017
and the regulations were adopted in September 2017.
Manufacturers will have to report their vehicle sales as
soon as the regulations come into effect, with mandatory
reporting beginning with model year 2018.
This policy is part of a set of initiatives, primarily in
conjunction with the Québec 2013–2020 Climate
Change Action Plan and 2015–2020 Transportation
Electrification Action Plan which sets a target of
100,000 registered plug-in vehicles by 2020. Additional
initiatives to meet this target also include fiscal
incentives for buyers of electric vehicles and installation
of residential charging stations.
Ontario Electric Vehicle Program
Ontario is establishing new initiatives to support the
uptake of electric vehicles (EVs), including the EV
incentive program, EV Charger Ontario Program, EV
charging infrastructure program, EV discovery center,
EV overnight charging program, electric/hydrogen
vehicle advancement program, and electric school
bus pilot program. Ontario has established a sales
target of 5 per cent in 2020 for electric and hydrogen
passenger vehicles.
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The Electric Vehicle Incentive Program allows Ontario
consumers and businesses to apply for an incentive
towards the purchase or lease of eligible, new plug-in
hybrid electric or battery electric vehicles. The value of
the incentive is based on the vehicle’s battery.
Applicants that received an Electric Vehicle Incentive
Program incentive are eligible to apply for up to $1,000
towards the purchase and installation of an eligible
Level 2 charging station. The province is also investing
up to $20 million to create a network of fast-charging
electric vehicle stations in cities, along highways and
at workplaces, apartments, condominiums, and public
places across Ontario under the Electric Vehicle
Chargers Ontario program.

4.3.3.3 Shifting from Higher- to Lower-Emitting
Modes and Investing in Infrastructure
Under the Pan-Canadian Framework, federal,
provincial, and territorial governments committed
to work together to: enhance investments in publictransit upgrades and expansions; invest in building
more efficient trade and transportation corridors
including investments in transportation hubs and ports;
and consider opportunities with the private sector to
support charging and refuelling stations for electric or
alternative fuel light- and heavy-duty vehicles.
Federal Investments
As described in Section 4.4.1, cross-cutting policies
and measures, the Government of Canada is investing
approximately $182 million in green infrastructure to
support electrification and fuel switching in the lightand heavy-duty vehicle sectors. This includes funding to
deploy infrastructure for electric vehicle charging and
natural gas and hydrogen refuelling stations; to support
technology demonstration projects; and to develop
supporting codes and standards. This is in addition to
$62.5 million that already had been provided in Budget
2016. By March 2018, deployment projects will result
in over 100 new EV fast chargers, seven natural gas and
three hydrogen stations built.

B.C. on the move—Transport Infrastructure
Investments
In May 2015, the province of British Columbia
announced a $2.5 billion, 10-year plan to improve the
province’s transportation network. The Plan includes
transitioning to low carbon fuels, expanding transit, and
reducing congestion.

4.3.3.4 Using Cleaner Fuels
As described in the cross-cutting section above, the
Government of Canada is working to develop a Clean
Fuel Standard. The Standard will be a modern, flexible,
performance-based approach that will address a broad
suite of fuels in the transportation, industry, and
buildings sector.
Several provincial actions are advancing cleaner fuel
objectives in this sector:
•• British Columbia continues to implement its
renewable and low carbon fuel policy, adopted
in 2008.
•• Ontario is considering design options for a proposed
“Modern Renewable Fuel Standard” for gasoline,
to reduce GHG emissions from gasoline by 5 per
cent by 2020. Ontario is also developing a pilot
program to use waste and agricultural methane as a
fuel source for the implementation of a Biogas-Based
Fueling Initiative.
•• New Brunswick is conducting an Energy Efficiency
Potential Study on all fuels, for all sectors, including
transportation efficiency.
•• Under Québec’s new 2030 Energy Policy, adopted
in 2016, a regulation was announced that would set
standards for the inclusion of renewable content
(renewable ethanol and diesel) in gasoline and diesel
fuel. This regulation is still under development.

4.3.4 Oil and Gas Sector
Canada is a net energy exporter, and is the world’s
fourth largest exporter of crude oil and fourth largest
exporter of natural gas.4 Legal authorities over the
production of oil and gas resources rest primarily with
provincial governments. Oil and gas resources are
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interspersed across Canada’s provinces and territories,
with the majority of production occurring in Alberta,
British Columbia, Saskatchewan, and Newfoundland
and Labrador. Canada’s oil and gas sector is also
highly integrated with its North American partners, in
particular the United States.
Federal, provincial, and territorial governments are
collaborating to reduce emissions from industrial
sectors, including oil and gas. Several cross-cutting
federal and provincial policies will contribute to
emission reductions within the oil and gas sector,
including the federal carbon pricing benchmark and
existing provincial pricing systems.
In addition, the following specific initiatives will reduce
emissions and encourage innovation in this sector:
Regulations to Address Methane in the Oil and
Gas Sector
The oil and gas sector is the largest contributor to
methane emissions in Canada. As part of the PanCanadian Framework, the Government of Canada
reaffirmed its commitment to reduce methane emissions
from the oil and gas sector by 40 to 45 per cent from
2012 levels by 2025, building on provincial actions and
targets. British Columbia and Alberta have also adopted
this methane reduction target within their jurisdictions.
In May 2017, Canada published draft federal methane
regulations for the oil and gas sector, with an aim to
publish final regulations in the first half of 2018.
Programs to reduce emissions
Established in 2016, the Oil and Gas Clean Technology
Program has invested in innovative technologies
to reduce greenhouse gas emissions and improve
environmental performance in the oil and gas sector.
These industry-led projects generate direct emission
reductions, and are expected to indirectly reduce
emissions by reducing technical risk and accelerating
market adoption of the funded technologies.

Announced in 2017, the Clean Growth in the
Natural Resources Sector Program aims to advance
clean technology research and development and
demonstration projects in Canada’s energy, mining
and forestry sectors. This program addresses pressing
environmental challenges and economic opportunities
facing Canada’s natural resource operations in five areas:
•• Reducing greenhouse gas and air-polluting emissions;
•• Minimizing landscape disturbances and improving
waste management;
•• The production and use of advanced materials
and bioproducts;
•• Efficient energy use and productivity; and
•• Reducing water use and impacts on
aquatic ecosystems.
British Columbia: Electrification of the Oil and
Gas Sector
British Columbia is moving ahead with a plan to bring
clean grid electricity to natural gas operations in the
northeast. B.C. has also recently announced several
other policies that will affect emissions in the oil and gas
sector, including its Methane Reduction Policy and its
Clean Infrastructure Royalty Credit Program.
Alberta: Measures to reduce emissions
in the Oil and Gas sector
Alberta is implementing its Climate Leadership
Plan, under which it committed to capping oil sands
emissions to 100 megatonnes per year and to reducing
methane emissions by 45 per cent by 2025. The Oil
Sands Emissions Limit Act, which received Royal assent
in December 2016, sets out the legal framework for
implementing a cap on oil sands emissions. In 2018,
Alberta plans to develop a policy and/or regulatory
system to limit emissions from oil sands activities. The
Specified Gas Emitters regulation applied to large
industrial emitters including the oil and gas sector,
and set emissions intensity targets. This regulation
will transition to an output-based allocation system for
emissions-intensive trade-exposed industries.
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4.3.5 Buildings Sector
Using energy to power, heat and cool buildings, and
run appliances accounted for approximately 17 per cent
of national GHG emissions in 2015, including indirect
emission from electricity generation. The Pan-Canadian
Framework outlines an approach to address emissions in
the built environment by: making new buildings more
energy efficient; retrofitting existing buildings and fuel
switching; improving energy efficiency for appliances
and equipment; and supporting building codes and
energy efficient housing in Indigenous communities.
The Government of Canada allocated $182 million in
Budget 2017 to support energy efficient buildings, and
provinces and territories are also implementing actions
to reduce emissions in this sector. The Low Carbon
Economy Leadership Fund will also support provinces
and territories to undertake energy efficiency retrofits in
residential and commercial buildings.
Federal, provincial and territorial Energy Ministers
endorsed Canada’s Buildings Strategy in August 2017.
The strategy provides an implementation plan to make
new homes and buildings more efficient, to retrofit
existing homes and buildings and to improve the energy
efficiency of the appliances and equipment they use.

4.3.5.1 Making new buildings more energy efficient
Federal, provincial and territorial governments are
working to develop and adopt increasingly stringent
model building codes, starting in 2020, with the goal
that provinces and territories adopt a “net-zero energy
ready” model building code by 2030. The Government
of Canada is providing approximately $95 million
to support the development of these more stringent
building codes. This includes funding for RD&D
projects announced in July 2017 to drive down the —
and encourage industry and provincial and territorial
uptake—of net-zero energy ready construction, as well
as retrofit practices and technologies.

4.3.5.2 Retrofitting existing buildings
Under the Pan-Canadian Framework, federal, provincial
and territorial governments also agreed to several

measures that will help to improve the energy efficiency
of existing buildings. To support this objective, the
Government of Canada is providing approximately
$73 million to develop new model retrofit codes that set
minimum energy performance requirements; develop—
and support adoption by provinces and territories
of—a model regulatory framework for mandatory
recommissioning; and establish a national approach to
mandatory energy labelling and information-sharing.
The Low Carbon Economy Fund will also support
initiatives in the building sector.

4.3.5.3 Improving energy efficiency of appliances
and equipment
The Government of Canada has committed to set
new standards for heating equipment and other key
technologies to achieve the highest level of efficiency
that is economically and technically feasible. This
commitment is supported by approximately $10 million
in ongoing, annual funding to improve energy efficiency
regulations and to expand the ENERGY STAR
certification program that identifies high-efficiency
products for consumers. Taken together, these activities
ensure energy efficiency standards are set to the highest
level of efficiency that is technically and economically
achievable; eliminate the least efficient products
from the Canadian market; and helps Canadians
instantly identify the best energy performing products,
appliances, and equipment on the market.
National market transformation strategies for key
equipment technologies were published in August 2017,
and federal, provincial and territorial governments are
working together to develop equipment roadmaps by fall
2018 to implement these strategies that help accelerate
market uptake of clean, energy efficient equipment
technologies. Finally, amendments to the federal Energy
Efficiency Regulations are underway to introduce new
standards for more than 30 product categories.
Provinces and territories are also making significant
progress in moving towards greater energy efficiency,
including in the building sector:
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Efficiency Nova Scotia
Nova Scotia has Canada’s first energy efficiency utility,
Efficiency Nova Scotia. Since its creation in 2010,
this independent organization has achieved annual
reductions of 1.2 per cent below the business as usual
baseline. It also administers comprehensive energy
efficiency programs for low income and First Nations
Nova Scotians. These efforts help to reduce GHG
emissions while supporting the growth of the low
carbon economy. Efficiency Nova Scotia is operated by
EfficiencyOne, an independent nonprofit organization.
Energy Efficiency Alberta
Alberta established Energy Efficiency Alberta in 2016,
a new government agency dedicated to helping the
province save energy and reduce emissions. The agency
has a $645-million budget over five years, funded by
revenue from Alberta’s carbon levy, to raise awareness
related to energy use and economic/environmental
consequences; promote, develop, and deliver programs;
and promote the development of an energy efficiency
services industry. In 2017, the agency launched four
programs focused on homes, businesses, non-profits,
and institutions. The programs used a mix of no-charge
installations, rebates, and other incentives to promote
the installation of high-efficiency products and
appliances and the installation of solar photovoltaic
systems. Energy Efficiency Alberta will continue to
develop and launch new programs for 2018, focusing
on the most effective in helping Alberta meet its energy
efficiency goals.
Efficiency Manitoba
In March 2017, the government of Manitoba
introduced new legislation that would establish the
framework for a new, stand-alone Crown corporation
outside of Manitoba Hydro to deliver demand-side
management initiatives promoting energy efficiency and
conservation that would help Manitoba households and
businesses reduce their energy needs and save money.
The proposed agency would be known as Efficiency
Manitoba and would be managed by a board of directors
with support from a stakeholder advisory committee.

The agency would deliver a range of efficiency programs
beginning with gas and electric energy, with possible
long-term expansions into areas such as water and
transportation programs. Its mandate would include
a focus on reducing the effects of energy use on the
environment including reducing greenhouse-gas
emissions as part of the province’s forthcoming climate
and green plan.
Energy savings targets would also be included in the new
legislation at 1.5 per cent of annual domestic electricity
demand and 0.75 per cent of annual domestic natural
gas demand over 15 years. The proposed transition from
Manitoba Hydro to Efficiency Manitoba is estimated to
take one year.
Transition Énergétique Québec
Québec created the Transition énergétique Québec
(TEQ) on April 1, 2017 with a mission to support,
stimulate and promote the energy transition, to
support innovation and efficiency, and to coordinate
the implementation of all the programs and actions
necessary to achieve the energy targets defined in
the 2030 Energy Policy. In 2018, TEQ will present
its 2018–2023 Master Plan, which will guide the
actions of the Québec Government and Québec
energy distributors in energy innovation, conversion
and efficiency.
Atlantic Provinces: Clean Energy Partnership
The Atlantic Provinces announced the Atlantic Clean
Energy Partnership in April 2017. The intent of the
Atlantic Energy Partnership is to work regionally
and with the federal government to identify potential
enhancements to electricity generation and transmission
infrastructure, the promotion of energy efficiency, and
to support the demonstration, deployment, adoption,
and export of clean energy technologies.
Arctic Energy Alliance
Northwest Territories committed over $2.7 million in
2017 to the Arctic Energy Alliance (AEA) to provide
energy efficiency programs and services to residents,
businesses and communities. AEA programs are on track
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to be fully subscribed this year. Northwest Territories
is also undertaking a program review of AEA to ensure
programs and services support targets in the new longterm energy strategy. This energy strategy will ensure
significant improvements and funding increases for
the AEA.
Yukon Residential and Commercial Energy
Incentives programs
The Government of Yukon’s new Residential
Energy Incentive Program encourages homeowners,
homebuilders and general contractors to design,
construct, and retrofit homes to a high standard in
energy efficiency. Between January and July 2015, the
program saw 34 new homes built to EnerGuide 85
or better.

4.3.5.4 Support for energy efficient housing in
Indigenous communities
Under the Pan-Canadian Framework, federal, provincial
and territorial governments are collaborating with
Indigenous Peoples as they move towards more efficient
building standards and incorporate energy efficiency
into their existing building-renovation programs. In
addition, the Government of Canada is planning a joint
research project with the National Research Council
to define guidelines to support sustainable housing
in First Nations communities, and federal, provincial
and territorial governments are working together to
incorporate principles of Indigenous reconciliation into
their programs.

4.3.6 Heavy Industry
The heavy industry economic sector encompasses
non-oil and gas mining, smelting and refining, pulp and
paper, iron and steel, cement, lime and gypsum, and
chemical and fertilizer industries in Canada.g Under
the Pan-Canadian Framework federal and provincial
governments are taking action to reduce emissions
within Canadian industry by improving industrial
energy efficiency, including by helping industries to
reduce energy demand by supporting the adoption of
g

energy management systems. Through investments
in technology, federal, provincial and territorial
governments will continue to support research and
development and to promote deployment of new
technologies that help reduce emissions. In addition, as
described in the section 4.4.1, Canada has introduced
final regulations to address HFC emissions, consistent
with the Kigali Amendment to the Montréal Protocol,
which Canada ratified in November 2017, helping to
bring the agreement force.
The federal government has established cross-cutting
programs to improve energy efficiency across several
industrial sectors. For example, the Pan-Canadian
Framework highlighted ENERGY STAR for Industry,
ISO 50001 and Superior Energy Performance as
key programs and tools to help businesses track,
analyze and improve their energy efficiency. Such
energy benchmarking programs increase industrial
competitiveness and productivity. They are inexpensive,
can be implemented quickly, produce results
immediately, generally have payback periods of less than
two years, and continually generate savings.
Provinces and territories are also taking action to
address emissions in this sector through cross-cutting
measures, including Québec and Ontario’s cap and trade
systems and Alberta’s Specified Gas Emitters Regulation.
Newfoundland and Labrador also passed its Management
of GHG Act in June 2016 aimed at large GHG emitters.
The Act covers approximately 20 per cent of the
province’s overall emissions, and provides a legislative
framework to reduce GHG emissions from large
industrial emitters which allows for the use of offsets
performance credits or payments into a Greenhouse Gas
Reduction Fund.
Newfoundland and Labrador’s GHG Reporting
Regulations were published on March 7, 2017 and
Administrative Penalty regulations on July 28, 2017.
Large industrial facilities are required to report

Under Canada’s economic sector categorization, this sector was formerly referred to as the Emissions-Intensive, Trade-Exposed sector.
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their emissions on an annual basis to the provincial
government. First reports were received on June 1,
2017. Moving forward, Newfoundland and Labrador
will develop further regulations to support the
implementation of the Act.
In addition, a number of other provinces have
implemented programs seeking to support emissionsintensive, trade-exposed industries in improving their
operations’ energy efficiency and adopting more
effective energy processes that emit fewer GHGs.
This includes Québec’s ÉcoPerformance Program and
Ontario’s Regulatory Changes for Reducing Coal Use in
Energy-Intensive Industries.

4.3.7 Waste and Others Sector
The waste sector encompasses solid waste, waste water,
and waste incineration. Emissions from the waste sector
mainly fall within the responsibilities of municipal
governments in Canada, under provincial jurisdiction.
Under the Pan-Canadian Framework, federal, provincial
and territorial governments will work together to
identify opportunities to generate renewable fuel
from waste, which can be a key source of cleaner fuels
and bioproducts.
As a result of a mix of provincial regulations and
incentives, approximately 72 of the 82 largest landfills
in Canada have gas collection systems, with collected
gas used in a number of ways including for electricity
and/or heat generation. In addition to existing
regulations in place in several provinces that require
the capture of methane at landfill sites, other programs
are reducing the creation of methane by increasing
organics diversion, including the B.C. Waste to
Resource Programme, a planned program which will
divert 90 per cent of organic waste from landfill and
decrease food waste by 30 per cent; and Prince Edward
Island’s Biomass-Fired District Heating system—the
longest running such system in Canada, operating since
the 1980s.

4.3.8 Agriculture Sector
Agriculture is an important sector for the Canadian
economy. The majority of emissions in this sector
are produced by the biological processes inherent to
animal and crop production, with on-farm energy
use comprising a smaller portion of sector emissions.
Agricultural lands can play an important natural role
in absorbing and storing atmospheric carbon. Practices
in the agriculture sector are already changing towards
less GHG-intensive procedures such as increasing
permanent cover crops, conservation tillage, and
increased use of bioproducts, precision farming and
“smart” fertilizers that release nutrients at the rate the
plant needs it.
Under the Pan-Canadian Framework, federal, provincial
and territorial governments committed to work together
to enhance carbon storage in agricultural lands. Federal,
provincial and territorial governments also committed
to work together to identify opportunities to produce
renewable fuels and bioproducts, and to enhance
innovation to advance GHG efficient management
practices in forestry and agriculture.
Several key actions are currently advancing these
shared objectives. In July 2017, federal, provincial
and territorial Ministers of Agriculture reached an
agreement on the key elements of a new agricultural
policy framework, the Canadian Agricultural Partnership
(CAP). The new five-year (2018–2023), $3 billion
investment will strengthen the agriculture, agri-food
and agri-based products sector, ensuring continued
innovation, growth and prosperity.
Environmental Sustainability and Climate Change is
one of the priorities identified in the CAP. Federal,
provincial and territorial governments will collaborate
in building capacity to mitigate agricultural GHG
emissions, protect the environment and adapt to
climate change by enhancing sustainable growth, while
increasing production.
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Science, Research, and Innovation is another key CAP
priority which will be addressed by providing support
to industry in adopting practices to improve resiliency
and productivity through research and innovation in
key areas. In support of this priority, the Government
of Canada announced $70 million over six years in its
Budget 2017 to further support agricultural discovery
science and innovation, with a focus on addressing
emerging priorities, such as climate change and soil and
water conservation.
In addition, in 2016, the federal government committed
$27 million to extend the Agricultural Greenhouse
Gases Program, which supports innovative research
projects that develop technologies, practices and
processes that can be adopted by farmers to mitigate
GHG emissions.
Federal, provincial, and territorial governments are
also helping expand the production of bioenergy and
bioproducts for multiple uses, including helping rural
and remote communities reduce reliance on diesel.
Governments also continue to promote the use of wood
in construction. For example, Alberta, British Columbia,
Québec, and New Brunswick recently recommitted to
use more low-carbon renewable materials like wood in
municipal and government-funded buildings.

4.3.9 Land-Use, Land-Use Change and Forestry
Through the Pan-Canadian Framework, federal,
provincial and territorial governments committed to
work together to reduce emissions and increase stored
carbon in this sector. Examples include land-use and
conservation measures to protect and enhance carbon
sinks, GHG efficient management practices to reduce
emissions, and increased carbon storage through greater
use of wood products in construction, including through
updated building codes.

4.3.9.1 Increasing the use of wood in building
construction
Under the forestry commitments included in the PanCanadian Framework, federal, provincial and territorial
governments have committed to increasing the use of
wood for building construction. Increasing the use of
sustainably produced wood in construction contributes
to emission reductions as the carbon stored in that wood
gets ‘locked in’ for a long period of time and it displaces
emissions from more GHG-intensive building materials,
like steel or concrete. Increasing domestic demand for
Canadian wood products also supports forest industries
across Canada, which have a long history of innovating
to develop new products and more efficient and
sustainable forest practices. Measures under this PanCanadian Framework commitment are listed within the
buildings section of Table 1 below.
Federal, provincial and territorial governments have
long supported increased wood use for construction
which replaces more emission-intensive building
products. For example, at the federal level the
$39.8 million Green Construction through Wood
(GCWood) Program launched in 2017 aims to support
projects and activities that increase the use of wood as a
greener building material in infrastructure projects (for
example, in high-rise buildings, low-rise commercial
buildings, and timber bridges).
Provinces, including Alberta, British Columbia, Québec,
and New Brunswick, have shown public leadership by
recently recommitting to increasing the use of wood
and other low-carbon renewable materials in the design
and construction of municipal and government-funded
buildings. Recent investments include the $11 million
Québec Wood Building Demonstration Program and
Ontario’s Mass Timber Building Project that was also
launched in fall 2017 with $4.8 million in funding for
2017–18. Québec’s Wood Charter also allocates financial
assistance for government-led research, innovation, and
training on the use of wood in construction.
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In addition to government programs, many jurisdictions
also invest in research collaborations on wood building
construction and wood product innovation through
FPInnovations, a public-private national forest
research institute.

4.3.9.2 Advancing the forest bioeconomy and
enhancing forest carbon
Federal, provincial and Territorial governments are also
implementing the following forestry measures:
•• Forest Bioeconomy Framework
In September 2017, the federal, provincial and
territorial governments, working together through
the Canadian Council of Forests Ministers, launched
a Forest Bioeconomy Framework for Canada. This
framework will position Canada to become a global
leader in the use of forest biomass for advanced bioproducts and innovative solutions. The Framework
presents an integrated approach to meeting climate
change mitigation commitments and advancing
innovation in the forest sector for the long term. It
affirms federal, provincial and territorial government
commitments to work in partnership with forest
communities and industry stakeholders, including
continually engaging Indigenous peoples.
•• B.C. Forest Carbon Initiative
British Columbia’s Forest Carbon Initiative will
restore up to 300,000 hectares of forests impacted by
the mountain pine beetle infestation and wildfires.
In February 2017, an investment of $150 million was
announced to enhance the carbon storage potential
of B.C.’s public forests by increasing the rate of
replanting and fibre recovery and by improving
forest management practices to capture the carbon
benefits of reforestation, while avoiding emissions
from burning slash. By 2050, the province has
estimated that the ten-year program could to lead
to a reduction of annual GHG emissions of up to
11.7 million tonnes.
•• Alberta Forestry and Agriculture Offsets Protocols
Alberta is contemplating the possibility of using
forestry and agriculture offsets as an option for large

industrial emitters to comply with their reduction
obligation under the Specified Gas Emitters
Regulation or as part of internationally transferrable
mitigation options (ITMOs). Alberta is planning to
approve agriculture and forestry protocols in 2018.
•• Québec’s Wood Innovation Work Plan
Québec’s Wood Innovation Work Plan unveiled in
2016 supports the transformation and modernization
of the forest products industry, with over $86 million
in government investments by 2022. Québec also
began a Wood Innovation Program in 2015 to
encourage applied research, demonstration and
implementation of innovative products, processes, and
systems in the forest products industry. By July 2017,
the Program has already funded 24 forest innovation
projects totalling $11.3 million, particularly in the
bioenergy and bioproducts sectors.

4.3.10 Strategy on Short-Lived
Climate Pollutants
A key element of Canada’s approach to climate
change includes addressing short-lived climate
pollutants (SLCPs) such as black carbon, methane
and hydrofluorocarbons. Due to their short life span,
reducing short-lived climate pollutants can achieve more
immediate climate benefits, particularly in the North, as
well as important health benefits. To help guide action
in reducing these pollutants, a Strategy on Short-Lived
Climate Pollutants was developed. The Strategy was
published in July 2017. It is complementary to the PanCanadian Framework and addresses SLCPs through five
pillars for action:
1. Enhancing domestic mitigation efforts;
2. Enhancing science and communications to broaden
understanding;
3. Engaging internationally, and building partnerships
to reduce SLCPs on a global scale;
4. Coordination of Government of Canada
activities; and
5. Collaborating with provincial and territorial
governments and other partners.
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Implementation of this Strategy will: generate
reductions from all key SLCP emissions sources and
leverage policy levers across all levels of governments
in Canada to better coordinate mitigation efforts.
Implementation of this Strategy will be coordinated
with, and complementary to, implementation of the
Pan-Canadian Framework.

4.4 Modifying Longer-Term Trends in
Greenhouse Gas Emissions
Canada’s actions on climate change at all levels of
government are modifying longer-term trends in GHG
emissions, contributing to reductions into the future.
The Pan-Canadian Framework will put Canada
on a path towards a low-carbon, clean growth and
resilient economy.
Concrete actions such as pricing carbon pollution will
send a strong signal that will encourage business and
people to pollute less and will stimulate innovation and
investments in energy efficiency, clean technologies and
non-emitting and renewable electricity generation.
Further actions such as regulations to accelerate the
phase out traditional coal-fired electricity generation
will implement a permanent shift to lower or
non-emitting types of generation and will achieve
significant reductions.
These actions are supplemented by investments in clean
technology, research, development and demonstration
to help Canada meeting its climate change goals and
creating economic opportunities. Canada is embracing
innovative new tools to support citizen engagement. For
example, the recent Generation Energy dialogue utilized
polls, surveys, and citizen dialogues to engage over
380,000 people in an inclusive discussion on Canada’s
low-carbon energy future.
While the Pan-Canadian Framework looks at
positioning Canada to achieve or exceed its 2030 GHG
emissions reduction target, Canada’s Mid-Century

Long-Term Low-GHG Development Strategy looks
further beyond 2030 to how we can reduce emissions for
a cleaner, more sustainable future by 2050. Developed
on the basis of a longer horizon, in parallel with the
Pan-Canadian Framework, Canada’s Mid-Century
Long-Term Low-GHG Development Strategy describes
possible pathways towards long-term decarbonization,
based on modelling of different future scenarios.5 This
includes examining an emissions-abatement pathway
that is consistent with net emissions falling by at least
80 per cent in 2050, below 2005 levels.
The Strategy was developed in response to the Paris
Agreement’s call for Parties to develop long-term, low
greenhouse-gas development strategies by 2020, and
Canada was one of the first Parties to submit such a
report. While Canada’s mid-century strategy is not a
blueprint for action nor is it policy prescriptive, it is
meant to inform the conversation regarding how Canada
can continue the transition to a low-carbon economy
over the longer term. The strategy complements
the Pan-Canadian Framework and was developed
concurrently with the Framework.

4.5 Economic and Social
Consequences of Measures taken to
Address Climate Change
Climate change poses significant risks to communities,
health and well-being, the economy, and the natural
environment, especially in Canada’s northern and
coastal regions and for Indigenous Peoples. The changes
already being experienced are both dramatic and
permanent, with significant social, cultural, ecological,
and economic implications. Taking action against
current and future climate impacts will help protect
Canadians from climate change risks, build resilience,
reduce costs, and ensure that society thrives in a
changing climate.
Among the array of co-benefits arising from measures
to reduce GHG emissions, mitigation policies and
measures will reduce air pollution, notably pollution
caused by coal-fired electricity generation, thus
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improving the health of Canadians. Further measures
in the Pan-Canadian Framework, such as federal
adaptation investments, will also generate multiple
benefits for Canadians. For further information on
adaptation actions across Canada, please see Chapter 6.
In implementing the Pan-Canadian Framework, key
socio-economic aspects and potential impacts are being
taken into consideration. Economy-wide measures such
as setting a price on carbon pollution can have impacts
on economy competitiveness and on most vulnerable
groups of society and Indigenous Peoples. Principles
adopted in the Pan-Canadian Framework with regards
to pricing carbon pollution highlight revenue recycling
measures to avoid a disproportionate burden on most
vulnerable groups and Indigenous Peoples, and to
increase carbon prices in a predictable and gradual way
to limit economic impacts.

Another key principle is that carbon pricing policies
should minimize competitiveness impacts and carbon
leakage, particularly for emissions-intensive, tradeexposed sectors. Federal, provincial and territorial
governments are also working together on a study
to assess approaches and best practice to address
competitiveness of emissions-intensive tradeexposed sectors.
The federal government is working closely with the
three territories (Yukon, Northwest Territories and
Nunavut) and with Indigenous Peoples to address
their particular circumstances such as high costs of
living and of energy, challenges with food security and
emerging economies.
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Chapter 4 Annex:
National Communication Table 1: Summary of Policies and Measures by Sector

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Federal Carbon
Pricing Approach
and Backstop
System**

Cross-cutting

CO2, CH4,
N2O, HFCs,
PFCs, SF6,
NF3

Reduce GHG
emissions, stimulate
investments in lowcarbon innovation
and create a
sustainable clean
growth economy

Regulatory
(economic)

Federal government
(Environment and
Climate Change
Canada, Finance
Canada)

Planned

2018

NEd

Brief Description

The pan-Canadian approach to pricing carbon pollution, announced in October 2016, establishes a federal benchmark that requires pricing in all jurisdictions in Canada in 2018. It applies to a
broad set of emission sources with increasing stringency over time. Provinces and territories have the flexibility to implement their own system: either an explicit price-based program or cap-andtrade. Explicit price-based programs must have a minimum price of CAN$10/tCO2e in 2018 that increases annually to CAN$50/tCO2e in 2022. Provinces and territories with cap-and-trade
must have declining annual caps to at least 2022 that correspond, at a minimum, to projected emissions reductions that would have resulted from the application of the relevant carbon price
that year. A federal backstop will apply in provinces and territories that request it or that do not have a carbon pricing system in place in 2018 that meets the federal benchmark. The proposed
backstop includes a carbon levy on fossil fuels and an output-based pricing system with emissions trading for industrial facilities emitting over 50 ktCO2e per year. The Government of Canada
has also committed to apply carbon pricing to GHG emissions arising from domestic flights between jurisdictions in Canada.

Clean Fuel
Standard**

Cross cutting

Brief description

In November 2016 the Government of Canada announced that it would consult with provinces and territories, Indigenous Peoples, industries, and non-governmental organizations to develop
a Clean Fuel Standard to reduce Canada’s GHGs through the increased use of lower carbon fuels and alternative technologies. The objective of the Clean Fuel Standard is to achieve
30 megatonnes of annual reductions in GHG emissions by 2030. A discussion document was published in 2017 and consultations are ongoing. A draft regulatory framework was published in
December 2017. Draft regulations are targeted for publication in the Canada Gazette, Part I, for 2018 while final regulations will be published in the Canada Gazette, Part II, in 2019.

Regulations of
Hydrofluorocarbons*

Cross-cutting

Name of Mitigation
Action

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
NEd

CROSS-CUTTING

CO2, CH4

HFCs

Reduce GHG
emissions from
fuels used in
transportation,
buildings and
industry

To reduce emissions
of HFCs

Regulatory

Regulatory

Federal government

Environment and
Climate Change
Canada

Planned

Implemented

TBD

2019

NAb

1,000 kt

30,000 kt

9,000 kt

Policies and0720
Measures
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GHG(s)
Affected

Sector(s)
Affected

Brief Description

In December 2014 the Government of Canada announced its intent to regulate hydrofluorocarbons (HFCs), a category of potent GHGs. In March 2016, Canada and the U.S. reaffirmed their
commitment to reduce use and emissions of HFCs using their respective domestic frameworks and propose new actions in 2016. Canada published the regulations in October 2017, which
combine a phase-down of production and imports of HFCs with prohibitions on the manufacture and import of products containing HFCs.

Low Carbon
Economy Fund**

Cross-cutting

Brief Description

Launched in June 2017, the Government of Canada’s Low Carbon Economy Fund (LCEF) is an important part of the Pan-Canadian Framework. Disbursed over five years, the Low Carbon
Economy Fund will primarily target energy efficiency measures in residential and commercial buildings, energy efficiency, fuel switching or process changes in the industrial sector, and carbon
sequestration and emission reductions in the forestry and agriculture sectors.

Sustainable
Development
Technology Canada

Cross-cutting

Brief Description

Sustainable Development Technology Canada (SDTC) contributes to the Government of Canada’s efforts to boost growth of clean technology in Canada with the aim of fostering the growth
of Canadian technologies and companies. The Government has recently made available over $1.3 billion to SDTC, including funding made available in Budget 2017. Since its establishment
in 2001, SDTC has allocated $989 million to support 347 projects across Canada, leveraging an additional $2.2 billion in follow-on financing. As of December 31, 2016, SDTC reported that
78 projects were commercialized and these projects generated an estimated 10.1 megatonnes of Co2e annual emissions reductions, $1.9 billion in annual revenues and 9,400 direct and
indirect jobs. SDTC supported projects have also contributed to an estimated $136 million of cost avoided through the benefits of cleaner air, water and soil.

Investing in Canada
Infrastructure Plan**

Cross-cutting

Brief Description

The Green Infrastructure-Climate Change Mitigation sub-stream of the Investing in Canada Infrastructure Plan (ICIP) will invest at least $3.8 billion in projects that will increase generation
of clean energy, increase capacity to manage more renewable energy, improve the energy efficiency of eligible public buildings, and increase access to clean energy transportation. Provinces
are subject to a mandatory 45% minimum investment floor for Climate Change Mitigation projects within the Green Infrastructure stream. ICIP projects above an appropriate threshold will
be subject to a Climate Lens, which will require assessment of GHG emissions and/or resilience to climate impacts. Where required, these assessments must be completed as a condition
of approval.

Improving Access to
Capital

Cross-cutting

CO2, CH4,
N2O

CO2, CH4,
N2O

Based on
projects
supported

Reduction of GHG
emissions in sectors
across Canada

Support precommercial
development and
demonstration clean
technology projects

Support GHG
mitigation initiatives
linked to public
infrastructure

Help Canada’s clean
technology firms
grow and expand

Type of
Instrument

Economic

Economic

Economic

Investment

Implementation
Entity

Federal government

Sustainable
Development
Technology Canada

Infrastructure Canada

Export Development
Canada; Business
Development Canada

Status of
Implementation

Planned

Implemented

Planned

Planned

Start Date of
Implementation

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Name of Mitigation
Action

CO2

Objective and/or
Activity Affected

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

2017

2001

2018

2017

NEa

NEc

NEa

NE

NEa

NEc

NEa

NEc

Policies and0721
Measures
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GHG(s)
Affected

Sector(s)
Affected

Brief description

The Government of Canada will invest approximately $1.4 billion in new financing to help Canada’s clean technology producers grow and expand. Of the $1.4 billion in new financing,
$950 million is in growth capital and approximately $450 million is in additional project finance. This new financing will be available through the Business Development Bank of Canada and
Export Development Canada.

Impact Canada
Initiative—Clean
Technology Stream

Cross-cutting

Brief Description

The Clean Technology stream was announced in Budget 2017, for a total of $75M (2017–18 to 2020–21). The program will be co-developed with industry, academia and philanthropic
organizations and will launch a series of prizes and challenges to incentivise investment in areas aligned with federal clean technology objectives (e.g., reducing GHG emissions and other
environmental impacts, clean energy for remote communities). Different approaches will be used for challenge design, according to technical, market and environmental circumstances.

Energy Innovation
Program

Cross-cutting

Brief Description

This initiative provides ongoing funding for core clean energy technology research, development and small-scale demonstration to meet Canada’s climate change objectives. In the near-term,
the program will focus on technologies with the potential for replication and adoption prior to 2030 in buildings, electricity, transportation and industry. The program indirectly supports emission
reductions across all of these sectors, with potential reductions of 10,000–16,000 kt in 2030.

Carbon Capture and
Storage Investment
in Canada’s Federal
Budget 2008

Cross-cutting

Brief Description

As part of Budget 2008, a one-time allocation of $240 million was given towards the SaskPower Boundary Dam carbon capture and storage project which will capture and store up to 1,000 kt
CO2 per year from 2014 onwards for the life of the plant.

Greening
Government
Operations

Cross-cutting
(buildings and
transportation)

CO2, CH4,
N2O

CO2

Unlock
breakthrough clean
technology solutions
to complex and
persistent problems

Achieve
environmental
benefits from
technology and/or
new policies, codes
and standards

Support the
SaskPower
Boundary Dam
clean energy
technology project

Type of
Instrument

Economic

Economic

Economic

Implementation
Entity

Natural Resources
Canada

Natural Resources
Canada

Government of
Canada

CO2, CH4,

Improve energy

Fiscal,

Government of

N2O

efficiency in federal
buildings, adopt low
carbon vehicles in
federal fleets

informational,
education

Canada, Natural
Resources Canada

Status of
Implementation

Planned

Implemented

Implemented

Implemented

Start Date of
Implementation

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Name of Mitigation
Action

CO2, CH4,
N2O

Objective and/or
Activity Affected

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

2017

2016

2014

2017

NEd

282 kt (by
2019)

1,000 kt

NEe

NEd

NEf

1,000 kt

80 kt
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GHG(s)
Affected

Sector(s)
Affected

Brief description

This ongoing program provides enhanced technical support and a Natural Resources Canada one-stop window to Government of Canada organizations seeking ambitious greenhouse gas
emission reduction actions from their building and fleet operations. This will support federal organizations to meet Federal commitments to lead by example, including the target of reducing
emissions from federal operations by 40% below 2005 levels by 2030 or earlier.

Clean Growth in
Natural Resources
Sectors Innovation
Program

Cross-cutting

Brief Description

Announced in 2017, the Clean Growth in the Natural Resources Sector Program aims to advance clean technology research and development and demonstration projects in Canada’s energy,
mining and forestry sectors. This program addresses pressing environmental challenges and economic opportunities facing Canada’s natural resource operations in five areas: reducing
greenhouse gas and air-polluting emissions; minimizing landscape disturbances and improving waste management; the production and use of advanced materials and bioproducts; efficient
energy use and productivity; and reducing water use and impacts on aquatic ecosystems.

Clean Energy for
Rural and Remote
Communities**

Cross-cutting

Brief Description

The program provides funding for renewable energy projects in rural and remote communities to reduce their reliance on diesel and other fossil fuels. Activities include deployment of new
renewable energy and energy efficiency technologies, demonstration of innovative clean energy solutions, support for the development of bioheating projects, and capacity building for local
technical expertise. This is a Green Infrastructure program under the Investing in Canada Plan.

Northern REACHE
program

Cross-cutting

Brief Description

The Government of Canada allocated $53.5 million over ten years and $5.4 million ongoing to continue the Northern Responsible Energy Approach for Community Heat and Electricity Program
(Northern REACHE) to reduce reliance on diesel for heat and electricity in rural and remote indigenous communities . As of September 2017 the REACHE program has funded 48 projects to
reduce reliance on diesel including: energy efficiency, renewable energy, and capacity building projects.

Federal Energy
Efficient Equipment
and Appliances
Program *

Cross cutting

Brief description

This program: sets new standards for heating equipment and other key technologies to the highest level of efficiency that is economically and technically achievable; updates and introduces
new energy efficiency standards under Canada’s Energy Efficiency Regulations; and updates and introduces new high performance ENERGY STAR specifications.

CO2

CO2

CO2, CH4,
N2O

Improve
environmental
performance of
Canada’s natural
resource sectors

Reduce
consumption of
diesel fossil fuels

Reduce reliance
on diesel in
remote Indigenous
communities

Improve standards
for equipment and
appliances

Type of
Instrument

Economic

Economic

Investment

Regulatory

Implementation
Entity

Natural Resources
Canada

Natural Resources
Canada

Indigenous and
Northern Affairs
Canada

Natural Resources
Canada

Status of
Implementation

Implemented

Planned

Implemented

Implemented

Start Date of
Implementation

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Name of Mitigation
Action

CO2, CH4,
N2O

Objective and/or
Activity Affected

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

2017

2018

2016

2016

500 kt

NAe

NEe

4,100 kt

NEf

138 kt

NEe

10,400 kt
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Name of Mitigation
Action

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Green Construction
through Wood
Program**

Cross-cutting

CO2

To reduce GHG
emissions in the
buildings sector

Education,
economic

Natural Resources
Canada

Planned

2018

NE

Brief description

The program supports projects and activities that increase the use of wood as a greener building material in infrastructure projects (for example, in high-rise buildings, low-rise commercial
buildings, and timber bridges), helping to create new markets for sustainable Canadian products. Cumulative 1600 – 6400 between 2020 and 2030

British Columbia
Carbon Tax

Cross-cutting

Brief Description

This tax applies to virtually all fossil fuels, including: gasoline, diesel, natural gas, coal, propane, and home heating fuel. The carbon tax started at a rate based on $10 per tonne of associated
carbon or carbon-equivalent emissions, and is currently set at $30/tonne CO2e. British Columbia’s carbon tax will increase by $5 per tonne per year starting April 1, 2018 until it reaches
$50/tn. B.C. will take measures to expand carbon pricing to include fugitive emissions and emissions from slash pile burning.

British Columbia
Innovative Clean
Energy Fund

Cross-cutting

Brief Description

The Innovative Clean Energy Fund is funded through a levy on energy sales, designed to support the Province’s energy, economic, environmental and greenhouse gas reduction priorities, to
advance BC’s clean energy sector. In April 2016, the Province announced $1.4 million from the Innovative Clean Energy Fund for a suite of programs to help homeowners reduce energy bills
and greenhouse gas emissions, and to support training in the construction of high performance, energy efficient homes.

British Columbia
Carbon Neutral
Government
Program and Carbon
Neutral Capital
Program

Cross-cutting

Brief Description

The Greenhouse Gas Reduction Targets Act required the provincial government, including provincial ministries and agencies, schools, colleges, universities, health authorities and Crown
corporations, to become carbon neutral by 2010 and to make public a report every year detailing actions taken towards carbon neutrality. The province has since announced that it achieved its
fifth year of carbon neutrality in 2015. Since 2010, British Columbia has reduced emissions from the public sector by approximately 1.5% per year.

British Columbia
GHG Emission
Control Regulation

Cross-cutting

Brief Description

The Greenhouse Gas Emission Control Regulation establishes the infrastructure and requirements for issuing emission offset units and funded units. These are the foundational elements that
enable compliance with the performance standards listed within a Schedule to the Act. The Regulation also establishes the BC Carbon Registry, which enables the electronic issuance, transfer
and retirement of compliance units (emission offset units, funded units and earned credits). BC’s GHG Industrial Reporting and Control Act, and associated regulations such as this one, apply
carbon pricing requirements to LNG and coal-fired electricity generation (in addition to the provincial carbon tax).

CO2, CH4,
N2O, HFCs,
PFCs, SF6

CO2

CO2

CO2, CH4

Reduce GHG
emissions from
fossil fuel use

Support
advancement
of clean energy
technologies

Achieve carbon
neutrality in
government
operations

Reduce GHG
emissions

Economic

Economic

Regulatory

Regulatory

British Columbia

British Columbia

British Columbia

British Columbia

Implemented

Implemented

Implemented

Implemented

2008

2008

2007

2016

3,000–
9,000 kt

NEg

43 kt

0

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
500–2,000 kt

NEg, h

NEg

NEg, h

NEg
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Name of Mitigation
Action

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

British Columbia
Promoting Use of
Low Carbon and
Renewable Materials
in Infrastructure

Building sector

CO2

Reduce the
embedded carbon in
infrastructure

TBD

British Columbia

Planned

TBD

500 kt

NEg

NEg

NEg

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Brief description

BC is developing policies are being developed to increase the use of low carbon and renewable materials in all public sector infrastructure.

Alberta Carbon
Pricing system*

Cross-Cutting

Brief Description

Alberta’s carbon pricing system has two components: a carbon levy, and a carbon competitiveness system. The carbon levy on heating and transport fuels, starting at $20 per tonne of carbon
dioxide equivalent in 2017, will rise to $30 in 2018. Revenue raised through the carbon levy will fund investments in green infrastructure, energy efficiency, renewable energy, bioenergy, and
innovation and technology. The Government of Alberta will offer rebates in order to offset the increased costs of the carbon levy for low- and middle-income households. In total, 60% of Alberta
households will be eligible for the full rebate and 66% of households will receive either a full or partial rebate.

All

Reduce GHG
emissions

Regulatory,
economic

Alberta

Implemented

2017

The system also includes the recently announced carbon competitiveness system which will replace the current Specified Gas Emitters Regulation in January 2018. This system will use
an output-based emission allocations approach for emissions-intensive, trade-exposed industries. Any facility that emits 100,000 tonnes or more of GHGs will be included in the new GHG
management system. Under the output-based allocation system, a facility will receive performance credits if their greenhouse gas emissions are less than the amount freely permitted. If their
emissions are above the amount freely permitted, they will be required take several actions to bring the facility into compliance. This new system is expected to cut emissions by 20 million
tonnes by 2020, and 50 million tonnes by 2030.
Alberta Specified
Gas Emitters
Regulation*

Cross-cutting

Brief Description

Alberta’s Specified Gas Emitters Regulation (SGER) requires facilities that emit 100,000 tonnes of CO2 eq or more annually to reduce their emissions intensity by 20% from a facility-specific
baseline based on past emissions and production. Regulated facilities have four compliance options: improve the GHG intensity of their operations; buy emissions performance credits from
other regulated facilities that achieve reductions beyond their requirement; buy Alberta-based offsets; or pay $30 per tonne of CO2 eq to the Climate Change and Emissions Management
Fund. As of 2013, the regulation covers 108 facilities from 15 industrial sectors (about half of Alberta’s GHG emissions). The regulation will be replaced by the Alberta Carbon Competitiveness
Regulation on January 1, 2018.

Alberta Carbon
Capture and Storage
Funding Act*

Cross-cutting

All

CO2

Reduce the
emissions intensity
of large emitters

Enable government
support for carbon
capture and storage
projects

Regulatory,
economic

Economic

Alberta

Alberta

Implemented

Implemented

2007

2008

10,000 kt

2,760 kt

NEi

2,760 kt
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GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Name of Mitigation
Action

Sector(s)
Affected

Brief Description

This legislation, adopted in 2008, enables Alberta to administer funding to support large-scale carbon capture and storage projects. Two large-scale carbon capture and storage demonstration
projects currently under development will capture CO2 from upgrader facilities: the Quest project and the Alberta Carbon Trunk Line project. Beginning in 2015, the Quest project is expected to
capture and store over 1MT CO2 per year from Shell’s Scotford Oil Sands Upgrader. In addition, the ACTL project will collect CO2 from the North West Redwater Oil Sands Upgrader which will
then be sold for injection into mature oil fields, after which it will be permanently stored. This project is expected to capture up to 1.2 MT of CO2 per year. To date, the Government of Alberta has
invested $1.3 billion in CCS technologies. The 2020 estimate of mitigation impact is also included under the Specified Gas Emitters Regulation.

Saskatchewan
SaskPower
Demonstration and
Implementation of
Carbon Capture
Technology*

Cross-cutting

Brief Description

With funding support from the federal government, Saskatchewan has invested upwards of $17 million in capture and storage projects and projects that reduce flaring. Together with industry
and government partners, it has several capture and storage projects underway, including the Aquistore project and the Carbon Capture Test Facility. The Weyburn-Midale project is the largest
capture and storage demonstration site in the world. Saskatchewan is continuing to fund research related to the Weyburn reservoir through the Saskatchewan CO2 Oilfield Use for Storage
and EOR Research Project. Saskatchewan has implemented the approximately $1.35 billion, 115 megawatt project at Boundary Dam, with a $240 million federal government contribution. The
Boundary Dam facility began commercial operation in October 2014 and is expected to capture up to 1MT of CO2 per year, reducing emissions by 7.2 per cent from 2002 levels. These emission
reductions are not listed to avoid double counting since the Boundary Dam emission reductions are listed by the federal government. Saskatchewan has been injecting carbon dioxide into the
subsurface since 1984.

Manitoba Made-inManitoba Carbon
Pricing

Cross-cutting

Brief Description

Manitoba announced its intention to develop a hybrid pricing system, combining a levy on fuel and an output-based pricing system for emissions-intensive, trade exposed sectors.

Ontario Low Carbon
Natural Gas

Cross-cutting

Brief Description

Ontario will introduce a renewable content requirement for natural gas and provide supports to achieve encourage the use of cleaner, renewable natural gas in industrial, transportation and
buildings sectors. The goal is to ensure the lowest possible carbon content to help reduce building and transportation emissions.

CO2

CO2

CO2

Reduce GHG
emissions from coal
energy

Reduce GHG
emissions across
the Manitoba
economy

Promote low-carbon
energy supply and
products

Voluntary
agreement

Regulatory

Regulatory

Saskatchewan

Manitoba

Ontario

Implemented

Planned

Planned

2014

TBD

2017

NEg

NEd

1,000 kt

NEg

NEd

NEf
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Name of Mitigation
Action

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Ontario Natural
Gas Demand
Side Management
Programs

Cross-cutting

CO2

Reduce natural
gas consumption
in the residential,
commercial and
industrial sectors

Regulatory

Ontario

Implemented

2003

5,706 kt

Brief Description

Enbridge Gas Distribution and Union Gas, Ontario’s main natural gas utilities, have been delivering natural gas energy efficiency programs to their industrial, commercial, institutional and
residential customers for over 20 years under the Demand Side Management Framework which is overseen by the Ontario Energy Board.

Ontario Industrial
Climate Change
Action Plan
Programs

Cross-cutting

Brief Description

Ontario will help Ontario businesses and industries increase their use of low-carbon technologies. Programs and services, such as the Target GHG Program, Green Ontario Fund, and low-carbon
technology accelerators, will be designed and delivered by the green bank to help reduce greenhouse gas pollution while also reducing costs.

Ontario Cap-andTrade Program*

Cross-cutting

CO2

CO2, CH4,
N2O, PFCs,
HFCs, SF6

Increase the uptake
of low-carbon
technologies in the
industrial emissions
sector

Reduce GHG
emissions across
Ontario’s economy

Economic

Regulatory,
economic

Ontario

Ontario

Implemented

Implemented

2015

2017

2,500 kt

NEg

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
NEg,h

NEf

NEg

NF3
Brief Description

Ontario’s cap and trade program is now in place. It limits greenhouse gas pollution, rewards innovative companies, generates opportunities for investment in Ontario and creates jobs while
moving Ontario to a low-carbon economy. Ontario’s first quarterly auction was held on March 22, 2017. On September 22, 2017, Ontario, Québec and California signed an agreement to link their
carbon markets effective January 1, 2018.
Ontario’s cap and trade program is designed to support achievement of the province’s emission reduction target of 15% below 1990 levels by 2020. The program covers over 80% of Ontario’s
GHG emissions, including emissions from home heating and transportation fuels. Proceeds raised through the auctioning of emission allowances are used to fund initiatives that reduce or
support the reduction of GHG emissions.

Ontario Provincial
Land Use Plans and
Legislation

Cross-cutting

All GHGs

Permanently
protect prime
agricultural land
and environmentally
sensitive areas

Regulatory

Ontario

Implemented

Various

NEg

NEg
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GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Name of Mitigation
Action

Sector(s)
Affected

Brief Description

Originally published in 2006 and updated in 2017, the Growth Plan for the Greater Golden Horseshoe, the Greenbelt Plan, the Oak Ridges Moraine Conservation Plan and the Niagara
Escarpment Plan are four provincial land use plans that work together to manage growth, build complete communities, curb sprawl and protect the natural environment. Ontario’s Climate
Change Action Plans supports actions in land-use planning and the development of low-carbon communities.
Ontario’s land use plans are enabled by key legislation. The Places to Grow Act (2005) enables the development of regional growth plans that guide government investments and land use
planning policies. The Greenbelt Act (2005) allows for the designation of an area of land as the Greenbelt Area—lands protected from development.
The Growth Plan for Northern Ontario (2011), established under the Places to Grow Act, 2005, includes policies to incorporate climate change mitigation and adaptation considerations into
planning and decision making where appropriate
Ontario’s Far North Act (2010) will help ensure sustainable development through the Ontario government and First Nations working together on community-based land use planning.

Ontario Planning Act
and the Provincial
Policy Statement,
2014

Cross-cutting

All GHGs

Brief Description

The Provincial Policy Statement (2014) provides policy direction on matters of provincial interest related to land use planning and development. It plays a key role in Ontario’s land use planning
system by providing the policy foundation for regulating the development and use of land. The Provincial Policy Statement includes policies to incorporate climate change mitigation and
adaptation considerations into land use planning and decision-making, where appropriate.

Québec
Technoclimat
Program

Cross-cutting

Brief Description

The Technoclimat program promotes the development of new technology or innovative processes in the areas of energy efficiency, emerging energy and GHG emissions reduction by providing
financial support to project proponents at various stages of the innovation chain. The main objective of the program is to support R&D, demonstration, measurement, pre-commercialization
and dissemination.

Québec’s Capand-Trade System
for Greenhouse
Gas Emission
Allowances*

Cross-cutting

All GHGs

All GHGs

Provide policy
direction on matters
of provincial interest
in land use planning

Develop new
innovative
technologies or
processes in the
areas of energy
efficiency

Reduce GHG
emissions across
the economy

Regulatory,
information

Economic

Economic,
regulatory

Ontario

Québec

Québec

Implemented

Implemented

Implemented

2014

2013

2013

NE

NEg

NEg

NE

NEg

NEg
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GHG(s)
Affected

Sector(s)
Affected

Brief Description

In 2013, the Québec government replaced its carbon levy with a cap and trade system that has been linked with California’s system since 2014. During the first two years of the program,
industrial emitters and electricity producers were covered. In 2015, the Québec government terminated its carbon levy, when fuel distributers became covered by the cap and trade system. By
the end of 2017, Québec and California will have held a total of thirteen joint auctions of GHG emission allowances. Ontario is also committed to join, and by 2018, the three governments are
expected to have completed the necessary steps to link their cap and trade systems.

Québec Heavy Fuel
Oil Use Reduction
Program

Cross-cutting

Brief Description

This program, run by the Agence de l’efficacité énergétique du Québec, allows consumers of heavy fuel oil to make the transition to sustainable development and to improve their
competitiveness by reducing consumption. Financial assistance is available for the implementation of analyses and energy efficiency measures involving heavy fuel oil and for the conversion to
less polluting energy sources, such as natural gas and forest biomass.

Québec
EcoPerformance
Program*

Cross-cutting

Brief Description

This program is centered on three components: the EcoPerfomance Buildings program which encourages exoergic residential renovation and heating system conversions intended to reduce the
energy use and greenhouse gas emissions of Québec homes; the EcoPerformance Halocarbons program to promote substituting refrigerants with substances that have a lower global-warming
power; and the EcoPerformance Industrial program which seeks to reduce greenhouse gas emissions and energy use in the industrial sector by funding projects or measures connected with
energy use and production, as well as with process improvement.

Québec Regulation
Respecting
Halocarbons

Cross-cutting

Brief Description

The purpose of this regulation is to reduce halocarbon emissions into the atmosphere to ensure that the ozone layer is protected and to minimize the increase in the greenhouse effect
connected with the human-source emissions of certain other halocarbons. This regulation is under review.

New Brunswick’s Air
Quality Regulations

Cross-cutting

Brief Description

This sets the context for all industrial sectors operating in the province and includes a strong industrial approvals program which generally incorporates facility level emission caps, as well as
monitoring and reporting programs.

New Brunswick
Energy Efficiency
Regulation

Cross-cutting

CO2, HFC

HFC

CO2

CO2

Reduce GHG
emissions

Reduce GHG
emissions

Reduce halocarbon
emissions

To limit GHG
emissions from
industrial sectors

Improve energy
efficiency and
energy conservation

Type of
Instrument

Economic

Economic

Regulatory

Regulatory

Regulatory,
education

Implementation
Entity

Québec

Québec

Québec

New Brunswick

New Brunswick

Status of
Implementation

Implemented

Implemented

Implemented

Planned

Implemented

Start Date of
Implementation

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Name of Mitigation
Action

CO2

Objective and/or
Activity Affected

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

2008

2013

2008

2014

2005

580 kt

900.6 kt

NEg

NEg

300 kt

NEf

NEf

NEg

NEg

NEf

Policies and0729
Measures
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National Communication Table 1: Summary of Policies and Measures by Sector (continued)

GHG(s)
Affected

Sector(s)
Affected

Brief Description

Efficiency New Brunswick is a Crown Corporation Agency established in 2005. Its mandate is to provide advice and solutions to help residents use energy more efficiently, make better energy
choices, manage energy expenses and lessen the impact of energy use on the environment. More specifically, the agency’s mandate is to: promote energy efficiency measures in the residential,
community and business sectors; develop and deliver programs and initiatives in relation to energy efficiency; promote the development of an energy efficiency service industry; act as a central
resource for the promotion of energy efficiency; and raise awareness of how energy efficiency measures can lead to a more reliable energy supply for New Brunswick.

Nova Scotia Cap and
Trade Program

Cross-cutting

Brief Description

As part of the Pan-Canadian Framework on Clean Growth and Climate Change, Nova Scotia has committed to implement a cap and trade program.

Prince Edward Island
Energy Strategy

Cross-cutting

Brief Description

Prince Edward Island has developed a 10-year energy strategy to reduce energy use, establish cleaner and locally produced energy sources and moderate future energy price increases. The
Strategy is guided by three principles: lowering greenhouse gas emissions, cost-effectiveness, and creating local economic opportunities.

Prince Edward Island
Climate Change
Action Plan

Cross-cutting

Brief Description

Prince Edward Island is in the process of updating its Climate Change Action Plan, expected in 2018.

Yukon Government
Sector Specific
Targets

Cross-cutting

Brief Description

The Yukon government has asset a variety of GHG reduction targets in the buildings, transportation, electricity, and industrial sectors. In addition, in 2009 the government pledged to reduce
GHG emissions by 20 per cent by 2015 (based on 2010 levels) and to work towards becoming carbon neutral by 2020.

Nunavut Energy
Strategy

Cross-cutting

Brief Description

As part of the Energy Strategy, the Nunavut Government stated a goal to reduce the Territory’s dependency on imported fuel through conservation and development of renewable
energy sources.

CO2

CO2, CH4,
N2O

CO2

CO2

Reduce GHG
emissions across
Nova Scotia’s
economy

Reduce energy use,
develop renewable
energy

Reduce emissions
and increase climate
resilience

Minimize growth
in overall Yukon
emissions

Reduce fossil fuel
consumption

Type of
Instrument

Regulatory

Other

Other

Regulatory

Other

Implementation
Entity

Nova Scotia

Prince Edward Island

Prince Edward Island

Yukon

Nunavut

Status of
Implementation

Planned

Adopted

Start Date of
Implementation

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Name of Mitigation
Action

All GHGs

Objective and/or
Activity Affected

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

TBD

2016/2017

NEd

NEd

NEg

NEg

Planned

TBD

NEg

NEg

Adopted

2012

NEe

NEe

Adopted

2006

NEk

NEk

Policies and0730
Measures

093
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Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Reduction of CO2
Emissions from
Natural Gas-Fired
Electricity**

Electricity

CO2

Reduce GHG
emissions from
natural gas-fired
electricity

Regulatory

Environment and
Climate Change
Canada

Planned

2020

NEd

Brief description

By 2018 the Government of Canada will finalize new performance standards that will impose emissions limits on natural gas-fired electricity generation. Draft federal regulations for natural
gas-fired electricity are targeted for publication in early 2018 for public comment, with final regulations targeted for publication in winter 2018. The regulation will ensure new natural gas-fired
electricity generation is efficient and to set limits on the use of coal units converted to run on natural gas

Reduction of
CO2 Emissions
from the CoalFired Generation
of Electricity
Regulations*

Electricity

Brief Description

Regulations under the Canadian Environmental Protection Act, 1999 apply a performance standard to new coal-fired electricity generation units and to existing units once they reach a defined
period of operating life (generally 50 years). The performance standard of 420 tonnes of CO2 per gigawatt hour came into force July 1, 2015. The regulations are projected to result in a net
reduction of approximately 214 Mt CO2 eq of GHG over the period 2015–2035. The Government of Canada announced its intention to amend these regulations to accelerate action and phase
out traditional coal-fired electricity generation by December 31, 2029. In early 2018, the Government of Canada will publish draft amendments for coal-fired electricity generation for public
comment, with final amendments targeted for publication by December 2018.

Strategic
Interconnections of
Electricity Grids**

Electricity

Brief Description

The program provides financial support to large clean electricity generation and transmission projects that can transmit clean electricity from provinces and regions with abundant renewable
energy resources to provinces and regions seeking to reduce reliance on fossil fuels for electricity generation. Negotiations on Integrated Bilateral Agreement began in fall 2017; Infrastructure
Bank to be operational in 2018.

Name of Mitigation
Action

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
NEd

ELECTRICITY

CO2

CO2

Reduce GHG
emissions from
coal-fired electricity
generation

Support large
clean electricity
generation and
transmission
projects that
significantly reduce
GHG emissions

Regulatory

Economic

Environment and
Climate Change
Canada

Infrastructure Canada,
Canada Infrastructure
Bank, Natural
Resources Canada

Implemented

Planned

2015

2018

3,100 kt

NEi

5,000 kt

12,700 kt

Policies and0731
Measures
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Name of Mitigation
Action

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Smart Grid
program**

Electricity

CO2

Support the
deployment and
demonstration
of smart grid
technologies

Economic

Natural Resources
Canada

Planned

2018

NEd

Brief Description

The program accelerates the transition to a clean growth economy by better utilizing the existing capacity of electricity assets, increasing the penetration of renewable generation, increasing the
reliability, resiliency, and flexibility of the power system while maintaining cyber security, and reducing GHG emissions. This is a Green Infrastructure program under the Investing in Canada Plan.
The program is expected to generate reductions of 900 kt in 2030—700 kt from deployment and 200 kt from demonstration.

Emerging
Renewable Power**

Electricity

Brief Description

The program provides funding to support renewable power technologies established abroad but not yet in Canada, such as offshore wind, tidal and geothermal to expand the portfolio of
commercially-viable, investment-ready, renewable energy technologies available in Canada, support development of new supply chains, and reduce GHG emissions. This is a Green Infrastructure
program under the Investing in Canada Plan. The program is scheduled to launch in winter 2018.

ecoENERGY for
Renewable Power
Program

Electricity

Brief Description

The program offers an incentive of 1¢ per kilowatt-hour of electricity produced over a period of ten years from a qualifying low-impact renewable energy project built before March 31, 2011.

Alberta CoalFired Electricity
Generation phaseout*

Electricity

Brief Description

As part of Alberta’s Climate Leadership Plan announced in 2015, pollution from coal-fired sources of electricity will be phased out completely by 2030, which is expected to achieve cumulative
emission reductions of 67 Mt. Greater investments in renewable energy projects will be made over time. Retired coal will be replaced with at least two-thirds renewable energy sources resulting
in up to 30% of generation from renewable sources by 2030.

Alberta Renewable
Electricity Program*

Electricity

CO2

CO2

CO2

CO2

Support deployment
of emerging
renewable power
projects

Reduce GHG
emissions by
increasing
renewable electricity
supply in Canada

Phase out the use
of coal as a source
of electricity by
2030

Increase renewable
energy capacity

Economic

Economic

Regulatory

Economic

Natural Resources
Canada

Natural Resources
Canada

Alberta

Alberta

Planned

Implemented

Planned

Implemented

2018

2007

TBD

2017

NAd

6,000 kt

NEd

NEd

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
900 kt

1,000 kt

6,000 kt

NEd

NEd

Policies and0732
Measures
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GHG(s)
Affected

Sector(s)
Affected

Brief Description

The Renewable Electricity Program is intended to encourage development of 5,000 megawatts of renewable electricity capacity connected to the Alberta grid system by 2030. The program will
be run through a series of competitions to incent the development of renewable electricity generation through the purchase of renewable attributes.

British Columbia
Clean Energy Act:
Clean or Renewable
Electricity
Requirement*

Electricity

Brief Description

British Columbia (B.C.) is in the process of creating a roadmap for the future of B.C. energy that will drive innovation, expand energy‐efficiency and conservation programs, generate new energy
responsibly and sustainably, and create lasting good jobs across the province. British Columbia continued to exceed its target of 93% clean electricity. B.C. amended the Greenhouse Gas
Reduction (Clean Energy) Regulation to support the development of additional transmission infrastructure in northeast B.C. to provide clean electricity to meet increasing demand from the
upstream natural‐gas sector.

British Columbia
Clean Energy Act:
Demand Side
Management*

Electricity

Brief Description

British Columbia (B.C.) amended the Greenhouse Gas Reduction (Clean Energy) Regulation to allow utilities to take demand‐side measures to encourage customers to switch from higher‐
emission fuels to clean electricity. The provincial electricity utility B.C. Hydro is required to meet 66% of its forecasted incremental electricity demand through demand side management. B.C.
also amended the Demand‐Side Measures Regulation to allow utilities to double energy efficiency programs for natural gas‐fired equipment.

SaskPower
Electricity Initiatives

Electricity

Brief Description

SaskPower has set a target of 50% generation capacity from renewables by 2030, doubling the percentage of renewables in the supply mix in 15 years. Meeting this target will significantly
reduce greenhouse gas emissions—about 40% below 2005 levels in 2030. This will include the addition of 60 megawatts of solar generation by 2021 and up to 1,600 megawatts from wind
by 2030. These reductions will also be met through carbon capture and storage (CCS) technology. In the fall of 2014, Boundary Dam Unit 3 became the first power station in the world to
successfully use CCS technology. The facility produces 115 megawatts of power and is capable of capturing approximately 1 million tonnes of CO2 per year.

Manitoba Emissions
Tax on Coal and
Petroleum Coke Act*

Electricity

CO2

CO2

CO2

Maintain low carbon
electricity supply

Reduce electricity
demand growth

Reduce GHG
emissions
from electricity
generation and
enhance supply of
renewables

Reduce GHG
emissions from coal
and petroleum coke

Type of
Instrument

Regulatory

Regulatory

Voluntary
Agreement

Regulatory

Implementation
Entity

British Columbia

British Columbia

Saskatchewan

Manitoba

Status of
Implementation

Implemented

Implemented

Implemented

Implemented

Start Date of
Implementation

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Name of Mitigation
Action

CO2, CH4

Objective and/or
Activity Affected

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

2010

2010

2007

2013

NEg

75 kt

NEg

NEg

NEg

75 kt

6,000 kt

NEg

Policies and0733
Measures
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GHG(s)
Affected

Sector(s)
Affected

Brief Description

The Act establishes an emissions tax on the use of petroleum coke in industrial facilities. Funds from Manitoba’s emissions tax on coal are redirected to support the transition from coal to
biomass. Manitoba plans to phase out its last remaining coal facility in Brandon, Manitoba by 2019. Manitoba’s Coal Fired Emergency Operations Regulation, introduced in 2009, restricts
Manitoba Hydro’s use of coal to generate power in emergency operations.

Manitoba Coal
and Petroleum
Coke Heating Ban
Regulation

Electricity

Brief Description

Manitoba banned the use of petroleum coke for space heating in December, 2012.

Manitoba Biomass
Energy Support
Program

Electricity

Brief Description

This program provides support in the transition to the processing and use of biomass for heating in place of coal. The program will provide financial support for capital and/or infrastructure
upgrades that are required to effectively manufacture or consume biomass fuel, including expansion of existing facilities or development of new capacity.

Ontario Coal PhaseOut*

Electricity

Brief Description

By April 2014, coal-fired electricity was successfully eliminated from all Ontario Power Generation stations—19 generating units in total. More than 90 per cent of the power generated in
Ontario now comes from clean energy sources such as water power, nuclear and renewables. Ontario passed the Ending Coal for Cleaner Air Act in 2015 to permanently ban coal-fired
electricity generation in the province—a first in North America and a significant step in the fight against climate change. Ontario estimated emissions reductions in the electricity sector include
Ontario Coal Phase-Out, Feed-in-Tariff program and other energy efficiency measures in the electricity sector.

Ontario Feed-In
Tariff Program and
Large Renewable
Procurement*

Electricity

Brief Description

Ontario’s Feed-in Tariff was launched in 2009 and allows homeowners, communities, business owners and private developers to generate renewable energy and sell it to the province at a
guaranteed price for a fixed contract term. As of March 31, 2017, over 3,500 MW of renewable energy has been brought online under the program. Ontario estimated emissions reductions in
the electricity sector include Ontario Coal Phase-Out, Feed-in-Tariff program and other energy efficiency measures in the electricity sector.

CO2

CO2

CO2

Reduce GHG
emissions from coal
and petroleum coke

Support coal users
switch from coal to
biomass

Eliminate coalfired electricity
generation and the
associated GHG
emissions

Support the
development of
renewable and clean
energy sources

Type of
Instrument

Regulatory

Economic

Regulatory

Economic

Implementation
Entity

Manitoba

Manitoba

Ontario

Ontario

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Name of Mitigation
Action

CO2

Objective and/or
Activity Affected

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Implemented

2013

NEg

NEg

Implemented

2012

NEg

NEg

Implemented

Implemented

2007

2009

30,000 kt

30,000 kt

NEh

NEh

Policies and0734
Measures
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Name of Mitigation
Action

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Ontario Supporting
Biomass Heat
Project

Buildings

CO2, CH4,
N2O

Reduce GHG
emissions from
residential and
commercial/
institutional heating

Information

Ontario

Implemented

2014

NEg

Brief Description

This project involves multiple ministries working on improving the business and policy environment for biomass heating in Ontario. Activities focus on enabling policy, investment and market
development, outreach, and research and innovation. The project is expected to result in increased use of high-efficiency renewable biomass heating in commercial/institutional and residential
applications, offsetting fossil fuel use.

New Brunswick
Electricity Act
Renewable
Portfolio Standard
Regulation*

Electricity

Brief Description

The Electricity from Renewable Resources Regulation requires 40% of electricity supply to be from renewable sources by 2020, consistent with the Energy Blueprint Policy. By 2020,
75 percent of New Brunswick’s electricity demand will be met by non-emitting or renewable sources.

Nova Scotia
Electricity Sector
Regulations*

Electricity

Brief Description

Nova Scotia has implemented two separate regulations to address emissions from the electricity sector and enhance the supply of renewables, which are together expected to result in
emission reductions of 2,500 kt CO2 eq in 2020. The Greenhouse Gas Emissions Regulations implement a mandatory declining cap on GHG emissions from electricity generation facilities.
From a baseline of 10.2 MT (2007) the decreases are scheduled in progressive steps so the emissions will decline to 7,500 kt or below by 2020 and further to 4,500 kt or below by 2030.
Total electricity GHG reduction in Nova Scotia for 2007 to 2030 will be at least 5,500 kt CO2 eq. The Renewable Electricity Regulations require 25% of electricity supply to be generated from
renewable sources by 2015 and 40% by 2020. This will involve the adoption of a diverse mix of energy sources including wind, tidal, solar, hydro and bioenergy.

Nova Scotia
Electricity Efficiency
Regulations*

Electricity

CO2

CO2, HFCs,
CH4, N2O,
SF6, PFCs

CO2

Achieve 40% of
renewable energy
for electricity

Reduce GHG
emissions from the
electricity sector
and to increase
the share of clean
energy in the
province’s energy
use

Use energy more
efficiently

Regulatory

Regulatory

Regulatory

New Brunswick

Nova Scotia

Nova Scotia

Implemented

Implemented

Implemented

2014

2009, 2010, 2013

2014

630

2,500 kt

1,300 kt

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
NEg

NEh

NEh

NEh

Policies and0735
Measures

098
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GHG(s)
Affected

Sector(s)
Affected

Brief Description

Nova Scotia created Canada’s first energy efficiency utility, Efficiency Nova Scotia. Since its creation, this independent organization has achieved annual reductions of 1.2 per cent below
the business as usual baseline. It also administers comprehensive energy efficiency programs for low income and First Nations Nova Scotians. The Electricity Efficiency and Conservation
Restructuring Act (2014) requires Nova Scotia Power to purchase efficiency resources whenever they are lower cost than producing power. Efficiency resources are provided by Efficiency Nova
Scotia for commercial, industrial, and residential consumers. Targets for electricity efficiency are guided by a periodic Integrated Resource Plan required by the Utility Board. GHG reductions
achieved through electricity efficiency are included in the GHG reduction estimates provided for the Nova Scotia Greenhouse Gas Emissions Regulations.

Newfoundland and
Labrador Lower
Churchill Project
(Muskrat Falls)*

Electricity

Brief Description

Currently under construction, the 824 megawatt Muskrat Falls hydroelectric project will displace oil-fired electricity generation representing over 10% of the province’s GHG emissions. The
project will also contribute to an estimated GHG reduction of approximately 1 Mt per year in Nova Scotia through a purchase power agreement and other additional exports sales may also result
in a further 1 Mt reduction per year. The project is expected to be operational with full power starting in 2020. The second phase of the Lower Churchill Project includes the 2,200 MW Gull
Island Project that has received federal and provincial environmental approval. Construction on Gull Island has not started.

Prince Edward
Island Wind Farm
Development

Electricity

Brief Description

Prince Edward Island released an Energy Strategy in 2017, with an objective of developing two additional wind farms. Consultation on the first wind farm (30 MW) began in 2017.

Prince Edward
Island- New
Brunswick Cable
Interconnection
Upgrade Project

Electricity

Brief Description

Prince Edward Island (PEI) completed a cable interconnection upgrade within the Northumberland Strait, between the provinces of Prince Edward Island and New Brunswick. Two 180 MW
cables will help meet the growing demand for electricity on PEI, deliver reliable, long-term energy for Islanders, and help balance the intermittent nature of growing wind energy supply.

Prince Edward Island
Renewable Energy
Act

Electricity

Brief Description

The Renewable Energy Act requires utilities to acquire at least 15% of electrical energy from renewable sources by 2010 (Renewable Portfolio Standard). Currently about 25% of Prince
Edward Island’s electricity consumption is sourced from on-island wind farms. The Act also established minimum purchase price utilities must pay for power produced by large-scale renewable
energy generators and makes it economically feasible for Island homeowners, small businesses or farmers who have an interest in generating their own electricity to install small-scale
generating systems through net-metering.

CO2

CO2

CO2

Increase the share
of clean energy
in the province’s
energy use

Develop additional
renewable electricity
supply

Deliver reliable,
long-term energy,
and balance the
growing wind
energy supply

Pursue cleaner
sources of energy
and reduce reliance
on imported energy

Type of
Instrument

Economic

Economic

Economic

Regulatory

Implementation
Entity

Newfoundland and
Labrador

Prince Edward Island

Prince Edward Island,
New Brunswick

Prince Edward Island

Status of
Implementation

Planned

Planned

Implemented

Implemented

Start Date of
Implementation

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Name of Mitigation
Action

CO2, CH4,
N2O

Objective and/or
Activity Affected

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

2019

2017-2019

2017

2005

1,200 kt

NEe

NEg

NEg

NEg

NEe

NEg

NEg

Policies and0736
Measures
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Name of Mitigation
Action

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Northwest Territories
Arctic Energy
Alliance

Electricity

CO2

Educate, raise
awareness and help
residents adopt
energy saving
practices

Education

Northwest Territories

Implemented

2007

NEe

Brief Description

The Arctic Energy Alliance, a non-profit organization, provides free information, advice, incentives and answers to questions from residents of the Northwest Territories on energy efficiency and
hosts annual Energy Actions Awards. The Arctic Energy Alliance also conducts energy audits to educate residents on how to reduce home energy consumption.

Yukon Independent
Power Production
Policy

Electricity

Brief Description

To assist large scale power producers, the Government of Yukon has adopted the Independent Power Production Policy which aims at enabling independent, non-utility electricity producers to
sell electricity to Yukon’s two public utilities through renewable energy technologies, such as wind power, micro-hydro, biomass and solar electric (or photovoltaic) systems.

Yukon
Microgeneration
Policy

Electricity

Brief Description

To assist small scale power producers, the Government of Yukon’s Microgeneration Policy enables individuals and businesses to install electrical generating systems and connect them to the
grid. The electricity generated is consumed on site and any surplus can be sold into the grid. Since it was announced in October 2013, 12 microgeneration systems have been installed which
are expected to generate 41,000 kWh per year.

Yukon Energy
Corporation/ATCO
Electric InCharge
Program

Electricity

Brief Description

Yukon Energy Corporation and ATCO introduced InCharge in 2014 to promote a culture of electricity conservation in Yukon’s residential sector. The initiative consists of three programs; the
LED and Automotive Heater Timer Rebate Program, the Low Cost Energy Efficient Products Program and an Engagement, Education and Communication Program. The anticipated annual net
savings with transmission and distribution losses is expected to reach 2,644 MWh by 2018.

CO2, CH4,
N2O

CO2, CH4,
N2O

CO2

Reduce diesel
consumption for
electricity and heat
generation

Reduce diesel
consumption for
electricity and heat
generation

Reduce GHG
emissions from
fossil fuel electricity
generation

Information,
Economic

Information
Economic

Voluntary
Agreement

Yukon

Yukon

Yukon

Adopted

Implemented

Implemented

TBD

2014

2014

NEe

41 kt

NEk

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
NEe

NEe

NEf

NEk

Policies and0737
Measures

100

National Communication Table 1: Summary of Policies and Measures by Sector (continued)

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

National Zero
Emission Vehicle
Strategy**

Transportation

CO2, CH4,
N2O

Reduce GHG
emissions from
on-road passenger
vehicles and support
clean transportation
innovation

TBD

Government of
Canada, provincial and
territorial governments,
industry

Planned

TBD

NEd

Brief Description

The Pan-Canadian Framework indicated a commitment for the federal, provincial and territorial governments to work with industry and other stakeholders to develop a Canada-wide strategy for
zero-emission vehicles by 2018. In addition, federal, provincial, and territorial governments will work together, including with private-sector partners, to accelerate demonstration and deployment
of infrastructure to support zero-emission vehicles, such as electric-charging stations. The ZEV strategy is under development and is expected to be announced in 2018.

Light-Duty Vehicle
GHG Regulations
Phase 1*

Transportation

Brief Description

The regulations establish progressively stringent GHG emission standards to new passenger automobiles and light trucks manufactured or imported into Canada for model years 2011-2016.

Light-Duty Vehicle
GHG Regulations
Phase 2*

Transportation

Name of Mitigation
Action

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
NEd

TRANSPORTATION

CO2, CH4,
N2O

CO2, CH4,
N2O

Reduce GHG
Regulatory
emissions from
the on-road
transportation sector

Reduce GHG
Regulatory
emissions from
the on-road
transportation sector

Environment and
Climate Change
Canada

Environment and
Climate Change
Canada

Implemented

Implemented

2011

11,900 kt

23,300 kt

2014

2,800 kt

24,300 kt

2014

2,600 kt

5,700 kt

Brief Description

The regulations establish progressively stringent GHG standards for new vehicles of model years 2017 and beyond.

Heavy Duty Vehicle
GHG Regulations
Phase 1*

Transportation

Brief Description

These regulations apply increasingly stringent GHG emissions standards to new on-road heavy-duty vehicles and engines of model year 2014 to 2017 imported or manufactured in Canada.

Heavy Duty Vehicle
GHG Regulations
Phase 2*

Transportation

CO2, CH4,
N2O

CO2, CH4,
N2O

Reduce GHG
Regulatory
emissions from
the on-road
transportation sector

Reduce GHG
emissions from
the on-road
transportation sector

Regulatory

Environment and
Climate Change
Canada

Environment and
Climate Change
Canada

Implemented

Planned

2018

25 kt

3,000 kt

Policies and0738
Measures
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GHG(s)
Affected

Sector(s)
Affected

Brief Description

These proposed regulations would apply increasingly stringent GHG emissions standards to new on-road heavy-duty vehicles and engines imported or manufactured in Canada starting with
model year 2021 and would introduce GHG emissions standards for trailers imported or manufactured in Canada phased—starting with model year 2018. Final regulations are targeted for
publication in 2018.

Federal Renewable
Fuels Regulations*

Transportation

Brief Description

The regulations require an average 5% renewable fuel content for gasoline, and 2% renewable fuel content in diesel fuel. Provinces such as Alberta, British Columbia and Ontario also have
renewable fuel regulations in their respective jurisdictions. For example, these measures include the Alberta Renewable Fuel Standard Regulation, British Columbia Renewable and Low Carbon
Fuel Requirements Regulation, Saskatchewan Renewable Diesel Program, Ontario Ethanol in Gasoline Regulation and Ontario renewable fuel requirements for gasoline and diesel. Certain other
provinces have established incentive programs for renewable fuels, including the Manitoba Biofuel Production Incentive and the Ontario Ethanol Growth Fund.

Energy efficiency of
replacement tires

Transportation

Brief Description

Canada is developing a standard for the energy efficiency of replacement tires. In 2017, tire testing was initiated in collaboration with Transport Canada and the United States National Highway
Traffic Safety Administration, which will inform the development of the standard. In 2018, the tire efficiency testing results will be released, consultations on the standard development will be
initiated, and draft technical standards will be developed.

Retrofit requirements
for existing heavyduty trucks to install
fuel-saving devices

Transportation

Brief Description

Jurisdictions are taking collective action to encouraging greater use of fuel saving devices in heavy-duty trucks.

Carbon Dioxide
Standards for
Aviation

Transportation

Brief Description

Canada participated in the development of a new international CO2 standard for new and in-production airplanes through the Committee on Aviation Environmental Protection at the
International Civil Aviation Organization (ICAO). ICAO has adopted the new standard and Canada is working towards adopting the new standard into the Canadian Aviation Regulations in
early 2018.

Canada’s Action
Plan to Reduce GHG
Emissions from
Aviation*

Transportation

CO2

CO2

CO2

CO2, CH4,
N2O

Regulate renewable
content in fuel

To reduce GHG
emissions from
transportation fuels

Type of
Instrument

Regulatory

Regulatory

To reduce GHG
emissions from
transportation fuels

Reduce GHG
emissions from new
airplanes

Reduce GHG
emissions from the
aviation sector

Implementation
Entity

Environment and
Climate Change
Canada

Government of
Canada

Government of
Canada, provincial and
territorial governments,

Regulatory

Voluntary
Agreement

Transport Canada

Transport Canada

Status of
Implementation

Implemented

Planned

Planned

Planned

Implemented

Start Date of
Implementation

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Name of Mitigation
Action

CO2

Objective and/or
Activity Affected

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

2010

2018

4,000 kt

NEd

NEf

NEd

2018

NEd

NEd

2018

NEd

NEd

2012

NEk

NEk
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GHG(s)
Affected

Sector(s)
Affected

Brief Description

The Action Plan is a comprehensive voluntary approach that includes all segments of the Canadian aviation sector, from airlines and airports to air traffic navigation and aircraft manufacturers.
The Action Plan has set an aspirational goal to improve fuel efficiency by an average of 2 percent per year until 2020, measured against a 2005 baseline and also identifies measures that
are expected to have the greatest impact in reducing greenhouse gas emissions over time. The Action Plan forms the basis for the Government of Canada’s response to the International Civil
Aviation Organization’s Assembly Resolution A37-19. Canada also benchmarks progress against the Air Transport Action Group’s target of 1.5 percent from a 2008 baseline.

Memorandum of
Understanding
between Transport
Canada and
Rail Industry
for Reducing
Locomotive
Emissions*

Transportation

Brief Description

This Memorandum of Understanding is a Canadian industry-government initiative, originally covering the 2011-2015 time period and extended to the end of 2017. The MOU was signed in
April 2013 and includes GHG intensity targets for Class I freight, intercity passenger railways and short line railways and also encourages railways to adopt measures and undertake actions to
reduce GHG emission intensity from rail operations. The Government of Canada published the Locomotive Emission Regulations under the Railway Safety Act in the Canada Gazette, Part II on
June 28, 2017.

Shore Power
Technology for Ports
Program

Transportation

Brief Description

The Shore Power Technology for Ports Program provides cost-shared funding for the deployment of marine shore power technology at Canadian ports. By providing ship operators with an
alternative to running diesel auxiliary engines while docked, shore power technology reduces fuel consumption, fuel costs, and greenhouse gas and air pollutant emissions from vessels. It also
supports the competitiveness of Canadian ports.

ecoTECHNOLOGY
for Vehicles Program

Transportation

Brief Description

The ecoTECHNOLOGY for Vehicles program proactively tests, evaluates, and provides expert technical information about the environmental and safety performance of advanced on-road vehicle
technologies, including light-duty and heavy-duty vehicles. The program shares technical findings to inform the development of vehicle emission regulations; to guide the proactive development
of new or revised safety regulations, standards, codes and guidelines; and to support the development of non-regulatory industry codes and standards to help integrate new clean vehicle
technologies into Canada in a safe and timely manner.

CO2, CH4,
N2O

CO2, CH4,
N2O

Reduce GHG
emissions from
railway locomotives
operated by
Canadian railway
companies in
Canada

Reduce GHG
emissions from
docked ships

Support the
development of
low-emission
vehicle regulations,
standards, etc.

Type of
Instrument

Voluntary
Agreement

Economic

Research,
Information

Implementation
Entity

Transport Canada

Transport Canada

Transport Canada

Status of
Implementation

Implemented

Implemented

Implemented

Start Date of
Implementation

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Name of Mitigation
Action

CO2, CH4,
N2O

Objective and/or
Activity Affected

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

2011

2011

2011

NEk

7 kt

NEc

NEk

NEe

NEc
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Name of Mitigation
Action

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Truck Reservation
System Program

Transportation

CO2, CH4,
N2O

Reduce GHG
emissions
associated with
port-related trucking
activity

Economic

Transport Canada

Implemented

2013

NEe

Brief Description

The Truck Reservation Systems Program provides funding to projects at Canada’s major container ports for the deployment of technologies and practices that improve port-trucking efficiency
and environmental performance (e.g., reducing truck idling, wait times at port terminals, and congestion on access roads). The program is currently working with project proponents to gather
more complete data on truck movements within port areas to better measure GHG emissions on an ongoing basis. The program will be completed by March 31, 2018.

Electric Vehicle
Charging and
Alternative
Fuel Refuelling
Infrastructure

Transportation

Brief Description

The program supports the demonstration and deployment of electric vehicle (EV) chargers, and alternative fuel (e.g. natural gas, hydrogen) stations along Canada’s highways and freight
corridors. In addition, it supports the development and revision of enabling codes and standards for electric and alternative fueled vehicles and refuelling infrastructure. This is a Green
Infrastructure initiative under the Investing in Canada Plan. By March 2018, deployment projects will result in over 100 new EV fast chargers, seven natural gas and three hydrogen stations built.
The program supports increased uptake of electric vehicle transportation in 2030, and is therefore an enabling measure for the associated emission reductions.

Energy Efficient
Transportation

Transportation

Brief Description

This program has 4 elements: 1) to provide Canadians a suite of information and awareness tools and materials, including the EnerGuide label for vehicles to help consumers’ choose more
fuel efficient, less emitting vehicles; 2) to operate Canada’s SmartWay Partnership program, which helps Canada’s commercial/institutional freight sector benchmark and track their fuel
consumption; 3) to develop a tire regulation to introduce a minimum energy efficiency standard for replacement tires for light-duty passenger vehicles, which aligns with a similar regulation
being proposed in the U.S.; and 4) to promote freight management best practices and accelerate the adoption of energy management best practices in fleets and supply chains.

British Columbia
Clean Energy
Vehicles Program*

Transportation

CO2, CH4,
N2O

CO2, CH4,
N2O

CO2, N2O

Accelerate
demonstration
and deployment
of charging
and refuelling
infrastructure, and
supporting codes
and standards

Improve energy
efficiency in
transportation in
Canada

Reduce GHGs from
transportation

Economic,
regulatory

Information,
education,
regulatory,

Economic

Natural Resources
Canada

Natural Resources
Canada

British Columbia

Implemented

Implemented

Implemented

2016

2016

2011

NEl

1,100 kt

18 kt

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
NEe

NEl

1,900 kt

20 kt
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GHG(s)
Affected

Sector(s)
Affected

Brief Description

British Columbia continues to build upon its commitment to support clean energy vehicle uptake and charging infrastructure deployment through incentive programs, an evolving regulatory
framework, fleets programs, and outreach and training. The program from December 2011–March 2014 provided incentives for eligible clean energy vehicles and included deployment of
charging point infrastructure for these vehicles. A phase 2 of the Clean Energy Vehicles Program began in April 2015 with similar incentives, and the program received further funding in
2016–17 which will be distributed over three years to support continued point-of-sale purchase incentives of up to $5,000 for battery electric vehicles and $6,000 for hydrogen fuel cell electric
vehicles. When combined with SCRAP-IT program incentives, total savings could be up to $11,000 for a new electric vehicle.

British Columbia
SCRAP-IT Program

Transportation

Brief Description

The SCRAP-IT Program, operational on and off since 1996, offers qualifying vehicle owners incentives to take their older vehicles off the road rather than resell them. Incentives are offered to
support the purchase of a low emission vehicle, transit pass, car share, or bicycle. Emissions estimates are captured in the B.C. Clean Energy Vehicles Program.

British Columbia
Transport
Infrastructure
Investments

Transportation

Brief Description

British Columbia now requires consideration of climate change impacts in transportation infrastructure design plans to improve the province’s transportation network and transition to low carbon
fuels by increasing the number of B.C. Transit compressed natural gas buses and fuelling stations and investing in dual fuel capable ferries that can run on either liquefied natural gas or ultralow sulphur diesel.

British Columbia
GHG Reduction
Regulation Enabling
Utilities to Further
Incent Natural Gas
Vehicles

Transportation

Brief Description

This amendment to the GHG Reduction Regulation allows utilities to double the total pool of incentives available to convert commercial fleets to 100 per cent renewable natural gas.

British Columbia
Incentives for
Natural Gas in
Transportation

Transportation

Brief Description

New utility incentives will encourage emission reductions in B.C.’s transportation sector by promoting renewable natural gas for use in commercial fleets, as well as expanding
fuelling infrastructure.

CO2, N2O

CO2, N2O

CO2, N2O

Reduce GHGs from
transportation

Reduce GHGs from
transportation

Reduce GHGs from
transportation

Reduce GHGs from
transportation

Type of
Instrument

Economic

Economic

Economic

Economic

Implementation
Entity

British Columbia

British Columbia

British Columbia

British Columbia

Status of
Implementation

Implemented

Implemented

Implemented

Implemented

Start Date of
Implementation

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Name of Mitigation
Action

CO2, N2O

Objective and/or
Activity Affected

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

1996

2016

2016

2016

NEj

70 kt

100 kt

40 kt

NEj

70 kt

100 kt

40 kt
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Name of Mitigation
Action

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

British Columbia
Fueling Marine
Vessels with Cleaner
Burning LNG

Transportation

CO2, N2O

Reduce GHGs
from marine
transportation

Economic

British Columbia

Planned

2016

0m

0m

Brief Description

Amendments to the Greenhouse Gas Reduction Regulation to allow utilities to provide further incentives for marine bunkering of liquefied natural gas.

British Columbia
Supporting
Zero Emission
Vehicle Charging
Development for in
Buildings

Transportation

NEg

NEg

Brief Description

The B.C. government is expanding support for the development of electric vehicle charging stations in buildings across the province by developing regulations to allow local governments to
require new buildings to install adequate infrastructure to support electric vehicle charging and developing policies.

British Columbia
Renewable and
Low Carbon Fuel
Requirements*

Transportation

Brief Description

British Columbia continues to implement its renewable and low carbon fuel policy. The Regulation requires a minimum renewable fuel content for the fuel supplied in British Columbia (5% for
gasoline, 4% for diesel) and requires fuel suppliers to reduce the average carbon intensity of transportation fuels by 10% by 2020.

Alberta GreenTRIP

Transportation

Brief Description

This is a $2 billion one-time capital funding program that supports new and expanded public transit in Alberta. To date, 13 projects are receiving funding.

CO2, N2O

All GHGs

CO2

Reduce GHGs from
transportation

Reduce GHG from
transportation fuels

Increase the
accessibility and use
of public transit in
Alberta

Supporting
regulations

Regulatory

Economic

British Columbia

British Columbia

Alberta

Planned

Implemented

Implemented

2017

2008

2010

1,200 kt

50 kt

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

1,800 kt

NEf
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Name of Mitigation
Action

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Ontario Metrolinx:
The Big Move:
Transforming
Transportation in the
Greater Toronto and
Hamilton Area*

Transportation

CO2, CH4,
N2O

Increasing options
for transportation,
safe and secure
mobility, and a
smaller carbon
footprint and lower
GHG emissions

Economic

Ontario

Implemented

2008

3,900 kt

Brief Description

Emission reduction estimate for the Big Move is combined with several initiatives. Combined estimated mitigation impact of 3.9 Mt applies to initiatives related to: The Big Move Regional
transportation plan and Growth Plan for the Greater Golden Horseshoe; passenger vehicle efficiency regulations; truck speed limiter regulation; municipal hybrid bus purchase, first generation of
Ontario’s Green Commercial Vehicle Program; Ontario ethanol regulation; other related transportation initiatives.
Initiatives under this plan include: work to accelerate deployment of the Regional Express Rail system, which includes electrification of the existing diesel-operated locomotive fleet to utilize
Ontario’s low-carbon electricity; a new Green Commercial Vehicle Program to provide incentives to eligible businesses that want to buy low-carbon commercial vehicles and technologies to
reduce emissions, including electric and natural gas-powered trucks, aerodynamic devices, anti-idling devices, and electric trailer refrigeration; and a Renewable Fuels Standard to increase the
percentage of renewable content required in transportation fuels sold in the province.

Ontario Electric
Vehicle Incentive
Program*

Transportation

Brief Description

Ontario’s has established or is in the process of establishing new initiatives to support the uptake of electric vehicles, including: electric vehicle (EV) incentive program, EV Charger Ontario
Program, EV charging infrastructure program, EV discovery center, EV overnight charging program, electric/hydrogen vehicle advancement program, and electric school bus pilot program.
Ontario has established a sales target of 5% in 2020 for electric and hydrogen passenger vehicles.

Ontario Drive Clean
Program

Transportation

Brief Description

Ontario’s Drive Clean Program is a mandatory vehicle emissions inspection and maintenance program for light-duty and heavy-duty vehicles. Light-duty vehicles registered in the program area
are required to be tested biennially, and all heavy-duty vehicles registered in the province must be tested annually unless a biennial testing incentive is earned.

Québec Assistance
Program to Improve
Public Transit
Services

Transportation

Brief Description

The program will impact GHG emissions associated with passenger transportation through supporting transit authorities to increase public transit services, operations, and capital projects.
Investments are made in urban and rural services as well as interregional bus transport.

CO2, CH4,
N2O

CO2, CH4,
N2O

CO2, CH4,
N2O

Accelerate the
uptake of electric
vehicles in the
province

Reduce smogcausing pollutants
from vehicles

Reduce GHG
emissions from
the transportation
sector

Economic

Regulatory

Economic

Ontario

Ontario

Québec

Implemented

Implemented

Implemented

2010

1999

2013

50 kt

NEg

23 kt

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
NEf

NEf

NEg

NEg
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Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Québec

Implemented

2012

30,1 kt

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
NEg

Name of Mitigation
Action

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Québec
Transportation
Electrification
Initiatives*

Transportation

CO2, CH4,
N2O

Reduce GHG
Economic
emissions in the
transportation sector
and accelerate the
deployment of EVs
and associated
infrastructure

Brief Description

Québec places significant emphasis on electric transportation, including light vehicles and electric public transportation, and promoting the development of the electric industrial sector. Targets
for 2020 are to: reach 100,000 electric vehicles and rechargeable hybrids; reduce the number of litres of fuel consumed annually in Québec by 66 million; and have 5,000 jobs in the electric
vehicle sector and bring about investments of 500 million dollars.
The Drive Green program has two components: the Drive Electric program and the Connected at Work program. The Drive Electric program offers individuals, businesses, not-for-profit
organizations and municipalities in Québec a rebate on the purchase or rental of an eligible vehicle. The rebate granted varies from $4,000 to $8,000 for fully electric vehicles and rechargeable
hybrids. All those who purchase or rent a fully electric vehicle or a plug-in hybrid electric vehicle (PHEV) can also ask for financial assistance to purchase and install a 240-volt charging station
at their home.
The Connected at Work program offers businesses, municipalities and organizations a reimbursement on the installation of charging stations in the workplace. The financial assistance offered
for a charging station equals the lesser of the following amounts: 50% of the eligible expenses or $5,000. The maximum amount of financial assistance granted to an establishment is set at
$2,000 per fiscal year.
Hydro-Québec’s Electric Circuit is the first public network of charging stations for electric vehicles in Canada, offering 240-volt and 400-volt charging stations. As of June 2017, the network
has 875 charging stations in service, including 77 quick-charge stations.

Québec Eco
Trucking Program*

Transportation

Brief Description

The Eco-trucking program aims to promote the use of equipment and technology to improve energy efficiency while reducing GHGs in the transportation of goods. This program offers financial
support for eligible technology and the completion of projects to reduce GHG emissions.

Québec Energy
Efficiency Program
for Marine, Air
and Railway
Transportation*

Transportation

CO2, CH4,
N2O

CO2, CH4,
N2O

Reduce the GHG
emissions from
the transportation
sector

Economic

Reduce GHG
Economic
emissions in the
transportation sector

Québec

Québec

Implemented

Implemented

2013

2013

NEg

NEg

NEg

NEg
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GHG(s)
Affected

Sector(s)
Affected

Brief Description

This program aims to reduce or avoid GHG emissions by offering financial assistance to improvethe energy efficiency of organizations and companies that use marine, air or railway
transportation services, particularly through the use of more efficient transportation materials and equipment. The program consists of two components: Infrastructure and Equipment, and
Studies and Pilot Projects. Businesses, municipal organizations and other legally constituted organizations with an establishment in Québec are eligible for the program.

Québec Program
Aiming to Reduce
or Avoid GHG
emissions through
the Intermodal
Transportation*

Transportation

Brief Description

The program aims to reduce or avoid GHG emissions generated by the transportation of goods or people by installing intermodal projects and by promoting marine and railway services.
Businesses, municipal organizations and other legally incorporated organizations with an establishment in Québec are eligible for the program. The program has five components—projects with
infrastructure expenses, projects with no infrastructure expenses, pilot projects, studies and the promotion of maritime or railway modes of transportation—and the financial contributions vary
depending on the component. Assistance can vary from $400 to $750 per tonne of reduced or avoided GHG emissions for components 1 and 2. For component 3, a maximum of $1M can be
granted per project, whereas for components 4 and 5, the maximum is $50,000.

Québec Support
for the deployment
of electric school
buses

Transportation

Brief Description

A one-time rebate of $105,000 is granted for the purchase of a fully electric school bus. The rebate is issued to (1) school bus providers on contract with school boards and private teaching
establishments and (2) school boards and accredited private teaching establishments.

Québec Zero
Emission Vehicle
Regulation*

Transportation

Brief Description

Starting with 2018 models, automakers will be required to meet a zero emisison vehicle (ZEV) sales target set by the government and transposed into credits. Automakers that sell or lease a
yearly average of more than 4,500 new vehicles (all light models combined) will be subject to the ZEV standard. The ZEV standard

is expected to contribute to the acquisition of approximately
64,000 vehicles by 2020.

CO2, CH4,
N2O

CO2, CH4,
N2O

Type of
Instrument

Reduce GHG
Economic
emissions in the
transportation sector

Reduce GHG
emissions from
the transportation
sector

Economic

Reduce GHG
Regulatory
emissions from the
transportation sector
and accelerate
the deployment of
electric vehiciles
and related
infrastrucutre

Implementation
Entity

Québec

Québec

Québec

Status of
Implementation

Implemented

Implemented

Planned

Start Date of
Implementation

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Name of Mitigation
Action

CO2, CH4,
N2O

Objective and/or
Activity Affected

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

2013

2013

2018

NEg

NEe

NEl

NEg

NEe

NEl
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Name of Mitigation
Action

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Québec Regulation
on the Activation
of Speed Limiters
with a Maximum of
105 km/h

Transportation

CO2, CH4,
N2O

Reduce GHG
emissions of heavy
vehicles

Regulatory

Québec

Implemented

2009

NEe

Brief Description

Since January 1, 2009, serial speed limiters have been activated and regulated in such a way as to prevent vehicles from exceeding 105 km/h. This measure is for heavy vehicle operators from
anywhere whose trucks use the Québec roadway network.

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
NEe

OIL AND GAS
Regulations to
Address Methane
in the Oil and Gas
Sector*

Oil and Gas

Brief Description

As part of the Pan-Canadian Framework, the Government of Canada reaffirmed its commitment to reduce methane emissions from the oil and gas sector by 40 to 45 percent from 2012 levels
by 2025, building on provincial actions and targets. To implement this commitment, Canada will introduce federal regulations to reduce venting and fugitive methane emissions from existing and
new oil and gas sources. The Government will aim to publish final regulations in early 2018, for implementation in 2020.

Oil and Gas Clean
Technology Program

Oil and Gas

Brief Description

The program provides funding for innovative technologies to reduce GHG emissions from the oil and gas sector. In addition to the direct emissions reductions, the program will contribute
additional indirect emissions of approximately 1,500–2,500 kt in 2030, by reducing technical risk and accelerating market adoption of the funded technologies.

British Columbia
Flaring and Venting
Reduction Guideline

Oil and Gas

Brief Description

This guideline applies to the flaring, incineration and venting of natural gas at well sites, facilities and pipelines and is expected to reduce 80 million cubic meters of methane flaring annually.

British Columbia
GHG Industrial
Reporting and
Control Act

Oil and Gas

Brief Description

British Columbia implemented a liquefied natural gas emissions intensity benchmark under the Greenhouse Gas Industrial Reporting and Control Act. LNG facilities are required to meet the
emissions intensity benchmark of 0.16 t CO2e/t LNG either through adopting more efficient technologies, using clean energy, investing in offsets, or purchasing “funded units” at CA$25/tonne
that contribute to clean technologies.

CH4

CO2, CH4,
N2O

CH4

CO2, CH4

Reduce emissions
from methane in the
oil and gas sectors
in Canada

Reduce GHG
emissions

Reduce flaring and
venting in the oil
and gas sector

Reduce industrial
GHG emissions
growth

Regulatory

Economic

Regulatory

Fiscal

Environment and
Climate Change
Canada

Natural Resources
Canada

British Columbia

British Columbia

Implemented

Implemented

Implemented

Implemented

2020

2016

2010

2013

4,000 kt

146 kt

125 kt

180 kt

20,000 kt

NEf

125 kt

3,960 kt
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Name of Mitigation
Action

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

British Columbia
Clean Infrastructure
Royalty Credit
Program

Oil and Gas

CH4, CO2

Reduce oil and gas
GHG emissions

Economic

British Columbia

Implemented

2016

NEc

Brief Description

This program adds an additional $20 million program to B.C.’s current successful oil and natural gas royalty programs. The Clean Infrastructure Royalty Credit Program will support the use of
clean technologies and result in GHG emissions reductions from BC’s oil and natural gas sector and will act to reduce methane emissions in line with Federal reduction commitments.

British Columbia
Electrification of the
Natural Gas Sector*

Oil and Gas

Brief Description

BC amended the GHG Reduction (Clean Energy) Regulation to support the development of additional transmission infrastructure in northeast B.C. to provide clean electricity to meet increasing
demand from the upstream natural gas sector. The regulation enables the electricity utility BC Hydro to provide incentives for electrification to bridge the cost difference between using natural
gas and electricity in upstream oil and gas infrastructure.

British Columbia
New Energy
Efficiency Standards
for Gas Fired
Boilers*

Oil and Gas

Brief Description

The new regulations will be implemented by 2020 and will set out energy efficiency standards for large gas-fired package boilers. The regulations are for the industrial sector requiring gas
boilers to achieve 85% efficiency by 2016 and 90% by 2021.

British Columbia
Expanded Incentives
for Efficient Gas
Equipment

Oil and Gas

Brief Description

The incentives will allow utilities to expand their incentives by at least 100%, to encourage further adoption of technologies that reduce the emissions from gas fired equipment.

British Columbia
Regulatory
Framework for
Carbon Capture and
Storage

Oil and Gas

Brief Description

The framework will allow carbon capture and storage projects at natural gas extraction and processing facilities to proceed upon the completion of regulatory policy work.

CO2, CH4,
N2O

CO2, CH4

CO2, N2O

CO2

Reduce oil and gas
GHG emissions

Reduce oil and gas
GHG emissions

Reduce oil and gas
GHG emissions

Reduce oil and gas
GHG emissions

Economic

Regulation

Economic

Regulation

British Columbia

British Columbia

British Columbia

British Columbia

Planned

Planned

Planned

Planned

2016

2020

2017

2016

1,600 kt

90 kt

80 kt

NEg

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
NEc

4,000 kt

300 kt

80 kt

NEg

Policies and0748
Measures
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Name of Mitigation
Action

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

British Columbia
Methane Reduction
Policy

Oil and Gas

CH4

Reduce oil and gas
GHG emissions

Regulation,
financial

British Columbia

Planned

2017

100 kt

Brief Description

The policy targets extraction and processing emissions (referred to as upstream in the natural gas sector), including: legacy phase, targeting a 45% reduction by 2025 in fugitive and vented
emissions in infrastructure built before January 1, 2015; transition phase, including incentives through a new offset protocol to encourage further innovative projects and a Clean Infrastructure
Royalty Credit Program for all applications built between 2015 and 2018; and future phase, implementing standards to guide developments of projects after the transition phase, where leak

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
1,200 kt

detection and repair will be mandatory and protocols developed to align with other jurisdictions.
Alberta Oil Sands
Emissions Limit Act

Oil and Gas

Brief Description

The Oil Sands Emissions Limit Act creates the legal framework for setting a legislated maximum emissions limit of 100Mt in any year for oil sands facilities with provisions for cogeneration and
new upgrading capacity.

Alberta reduction of
methane emissions

Oil and Gas

Brief Description

Alberta is targeting a 45% reduction in methane gas emissions from its oil and gas operations by 2025 to be implemented through new oil and gas methane standards.

Alberta Carbon
Capture and Storage
Funding Act and
Investments*

Oil and Gas

Brief Description

This legislation, adopted in 2008, enables Alberta to administer funding to support large-scale carbon capture and storage projects. Two large-scale carbon capture and storage demonstration
projects will capture CO2 from upgrader facilities: the Quest project and the Alberta Carbon Trunk Line project. The Quest project began in 2015 and is designed to capture and store 1.08 Mt
CO2 per year. The Alberta Carbon Trunk Line project is under-development and will collect CO2 for injection into mature oil fields, after which it will be permanently stored. This project is
expected to be operational in 2018 and capture 1.68 Mt of CO2 per year.

Alberta Directive 060
Upstream Petroleum
Industry Flaring,
Incinerating and
Venting

Oil and Gas

CO2

CH4

CO2

CH4, CO2

Cap emissions
increase from the
Oil Sands sector to
100 Mt

Reduce methane
emissions from oil
and gas operations
by 45%

Fund carbon
capture and storage
projects in Alberta

To reduce flaring
and venting in the
oil and gas sector

Legislation

Regulatory

Economic
Legislation

Regulatory

Alberta

Alberta

Alberta

Alberta

Adopted

Planned

Implemented

Implemented

2018

TBD

2008

1999

NEg

NEg

2,760 kt

4,000 kt

NEg

NEg

2,760 kt

NEg

Policies and0749
Measures
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GHG(s)
Affected

Sector(s)
Affected

Brief Description

Requirements have been developed in consultation with the Clean Air Strategic Alliance to eliminate or reduce the potential and observed impacts of these activities and to ensure that
public safety concerns and environmental impacts are addressed before beginning to flare, incinerate, or vent. Directive 060 requirements are also aligned to ensure compliance with Alberta
Environment and Sustainable Resource Development’s Alberta Ambient Air Quality Objectives and Guidelines.

Saskatchewan
Directive S-10:
Upstream Petroleum
Associated Gas
Conservation &
Directive S-20:
Upstream Flaring
and Incineration

Oil and gas

Brief Description

This directive applies to the flaring, incineration and venting of natural gas at oil well sites and facilities. This regulatory directive is supported by Minister’s Order. Start date for new wells and
facilities was July 1, 2012 for new wells and facilities and July 1, 2015 for wells and facilities existing prior to 2012. The goal of the directive is to eliminate all routine flaring and venting
(>900 m3/day).

Manitoba
Implementation
of World Bank
Voluntary Standard
for Gas Flaring

Oil and gas

Brief Description

The Voluntary Standard for Global Gas Flaring and Venting Reduction provides guidance on how to achieve reductions in flaring and venting of gas associated with crude oil production
worldwide. The parties supporting this Standard voluntarily chose to endorse the principles laid out in the Standard and to work in cooperation with Global Gas Flaring Reduction Partners to
seek solutions to overcome barriers that result in gas flaring and venting. In September 2005, Manitoba endorsed the Global Gas Flaring Reduction. The Department of Science, Technology,
Energy and Mines will be the province’s lead agency for monitoring and reporting on flaring and venting in Manitoba’s upstream oil and gas sector.

Newfoundland
and Labrador
Implementation
of World Bank
Voluntary Standard
for Gas Flaring

Oil and gas

Brief Description

The Voluntary Standard for Global Gas Flaring and Venting Reduction provides guidance on how to achieve reductions in flaring and venting of gas associated with crude oil production
worldwide. The parties supporting this Standard voluntarily chose to endorse the principles laid out in the Standard and to work in cooperation with Global Gas Flaring Reduction Partners to
seek solutions to overcome barriers that result in gas flaring and venting. The board sets flaring limits in permit conditions for each facility and reviews and reduces those limits regularly.

CH4

CH4

Reduce flaring and
venting in the oil
and gas sector

Reduce flaring and
venting of gas

Reduce flaring and
venting of gas

Type of
Instrument

Regulatory

Voluntary
agreement

Voluntary
agreement

Implementation
Entity

Saskatchewan

Manitoba

Newfoundland and
Labrador

Status of
Implementation

Implemented

Implemented

Implemented

Start Date of
Implementation

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Name of Mitigation
Action

CH4

Objective and/or
Activity Affected

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

2012

2005

2007

NEg

NEg

NEg

NEg

NEg

NEg
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National Communication Table 1: Summary of Policies and Measures by Sector (continued)

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Federal Energy
Efficient Buildings
Initiatives**

Buildings

CO2, CH4,
N2O

Accelerate and
enhance the
promotion of energy
efficiency in the
buildings sector

Fiscal,
information

Natural Resources
Canada

Implemented

2016, 2018

NEe

Brief description

A number of energy efficiency measures have been outlined under Green Infrastructure, as part of the Investing in Canada Plan. These actions include: the development of net-zero energy
ready (NZER) model building codes; the development of a new model retrofit code that sets energy performance standards for building retrofits by 2022; a nationally harmonized approach to
mandatory energy labelling and disclosure for commercial, institutional and residential buildings, as early as 2019, through the expansion of Natural Resources Canada’s existing benchmarking
and labelling measures; and driving down the cost of NZER construction and retrofit practices and technologies and encouraging their uptake by industry and PTs through research,
development, and demonstration (RD&D).

Name of Mitigation
Action

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
11,200 kt

BUILDINGS

Other actions implemented in 2016 include: enabling and promoting the construction and retrofit of energy efficient low-rise residential housing through the EnerGuide Rating System, the
R-2000 Standard, and ENERGY STAR for New Homes initiatives; introducing ENERGY STAR Certification for commercial and institutional buildings to recognize top energy performing
buildings in Canada; expanding energy benchmarking for commercial and institutional buildings through ENERGY STAR Portfolio Manager; and supporting a new national High-Performance
Building Challenge to help bring the Canadian building sector closer to a net-zero energy performance ideal.
British Columbia
Building Green
Code*

Buildings

Brief Description

Since 2008, British Columbia has been working to improve energy efficiency in the building sector, including for large residential, industrial and commercial buildings, houses and small buildings,
as well as in public sector buildings, including a LEED Gold requirement and research on low carbon building material options. In 2017, BC introduced a Step Code: Increased Energy Efficiency
Requirements in the BC Building Code, Energy Step Code: Energy Efficiency, and a Net-Zero Energy Ready (NZER) Building Design Incentive.

British Columbia
Technology and
Retrofit Incentive
Programs

Buildings, industry

Brief Description

A variety of programs provide incentives for energy efficiency measures. The Home Energy Retrofit Offer Program provides incentives for home energy efficiency upgrades. The Oil to Heat
Pump Incentive Program provides rebates for homeowners to convert from less efficient oil heating systems to all-electric air source heat pumps. The ISO 50001 incentive is run by the B.C.
Government and the federal government and offers up to $80,000 of cost-shared assistance to B.C. industrial companies to implement energy management system projects that help facilities
to comply with the standard, which enables companies to systematically reduce energy consumption and emissions.

CO2

CO2

Improve energy
efficiency in
new houses and
buildings

Reduce GHG
emissions in
buildings

Regulatory

Economic

British Columbia

British Columbia

Implemented

Implemented

2008

2015

500 kt

130 kt

500 kt

80 kt

Policies and0751
Measures
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National Communication Table 1: Summary of Policies and Measures by Sector (continued)

Name of Mitigation
Action

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

British Columbia
Climate Action
Charter

Buildings

CO2

Reduce GHG
emissions in
buildings and
transportation

Economic

British Columbia

Implemented

2008

NE

Brief Description

The Charter is an Agreement between provincial and municipal governments to work towards carbon neutral operations and complete, compact, low carbon communities.

Ontario Green Fund

Buildings

Brief Description

The Green Ontario Fund is a not-for-profit provincial agency that invests proceeds from Ontario’s carbon market into climate actions that help people and businesses reduce GHG emissions
and use cleaner technology to power their homes and workplaces. The agency develops programs and services designed to: reduce GHG emissions from buildings and from the production of
goods; increase uptake and overcome market barriers of low-carbon technologies and processes; stimulate economies of scale and private investment; and help households and businesses
manage the impact of the cap and trade program, including low-income household.

Ontario GHG
Reductions for
Broader Public
Sector Buildings

Buildings

Brief Description

In 2017, Ontario invested $200 million in funding in 2017–18 for school building upgrades such as high-efficiency lighting, building automation systems, energy-efficient windows, and solar
energy and geothermal systems. In total $400–$800 million are intended to be invested in broader public sector buildings out to 2020. Estimate of mitigation impact in 2020 includes supports
to hospitals, universities and colleges.

CO2

CO2

Reduce GHG
emissions from
residential buildings,
commercial
buildings/
businesses, and
from manufacturing

Reduce GHG
emissions from
public sector
buildings and
encourage adoption
of energy-efficient
technologies

Economic

Economic

Ontario

Ontario

Implemented

Implemented

2017

2017

NEg

113 kt

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
NE

NEg

NEg

Policies and0752
Measures
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Name of Mitigation
Action

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Ontario Building
related initiatives*

Buildings

CO2, CH4,
N2O

To plan for
growth, and to
reduce natural
gas consumption
throughout Ontario

Regulatory

Ontario

Implemented

2007

1,890 kt

Brief Description

Emission reductions for Ontario’s buildings sector are combined, although electricity savings (and associated reductions) are assigned to the Long Term Energy Plan.

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
NEh

Combined estimated mitigation impact of 1.89 Mt applies to: Growth Plan for the Greater Golden Horseshoe (2006)—impact on stationary combustion; Building Code changes; Home Energy
Savings Program. Ontario’s Climate Change Strategy will support net-zero buildings across the Province through, among other initiatives, updates to the Building Code.
Ontario Building
Code*

Buildings

Brief Description

Ontario intends to update the Building Code with long-term energy efficiency targets for new net zero carbon emission small buildings that will come into effect by 2030 at the latest, and
consult on initial changes that will be effective by 2020. Ontario will consult on how to best achieve these targets through Building Code improvements. The objective is to establish standards,
promote improvements in energy efficiency of existing buildings, to plan for growth, and to reduce natural gas consumption throughout Ontario.

Ontario Energy
Efficiency Standards
for Products and
Appliances

Cross-cutting

Brief Description

Ontario’s regulation O. Reg. 404/12 sets efficiency requirements for over 80 products using electricity, natural gas, and oil in the residential, commercial and industrial sectors. The most recent
amendments to the energy efficiency regulation are estimated to reduce GHG emissions in 2030 by 2 Mt CO2e (this includes1.4 MT CO2e reduction resulting from natural gas and oil fired
products). Ontario is working on its next update to Ontario’s energy efficiency regulation that would further reduce GHG emissions in the building sector.

Ontario Natural
Gas Demand
Side Management
Programs*

Buildings

CO2, CH4,
N2O

CO2, CH4,
N2O

CO2

To establish
standards
and promote
improvements in
energy efficiency

Reduce GHG
emissions in the
buildings sector

Reduce natural
gas consumption
in the residential,
commercial and
industrial sectors

Regulatory

Regulatory

Regulatory

Ontario

Ontario

Ontario

Implemented (ongoing)

Implemented

Implemented

2018

2013, 2014, 2015,
2016

2003, 2015

NEd

NEg

5,706 kt

NEd

NEg

NEg

Policies and0753
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GHG(s)
Affected

Sector(s)
Affected

Brief Description

Ontario’s main natural gas utilities, have been delivering natural gas energy efficiency programs to their industrial, commercial, institutional and residential customers for over 20 years under the
Demand Side Management Framework which is overseen by the Ontario Energy Board. The Demand Side Management Programs have been implemented from 2003 to 2014 with a new plan
in operation from 2015 to 2020. The estimated GHG mitigation impact of 5.7 Mt accounts for: GHG savings from historic programs (2003–2014) that are expected to persist in 2020; and
GHG savings from planned programs (2015–2020), under the new 2015–2020 Demand Side Management Framework, that are expected to persist in 2020.

Ontario Social
Housing Retrofit and
Electricity Efficiency
Programs

Buildings

Brief Description

Ontario is improving energy efficiency in social housing and other multi-tenant residential buildings. Through the Social Housing Apartment Retrofit program, the installation of energy efficient
and renewable energy technologies will be a low-cost, high-benefit improvement to the province’s social housing. In 2017, Ontario also provided new funding for repairs and retrofits to social
housing across the province in order to improve living conditions and reduce GHG emissions. In addition, a separate Social Housing Electricity Efficiency Program targets low-density social
housing dwellings that are primarily electrically heated and where tenants pay the utility costs.

Reduce GHG
emissions and
increase energy
efficiency in social
housing

Type of
Instrument

Fiscal

Implementation
Entity

Ontario

Status of
Implementation

Ongoing

Start Date of
Implementation

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Name of Mitigation
Action

CO2

Objective and/or
Activity Affected

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

2016

99 kt **

NEg

**Estimate of mitigation impact in 2020 includes supports protecting tenants from the price of carbon and providing incentives for apartment building retrofits.
Québec Residual
Forest Biomass
Program

Buildings

Brief Description

This program aims to reduce GHG emissions and the consumption of fossil fuels by funding specific energy conversion projects to switch from fossil fuels to residual forest biomass.

Québec Chauffez
Vert Program

Buildings

Brief Description

Chauffez vert is a program that encourages energy-efficient residential renovations in order to reduce the energy consumption and greenhouse gas (GHG) emissions of homes in Québec, while
improving the comfort of their occupants.The financial assistance is granted for the conversion of a primary heating system that uses oil, propane or any other fossil fuel except natural gas, to a
primary heating system powered by geothermal, hydro, wind and solar energy.

Québec Rénovert

Buildings

Brief Description

This program is based on a tax credit and supports eco-friendly renovation work related to heating systems and residential insulation.

CO2

CO2

CO2

Reduce GHG
emissions from
heating buildings

Reduce GHG
emissions in the
building sector

Reduce GHG
emissions in the
building sector
(private homes)

Economic

Economic

Economic

Québec

Québec

Québec

Implemented

Implemented

Implemented

2013

2013

2016

84 kt

328.9 kt

NEg

NEg

NEg

NEg
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Name of Mitigation
Action

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Québec
Construction Code*

Buildings

CO2, CH4,
N2O

Reduce GHG
emissions and
energy consumption
in the building
sector

Regulatory

Québec

Implemented

2012

NEg

Brief Description

The Construction Code was amended in August, 2012 in order to introduce new requirements for energy efficiency for residential buildings. The Construction Code will be amended to introduce
new requirements for energy efficiency for commercial, institutional, industrial and tall residential buildings. These new measures will improve the energy performance of new buildings by 20%
to 25% compared to the previous regulation.

Québec Novoclimat
Programs

Buildings

Brief Description

The Novoclimat 2.0 Program House component (implemented in 2013) encourages the construction of new high energy performance houses according to specific construction requirements.
Financial assistance of $1,000 is paid exclusively to the first owner of the Novoclimat 2.0 approved house. The Novoclimat 2.0 program applies to small multiple dwelling buildings such as a
duplex, triplex and quadruplex as well as multiple-unit complexes of 3 stories or less and 600 m2 or less. The first Novoclimat program (implemented in 1999) still applies to properties of more
than 600 m² and up to 10 stories for which the main energy source is electricity, natural gas or residual forest biomass.

Québec Éconologis
Program

Buildings

Brief description

Éconologis is an energy efficiency awareness program intended for modest income households. It consists of a home visit by a service provider to inform and raise awareness of the
participating household through personalized suggestions on energy efficiency and improvement of the comfort of their home.

Québec Programme
de Conversion à
l’électricité d’HydroQuébec

Buildings

Brief description

This program provides financial support to replace equipment that consumes one of the eligible fossil fuels (heavy and light oil and propane) with electrical equipment in commercial, institutional,
or industrial buildings. Multi-unit residential buildings are also eligible.

Nova Scotia Energy
Efficiency Measures
for Non-Electrically
Heated Homes

Buildings

CO2, CH4,
N2O

CO2

CO2

CO2, CH4,
N2O

Reduce GHG
emissions and
energy consumption
in the building
sector

Reduce GHG
emissions in the
building sector

Reduce GHG
emissions in the
building sector

Encourage energy
efficiency

Economic

Economic

Économic

Voluntary
agreement,
economic

Québec

Québec

Québec

Nova Scotia

Implemented

Implemented

Implemented

Implemented

2003

2013

2017

2011

NEg

NEg

NEg

NEg

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
NEg

NEg

NEg

NEg

NEg

Policies and0755
Measures
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GHG(s)
Affected

Sector(s)
Affected

Brief Description

Homeowners on a low income can qualify for no-charge home efficiency upgrades through Efficiency Nova Scotia’s Low Income Homeowner Service. Since 45 per cent of the heat loss in a
typical home occurs through the walls, floors and roof, a primary focus is on insulation and draft proofing. For those who qualify for the program, a certified energy advisor will conduct a homeenergy assessment and energy efficient upgrades are provided at no cost to the homeowner. Program participants who heat with non-electrical heat sources save, on average, $900 per year.

New Brunswick
Efficiency Measures

Buildings

Brief Description

These measures are to reduce GHG emissions through fuel switching to renewables and natural gas and improvements in appliance efficiencies.

Prince Edward Island
Residential Rebate
Programs

Buildings

Brief Description

Prince Edward Island (PEI) has implemented several programs to enhance efficiency in the residential and commercial building sector including Heat Pump Rebates, EE Equipment Rebates,
HELP Program (Low-income weatherization Building Envelope Upgrades, Home Energy Audit Program and the PEI Multi Unit Residential Buildings grant program (2009).

Prince Edward Island
Building Code Act*

Buildings

Brief Description

In 2017, Prince Edward Island adopted the National Building Code (NBC) and the National Energy Code for Buildings. The NBC will be a requirement for all commercial buildings in 2018 and
residential construction in 2020. Regulations are currently being developed and are anticipated to be in place in early 2018.

Northwest Territories
Building Efficiency
Programs

Buildings

Brief Description

The Northwest Territories has put in place several building efficiency programs including: the Energy Efficiency Incentive Program (2007) that provides rebates for energy efficient appliances,
residential retrofits, and new homes ranging from $50 to $4500; the Alternative Technologies Program (2007) to support Aboriginal and community governments, non-for-profit organizations,
commercial businesses, and residents to convert to renewable and clean energies; the Capital Asset Retrofit Fund (2008) to improve building efficiency through energy audits, building surveys
and energy benchmarking; and the Commercial Energy Conservation and Efficiency Program (2011) that enables eligible small businesses to receive free energy audits and 25% of the cost of
retrofit expenses up to a maximum of $10,000.

Yukon Residential
Energy Incentive
Program

Buildings

CO2

CO2

CO2

CO2, CH4,
N2O

Improve the energy
efficiency of
buildings

Support residential
energy efficiency

Reduce energy use
and GHG emissions
from the building
sector

Support energy
and water efficient
technologies

Reduce diesel
consumption for
electricity and heat
generation

Type of
Instrument

Voluntary
agreement

Fiscal

Regulatory

Fiscal

Economic

Implementation
Entity

New Brunswick

Prince Edward Island

Prince Edward Island

Northwest Territories

Yukon

Status of
Implementation

Implemented

Implemented

Adopted

Implemented

Implemented

Start Date of
Implementation

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Name of Mitigation
Action

CO2

Objective and/or
Activity Affected

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

2014

2008, 2009

2018

2007

2015

205 kt

NEg

NEg

NEg

NEg

NEg

NEg

NEg

NEg

NEg

Policies and0756
Measures
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GHG(s)
Affected

Sector(s)
Affected

Brief Description

The Government of Yukon’s new Residential Energy Incentive Program encourages homeowners, homebuilders and general contractors to design, construct, and retrofit homes to a high
standard in energy efficiency. Between January and July 2015, the program saw 34 new homes built to EnerGuide 85 or better. Estimated annual energy savings are 176,800 kWh with an
annual cost savings of $30,600.

Yukon Commercial
Energy Incentive
Program

Buildings

Brief Description

The Government of Yukon’s Commercial Energy Incentive Program aims to improve energy use in multi-family dwellings and commercial buildings. Launched May 1, 2015, the program helps
building owners retrofit their buildings to improve energy performance and reduce energy consumption, costs and emissions. It also encourages owners to upgrade to energy-efficient and
long-lasting LED lighting systems. In its first summer, the program led to upgrades to LED lighting in 10 commercial buildings and should result in future annual energy savings estimated at
1,188,000 kWh and annual cost savings estimated at $142,500.

Reduce diesel
consumption for
electricity and heat
generation

Type of
Instrument

Economic

Implementation
Entity

Yukon

Status of
Implementation

Implemented

Start Date of
Implementation

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Name of Mitigation
Action

CO2, CH4,
N2O

Objective and/or
Activity Affected

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

2015

NEg

NEg

HEAVY INDUSTRY
Energy Efficiency in
Industry**

Heavy Industry

Brief description

This program accelerates the adoption of recognized energy management systems, such as ENERGY STAR for Industry, ISO 50001 and Superior Energy Performance to improve industrial
energy efficiency.

British Columbia
Cement Low Carbon
Fuel Program*

Heavy Industry

Brief Description

Over the five year life of the program, British Columbia will offer up to $27 million in conditional incentives to encourage cement producers to use a higher percentage of renewables in their fuel
mix, to secure long term renewable fuel supply contracts, and to meet or beat new emissions intensity benchmarks.

Saskatchewan
Management
and Reduction of
Greenhouse Gases
Regulation

Heavy Industry

Brief Description

Released in December 2017, Saskatchewan’s climate change plan, entitled Prairie Resilience: A Made-In-Saskatchewan Climate Change Strategy, indicates the province will implement sectorspecific output-based performance standards on large industrial facilities emitting more than 25,000 tonnes of CO2 eq. per year. Flexible compliance options including emissions intensity
reduction investments, purchasing offsets, and ‘best performance credits’ from facilities that have exceeded their required emissions reductions.

CO2

CO2, CH4,
N2O

CO2

Improve industrial
energy efficiency in
Canada

Reduce industrial
GHG emissions

Reduce GHG
emissions from
large final emitters

Fiscal, voluntary
agreement,
information,
education

Economic

Regulatory

Natural Resources
Canada

British Columbia

Saskatchewan

Adopted

Implemented

Planned

2016

2016

TBD

1,100 kt

NEg

NEg

6,700 kt

NEg

NEg

Policies and0757
Measures
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Name of Mitigation
Action

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Ontario Regulatory
Changes for
‘Reducing Coal Use
in Energy-Intensive
Industries’

Heavy Industry

CO2

Reduce GHG
emissions, and coal
and petroleum coke
use

Regulatory

Ontario

Implemented

2015

NEd

Brief Description

Regulatory changes have been developed for major-emitting industrial sectors (including cement, lime and iron and steel manufacturers) that would help facilities use alternative, less carbonintensive fuels (such as biomass and waste materials) in place of coal and petroleum coke, and stay competitive with other jurisdictions that similarly allow the use of alternative fuel.

Québec
Manufacturing
Sector Support
Program

Heavy Industry

Brief Description

This $1-billion program, which was in effect from June 2009 to March 2012, funded environmentally beneficial capital projects carried out by Canadian pulp and paper companies. Although the
program was not designed specifically as a climate change mitigation mechanism, by funding projects that resulted in improved energy efficiency and the adoption of new fuels and increased
renewable electricity production capacity, it was a catalyst for direct and indirect GHG emissions reductions.

Newfoundland and
Labrador GHG
Management Act

Heavy Industry

Brief Description

The Act targets large industrial emitters in the Province with new emission reporting requirements. Facilities that emit 15,000 tonnes of CO2 equivalent or more of greenhouse gases in any year
must report their emissions to the provincial government in accordance with the methodology provided for in regulations. Reduction targets are being developed to reduce emissions.

CO2

CO2, CH4,
N2O

To reduce GHG
emissions

To reduce GHG
emissions

Economic

Regulatory

Québec

Newfoundland and
Labrador

Implemented

Implemented

2008

2017

43 kt

NEg

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
NEd

NEg

NEg

WASTE AND OTHER
British Columbia
Landfill Gas
Management
Regulation*

Waste and other

Brief Description

Under the regulation, regulated landfill sites (landfills that have over 100,000 tonnes of waste in place or receive more than 10,000 tonnes of municipal solid waste in any year after 2008) are
required to conduct landfill gas assessments. If the assessment conducted in accordance with the regulation estimates a landfill will generate more than 1000 tonnes of methane in a calendar
year, then they must install and operate a landfill gas collection and destruction system. The initial series of landfill gas assessments took place in 2011 with the requirement of a performance
standard of 75% capture being in place by 2016. A new series of landfill gas assessments took place in 2016 with the same requirement being required for 2021. Reduction estimates are
based on modelling of likely impact of the regulatory approach, allowing for variances in the performance of the technologic solutions applied to meet the standard.

CH4

Increase methane
capture rate at
landfills

Regulatory

British Columbia

Implemented

2009

811 kt

NEg

Policies and0758
Measures
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Name of Mitigation
Action

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

British Columbia
Waste to Resource

Waste and other

CH4

Decrease waste
reaching landfills

Programs

British Columbia

Planned

2017

360 kt

NEg

Brief Description

This program will divert 90% of organic waste from landfills and will also decrease food waste by 30%.

Manitoba Prescribed
Landfills Methane
Gas Capture
Regulation

Waste and other

Implemented

2009

195 kt

NEg

Brief Description

Regulation 180/2009 pertaining to Manitoba’s Climate Change Emissions and Reduction Act, in combination with s.15 of the Act, requires Manitoba’s three largest landfills—the Eastview
Landfill in Brandon, the Brady Landfill south of Winnipeg, and the Canada Prairie Green Landfill—to capture or flare excess methane. The Regulation is expected to result in emissions
reductions of 195 kt GHG per year.

Ontario Waste and
Agriculture-Related
Actions

Waste and
Agriculture

Brief Description

Emission reductions for Ontario’s waste and agriculture sectors are combined. Combined estimated mitigation impact of more than 1.8 Mt applies to initiatives related primarily to: Landfill Gas
Capture and Control Regulations, Waste Free Ontario and other policies and programs in the waste and agricultural sectors. For example in 2008, Ontario introduced regulations requiring all
landfills larger than 1.5 million cubic metres to install landfill gas collection and flaring or electricity generating systems. Ontario will also work with stakeholders to develop and implement an
Agricultural Soil Health and Conservation Strategy that will maximize long-term carbon storage in soils while protecting their long-term productivity.

CH4

CO2, CH4,
N2O, PFCs,
HFCs, SF6,
NF3

Reduce methane
emissions from
landfills

Reduce GHG
emissions from
the waste and
agriculture sectors

Regulatory

Regulatory

Manitoba

Ontario

Fiscal

Implemented and
under development

2008

1,800 kt

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

NEg

2017

Ontario plans to implement the Waste-Free Ontario: Building the Circular Economy strategy, which calls for zero waste in the province and zero greenhouse gas pollution from the waste sector.
The draft strategy was released in November 2015, and once finalized it will be implemented over five years. The Waste-Free Ontario Act will help recover resources and divert more waste from
landfills while supporting the province’s efforts to tackle climate change.
Québec Residual
Materials
Management Policy
2011–2015

Waste and other

Brief Description

The PQGMR (Québec’s policy on residual waste management) is aimed at creating a waste-free society that maximizes value added through sound management of Québec’s residual waste,
and the policy’s underlying objective is to ensure that only residual waste disposed of in Québec is final waste. To help achieve this objective, the policy sets out the implementation of measures
for addressing three major residual waste management issues: stop wasting resources; help achieve the objectives of Québec’s action plan on climate change and energy strategy; and
empower all those concerned by residual waste management. The intermediary quantitative objectives of the first action plan are to, by the end of 2015: reduce the amount of residual waste
disposed of to 700 kilograms/resident, which equals a reduction of 110 kilograms/resident compared to 2008; recycle 70% of residual paper, cardboard, plastic, glass and metal; recycle
60% of organic putrescible residual waste; recycle or promote 80% of concrete, brick and asphalt residue; and separate at the source or forward to a sorting centre 70% of the construction,
renovation and demolition residue in the construction sector. Among the key PQGMR measures, the Government of Québec announced its intention to ban Québec materials from landfills.

CH4

Reduce emissions
from the waste
sector

Regulatory,
economic

Québec

Implemented

2011

NEg

NEg

Policies and0759
Measures
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Name of Mitigation
Action

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Québec Royalties
(Regular and Extra)
for Residual Material
Disposal

Waste and other

CH4

emissions in the
waste sector

Regulatory

Québec

Implemented

2006

NEg

Brief Description

Royalties on residual material disposal were implemneted in 2006 and 2010 to reduce the quantities of eliminated residual material and also to increase the lifespan of disposal sites The
royalties also fund the preparation, implementation and revision of residual material management plans as well as the measures arising from the Québec Policy on Residual Waste Management
(Politique québécoise de gestion des matières résiduelles) and the Biomethanization and compost treatment program for organic material (Programme de traitement des matières organiques
par biométhanisation et compostage).

Québec
Biomethanization
Program

Waste and other

Brief Description

This program provides financial support to municipalities and the private sector for the development of facilities to process organic materials. The program aims to reduce the amount of organic
material for disposal and thus reducing GHG emissions.

Québec Program
to Support
Composting in Small
Municipalities

Waste and other

Brief Description

The Program allows small municipalities and Aboriginal communities to obtain financial support for the implementation of composters, individual or shared, on their territory. The program aims to
reduce the amount of organic waste sent to landfill and the associated GHG emissions.

Québec Regulation
Respecting the
Landfilling and
Incineration of
Residual Materials*

Waste and other

Brief Description

In 2005, the Government of Québec passed a major regulation seeking to minimize the impact of biogases coming from sanitary landfill sites. The Regulation respecting the landfilling and
incineration of residual materials requires the largest technical landfill sites (i.e. those that landfill over 50,000 tonnes of residual materials per year) to capture the biogases and ideally make
use of them or even eliminate them.

Nova Scotia Solid
Waste Resources
Management
Regulations*

Waste and other

CH4, CO2

CH4

CH4

CH4

Reduce emissions
in the waste sector

Reduce emissions in
the waste sector

Réduire les
émissions du
secteur matières
résiduelles

Economic

Economic

Regulatory

Increase the rate of Regulatory
waste diversion from
landfills in Nova
Scotia

Québec

Québec

Québec

Nova Scotia

Implemented

Implemented

Implemented

Implemented

2009

2014

2017

1996

100 kt

NEg

NEg

NEg

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
NEg

NEg

NEg

NEg

NEg

Policies and0760
Measures
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GHG(s)
Affected

Sector(s)
Affected

Brief Description

Implemented in 1996, this regulation resulted in Nova Scotia having the highest waste diversion rate in Canada, and includes a ban on organics entering landfills in NS. Currently 55% of Nova
Scotia organic waste is diverted from all landfills into aerobic processing, converting the potential methane from these organics to CO2 emissions (25 times lower global warming potential).

Prince Edward Island
Waste Watch

Waste and other

Brief Description

Prince Edward Island is a national leader in sustainable waste management practices through its innovative Waste Watch program. It offers a curbside three source separation system (waste,
compost, and recyclables) to all residents. The Waste Watch program was launched province-wide in 2002 by the Island Waste Management Corporation, a provincial crown corporation. The
program successfully diverts as much as 65% of waste produced by Islanders from disposal in landfill.

New Brunswick
Landfill Gas
Management

Waste and other

Brief Description

Six municipal solid waste landfills have or will install approved landfill gas capture systems. This 2014-2020 voluntary agreement is implemented by New Brunswick and the
Landfill Commissions.

CH4

Reduce methane
generation from
landfill

Increase methane
capture rate at
landfills

Type of
Instrument

Program

Voluntary
agreement

Implementation
Entity

Prince Edward Island

New Brunswick

Status of
Implementation

Adopted

Adopted

Start Date of
Implementation

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Name of Mitigation
Action

CH4

Objective and/or
Activity Affected

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

2002

2008

NEg

49 kt

NEg

NEg

AGRICULTURE
Growing Forward
2 FPT Cost-Shared
Programs

Agriculture

Brief Description

Growing Forward 2 (GF2) is a $3 billion investment by federal, provincial and territorial governments over five years (2013–2018) for strategic initiatives in priority areas including to advance
environmentally sustainable agriculture in Canada. Many of these initiatives translate into multiple environmental outcomes, including some related to climate change mitigation.

CO2, CH4,
N2O

Reduce GHG
emissions from the
agricultural sector

Economic,
education

Federal, Provincial and Implemented
Territorial Governments

2013

NEg

NEg

Environmental Farm Plan and Environmental Stewardship Incentive Programs support on-farm actions. Examples of supported beneficial management practices with associated climate change
mitigation benefits include: improved manure storage, biodigesters, energy use efficiency, cover crops, precision nutrient application, equipment for reduced tillage seeding, and enhanced
irrigation efficiency. In July 2017, federal-provincial-territorial Ministers of Agriculture reached agreement on the key elements of the Canadian Agricultural Partnership, a new five-year (2018–
2023), $3 billion agricultural policy framework to replace GF2 in 2018.
Growing Forward
2 FederalOnly Program:
AgriInnovation

Agriculture

Brief Description

The AgriInnovation Program provides $698 million for industry-led research to accelerate the pace of innovation and enhance economic growth, productivity, competitiveness, adaptability and
sustainability of the Canadian agriculture sector. Projects funded under the AgriInnovation Program can contribute to decreasing the emission intensity of agricultural production. For example:
The Canadian 4R Research Network, a group of nine leading Canadian researchers, is collecting agronomic data to demonstrate the benefits of 4R Nutrient Stewardship, including nitrous oxide
emission reductions. The findings are a result of Fertilizer Canada’s project “A Canadian Research Network to Improve 4R Nutrient Stewardship for Environmental Health and Crop Production”
funded by Agriculture and Agri-Food Canada’s AgriInnovation Program with matching funds from Fertilizer Canada.

CO2, CH4,
N2O

Support the
reduction of GHG
emissions from the
agricultural sector

Research

Agriculture and AgriFood Canada

Implemented

2013

NEg

NEg

Policies and0761
Measures
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Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Agriculture and AgriFood Canada

Implemented

2010

NEg

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
NEg

Name of Mitigation
Action

Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Agricultural
Greenhouse Gases
Program

Agriculture

CO2, CH4,
N2O

Support research on Research
GHG mitigation and
make new mitigation
technologies
available to farmers

Brief Description

The Agricultural Greenhouse Gases Program supports innovative research projects that develop technologies, practices and processes that can be adopted by farmers to mitigate GHG
emissions. A first phase of the $27-million federally funded program ran from 2010–2015 and represented Canada’s initial contribution to the Global Research Alliance on Agricultural
Greenhouse Gases. In March 2016, the Government announced an additional $27 million for a second phase of the program (2016–2021), extending Canada’s commitment to support the
objectives of the Global Research Alliance on Agricultural Greenhouse Gases.

British Columbia
Nutrient
Management
Program

Agriculture

Brief Description

The Nutrient Management Program is being developed to reduce fertilizer use and GHG emissions—accounting for a nearly 100,000 tonne reduction of annual GHG emissions. This program
will include: expanding trials to develop and demonstrate nutrient management best practices to the agriculture industry; increasing funding to the sector to implement beneficial management
practices that promote better nutrient management and further reductions in GHG emissions; and improving monitoring of nutrient management benefits and developing longer term
performance indicators to measure their success.

Québec Prime Green
Program

Agriculture

Brief Description

Financial assistance dedicated to liquid-management livestock facilities, regardless of the type of animal production for a compliant manure storage facility with no manure treatment (partial or
full) system. The assistance provided applies to the purchase and installation of a sealed roof and a system for treating the biogas emitted by stored manure.

Québec Fertilizer
Testing Support
Program

Agriculture

Brief Description

This initiative aims to support crop producers in the implementation of crop fertilization trial projects that will adjust fertilizer reference grids in line with today’s realities.

CO2, CH4,
N2O

CO2, CH4,
N2O

CO2, CH4,
N2O

Reduce GHG
emissions from the
agricultural sector

Reduction of GHG
emissions in the
agriculture sector

Reduction of GHG
emissions in the
agriculture sector

Type of
Instrument

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Education,
Research, pilot
project

Economic

Economic

British Columbia

Québec

Québec

Implemented

Implemented

Implemented

2013

2014

2013

100 kt

8.3 kt

NEg

NEg

NEg

NEg

Policies and0762
Measures
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Sector(s)
Affected

GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Forest Bioeconomy
Framework for
Canada

LULUCF

CO2

To reduce GHG
emissions and
advance innovation
in the forest sector

Voluntary
agreement

Federal, provincial and
territorial governments

Implemented

2017

NEk

Brief description

In September 2017, the federal, provincial and territorial governments, working together through the Canadian Council of Forests Ministers, launched a Forest Bioeconomy Framework for
Canada. This framework will position Canada to become a global leader in the use of forest biomass for advanced bio-products and innovative solutions. The Framework presents an integrated
approach to meeting climate change mitigation commitments and advancing innovation in the forest sector for the long term. It affirms federal, provincial and territorial government commitments
to work in partnership with forest communities and industry stakeholders, including continually engaging Indigenous peoples.

British Columbia
Forest Carbon
Initiative

LULUCF

Brief Description

The $150 million program aims to rehabilitate under-productive forests, recover more wood fibre, and avoid emissions from burning slash.

British Columbia
Great Bear
Rainforest Forest
Management Act

LULUCF

Brief Description

The Great Bear Rainforest Forest Management Act supports a strict new ecosystem-based management regime and protects 85 per cent of the 6.4-million-hectare area.

Alberta Forestry and
Agriculture Offset
Protocols

LULUCF

Brief Description

Alberta is exploring options for forestry and agriculture offsets as an option for large industrial emitters to comply with their reduction obligation under the Specified Gas Emitters Regulation or
as part of internationally transferrable mitigation options (ITMOs). Alberta is planning to approve agriculture and forestry protocols in 2018.

Saskatchewan
SaskPower Shand
Greenhouse
Seedlings

LULUCF

Name of Mitigation
Action

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)
NEk

LULUCF

CO2, CH4,
N2O

CO2

CO2, CH4,
N2O

CO2

Enhance removals
through forest
carbon

Increase carbon
stocks through
sustainable forest
management and
conservation

Enhance
removals and
reduce emissions
associated with
forestry

Mitigate GHG
emissions from
SaskPower’s use
of fossil fuels to
produce electricity

Economic

Regulatory

Economic

Voluntary
agreement

British Columbia

British Columbia

Alberta

Saskatchewan

Implemented

Planned

Under development

Implemented

2017

2017

2018

1992

NEg

NEg

2,000 kt

NEg

NEg

111 kt

NEg

NEg

Policies and0763
Measures
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GHG(s)
Affected

Objective and/or
Activity Affected

Type of
Instrument

Implementation
Entity

Status of
Implementation

Start Date of
Implementation

Estimate of
Mitigation
Impact in
2020
(kt CO2 eq)

Estimate of
Mitigation
Impact in 2030
(kt CO2 eq)

Name of Mitigation
Action

Sector(s)
Affected

Brief Description

The SaskPower Shand Greenhouse grows and distributes tree, shrub and native plant seedlings utilizing waste heat from the adjacent coal-fired generating station. Typical annual production is
500, 000 seedlings. Each production cycle is estimated to contribute 3.3 to 5.6 kt of CO2 eq sequestration per year of growth. It is estimated that 1348 kt CO2 eq will have been sequestered
due to seedling production and associated plantings in the period from 1992 to 2020 and that 2669 kt CO2 eq will have been sequestered in the period from 1992 to 2030.

Ontario 50 Million
Tree Program

LULUCF

Brief Description

Ontario will continue to support tree-planting programs, including its commitment to plant 50 million trees across the province by 2025. The number of trees to be planted within the boundaries
of urban municipalities will be doubled from one million to two million, with funding for irrigation where appropriate.

Québec Wood
Innovation Workplan

LULUCF

Brief description

Québec’s Wood Innovation Work Plan supports the transformation and modernization of the forest products industry, with over $86 million in government investments by 2022. Work plan
consists of nearly 40 measures to support the transformation and modernization of the forest products industry. Québec also began a Wood Innovation Program in 2015 to encourage applied
research, demonstration and implementation of innovative products, processes and systems in the forest products industry. By July 2017, the Program has already funded 24 forest innovation
projects totalling $11.3 million, particularly in the bioenergy and bioproducts sectors.

CO2

CO2

Sequester carbon
and improve
adaptive capacity
of the settled
landscape

Support the
transformation and
modernization of
the forest products
industry

Fiscal

Economic

*Denotes a policy that was explicitly modeled in the ‘with measures’ projection in Chapter 5
**Denotes a policy that was explicitly modeled in the ‘with additional measures’ projection in Chapter 5
a
While the funds have been allocated, the exact projects that will be funded through this program
have not yet been selected. Therefore, at this time it is premature to estimate the mitigation impact.
b
c

Ontario

The policy will come into effect post-2020, therefore it will not have a mitigation impact in 2020.
The measure contributes to the Government of Canada’s efforts to boost growth of clean technology in Canada with the aim of fostering the growth of Canadian technologies and companies.
Any mitigation impacts cannot be directly attributed to the measure, although the measure may
have an indirect impact on GHGs. As such, future GHG reductions estimates associated with the
programs are not available.

d

The details of the policy are still under development. Therefore, at this time it is premature to estimate the mitigation impact.

e

Impacts in 2020 and/or 2030 are expected to be minimal.

f

The program is expected to deliver direct reductions in the short term, with indirect, longer term
impacts expected.

Québec

Implemented

Implemented

2007

2016

NEg

NEg

NEg

NEg

g

The department, province or territory did not provide an estimate at the time of submission.

h

At the time of policy implementation the estimates were conducted based on projections going to 2020;
estimates for 2030 were not prepared.

i

The measure is not expected to be in place in 2020/2030.

j

Emissions reduction estimates for this measure are aggregated into the estimates for another overarching measure.

k

The plan is expected to generate indirect, rather than direct, emissions.

l

The policy/program is an enabling measure that will not directly reduce emissions but will contribute to
unlocking larger emissions reductions.

m

Emission reductions are expected to occur outside the jurisdiction.

NE=Not estimated
NA=Not applicable
TBD=To be determined
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CHAPTER 5

Projections and the Total Effect of
Policies and Measures
This chapter provides projections of greenhouse gas (GHG) emissions through 2030, aligned
to Canada’s historical emissions from 1990 to 2015 as presented in Canada’s 2017 National
Inventory Report (NIR) and in this report in Chapter 3: Canada’s Greenhouse Gas Inventory.
The projections are presented by gas and by sector as well as selected subsectors. This chapter
presents detailed projections according to Canada’s economic sector categories, aligned with the
presentation of policies and measures in Chapter 4: Policies and Measures. A short presentation
of projected emissions by Intergovernmental Panel on Climate Change (IPCC) sector categories
is also provided. A description of the relationship between Canada’s economic sectors and
IPCC sectors can be found in Chapter 3. Canada’s GHG inventory is available both online
on the Government of Canada website, as well as on the Government of Canada Open Data
Portal website.
Under the Paris Agreement, Canada has formally committed to achieving an economy-wide
target to reduce GHG emissions by 30% below 2005 levels by 2030, and under the Copenhagen
Accord Canada committed to reducing GHG emissions by 17% below 2005 levels by 2020. The
Government of Canada, in close collaboration with provinces and territories, has established the
Pan-Canadian Framework on Clean Growth and Climate Change (Pan-Canadian Framework).
As described in further detail in Chapter 4, this is a federal, provincial and territorial plan to
grow the Canadian economy, reduce GHG emissions and help Canadian communities adapt to a
changing climate.
Projections presented in this report represent both a “with measures” scenario and a “with
additional measures” scenario.a

a

The policies and measures modeled in each of these scenarios are listed in Table 5A.9 in Annex 1 of this chapter,
and several are described in more detail in Chapter 4: Policies and Measures. It should be noted that the sum of
emission reductions associated with individual policies and measures—as summarized in Table 1, Chapter 4: Policies
and Measures of the National Communication—will not be equivalent to the overall projected emission reductions
of policies and measures in this chapter due to the interaction effects between measures and different modeling
approaches.
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The “with measures” scenario, outlined in Section 5.3,
includes actions taken by governments, consumers and
businesses put in place over the last two years, up to
September 2017 (see Section 5.3.2 for more details).
This scenario does not account for all measures of the
Pan-Canadian
Framework
a number
them are still
Progress to
Target asGraph
forofNC7
under
development.
Revised
December 21, 2017

Under this scenario, emissions in 2030 would be
583 Mt, a 232 Mt decline from projections included in
the “with measures” scenario in the 2nd Biennial Report
(BR2). This decline, equivalent to approximately a third
of Canada’s emissions in 2015, is widespread across all
economic sectors, reflecting the breadth and the depth
of the Pan-Canadian Framework.

Taking into consideration all climate change policies
Scenario
and measures that have been announced in Canada
2015 National Inventory Report
and"With
for which
enoughCase
information
Measures"
(BR2) is available, a “with
additional measures scenario” has also been developed.
2017 National Inventory Report
As With
described
in Section
5.5, since
the “with
measures
progress
BR2 additional
measures”
scenario
accounts
for
those
additional policies
"With Measures" Case (NC7)
andAdditional
measures reductions
that are under development but have
not"With
yet been
fully implemented,
some(NC7)
of which were
Additional
Measures" Case
announced
as part of the Pan-Canadian Framework
2030 Target
(e.g., pan-Canadian carbon pricing). This scenario is
provided for the purposes of presenting progress to
Canada’s 2030 target and to better demonstrate the
expected impact of the Pan-Canadian Framework.

Figure 5.1 shows the “with measures” and “with
2005 2006 2007 2008 2009 2010 2011 2012 2013
additional measures” projections, as well as the
749 740 761 741 699 707 709 715 726
projections presented in Canada’s BR2. Going forward,
726
it is expected that further progress will take place,
738 729 750 729 689 701 707 716 729
especially as current estimates do not include the full
reductions from investment in public transit, clean
technology and innovation. Potential increases in stored
carbon
(carbon
sequestration)
forests,708
soils 717
and 730
738 729
750
730 689in 701
wetlands will also contribute to reductions which, for a
country such as Canada, could also play an important
role in achieving the 2030 target.

850

February 2016
Projections*:
815 Mt

750

232 Mt

GHG Emissions (Megatonnes CO2 eq.)

800

700

December 2017
Projections (With
specific measures
from Canada's
clean growth and
climate plan):
583 Mt

650
600
550
500
2005

Canada is committed to meeting its 2030 target. To do so, Canada
is investing in public transit, clean technology, and innovation, and
working with provinces and territories to develop further
measures. We also expect additional reductions from increases in
carbon sequestered in forests, soils, and wetlands.

2010

2015

2020

2025

December 2017
Projections*:
722 Mt

2030

Canada's Target:
517 Mt

*These scenarios are the "with measures" scenarios as defined by the UNFCCC.

Figure 5.1: Scenarios of Canadian Emissions to 2020 and 2030 (Mt CO2 eq) (Excluding Land Use, Land-Use Change
and Forestry)
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Moreover, these projected emission reductions do not
account for additional mitigation measures that could be
implemented by the provinces and territories between
now and 2030. Emissions reductions from additional
future actions will be assessed as new measures
are implemented.

5.1 Comparing Activity Sector
Categories to Economic Sectors
Canada’s GHG projections are derived using a detailed
bottom-up simulation model where energy data is
allocated to individual subsectors using the North
American Industrial Classification System. These
subsectors are then aggregated into the economic
sectors presented in this report. Considering that
gross domestic product (GDP) and relative energy
prices are a key driver of GHG emissions in most
sectors, macroeconomic models are the primary
tool for generating emissions projections in Canada.
This method of energy and emissions allocation is
essential for identifying possible impacts from current
and future policies and measures implemented in a
particular sector.
In line with United Nations Framework Convention
on Climate Change (UNFCCC) reporting guidelines,
Canada has chosen to use economic sectors to present
policies and measures as well as projections in our
7th National Communication and 3rd Biennial Report.
Examining the historical path of Canadian GHG
emissions by economic sector allows for a better
understanding of the connection between economic
activities and emissions for the purposes of analyzing
trends and for policy analysis. This approach is also
more closely aligned with that taken in the PanCanadian Framework. This approach to categorisation

b

was used in Canada’s previous BR, in Canada’s 6th
National Communication and in Canada’s GHG Emissions
Reference Case (December 2016), a publication which
provided projections of GHG emissions to the year
2030. It is also presented in Canada’s NIR along with
GHG emissions categorised under the IPCC reporting
requirements by activity sectors.
Figure 5.2 shows the distribution of 2015 emissions on
an IPCC activity basis versus an economic sector basis.
Some adjustments that are made to the IPCC categories
to calculate economic sector emissions include:
•• Reallocating off-road transportation emissions
related to farming (primarily farm tractors and other
mobile machinery) to the agriculture sector instead
of transportation.
•• Reallocating off-road transportation emissions related
to mining operations from transportation to the oil
and gas sector and the heavy industryb sector.
•• Reallocating emissions related to pipeline operations
to the oil and gas sector.
•• Reallocating some of the industrial process emissions
to the buildings sector.
In addition, stationary combustion emissions under
the IPCC categorisation are allocated across economic
sectors, as appropriate. Almost all industrial process and
fugitive emissions under these processes are aligned with
the economic sector that generates them (primarily in
the heavy industry and oil and gas sectors). In addition,
emissions from landfills are included in the waste and
others sector. For a more detailed description of the
reconciliation of between economic and IPCC sector
categories, please see Chapter 3: Canada’s Greenhouse
Gas Inventory.

Heavy industry subsectors include mining activities, smelting and refining, and the production and processing of industrial goods such as
chemicals, fertilizers, pulp and paper, aluminum, iron and steel and cement.
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2015 Emissions by Economic Sector
Waste & Others
(48 Mt)
7%
Agriculture
(73 Mt)
10%
Heavy Industry
(75 Mt)
10%

Buildings
(86 Mt)
12%

2015 Emissions by IPCC Categories
Agriculture
(59 Mt)
8%

Transporta)on
(173 Mt)
24%

Oil and Gas
(189 Mt)
26%

Waste
(25 Mt)
3%

Energy - Fugi$ve
Sources
(57 Mt)
8%
Industrial
Processes
(51 Mt)
7%

Sta$onary
Combus$on
(328 Mt)
46%
Transport
(202 Mt)
28%

Electricity
(79 Mt)
11%

Figure 5.2: Total Canadian 2015 GHG emissions (722 Mt CO2 eq)—Methods of Categorisation

5.2 Historical Emissions Trends
Although historical emissions have been described in
detail in Chapter 3: Canada’s GHG Inventory, a brief
summary of historical trends by economic sector is
provided here.c Changes to historical data since Canada’s
previous National Communication are discussed in
Chapter 3: Canada’s Greenhouse Gas Inventory.
As shown in Table 5.1, from 1990 to 2005, total
emissions grew from 611 Mt to 738 Mt. The majority of
this increase occurred in the oil and gas, transportation
and electricityd sectors. As production increased and
Canada’s oil sands industry developed, emissions in the
oil and gas sector increased 50 Mt. In the transportation
sector, population and economic growth were primary
drivers of a 41 Mt increase in emissions over this period.
The electricity sector contributed to a further 23 Mt
of the increase in total emissions as more fossil fueled
power generation came online to meet rising demand.

c
d

Canadian GHG emissions fell by 16 Mt from 2005 to
2015, driven mostly by reductions in the electricity and
heavy industry sectors, while emissions growth came
mostly from the oil and gas and transportation sectors.
Emissions in most other sectors were stable over the
period. The decline in emissions from the electricity
sector is primarily the result of Ontario’s coal-fired
electricity generation phase-out. Compositional changes
within the sectors, energy efficiency improvements, and
changes to energy prices have all helped contribute to
relatively stable emissions in the other sectors.
Emissions are intrinsically linked to economic activity,
although in Canada this link has weakened over the past
two decades due to technological and structural changes
such as increases in energy efficiency and the growth of
lower-emissions and service-based industries. Emissions
intensity, defined as GHG emissions per dollar of GDP,
measures the relationship between economic activity and

Canada’s NIR 2017 provides historical emissions by IPCC sector and by economic sector.
For purposes of modeling emissions projections, ECCC defines the electricity sector as consisting of electricity production from power plants
whose primary purpose is to sell electricity to the grid (i.e., to the public. This is as per the North American Industry Classification System code
that begins with “22”). This definition does not necessarily include all electricity production in Canada (e.g., does not include industrial electricity
generation that is not sold to the grid).
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emissions generation. In Canada, emissions intensity has
declined at an average annual rate of 1.6% between 1990

and 2015, or a cumulative 33.4% over the entire period
(Figure 5.3).

Table 5.1: GHG Emissions by Economic Sector (kt CO2 eq) from 1990 to 2015
HISTORICAL
1990

1995

2000

2005

2010

2015

108,000

133,000

159,000

158,000

160,000

189,000

94,000

98,000

127,000

117,000

96,000

79,000

Transportation

122,000

127,000

147,000

163,000

171,000

173,000

Heavy Industry

97,000

99,000

93,000

86,000

73,000

75,000

SECTOR
Oil and Gas
Electricity

Buildings

73,000

79,000

85,000

85,000

81,000

86,000

Agriculture

60,000

70,000

72,000

74,000

70,000

73,000

Waste & Others
Total

57,000

56,000

55,000

54,000

50,000

48,000

611,000

661,000

738,000

738,000

701,000

722,000

Note: Numbers may not sum to the total due to rounding.

5.3 Greenhouse Gas Emissions
Projections by Economic Sector
and Gas under the “With Measures”
Scenario
5.3.1 National Emissions Projections
Environment and Climate Change Canada (ECCC)
updates Canada’s GHG emissions annually, reflecting
the latest historical data and up-to-date future economic
and energy market assumptions. As such, projections
fluctuate over time as a result of changes in these key
drivers assumptions.
In this chapter, emissions are projected to 2030 with
comparisons made to 2005, Canada’s base year for its
GHG emissions reduction targets.e Projections are
based on policies and measures in place as of September
2017 and assume no further government action. Where
applicable, historical emissions for 2010 and 2015
(the most recent year for which historical emissions
are available) are also shown. Projections are based on
the Energy, Environment and Economy Model for

e

Canada (E3MC), which is internationally recognized
and incorporates external data from consistent sources
(for more information on E3MC, please see Annex 4 of
this chapter).
ECCC consults extensively with other government
officials, selected experts and provinces and territories
on emissions projections. Forecast assumptions such as
population growth, industry growth rates, electricity
supply plans, and major projects are shared with
provinces and territories prior to the development
of the projections in order to insure their accuracy.
Current modelled provincial policies are clarified and
updated based on consultation feedback, and detailed
information is obtained on any new provincial/
territorial policies so that they can be modelled and
incorporated into the forecast. Preliminary projections
are prepared midway through their development
and shared for consultation to identify any errors
or concerns. Adjustments are made as additional
information and clarification is being provided about

Under the 2009 Copenhagen Accord, Canada committed to reduce its emissions by 17% below 2005 levels by 2020, or 126 Mt. This target
covers all sectors and GHGs.
In May 2015, Canada submitted its Intended Nationally Determined Contribution to the UNFCCC. The submission included an economy-wide target to reduce GHG emissions by 30% below 2005 levels by 2030, or 222 Mt. This submission was updated in 2017 following
the release of the Pan-Canadian Framework on Clean Growth and Climate Change, Canada’s plan to address climate change and grow the
economy. As outlined in the Paris Agreement and accompanying decisions adopted in December 2015, Parties are invited to submit final
targets as part of ratifying the new agreement and will be obligated to submit revised nationally determined contributions every five years.
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economic assumptions, policies, electricity supply
plans, etc. Provincial and territorial details of the final
projections are then shared with each jurisdiction prior
to publication.

5.3.2 Comparison of Current and Previous
“With Measures” Emissions Projections
In 2030, the GHG emissions in the “with measures”
scenario in Canada are projected at 722 Mt, 92 Mt
below what was presented in Canada’s BR2, a decline
greater than 2015 emissions from Canada’s entire
building sector. This reflects the future impacts of a
number of federal and provincial policies that were put
in place over the last two years, such as:
•• Alberta’s Carbon levy, 2030 phase-out of coal-fired
electricity, and 100 Mt cap on oil sand emissions;
•• Domestic reductions from Ontario joining Québec
and California in the Western Climate Initiative
(WCI) cap-and-trade regime in 2017;
•• Québec’s regulation for new commercial, institutional
and residential high-rise buildings;
•• Federal measures to increase efficiency of residential
and commercial equipment and appliances;
•• Federal regulations to reduce releases of methane in
the upstream oil and gas sector;
•• Federal regulations phasing-out the use of
hydrofluorocarbons;
•• Federal GHG emissions standards for heavy-duty
vehicles and trailers of model years 2021 to 2027;
•• Increasing carbon tax in British Columbia to $50/t by
2022 and onwards; and

•• Other provincial and federal policies. (A full list
of policies and measures is provided in Annex 1 of
this chapter.)
In addition to the new policies, the lower emissions
projections for the “with measures” scenario are also
driven by a lower GDP growth forecast and lower light
oil, oil sands, and natural gas production estimates
compared to the BR2. Changes to historical data
since Canada’s previous National Communication
are discussed in Chapter 3: Canada’s Greenhouse
Gas Inventory.
Table 5.2: Revisions to Canada’s “With Measures” GHG
Emissions (Mt CO2 eq) since Canada’s 2nd Biennial
Report
2005

2010

2015

2020

2030

2nd Biennial Report

749

707

736

768

815

7th National
Communication

738

701

722

728

722

Difference

-11

-6

-14

-40

-92

Note: Numbers may not sum to the total due to rounding.

5.3.3 Emissions Intensity
The link between growth in GDP and GHG emissions
continues to weaken. There has been an average annual
decline in Canadian emissions intensity (emissions per
unit of GDP) of approximately 1.6% from 1990 to 2015.
Emissions intensity is expected to continue to decrease
through 2030 (Figure 5.3).
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Figure 5.3: Canadian Emissions Intensity (1990 to 2030)
Decomposition of Projected Change in Canada’s “With Measures” GHG Emissions Projection
The following explores how different factors contribute to trends in projected emissions through a decomposition analysis of Canada’s
projected GHG emissions under the “with measures” scenario (Figure 5.4).
•• The Activity Effect measures the impact of economic growth (estimated to be 53% over the 2005–2030 period). On its own, this growth
would have been expected to lead to 327 Mt of additional GHG emissions in 2030 (or 13 Mt per year).
•• The Carbon Intensity Effect measures changes in the carbon emission coefficient of energy. The shift to cleaner fuels such as the
replacement of coal-fired electricity with cleaner sources, as well as measures to reduce fugitive and process emissions, are projected to
have a significant impact, reducing emissions by 111 Mt in 2030 (or 4.4 Mt per year).
•• The Energy Efficiency Effect measures changes in energy efficiency at the subsector level. The projections indicate that the uptake of
energy efficient technologies—induced by policies, consumer responses to energy prices, and stock turnover— reduces emissions by
232 Mt in 2030 (or 9.2 Mt per year).
The decomposition shows that over the period 2005–2030, there is a decoupling of economic growth on projected combustion emissions:
upward pressure on GHG emission projections arising from GDP growth are slightly more than offset by the switch to cleaner and more efficient
energy use.
Expected Change in Emission (Mt)

400

327

300
200
100
0
-100

-16
-111

-200
-300

-232
Total Emissions (GHG)

Activity (GDP)

Carbon Intensity (GHG/PJ)

Energy Ef?iciency (PJ/GDP)

Figure 5.4: Decomposition of Emissions Growth 2005–2030 (excluding Land Use, Land-Use Change and Forestry)
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5.3.4 Per Capita Emissions
Canadian per capital GHG emissions have been
decreasing significantly since 2005 when they were
22.9 tonnes carbon dioxide equivalent (CO2 eq) per
person. In 2015, emissions per capita were 20.1 tonnes
CO2 eq per person, the lowest level recorded since
records began in 1990.
Projections show per capita emissions to continue
to decrease through 2030 and are expected to fall to
17.2 tonnes per person in 2030 (Table 5.3). This reflects
a projected increase in Canada’s population of 17%
between 2015 and 2030, while emissions are projected to
be at the same level in 2030 as in 2015.
Table 5.3: Canadian GHG Emissions Per Capita
PER CAPITA

2005

2010

2015

2020

2030

Tonnes CO2 eq

22.9

20.6

20.1

19.2

17.2

5.3.5 Emissions by Gas
Total Canadian GHG emissions over the projection
period are presented by gas in Table 5.4 and Table 5.5 in
CO2 eq and in their native gaseous forms respectively.
Section 5.3.7 provides additional details by
economic sector.
CO2 emissions decreased by 1% between 2005 and
2015, and are projected to rise by about 3% between
2015 and 2030. On a CO2 eq basis, CO2 represented
78% of total Canadian GHG emissions in 2005. By
2030 this share is expected to increase slightly to 81%.
Between 2005 and 2015, CO2 emissions increased
in the agriculture, heavy industry, oil and gas, and
transportation sectors. Emissions are projected to
continue to increase in these sectors between 2015
and 2030, with the exception of transportation where
emissions are projected to decrease. Agriculture CO2
emissions increase mostly before 2015 and then decline
slightly until 2030. In the case of heavy industry,
emissions declined by 10% between 2005 and 2015, and
are expected to increase between 2020 and 2030.
Total methane (CH4) emissions have increased in
Canada since 1990. Between 1990 and 2005, emissions

increased by 21% due to increasing activity in the
agriculture and oil and gas sectors. Between 2005 and
2015, this trend reversed, with emissions decreasing
by 10%, mostly due to declines in emissions from the
agriculture and waste and others sectors. Between 2015
and 2030, CH4 emissions are projected to continue
decreasing, reflecting a projected decrease of 41% in
the oil and gas sector. Fugitive CH4 emissions from
conventional oil production are expected to decline as
a result of proposed government regulations to reduce
emissions in the oil and gas sector. The upstream oil
and gas sector remains the largest industrial source of
methane in Canada.
Nitrous oxide (N2O) emissions, which decreased slightly
between 1990 and 2005, also declined between 2005
and 2015 and are projected to remain constant between
2015 and 2030. N2O emissions arise primarily from the
agriculture sector.
Hydrofluorocarbons (HFCs) have been increasingly
used in the last decade in refrigeration and air
conditioning systems as an alternative to ozone
damaging hydrochlorofluorocarbons (HCFCs). HCFCs
are being phased out under the Montréal Protocol and
an amendment to that agreement in 2016 added the
phase down of the use and production of HFCs. As a
result, emissions of HFCs are projected to peak in 2020
at 14.8 Mt of CO2 eq before declining to 12.5 Mt of
CO2 eq in 2030.
Perfluorocarbons (PFCs), sulphur-hexafluoride
(SF6), and nitrogen trifluoride (NF3) are projected
to decrease substantially over the projection period.
The main releases of these gases into the environment
occur during the manufacture of semi-conductors,
refrigeration equipment and the production of
aluminium as well as other industrial processes such as
in the magnesium industry. Reductions are anticipated
from voluntary measures in the aluminum industry and
other sectors.
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Table 5.4 converts the above information into CO2 eq
with global warming potential values from the Fourth
Assessment Report of the IPCC and provides emissions

totals excluding Land Use, Land-Use Change and
Forestry (LULUCF) emissions.

Table 5.4: Total Canadian Emissions Projections by Gas in CO2 eq, Excluding LULUCF Emissions (Mt CO2 eq) from
2005 to 2030
HISTORICAL

PROJECTED

2005

2010

2015

2020

2030

CHANGE 2005
TO 2030

CO2

574

554

568

579

584

11

CH4

110

100

100

96

86

-24

N2O

41

37

39

38

39

-2

HFC

5

8

11

15

12

7

PFC

4

2

1

<1

<1

-4

GAS

SF6

1

<1

<1

<1

<1

-1

NF3

<1

<1

<1

<1

<1

<1

Total

738

701

722

728

722

-16

Note: Numbers may not sum to the total due to rounding.

Table 5.5: Total Canadian Emissions Projections by Gas, Excluding LULUCF Emissions (kilotonne (Kt)—natural
form) from 1990 to 2030
HISTORICAL

PROJECTED

1990

1995

2000

2005

2010

2015

2020

2030

CO2

463,000

496,000

570,000

574,000

554,000

568,000

579,000

584,000

CH4

3,700

4,400

4,700

4,500

4,000

4,100

3,800

3,500

N2O

140

150

130

140

130

130

130

130

GAS

HFC

1

0

2

4

5

8

10

9

PFC

1

1

1

1

<1

<1

<1

<1

SF6

<1

<1

<1

<1

<1

<1

<1

<1

NF3

<1

<1

<1

<1

<1

<1

<1

<1
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5.3.6 Emissions Projections by Economic Sector
Table 5.6 illustrates how the projected trends in GHG
emissions vary by economic sector. This is a result of
the expected evolution of the key drivers of emissions
in each sector, as well as various government and other
initiatives. For example, in the transportation sector,
growing economic activity in Canada affects the number
of freight trucks on the road, thus emissions from the
freight transportation subsector are projected to rise.

However, offsetting this trend are the Government of
Canada’s Light-duty vehicles (LDV) GHG emissions
standards for the LDV model years 2011 to 2025 which
are causing the average emissions intensity for all on-road
passenger vehicles to decline through the projection
period. For the electricity sector, emissions are expected
to fall, largely due to the combined impact of various
government measures to create a cleaner electricity
system, predominately by replacing coal-fired generation
with lower-emitting natural gas and non-emitting sources.

Table 5.6: GHG emissions by Economic Sector (Mt CO2 eq) from 2005 to 2030
HISTORICAL

PROJECTED

CHANGE 2005
TO 2030

2005

2010

2015

2020

2030

Oil and Gas

158

160

189

197

215

57

Electricity

117

96

79

71

46

-70

Transportation

163

171

173

168

155

-8

Heavy Industry

86

73

75

83

97

11

Buildings

85

81

86

88

83

-2

Agriculture

74

70

73

71

72

-3

SECTOR

Waste & Others
Total

54

50

48

50

53

-2

738

701

722

728

722

-16

Note: Numbers may not sum to the total due to rounding.

Table 5.7 provides a breakdown of projected trends in GHG emissions by IPCC sector.
Table 5.7: GHG emissions by IPCC Sector (Mt CO2 eq) from 2005 to 2030
HISTORICAL

PROJECTED

2005

2010

2015

2020

2030

CHANGE 2005
TO 2030

Stationary Combustion and
Fugitive Sources

400

372

385

388

382

-18

Transport

195

199

202

199

190

-5

Industrial Processes

54

48

51

57

64

10

Agriculture

61

56

59

57

58

-3

SECTOR

Waste

28

25

25

27

28

1

Total

738

701

722

728

722

-16

Note: Numbers may not sum to the total due to rounding.

5.3.6.1 Oil and Gas
Emissions in the oil and gas sector are related to the
production, transmission, processing, refining and
distribution of oil and gas products. In 2015, the oil and
gas sector produced the largest share of GHG emissions
in Canada (26%). Emissions increased by 50 Mt CO2 eq

over the 1990 to 2005 time period, primarily as a result
of the development of the unconventional oil and
gas industry.
Since 2005, GHG emissions from the oil and gas sector
have increased as a result of growth in production due to
higher oil prices and evolving technologies in oil sands
operations, from 158 Mt in 2005 to 189 Mt in 2015—a
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20% increase. Increased emissions from unconventional
oil sands activity have been offset by the gradual
depletion of conventional oil and natural gas resources
in Canada and limited expansion of the refining sector.

Government actions, such as recently published
regulations on methane emissions in the upstream oil
and gas sector, will also constrain increases in emissions
over the projection period.

Table 5.8: Oil and Gas Sector Emissions (Mt CO2 eq) from 2005 to 2030
2005

2010

2015

2020

2030

CHANGE 2005
TO 2030

Natural Gas Production and Processing

57

49

56

50

45

-12

Conventional Oil Production

30

27

31

26

23

-8

Light Oil Production

12

11

14

9

10

-1

Heavy Oil Production

17

14

15

15

11

-6

2

2

2

2

2

0

Frontier Oil Production
Oil Sands

f

Bitumen In Situ

35

53

71

89

115

80

11

20

34

42

65

54

Bitumen Mining

10

14

18

25

26

17

Bitumen Upgrading

14

19

19

21

23

10

Oil and Natural Gas Transmission

12

7

10

9

9

-3

Petroleum Products

22

22

21

22

22

-1

Natural Gas Distribution
Total

1

1

1

1

1

0

158

160

189

197

215

57

Note: Numbers may not sum to the total due to rounding.

Upstream Oil and Gas Production

Upstream oil and gas includes the extraction, production
and processing of both conventional and unconventional
oil and gas. This subsector represents approximately

85% of the oil and gas sector emissions in 2015 and this
share is expected to increase to almost 90% by 2030 as
oil sands extraction continues to grow.

Table 5.9: Upstream Oil and Natural Gas Production: Emissions and Drivers
2005

2010

2015

2020

2030

30

27

31

26

23

1,360

1,227

1,264

1,207

1,400

Conventional Oil Production
Emissions (Mt CO2 eq)
Production (1,000 barrels/day)
Natural Gas Production and Processing
Emissions (Mt CO2 eq)
Production (1,000 barrels/day)

57

49

56

50

45

7,221

6,247

6,320

6,323

6,614

35

53

71

89

115

1,065

1,612

2,526

3,361

4,236

Oil Sandsg
Emissions (Mt CO2 eq)
Production (1,000 barrels/day)

f

g

Based on the Alberta Government’s announcement, Alberta’s 100 Mt cap on oil sands emissions excludes emissions from cogeneration of
electricity and new upgrading. When taking these into account, total emissions from oil sands is 99 Mt in 2030 under the “with measures”
scenario, below the 100 Mt cap.
Based on the Alberta Government’s announcement, Alberta’s 100 Mt cap on oil sands emissions excludes emissions from cogeneration of electricity and new upgrading. When taking these into account, total emissions from oil sands is 99 Mt in 2030 under the “with measures” scenario,
below the 100 Mt cap.
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In general, extracting oil from oil sands via an in situ
method (e.g., using in-ground techniques to separate
the oil from the sand) is more emissions-intensive than
oil sands mining. In the historical period within the oil
sands sector, the overall emissions intensity has been
decreasing over time, with increasingly energy efficient
in situ operations and flat energy intensity in oil sands
mining operations.
In the forecast, several factors could lead to increasing
emissions intensity in the oil sands subsector, such as
declining reservoir quality, aging of existing facilities,
and shifts from mining operations to more emissionsintensive in situ extraction processes. On the other
hand, clean technology deployment could lead to
significant emissions intensity reductions in the
subsector. Considering the uncertainties associated
with these counterbalancing trends in oil sands
emissions intensities, the projections keep the emissions
intensities of new oil sands productions at the level of
existing technologies.
Emission projections in the oil and gas sector are driven
by the National Energy Board’s (NEB) projections
of oil and natural gas prices as well as the NEB’s
corresponding estimates of production.h Emissions
from upstream oil and gas production are estimated to
grow from 158 Mt CO2 eq in 2015 to 183 Mt CO2 eq in
2030. This increase is driven by the growth in bitumen
production from the oil sands, where emissions are
expected to increase from 71 Mt CO2 eq in 2015 to
115 Mt by 2030.i Specifically, emissions from oil sands
mining are projected to increase by 8 Mt CO2 eq and
in situ production are expected to increase by 31 Mt.

h

i

j

As part of the Pan-Canadian Framework, the
Government of Canada reaffirmed its commitment to
reduce methane emissions from the oil and gas sector
by 40 to 45% from 2012 levels by 2025, building on
provincial actions and targets. To achieve this goal, the
Canadian government has published regulations which
articulate control measures for methane emissions in
the oil and gas sector. The regulations are expected to
achieve 22 Mt CO2 eq of reductions in 2030.
Emissions from conventional crude oil production are
expected to fall from 31 Mt in 2015 to 23 Mt in 2030.
Emissions from natural gas production and processing
are also expected to decline from 56 Mt in 2015 to
45 Mt in 2030.
Consistent with the most recent NEB projections, this
report does not include the construction of any liquefied
natural gas production projects nor emissions from that
sector over the projection period.
Transportation and Distribution of Oil and Gas

Emissions from the pipeline transportation of oil and gas
and the local distribution of natural gas are expected to
remain relatively flat throughout the projection period.
Petroleum Refining and Upgrading

Table 5.10 displays emissions associated with petroleum
refining and upgrading from 2005 to 2030. Emissions
from traditional petroleum refining are expected to
remain relatively unchanged throughout the projection
period. Emissions associated with the upgrading of oil
sands bitumen are expected to slightly increase from
19 Mt CO2 eq in 2015 to 23 Mt by 2030, largely driven
by additional capacity in Western Canada.j

Oil and gas production projections used in preparation of this report are slightly different from the ones published in NEB Energy Future 2017.
These projections have been also developed by NEB, but assumption about Canada-wide carbon price of $50 has been removed from the
“with measures” scenario, thus leading to slightly higher production numbers than the ones that were published in NEB Energy Futures 2017.
Based on the Alberta Government’s announcement, Alberta’s 100 Mt cap on oil sands emissions excludes emissions from cogeneration of electricity and new upgrading. When taking these into account, total emissions from oil sands is 99 Mt in 2030 under the “with measures” scenario,
below the 100 Mt cap.
The increase in refining sector’s emissions between 2015 and 2020 is associated with the new Sturgeon facility in Edmonton, Alberta. This
facility is reported under the refining sector as it will be producing refined petroleum products, even though it will be processing bitumen. The
facility is expected to be equipped with a carbon capture technology.
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Table 5.10: Petroleum Refining and Upgrading Sector Emissions and Drivers
2005

2010

2015

2020

2030

Traditional Refineries
Emissions (Mt CO2 eq)
Refined Petroleum Processed (1,000 barrels/day)

22

22

21

22

22

2,021

1,984

1,861

1,911

1,911

14

19

19

21

23

611

849

1,058

1,298

1,415

Upgraders
Emissions (Mt CO2 eq)
Refined Petroleum Processed (1,000 barrels/day)

5.3.6.2 Transportation
In 2015, transportation (including passenger, freight,
and residential and commercial off-road emissions) was
the largest contributor to Canada’s GHG emissions,
representing 24% of overall GHGs.
Between 1990 and 2005, emissions in the transportation
sector increased 34%, from 122 Mt CO2 eq in 1990 to
163 Mt in 2005. This was driven by a strong period of
economic growth and low oil prices from 1990 to 1999
that influenced the fleet composition and its use (e.g.,
from cars to light-duty trucks).
Since 2005, transportation emissions have continued
rising, representing 173 Mt in 2015. The increasing fuel
efficiency of light-duty vehicles has offset the effects of
an increased population putting more vehicles on the
road and resulting in more kilometres (km) driven. For
example, between 2005 and 2015, the sales-weighted
on-road fuel efficiency for new gasoline cars improved
from 9.2 litres (L) per 100 km to 8.1 L/100 km, while
the sales-weighted on-road fuel efficiency for new
gasoline light trucks improved from 13.2 L/100 km to
11.1 L/100 km.
Total transportation emissions increased from 163 Mt
CO2 eq in 2005 to 173 Mt by 2015, but are projected
to drop to 155 Mt in 2030, a marked decline of
emissions in the sector due to the projected increased
fuel-efficiency of on-road vehicles. This change from
historical trends is being driven by the federal LDV
regulations, despite projected increases in population
and number of vehicles. Emissions are projected to
decrease by 13 Mt between 2020 and 2030 as the stock

of existing vehicles is gradually overturned with more
efficient gasoline and diesel vehicles as well as the
increasing share of zero emission vehicles (ZEV). The
federal heavy-duty vehicles (HDV) GHG emissions
standards parts 1 and 2 will also contribute to increased
fuel-efficiency of on road freight vehicles, though
emissions will continue to rise in that sub sector driven
by an expanding economy.
In October 2010, the Government of Canada released
the Light-duty vehicles (LDV-1) GHG emissions
standards, which prescribe progressively more
stringent annual emission standards for new vehicles
of model years 2011 to 2016. In September 2014, the
Government released the Light-duty vehicles 2 (LDV-2)
GHG emissions standards for model years 2017 to 2025.
These regulations will achieve significant and sustained
GHG reductions and fuel-savings benefits. By 2020,
it is estimated that Canadian regulations for model
years 2011 to 2016 will lead to annual reductions of
between 9 and 10 Mt. For model years 2017 to 2025, the
regulations will reduce GHG emissions by an additional
3 Mt in 2020, increasing to 24 Mt by 2030, as these new
efficient vehicles replace the existing stock.
Under both phases of LDV regulations spanning model
years 2011 to 2025, the fuel efficiency of new cars will
increase by 41%, as compared to model year 2010 (and
50% compared to the 2008 model year), and the fuel
efficiency of new passenger light trucks will increase
by 37%. The sales-weighted fuel efficiency of new cars
is projected to improve from 8.6 L/100 km in 2010 to
6.4 L/100 km in 2020, and to 5.1 L/100 km by 2025.
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The sales-weighted fuel efficiency of new passenger
light trucks are projected to improve from 12.0 L/100
km in 2010 to 9.1 L/100 km in 2020, and to 7.6 L/100
km by 2025. In addition, the LDV regulations are
driving the shift away from the use of HFCs in mobile
air conditioners, resulting in a significant decrease in
emissions of this gas with high global warming potential.
See Table 5.24 for trends in HFC emissions.
As depicted in Table 5.11, the transportation sector
comprises several distinct subsectors: passenger, freight,

air and others (e.g., rail and marine). Each subsector
exhibits different trends during the projection period.
For example, emissions from passenger transportation
are projected to decrease by 24 Mt CO2 eq between
2005 and 2030, while those for ground freight, off-road
and other vehicles are projected to grow by 18 Mt over
the same time period. Note that although absolute
emissions are projected to grow in the freight subsector,
emissions are expected to decrease relative to businessas-usual levels as a result of various federal, provincial
and territorial programs.

Table 5.11: Transportation: Emissions by Subsector (Mt CO2 eq) from 2005 to 2030
2005

2010

2015

2020

2030

CHANGE 2005
TO 2030

Passenger Transport

93

92

91

84

69

-24

Cars, Trucks and Motorcycles

85

85

83

76

61

-25

7

7

7

8

8

1

Bus, Rail and Domestic Aviation
Freight Transport

64

73

76

78

79

15

Heavy Duty Trucks, Rail

56

65

71

72

74

18

Domestic Aviation and Marine

8

8

5

5

5

-3

Other: Recreational, Commercial and Residential

7

7

6

7

8

1

163

171

173

168

155

-8

Total
Note: Numbers may not sum to the total due to rounding.

5.3.6.3 Electricity Generation
As about 80% of the utility electricity supply in Canada
is generated from non-GHG emitting sources, the
electricity sector comprised only 11% of total Canadian
GHG emissions in 2015. Since 2005, electricity sector
emissions have fallen an average of 4% per year, the
fastest of any sector in Canada. The mix of sources of
energy used to generate power vary considerably across
the country, depending on regional features such as the
availability of natural resources such as hydropower,
transmission interconnections to other provinces and
the United States, and access to natural gas. Several
provinces rely almost exclusively on hydropower at
present due to abundant hydro resources, while other
jurisdictions have highly diversified mixes of power
that combine non-emitting power from renewables and
nuclear with fossil fuel generation. A few rely primarily
on fossil fuels such as refined petroleum products,
natural gas, and coal.

Over the 1990 to 2005 period demand for electricity
rose considerably, and this increase in demand was met
with varying sources of power. Emissions from the
electricity sector increased over this time period as some
provinces expanded their capacity by building fossil fuelfired power plants or by increasing the utilization rate of
existing coal units in place of nuclear plants, as was done
in the province of Ontario. In addition, other provinces
increased their natural gas and refined petroleum
product-fired generation to meet growing demand.
Post-2005, emissions in this sector fell significantly as
coal-fired units were closed and more lower and nonemitting sources were brought online to replace coal.
Provinces continued to replace some higher-emitting
coal and diesel generation with lower-emitting natural
gas generation, but also a significant increase in nonhydro renewable generation was observed over the
same time period. Wind generation increased from
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0.3% of total generation in 2005 to 4.7% by 2015, an
average growth rate of over 30% per year, while solar
generation has increased nearly 60% per year during the
same period. Together, wind, solar, and biomass sources
of generation accounted for 5.7% of utility electricity
generation in 2015, up from 0.9% in 2005. In particular,
Ontario’s coal-fired generation phase-out was completed
in 2014, with replacement generation coming primarily
from non-GHG-emitting sources such as wind, nuclear,
solar, and biomass.
Several Canadian provinces have achieved nearly
100% non-emitting grids by 2015, and their electricity
supply is expected to remain non-emitting throughout
the forecast. Québec, Manitoba and British Columbia
generate 97 to 100% of electricity from hydro and other
renewables and are expected to continue to develop new
renewable resources in the future, maintaining emitting
resources only for remote or back-up needs. Prince
Edward Island has reduced thermal generation to near
zero, with 98% of on-island generation coming from its
ample wind resources. The Yukon has also substantially
reduced its reliance on diesel and now generates 94% of
electricity from renewable sources.
Finally, growing use of on-site cogeneration to meet
industrial electricity and steam demands, particularly in
the Alberta oil and gas sector, reduced utility demands
and further reduced electricity sector emissions.
Cogeneration is the simultaneous generation of
electricity and heat or steam that can be then used in
industrial processes such as in situ oil sands extraction.
As a result of increasing use of cogeneration, emissions
for electricity production are shifted from the utility
electricity sector to the oil and gas sector. However,
the combined production of power and heat is more
efficient than their separate production due to the
capturing of waste heat and steam from combustion for
useful work that would otherwise need to be produced
separately. As a result, the economy-wide impact

of shifting from utility natural gas-fired electricity
generation (or other fossil fuel sources) to industrial
cogeneration using natural gas in general results in a
reduction in GHG emissions. In the particular context
of Alberta’s coal-based electricity grid, these reductions
can be substantial.
The recent downward trend in emissions from the
electricity sector is expected to continue over the next
decade as a result of various federal and provincial
governmental initiatives. Emissions in the electricity
sector fell by 38 Mt CO2 eq from 2005 to 2015 and are
projected to further decrease 32 Mt by 2030, for a total
decrease of 70 Mt over the period while total generation
increased. Table 5.12 outlines the decline in projected
emissions alongside the expected increase in electricity
generation from 2005 through 2030.
Table 5.12: Utility Electricity Sector: Emissions
and Drivers
SECTOR

2005

2010

2015

2020

2030

Emissions (Mt CO2 eq)

117

96

79

71

46

Generation
(Terawatt Hours)

551

539

580

588

587

Continued use of on-site industrial cogeneration and
an overall decrease in net electricity exports as major
exporting provinces use increasingly more electricity
domestically are projected to keep utility electricity
generation growth low even as electricity demand
grows. Furthermore, while population and the economy
continue to grow in the forecast, residential and
commercial electricity demands remain flat or decline
due to improvements in energy efficiency; the majority
of increased demand for electricity in the forecast is
from industrial and manufacturing sectors. The modest
increase in electricity generation expected through
2030 will be supplied by various fuel sources. Although
coal usage for electricity generation is declining, the
proportion of power generation from fossil fuels is
expected to vary by province and territory depending
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on the availability of electricity from hydro, nuclear
power, and non-hydro renewable energy sources such
as wind.k
The proportion of utility electricity generation coming
from renewable sources is projected to increase between
2005 and 2030. Hydropower generation is expected to
increase in most Canadian provinces and territories,
both through large dam construction and small hydro
projects, bringing hydropower from 59% to 63% of
utility electricity generated in Canada. Non-hydro
renewables such as wind, solar, biomass and waste
generation are expected to continue to grow at about
4% per year between 2015 and 2030 and are projected
to account for nearly 10% of total generation by 2030.
Nuclear power, however, is expected to decline by 23%
over the same time frame, as Ontario reduces its nuclear
capacity between 2020 and 2030 with the retirement of
several ageing units.
Coal generation is expected to fall by 60% between
2015 and 2030 as coal units continue to retire or reduce
production in Alberta, Saskatchewan, and Nova Scotia.
Natural gas generation is expected to increase to replace
coal and nuclear generation, as well as to support
increasing use of intermittent sources of generation
such as wind.
Federal regulations to reduce CO2 emissions from
coal-fired electricity came into effect on July 1, 2015.
The regulations apply a stringent performance standard
to new coal-fired electricity generation units and
those coal-fired units that have reached the end of
their economic life. The regulations will facilitate a
permanent transition towards lower or non-emitting
types of generation such as high-efficiency natural gas
and renewable energy. With this regulation, Canada
became the first major coal user to ban construction of
traditional coal-fired electricity generation units.

k

See Annex Table 5A.7 Electricity Supply and Demand.

The Government of Canada announced its intention
to amend these regulations to accelerate action and
phase out traditional coal-fired electricity generation
by December 31, 2029. Draft amendments are targeted
for publication in early January 2018, with final
amendments targeted for publication by December
2018. The reductions from this amendment are not
included in the Reference Case but are instead reflected
in the “with additional measures” scenario, given the
timeline of publication for the draft amendments.
In addition, several provinces have introduced
significant measures to move away from fossil fuel
electricity generation and towards cleaner sources of
power that contribute to the decline in emissions in
the electricity sector. Nova Scotia aims to decrease
emissions in its electricity sector through a declining
cap on emissions and a renewable portfolio standard
that will require 40% of electricity sales to come from
renewable sources by 2020. Alberta will phase out
traditional coal-fired generation by the end of 2030,
and has introduced complementary plans to achieve
30% renewable capacity over the same time frame.
Newfoundland and Labrador is constructing a new large
hydro dam and an underwater transmission link between
Labrador and Newfoundland Island to replace ageing,
high-emitting heavy fuel oil generation on the Island
with renewable power.
At a national level, emissions from coal-fired generation
are projected to decline by 73 Mt over the 2005 to 2030
time period, and emissions from refined petroleum
products such as diesel and fuel oils are expected to
fall by 8 Mt. Emissions from natural gas are expected
to increase by 11 Mt over the period in this sector,
as natural gas replaces coal in some provinces, helps
meet growing electricity demand, and supports the
integration of higher levels of intermittent renewables.
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Table 5.13: Utility Electricity Sector Emissions by Fuel Type (Mt CO2 eq) from 2005 to 2030
FUEL
Coal

2005

2010

2015

2020

2030

CHANGE 2005
TO 2030

95

78

61

52

22

-73

Refined Petroleum Products

11

5

5

5

3

-8

Natural Gas

10

14

13

14

21

11

<1

<1

<1

<1

<1

0

117

96

79

71

46

-70

a

Biomass
Total

Note: Numbers may not sum to the total due to rounding.
a
These estimates do not include the Government’s recent announcement on its intent to amend the existing federal regulations to accelerate
action and phase out traditional coal-fired electricity generation by December 31, 2029. The reductions from this amendment are instead
reflected in the “with additional measures” scenario.

5.3.6.4 Heavy Industry
The heavy industry sector includes metal and nonmetal mining activities, smelting and refining, and the
production and processing of industrial goods such as
chemicals, fertilizers, aluminum, pulp and paper, iron
and steel and cement.
Emissions from the heavy industry sector were
responsible for 16% of total Canadian emissions in
1990, and fell to 12% in 2005. The decline (11 Mt
CO2 eq) reflects technological changes such as improved
emission control technologies for perfluorocarbons
(PFCs) within the aluminum industry, and the closure
of the adipic acid plant in Ontario. Energy efficiency

measures, replacement of raw materials with recycled
materials, and use of fuels such as biomass and waste in
production processes were also responsible for the GHG
reductions over time.
Emissions from the heavy industry sector decreased
by 11 Mt between 2005 and 2015, but are projected
to increase by 22 Mt between 2015 and 2030 due to
increased production in some subsectors. Emissions
are estimated to have been at their lowest point in
2009 following a decline in pulp and paper, iron and
steel, and smelting and refining output, but then
recovered somewhat with increased chemical and
fertilizer production.

Table 5.14: Heavy Industry: Emissions and Drivers
MT CO2 EQUIVALENT
Emissions (Mt CO2 eq)
Gross Output of Heavy Industry (1997 $billions)

On average, emissions generated by heavy industry
subsectors are projected to be 4% less than 2005
levels by 2020, owing to modest production growth
in the recovery years of the economic downturn, and
continued reduction of emissions intensities. Exceptions
include decreased emissions in pulp and paper, and
increasing emissions from mining, chemicals and
fertilizers as several new plants are expected to be built.

2005

2010

2015

2020

2030

86

73

75

83

97

3,251

3,543

4,073

4,582

5,815

Over the 2020 to 2030 timeframe a number of
subsectors are projected to increase. For example,
emissions from the iron and steel subsector are projected
to rise by 27%. Cement emissions are projected to
increase by 27% over the period, while emissions from
mining increase by 22%.This reflects expected increases
in production while the energy efficiency of the
subsectors increase more slowly.
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Table 5.15: Heavy Industries’ Emissions by Subsector (Mt CO2 eq) from 2005 to 2030
SECTOR

2005

2010

2015

2020

2030

CHANGE 2005
TO 2030

7

8

8

9

11

5

14

11

10

11

12

-2

9

7

6

6

5

-4

Mining
Smelting and Refining (Non-ferrous
metals)
Pulp and Paper
Iron and Steel

16

14

14

15

19

2

Cement

13

10

10

11

14

1

3

3

2

3

3

0

Chemicals and Fertilizers

23

21

25

28

33

9

Total

86

73

75

83

97

11

Lime and Gypsum

Note: Numbers may not sum to the total due to rounding.

5.3.6.5 Buildings
Emissions in Canada’s commercial and residential
buildings increased by 12 Mt CO2 eq between 1990
and 2005, and then remained relatively stable around
the 2005 levels through to 2015. From 1990 to 2015,
buildings have accounted for about 12% of Canada’s
GHG emissions in any given year. Despite a growing
population and increased housing stock and commercial/
institutional building stock, projected energy efficiency
improvements help to keep emissions stable post-2015.

and voluntary housing energy efficiency standards
are helping to improve efficiencies in this subsector
over time.
Table 5.16: Residential Subsector: Emissions
and Drivers
2005

2010

2015

2020

2030

46

43

45

44

42

Households (millions)

12.1

13.0

13.9

14.9

16.5

Tonnes per household

3.79

3.32

3.19

2.96

2.55

Emissions (Mt CO2 eq)

Commercial

Emissions from commercial and residential buildings are
projected to decline by 2% over the 2015 to 2030 time
frame (excluding indirect emissions from electricity).
Residential

As shown in Table 5.16, GHG emissions from the
residential buildings (e.g., houses, apartments and other
dwellings) declined by 1 Mt CO2 eq between 2005 and
2015, and are projected to decline by a further 3 Mt (or
5%) between 2015 and 2030. This is despite an expected
19% increase (or 2.6 million) of the number of Canadian
households (a key driver of residential emissions growth)
between 2015 and 2030. This highlights the decreasing
emissions intensities in the average dwelling due to
increasing energy costs being managed with better
technologies and practices. In addition, federal and
provincial measures aimed at increasing the energy
efficiency of residential buildings, such as building code
regulations, rebates for energy efficiency improvements

GHG emissions from Canada’s commercial buildings
increased by 1 Mt between 2005 and 2015, and are
expected to be at that level in 2030 (Table 5.17).
Emissions in the commercial subsector remained stable
between 2005 and 2015 while floor space continued
to increase due, in part, to strengthening of building
energy codes, an increased commitment to benchmark
energy use and undertaking of energy-related retrofits.
Emissions are expected to decline despite an expansion
of commercial floor space (the principal driver of
emissions from this subsector) as the economy continues
to grow. This is a result of continued efficiency
improvements and the phase down of and bulk import
ban on HFCs used in refrigeration and air conditioning.
As HFCs have an average global warming potential that
is up to 1900 times more potent than CO2, decreasing
HFC consumption has a significant impact on emissions.
Between 2015 and 2030, emissions are projected to stay
constant, while floor space increases by 15%.
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Table 5.17: Commercial Subsector: Emissions
and Drivers
Emissions (Mt CO2 eq)
Floor space (millions m )
2

2005

2010

2015

2020

2030

40

38

41

43

41

654

714

749

776

863

5.3.6.6 Agriculture

sector have remained stable at about 10% of Canada’s
total emissions. Emissions and removals (sequestration)
of carbon from land management and land-use change
associated with agricultural lands would be accounted
for separately in the LULUCF sector.
While emissions remain stable over the 2005 to 2030
period, there are a number of compositional trends
in the sector. Between 2005 and 2015, increases in
crop production were offset by decreases in animal
production. In the projection, however, emissions from
both crop production and livestock are expected to
remain stable. Agriculture emissions are projected to be
72 Mt in 2030, 1 Mt less than the 2015 levels.

GHG emissions from primary agriculture in Canada
consist mainly of methane and nitrous oxide from
livestock and crop production systems as well as
emissions from on-farm fuel use. Emissions have
remained stable over the 2005 to 2015 period at
approximately 73 Mt, following an increase of 14 Mt
from 1990 to 2005. Since 1990, emissions from the

Table 5.18: Agriculture Sector Emissions by Subsector (Mt CO2 eq) from 2005 to 2030
2005

2010

2015

2020

2030

CHANGE 2005
TO 2030

On-Farm Fuel Use

14

14

14

14

14

0

Crop Production

16

19

22

21

21

5

Animal Production

45

37

37

36

37

-8

Total

74

70

73

71

72

-3

SECTOR

Note: Numbers may not sum to the total due to rounding.

5.3.6.7 Waste and Others
Emissions from waste management and other nonemissions-intensive industrial sectors such as electric
and transport equipment manufacturing, remained
relatively stable between 1990 and 2005. From
2005 to 2015, GHG emissions from municipal solid
waste landfills declined, with the help of provincial
government measures aimed at capturing landfill gas as
well as solid waste diversion. Between 2015 and 2030,
emissions are expected to grow, driven by projected
population growth.

Non-emissions-intensive industrial subsectors included
in the waste and others sector represent a wide variety of
operations, and include light manufacturing (e.g., food
and beverage, and electronics), construction and the
forestry and logging service industry. Emissions from
these various subsectors are projected to increase slightly
over the 2015 to 2030 timeframe driven by projected
growth in these economic activities, but will remain
lower than 2005 levels.
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Table 5.19: Waste and Others Emissions by Subsector (Mt CO2 eq) from 2005 to 2030
2005

2010

2015

2020

2030

CHANGE 2005
TO 2030

28

25

25

27

28

1

2

3

2

2

2

-1

Light Manufacturing, Construction & Forest Resources

24

22

21

22

23

-2

Total

54

50

48

50

53

-2

SECTOR
Waste
Coal Production

Note: Numbers may not sum to the total due to rounding.

5.3.6.8 Land Use, Land-use Change and Forestry
A unique challenge in both projecting and accounting
for emissions and removals in Canada’s managed
forest is the fact that natural disturbances result in
significant variations in annual forest emission and
removal estimates. As well, natural disturbances
generally cannot be predicted. Canada’s Nationally
Determined Contribution, released in May 2017, notes
that Canada is examining its approach to accounting
in the LULUCF sector towards its 2030 emission
reduction target. It also indicates that Canada will
exclude the impacts of natural disturbances and use the
IPCC production approach to account for harvested
wood products. This applies to Canada’s 2020 emission
reduction target as well.
The historical estimates for LULUCF from 1990–2015
found in Canada’s 2017 National Inventory Report (NIR)
exclude for the first time the impacts of significant
natural disturbances in the managed forest that occurred
in the historical period (see Chapter 6 of the NIR).
As noted in the 2017 NIR, work continues to refine
LULUCF estimates that focus on anthropogenic
emissions and removals as a basis for improved reporting
and accounting for LULUCF. As this work is still

underway, Canada has not shown LULUCF projections
and accounting contributions.

5.3.6.9 Foreign Passenger and Foreign Freight
Emissions from Foreign Passenger and Foreign Freight
sectors are not included in the national total consistent
with UNFCCC reporting guidelines.
Emissions from the Foreign Passenger and Foreign
Freight sectors comprise total Canadian fuel sold to
foreign registered watercraft and aircraft. Emissions
declined by 1 Mt between 2005 and 2015, and are
expected to increase 14% between 2015 and 2030 as the
number of foreign transportation vehicles and number
of kilometers traveled increases.
Table 5.20: Fuel Sold to Ships Emissions by Subsector
(Mt CO2 eq) from 2005 to 2030
SECTOR

2005

2010

2015

2020

2030

Foreign Freight

5

4

2

2

2

Foreign Passenger

8

8

10

11

12

5.3.7 Detailed Emissions Projections by Gas
and by Economic Sector
The following tables summarize total GHG projections
by sector and by gas under the “with current measures
scenario” and illustrate how the projected trends vary by
gas and by economic sector.
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Table 5.21: CO2 Emissions Projections by Economic Sector (kt CO2 eq)
HISTORICAL
SECTOR

PROJECTED

1990

1995

2000

2005

2010

2015

2020

2030

Oil and Gas

70,000

83,000

102,000

109,000

117,000

143,000

157,000

187,000

Electricity

92,000

96,000

125,000

115,000

95,000

78,000

70,000

46,000

Transportation

115,000

119,000

137,000

154,000

163,000

165,000

161,000

151,000

Heavy Industry

79,000

83,000

87,000

80,000

71,000

72,000

80,000

95,000

Buildings

67,000

72,000

77,000

78,000

72,000

74,000

73,000

69,000

Agriculture

12,000

15,000

15,000

14,000

14,000

15,000

15,000

15,000

Waste & Others

29,000

28,000

27,000

24,000

23,000

21,000

22,000

23,000

463,000

496,000

570,000

574,000

554,000

568,000

579,000

584,000

Total

Note: Numbers may not sum to the total due to rounding.

Table 5.22: CH4 Emissions Projections by Economic Sector (kt CO2 eq)
HISTORICAL
SECTOR
Oil and Gas
Electricity
Transportation
Heavy Industry

PROJECTED

1990

1995

2000

2005

2010

2015

2020

2030

36,000

49,000

55,000

47,000

42,000

45,000

39,000

27,000

0

100

100

100

100

200

100

200

600

600

500

400

400

400

400

400

200

200

200

100

100

100

100

200

4,600

4,500

4,000

3,000

3,200

3,200

3,000

2,800

Agriculture

26,000

31,000

32,000

36,000

30,000

29,000

28,000

29,000

Waste & Others

25,000

25,000

26,000

27,000

25,000

24,000

26,000

27,000

Total

94,000

111,000

118,000

114,000

100,000

102,000

96,000

86,000

Buildings

Note: Numbers may not sum to the total due to rounding.

Table 5.23: N2O Emissions Projections by Economic Sector (kt CO2 eq)
HISTORICAL
SECTOR

1990

PROJECTED

1995

2000

2005

2010

2015

2020

2030

Oil and Gas

500

600

800

800

1,000

1,100

1,300

1,500

Electricity

500

600

700

700

600

500

500

400

Transportation

4,500

5,600

6,500

6,300

4,700

3,600

3,700

3,700

Heavy Industry

12,000

12,100

2,900

4,500

1,800

1,900

1,300

1,600

Buildings
Agriculture
Waste & Others
Total

1,100

1,200

1,400

1,200

1,100

1,100

1,100

1,100

22,000

24,000

25,000

25,000

26,000

29,000

28,000

28,000

1 900

2,000

2,100

2,100

2,100

2,100

2,200

2 ,400

42,000

46,000

40,000

41,000

37,000

39,000

38,000

39,000

Note: Numbers may not sum to the total due to rounding.
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Table 5.24: HFC Emissions Projections by Economic Sector (kt CO2 eq)
HISTORICAL
SECTOR
Oil and Gas

PROJECTED

1990

1995

2000

2005

2010

2015

2020

2030

0

0

0

0

0

0

0

0

Electricity

0

0

0

0

0

0

0

0

Transportation

0

100

1,100

1,900

2,600

3,200

2,900

700

Heavy Industry

1,000

0

0

0

500

600

600

400

Buildings

0

300

1,500

2,800

4,400

6,800

10,900

11,100

Agriculture

0

0

0

0

0

0

0

0

Waste & Others

0

0

100

400

300

400

400

300

1,000

500

2,800

5,100

7,800

11,000

14,800

12,500

Total

Note: Numbers may not sum to the total due to rounding.

Table 5.25: PFC Emissions Projections by Economic Sector (kt CO2 eq)
HISTORICAL
SECTOR

1990

1995

2000

PROJECTED

2005

2010

2015

2020

2030

Oil and Gas

0

0

0

0

0

0

0

0

Electricity

0

0

0

0

0

0

0

0

Transportation

0

0

0

0

0

0

0

0

Heavy Industry

0

0

0

0

0

900

300

300

Buildings

0

0

0

0

0

0

0

0

Agriculture

0

0

0

0

0

0

0

0

Waste & Others

7,600

6,300

5,000

3,800

1,900

100

20

20

Total

7,600

6,300

5,000

3,800

1,900

1,000

300

300

Note: Numbers may not sum to the total due to rounding.

Table 5.26: SF6 Emissions Projections by Economic Sector (kt CO2 eq)
HISTORICAL
SECTOR
Oil and Gas
Electricity

PROJECTED

1990

1995

2000

2005

2010

2015

2020

2030

0

0

0

0

0

0

0

0

200

200

200

200

200

200

100

100

Transportation

0

0

0

0

0

0

0

0

Heavy Industry

3,000

2,100

2,700

1,200

200

200

10

10

Buildings

0

0

0

0

0

0

0

0

Agriculture

0

0

0

0

0

0

0

0

Waste & Others

0

0

0

0

0

0

0

0

3,200

2,300

2,900

1,400

400

400

100

100

Total

Note: Numbers may not sum to the total due to rounding.

m

n

While reported at the Provincial/Territorial level in Canada’s GHG Emissions Reference Case, emissions associated with ammonia production as well as with the consumption of PFCs and SF6 (except for electric utilities) are only reported at the national level in Canada’s NIR. As
such differences in emissions totals may occur, if these totals are calculated by summing up provincial values.
Although provincial and territorial governments have announced a diverse range of measures, only measures that could be readily modeled or
have an announced regulatory or budgetary dimension were modeled. Aspirational goals and targets that were not supported by measurable,
real and verifiable actions were not included in the projections. The policies and measures modeled in this section are listed in Table 5A.9 in
Annex 1 of this chapter and several are described in more detail in Chapter 4: Policies and Measures.
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5.4 Emissions by Provincem
Emissions vary considerably by province, driven by
diversity in population size, economic activities and
resource base, among other factors. For example,
provinces where the economy is oriented more toward
resource extraction will tend to have higher emissions
levels whereas more manufacturing or service-based
economies tend to have lower emissions levels.
Electricity generation sources also vary, with provinces
that rely on fossil fuels for their electricity generation

having higher emissions than provinces that rely more
on hydroelectricity. Table 5.27 displays projected
provincial and territorial GHG emissions from 2005
to 2030. The projected emissions reflect a diversity of
economic factors and government measures to reduce
GHG emissions. These include energy efficiency
and renewable electricity programs, carbon taxes or
levies (i.e., British Columbia, Alberta, Ontario, and
Québec), regulatory measures, and legislated renewable
electricity targets.n

Table 5.27: Provincial and Territorial GHG Emissions (Mt CO2 eq) from 2005 to 2030
AREA
Newfoundland
Prince Edward Island

2005

2010

2015

2020

2030

CHANGE 2005 TO 2030

10

10

10

12

10

-1

2

2

2

2

2

0

Nova Scotia

23

20

16

15

13

-11

New Brunswick

20

19

14

14

14

-7

Québec

89

82

80

81

79

-10

Ontario

204

175

166

167

165

-39

Manitoba

21

20

21

21

21

0

Saskatchewan

70

70

75

74

70

0

233

241

274

278

287

54

64

59

61

59

58

-6

3

2

2

4

4

2

738

701

722

728

722

-16

Alberta
British Columbia
Territories
Canada

Note: Numbers may not sum to the total due to rounding.

Accounting for Purchasing of International Credits under the
WCI Cap-and-Trade Program
The values in Table 5.27 represent domestic emissions. As such,
they do not include potential allowances purchased internationally
under the Western Climate Initiative (WCI) cap-and-trade program.
Ontario and Québec have legislated GHG emissions targets for
2020 and 2030. Both provinces have regulated emissions caps
to achieve their 2020 targets, Ontario’s target being 15% below
1990 levels and Québec being 20% (representing, as of the 2015
Canadian inventory, 154 Mt and 71 Mt, respectively). In addition,
both provinces have 2030 targets, Ontario’s being 37% below
1990 levels and Québec’s being 37.5% (representing 114 Mt
and 56 Mt respectively). The provinces will use a combination of
new domestic policies and international allowances acquired from
California (also part of the WCI) to meet their legislated targets.
The impact of Ontario and Québec’s acquisition of international
allowances will be additional to reductions shown in Table 5.27, and
have been included in the additional measures described in Section
5.5 and in Table 5.28.

5.5 Assessment of Aggregate Effect
of Policies and Measures
5.5.1 With Measures and With Additional
Measures Scenarios
Under the Paris Agreement, Canada has formally
committed to achieving an economy-wide target to
reduce GHG emissions by 30% below 2005 levels
by 2030, and under the Copenhagen Accord Canada
committed to reducing GHG emissions by 17%
below 2005 levels by 2020. The federal, provincial and
territorial governments established the Pan-Canadian
Framework to take action on climate change.
Since the submission of Canada’s BR2 a number of
policies and measures have been implemented, which
have resulted in significantly lower emissions projections
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under the “with measures” scenario. Whereas in the
BR2 emissions were projected to increase to 815 Mt by
2030 (or 9% above 2005 levels), they are now projected
to decline to 722 Mt (or 2% below 2005 levels) under
this scenario.
Under the Pan-Canadian Framework a large number
of policies and measures have been announced,
some of which are already reflected in the “with
measures” scenario, while some policies are still under
development. When taking into consideration all
climate change policies and measures that have been
announced in Canada and for which enough information
is available, Canada’s emissions are projected to be
583 Mt in 2030, a 232 Mt decline from projections
included in the BR2.
This decline, equivalent to approximately a third of
Canada’s emissions in 2015, encompasses all economic
sectors, consistent with the Pan-Canadian Framework.
Three of the major policies included in the “with
additional measures” scenario are described below.

Pricing Carbon Pollution
The Government of Canada has outlined a benchmark
for pricing carbon pollution that will build on existing
provincial systems and require a minimum price of $10
per tonne is in place across Canada by 2018, rising to
$50 per tonne by 2022. Provinces and territories will
continue to have the flexibility to implement either an
explicit price on carbon (e.g., through a carbon tax)
or a cap-and-trade system and will retain all revenue
generated by carbon pricing.
A number of provinces have already implemented
carbon pricing policies and these are reflected in the
“with measures” scenario; over 80% of Canadians
currently live in a jurisdiction with a carbon price.
Ontario and Québec have joined California in the
Western Climate Initiative, and have implemented cap
and trade regulations. British Columbia has recently
announced an increase in its carbon tax from $30/t to

$50/t by 2021 (increasing in $5 increments each year),
and Alberta is transitioning from the Specified Gas
Emitters Regulation to a carbon levy ($30/t) and output
based allocation system.
The additional measures scenario assumes that federal
backstop carbon pricing policy is implemented in
provinces other than Ontario, Québec, British Columbia
and Alberta, and an increase in carbon price to $40/t in
2021 and $50/t by 2022 in Alberta.

Reducing CO2 emissions from coal-fired generation
of electricity
Projections for the “with measures” scenario include the
regulation to phase out coal-fired electricity at the end
of the economic life of the facilities, with a number of
coal-fired facilities continuing to operate in the post2030 period. With the adoption of the Pan-Canadian
Framework, Canada is moving forward to accelerate the
phase-out of traditional coal units across the country
by 2030.

Clean Fuel Standard
The Clean Fuel Standard will be a modern, flexible,
performance-based approach that will encourage the
use of a broad range of lower carbon fuels, alternative
energy sources and technologies, such as electricity,
hydrogen, and renewable fuels, including renewable
natural gas. It would address a broad suite of fuels,
including gaseous, solid and liquid fuels, and would
go beyond transportation fuels to include those used
in industry, homes and buildings. The objective of
the Clean Fuel Standard is to achieve 30 Mt of annual
reductions in GHG emissions by 2030.

Other Complementary Measures Included
Other complementary measures included in the “with
additional measures” scenario include actions across
all sectors:
•• retrofit building codes for existing buildings, netzero ready building codes for new buildings, as
well as more stringent standards for equipment and
appliances in the buildings sector;
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•• measures in the transportation sector targeting offroad vehicles, zero emissions vehicles strategy and
further extension of the light duty vehicle standards
for the vehicles of the post-2025 model years;
•• a policy in the industrial sector to accelerate
the adoption of the industrial energy
management systems;
•• improving electricity transmission system by building
strategic interconnections, making investments into
emerging renewables and smart grid, and reducing
reliance on diesel in northern, remote and indigenous
communities;
•• and other policies.
A complete list of modeled measures included in the
scenario is provided in Annex 1. Also reflected in the
“with additional measures” scenario are the purchases of
international allowances by Ontario and Québec under
the WCI that will allow them to achieve their respective
2030 legislated targets.
The Government of Canada has allocated significant
resources under the Pan-Canadian Framework through
a number of funds such as the Low Carbon Economy
Fund. These resources will be used to fund some of the
measures included in the additional measures scenario
(e.g., in the building or electricity sectors) and will
support the implementation of proposed standards by
lowering the costs for consumers and industry.

Figure 5.6 shows the “with measures” and “with
additional measures” projections as well as the
projections presented in Canada’s BR2.
Taken together, these policies have and will continue to
influence GHG emissions reductions, from projected
levels in 2020 and beyond. Most importantly, they
encourage further action by demonstrating that
government policies are having a quantifiable impact on
GHG emissions.
It is expected that GHG estimates will continue to
decline in the near to medium term, especially as
current estimates do not include the full reductions
from investment in public transit, clean technology
and innovation. In addition, possible increases in
stored carbon (carbon sequestration) in forests, soils
and wetlands will also contribute to reductions, which
could also play an important role in achieving Canada’s
2030 target.
Furthermore, these projected emissions reductions do
not take into consideration the additional mitigation
measures that could be implemented by the provinces
and territories between now and 2030. Emissions
reductions from additional future actions will be assessed
as new measures are implemented.

Additional reductions
"With Additional Measures" Case (NC7)
2030 Target

738

729

750

730

689

701

850

232 Mt

GHG Emissions (Megatonnes CO2 eq.)

750
700

730

Canada is committed to meeting its 2030 target. To do so, Canada
is investing in public transit, clean technology, and innovation, and
working with provinces and territories to develop further
measures. We also expect additional reductions from increases in
carbon sequestered in forests, soils, and wetlands.

500
2005

2010

2015

2020

2025

December 2017
Projections*:
722 Mt
December 2017
Projections (With
specific measures
from Canada's
clean growth and
climate plan):
583 Mt

650

550

717

February 2016
Projections*:
815 Mt

800

600

708
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2030

Canada's Target:
517 Mt

*These scenarios are the "with measures" scenarios as defined by the UNFCCC.

Figure 5.6: Scenarios of Canadian Emissions to 2020 and 2030 (Mt CO2 eq) (Excluding Land Use, Land-Use Change
and Forestry)

Table 5.28 shows the breakdown of emissions by
economic sectors for the different scenarios in 2030.
Overall, emissions are projected to decrease by
232 Mt compared to the estimates in the BR2 with

the biggest reductions happening in the electricity
and buildings sectors, followed by oil and gas and
transportation sectors.

Table 5.28: Canadian 2030 GHG Emissions Forecast (Mt CO2 eq) Under Different Scenarios

2ND BIENNIAL
REPORT (BR2)

7TH NATIONAL
COMMUNICATION
(NC7)

7TH NATIONAL
COMMUNICATION—
ADDITIONAL
MEASURES (NC7AM)

DIFFERENCE
BETWEEN NC7
AND BR2

DIFFERENCE
BETWEEN
NC7AM AND
BR2

76

72

71

-5

-5

Buildings

109

83

71

-26

-38

Electricity

58

46

21

-12

-37

SECTOR
Agriculture

Heavy Industry

107

97

93

-10

-14

Oil and Gas

242

215

192

-27

-50

Transportation

164

155

143

-9

-21

59

53

51

-6

-8

Waste & Others
Purchases of international
allowances under the
Western Climate Initiative
Total

-59

815

Note: Numbers may not sum to the total due to rounding.

722

583

-59

-93

-232
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5.6. Alternate Emissions Scenarios

and resources cannot be foreseen with certainty.
The variation in these complex variables implies that
modelling results are most appropriately viewed as a
range of plausible outcomes.

5.6.1. Sensitivity Analysis
Projections are updated annually and reflect the
latest historical data and up-to-date future economic
and energy market assumptions. However, given
the uncertainty regarding the key drivers of GHG
emissions, the scenario presented in the previous
section should be seen as one estimate within a set of
possible emissions outcomes in the projection period,
as events that will shape future emissions and energy
markets cannot be fully anticipated. In addition,
future developments in technologies, demographics

Uncertainty is addressed via modelling and analysis
of alternate cases that focus on variability in two
key factors: future economic growth and population
projections and the evolution of oil and natural gas
prices and production as per the National Energy
Board’s high and low scenarios. These assumptions are
presented in Table 5.29 and Table 5.30, and the overall
range of emissions is presented in Figure 5.7.o

Table 5.29: Economic Growth and Population from 2015 to 2030
2015 TO 2030
LOW

WITH MEASURES

HIGH

Annual GDP Growth Rate

1.0%

1.7%

2.5%

Annual Population Growth Rate

0.7%

1.0%

1.3%

Table 5.30: Oil and Gas Prices and Production in 2020 and 2030
2020

2030

FUEL

UNITS

LOW

WITH MEASURES

HIGH

LOW

WITH MEASURES

HIGH

Crude Oil Price (WTI)

Real 2014 US$/bbl

39

66

81

37

77

116

Heavy Oil (WCS)

Real 2014 US$/bbl

20

43

56

21

56

90

Crude Oil

1000 bbl/day

4,404

4,560

4,907

4,047

5,619

7,567

Natural Gas (Henry Hub)

Real 2014 US$/GJ

Natural Gas

Billion cubic feet

2.65

3.13

3.55

2.86

3.77

4.67

6471

6,789

7084

4828

7101

9570

Table 5.31: Sensitivity of GHG Emissions to Changes in GDP and Prices (excluding LULUCF) in Mt CO2 eq
SCENARIOS

2020

2030

2030 PROJECTIONS—2005 EMISSIONS

Slow GDP, Low World Oil and Gas Prices

709

651

-87

Fast GDP, High World Oil and Gas Prices

742

793

55

“With Measures” Scenario
Sensitivity Range

o

728

722

-16

709 to 742

651 to 793

-87 to 55

The High and Low alternate emissions scenarios from Section 5.7 are equivalent to the Fast GDP—High World Oil Prices and Slow GDP—
Low World Oil Prices scenarios respectively in Annex 3 of this chapter.
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850
High
793

Megatonnes of CO2 eq

800
750

"With Measures"
722

700
651
Low

650
600
550
500
2005

2010

2015

2020

2025

2030

Figure 5.7: Canada’s Domestic Emissions Projections (Mt CO2 eq): low, “with measures” and high scenarios

5.6.2 Main Sources of Uncertainty for Canada’s
GHG Projections
Canada develops its scenarios of emissions projections
using a detailed, proven Energy, Emissions and
Economy model. Each year, the model is re-calibrated
using the most recent data available (see Annex 4) to
provide a robust, well-grounded in empirical evidence
forecast. Nevertheless, uncertainty is inherent in
the projections of any model that looks decades into
the future.
To address this issue, this chapter presents alternative
scenarios showing the sensitivity of GHG emission
projections to projected energy prices and economic
growth. That said, other sources of uncertainty
exist, including relating to the decision-making of
agents under given assumptions and the pace of clean
technology development and adoption. For instance, the
observed consumer adoption of emerging technologies
may diverge from model predictions due to the
influence of behavioral decision-making processes not

captured in the model. For example, the diffusion of
electric vehicles depends not only on relative vehicle
prices, but also consumer awareness of electric vehicles,
and the availability of recharging infrastructure both
of which will evolve over time and are therefore hard
to predict when looking at historical behaviour. This
source of projection uncertainty is present across all
economic sectors with the rapid emergence of new and
cleaner technologies.
Some sources of uncertainty are also specific to sectors,
several of which are listed below.
•• Oil and Gas: As mentioned in the Canada’s National
Energy Board 2017 Energy Futures report, Canadian
oil and gas production projections vary significantly
depending on wold price assumptions. The global
price itself is determined by supply and demand
for oil, driven by factors like economic growth,
technological developments, and geopolitics and is set
in international markets.
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•• Electricity: From the demand side, key factors of
uncertainty other than economic and population
growth include electricity demand changes arising
from the electrification of vehicles or industrial
processes. From the supply side, emissions are
affected by changes to the supply mix, for example,
assumptions for new generating capacity as coal units
are being phased out, future costs of renewables,
the degree of localized small-scale generation by
renewable energy sources, and construction of new
transmission linkages.
•• Transportation: Over the short term, vehiclekilometers travelled is the key driver of emissions,
influenced by assumptions regarding factors such as
population, fuel prices and optimization of freight
trucks (increased tonnage per km) and freight
transportation volume resulting from changes in
economic activity. Over the medium to long term, the
changing characteristics of the fleet will be important

and will be influenced by government policies,
different types of vehicles’ respective production costs,
technological development and consumer choices.
•• Heavy Industry: Emissions are primarily driven
by expected economic growth in each subsector.
Future technological developments that would
affect the costs of electrification and carbon capture
and storage technologies, as well as of other energy
efficiency improvements would also have an impact
on emissions.
•• Buildings: Emission projections in this sector will
be affected by consumer response to emerging
technologies and government policies. Future
relative fuel prices and technology costs will also have
an impact.
•• Agriculture: Emissions from agriculture production
are affected by production costs such as fertilizer
prices, and international prices that affect the crop
composition and livestock size.
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Annexes
Annex 1: Baseline Data and Assumptions
Key Economic Drivers and Assumptions
Table 5A.1: Summary of Key Price-Related Assumptions Used in Projection Analysis from 1990 to 2030
HISTORICAL
KEY UNDERLYING ASSUMPTIONS
Oil Price ($2015 US/bbl)
Natural Gas Price ($2015 US/mmbtu)
Consumer Price Index (1992=100)

PROJECTED

1990

1995

2000

2005

2010

2015

2020

2030

$38

$26

$39

$64

$85

$49

$66

$77

$2.55

$2.34

$5.50

$9.82

$4.63

$2.62

$3.31

$3.98

93

104

114

127

139

151

165

202

Table 5A.2: Summary of Key Economic and Demographic Assumptions Used in Projection Analysis from 1990 to 2030
HISTORICAL

PROJECTED

1990–
1995

1995–
2000

2000–
2005

2005–
2010

2010–
2015

2015–
2020

2020–
2025

2025–
2030

Real GDP Chain-Weighted ($1997)*

1.7%

4.1%

2.6%

1.2%

2.0%

1.7%

1.7%

1.6%

Population*

1.1%

0.9%

1.0%

1.1%

1.1%

1.2%

1.0%

0.9%

Population of driving age (18–75)*

1.4%

1.2%

1.4%

1.4%

1.3%

1.0%

0.9%

0.9%

Labour Force*

0.6%

1.5%

1.8%

1.3%

0.9%

0.9%

0.8%

0.7%

KEY UNDERLYING ASSUMPTIONS

*Average annual growth rate

Baseline Data and Assumptions
Many factors influence the future trends of Canada’s
GHG emissions. These key factors include economic
growth, population and household formation, energy
prices (e.g., world oil price and the price of refined
petroleum products, regional natural gas prices, and
electricity prices), technological change, and policy
decisions. Varying any of these assumptions could have a
material impact on the emissions outlook.
In constructing the emissions projections, alternate
pathways of key drivers of emissions were modelled
to explore a range of plausible emissions growth
trajectories. The baseline emissions projections scenario
represents the mid-range of these variations, but
remains conditional on the future path of the economy,

world energy markets and government policy. The
assumptions and key drivers are listed in this section.
Alternative cases are explored in the sensitivity analysis
in Annex 3.
The emissions projections baseline scenario is designed
to incorporate the best available information about
economic growth as well as energy demand and supply
into the future. The projections capture the impacts of
future production of goods and services in Canada on
GHG emissions.
Historical data on GDP and disposable personal income
are provided from Statistics Canada. Consumer price
index and population demographics are also produced
by Statistics Canada while historical emissions data are
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provided by the National Inventory Report, 2017 (NIR
2017). Economic projections (including GDP, exchange
rates and inflation) to 2021 are calibrated to Finance
Canada’s March 2017 Budget Fiscal Outlook and
economic projections between 2022 and 2030 are based
on Finance Canada’s long term projections.
Forecasts of oil and natural gas price and production
are taken from the National Energy Board’s Canada’s
Energy Future 2016: Update—Energy Supply and Demand
Projections to 2040—October 2016. The NEB is an
independent federal agency that regulates international
and interprovincial aspects of the oil, gas and electric
utility industries. The U.S. Energy Information
Administration’s outlook on key parameters is also
taken into account in the development of energy and
emissions trends.

Economic Growth
The Canadian economy grew by 1.6% per year over
2005 through 2015, a period that includes the 2009
global recession. Real GDP growth is expected to
average 1.7% per year from 2015 to 2030.
Growth in the labour force and changes in labour
productivity influence Canada’s real GDP. Labour
productivity is expected to increase by an average of
1.1% annually between 2015 and 2020, an improvement
over the 0.6% average annual growth during the period
between 2005 and 2015. The increase in productivity is
attributed to an expected rise in capital formation, and

contributes to the growth in real disposable personal
income, which is expected to increase by an average
of 2.3% per year between 2015 and 2020 and 1.7%
between 2020 and 2030.

Population Dynamics and Demographics
The population size and its characteristics (e.g., age, sex,
education, household formation, among others) have
important impacts on energy demand. Canada’s overall
population is projected to grow on average at an annual
rate of 1.2% between 2015 and 2020, slowing to 1.0%
per year between 2020 and 2030.
Table 5A.3: Macroeconomic Assumptions, 1990–2030
Average Annual Growth Rates
2005–2015

2015–2020

2020–2030

Gross Domestic Product

1.6%

1.7%

1.7%

Consumer Price Index

1.8%

1.9%

2.0%

Major demographic factors that can have measurable
impacts on energy consumption are summarized below:
•• Household formation: This is the main determinant
of energy use in the residential sector. The number of
households is expected to increase on average by 1.4%
per year between 2015 and 2020 and by an average of
1.0% per year between 2020 and 2030.
•• Labour force: This is expected to have a decelerating
growth rate, reflecting the aging population. Its annual
average growth rate was 1.1% per year between 2005
and 2015, and is projected to slow to 0.9% per year
between 2015 and 2020 and then further slow to 0.7%
between 2020 and 2030.
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World Crude Oil Price
A major factor in projected GHG emissions is the
assumption about future world oil prices since this drives
the level of production of oil. Canada is a price taker in
crude oil markets as its share of world oil production
and consumption are not large enough (4% and 2%,
respectively) to significantly influence international oil
prices. West Texas Intermediate (WTI) crude oil is used
as an oil price benchmark. North American crude oil
prices are determined by international market forces and
are most directly related to the WTI crude oil price at
Cushing, which is the underlying physical commodity
market for light crude oil contracts for the New York
Mercantile Exchange. The increase in North American
supply and the resulting transportation bottleneck at
Cushing have created a divergence between the WTI
price of crude oil and the Brent price of crude oil. As
such, the North American oil market is currently being
priced differently from the rest of the world.

The emissions outlook’s “with measures” scenario is
anchored by the world oil price assumptions developed
by the NEB. According to the NEB, the world crude
oil price for WTI is projected to rise from about 62
Canadian dollars (C$) per barrel of oil (bbl) in 2015 to
about C$81/bbl in 2020 and C$89/bbl in 2030. Higher
and lower price scenarios are used for the sensitivity
analysis in Annex 3 of this Chapter.
Figure 5A.1 shows crude oil prices for light crude oil
(WTI) and heavy oil. Historically the price of heavy oil/
bitumen (Alberta Heavy) has followed the light crude
oil price (WTI) at a discount of 50% to 60%. However,
in 2008 and 2009 the differentials between the prices
of light and heavy crude oils (“bitumen/light-medium
differential”) narrowed significantly owing to a global
shortage of heavier crude oil supply.
The Canadian NEB expects the bitumen/light-medium
differential to average 34% in 2020 and decline slightly
to 27% in 2030.
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Figure 5A.1: Crude Oil Price: WTI and Alberta Heavy (US$ 2015/bbl)
Source: National Energy Board, Canada’s Energy Future 2017.
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As shown in Figure 5A.2, the Henry Hub price for
natural gas in Alberta (the benchmark for Canadian
prices) declined in 2015 to about three Canadian dollars
per million British thermal units (MMBtu). In the

projection, it begins to recover to reach about C$4.14
per MMBtu by 2020 and then C$4.70 per MMBtu
by 2030.
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Figure 5A.2: Henry Hub Natural Gas Price ($US 2015/MMbtu)
Source: National Energy Board, Canada’s Energy Future 2017.

Table 5A.4: Crude Oil Production (thousand barrels per day)
2005

2010

2015

2020

2030

1,533

1,376

1,492

1,445

1,687

Conventional Heavy

526

424

430

465

561

Conventional Light

511

512

654

464

640

C5 and Condensates

173

148

228

238

287

Frontier Light (offshore + northern)

323

291

181

278

199

1,065

1,612

2,526

3,361

4,236

Crude and Condensates

Oil Sands
Oil Sands: Primary

151

194

258

302

379

Oil Sands: In Situ

288

562

1,107

1,426

2,193

83

318

843

1,100

1,752

205

244

263

327

441

627

857

1,162

1,633

1,663

2,598

2,988

4,019

4,806

5,923

Steam-assisted Gravity Drainage
Cyclic Steam Stimulation
Oil Sands Mining
Total Production (gross)
Note: Numbers may not sum to the total due to rounding.
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Energy and Electricity Production
NEB projections show that both conventional natural
gas and conventional oil production will decrease
over time as a result of declining supply, although the
projected increase in production from unconventional
natural gas resources and oil sands operations will
more than compensate for this decline. As such,
under assumed prices and absent further government
policy actions, it is expected that from 2015 to 2030
oil sands in situ production will nearly double and oil
sands mining production will increase over 40% (see
Table 5A.4).
There are two main products from oil sands production:
synthetic crude oil (or upgraded bitumen) and
non-upgraded bitumen, which is sold as heavy oil.
Table 5A.5 illustrates historical and projected oil sands
disposition. Synthetic crude oil production is projected
to slowly increase from about 1.1 million barrels per
day (bbl p/d) in 2015 to about 1.3 million bbl p/d by
2020 and then to about 1.4 million bbl p/d by 2030.
Non-upgraded bitumen will increase from 1.4 bbl
p/d in 2015 to 1.9 million bbl p/d by 2020 and then
to 2.7 million bbl p/d by 2030. This non-upgraded
bitumen is either sold as heavy oil to Canadian refineries
or transported to U.S. refineries for upgrading to
refined petroleum products.
Table 5A.5: Oil Sands Disposition (thousand barrels
per day)
2005
Oil Sands (gross)

2010

2015

2020

1,066

1,613

2,527

3,363

4,238

980

1,502

2,412

3,223

4,089

Synthetic Crude
Oil

611

849

1,058

1,298

1,415

Non-Upgraded
Bitumen

369

653

1,354

1,925

2,674

86

111

115

140

148

Oil Sands (net)

Own Use

Note: Numbers may not sum to the total due to rounding.

p

2030

Projections show gross natural gas production will
remain steady at about 6.8 trillion cubic feet (TCF)
in 2020, as new production and non-conventional
sources such as shale gas and coal-bed methane come to
marketp and offset the continued decline in conventional
gas production. These new sources of natural gas
production increase output to 7.1 TCF by 2030.
Table 5A.6: Natural Gas Production (billion cubic feet)
2005

2010

Marketable Gas

6,264

Natural Gas
Production
(Gross)

7,753

Unconventional
Gas Production
Conventional
Gas Production
Own Use

2015

2020

2030

5,314

5,453

5,410

5,717

6,707

6 785

6,789

7,101

2,252

2,939

3,828

4,322

5,134

5,501

3,767

2,958

2,467

1,967

-1,489

-1,393

-1,332

-1,379

-1,384

Note: Numbers may not sum to the total due to rounding.

The electricity forecast is determined by the interaction
between electricity demand from end-use sectors, which
changes for each sector depending on fuel and electricity
prices, technology choices, efficiency changes, policy
impacts, and economic driver growth, and source of
electricity supplied, which depends on the historical
state of each province and territory’s existing supply mix
as well as scheduled refurbishments and retirements,
planned and modelled additions to capacity, growing
industrial generation, interprovincial and international
flows. Government actions further constrain supply
choices in the forecast, such as the expected retirement
of coal units due to the 2012 federal coal-fired electricity
regulations, and renewable portfolio standards in
provinces such as Nova Scotia and Alberta that mandate
the addition of new renewable generation.
Gross electricity demand is projected to grow 11% from
2015 to 2030 as economic growth and fuel-switching
outpace electrical efficiency improvements. However,

For the purposes of this document, shale gas development has been included under natural gas production. As more data and information on
likely shale gas production trends become available, consideration will be given to modeling shale gas separately.
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utility electricity generation is only expected to increase
by 1% over the same period. This is due to two
significant supply-side changes in the forecast period.
First, net exports of electricity to the U.S. fall by over
half from near-historic highs in 2015 to 2030 as major
exporting provinces use increasingly more electricity
domestically. Second, industrial generation is projected
to increase by over 40%, partly offsetting the need for
utility generation to meet growing industrial electricity
demands. Industrial generation includes both on-site
hydropower generation, common in the aluminum
industry in Québec, and cogeneration which produces
electricity alongside heat and steam used for industrial
processes, such as biomass combustion in the pulp and
paper sector and own-use gas-fired cogeneration in the
oil and gas sector. Emissions associated with industrial

generation are allocated to the specific industrial sector,
rather than to the electricity sector which captures only
utility-generated emissions.
While total utility generation is expected to grow very
slowly, the mix changes significantly between 2015 and
2030, with generation from coal, refined petroleum
products such as fuel oil and diesel, and nuclear power
being replaced by increasing renewables and natural gas
generation. While the reduction of nuclear generation
in Ontario results in some new, higher-emitting natural
gas, Ontario generally replaces nuclear with nonemitting generation or imports, and most of this new
natural gas goes to replacing coal in other provinces
as it is phased out, reducing the emissions intensity of
electricity generation in most provinces in the forecast.

Table 5A.7: Electricity Supply and Demand (Terawatt hours)
2005
Electricity Required
Total Gross Demand
Purchased from Grid
Own Use

2010

2015

2020

2030

604

592

649

668

683

550

538

565

576

625

502

489

504

505

546

47

49

61

71

79

Net Exports

24

26

52

60

24

Exports

44

44

61

73

40

Imports
Losses

20

19

9

13

15

31

28

31

32

34

Electricity Produced

604

592

649

668

683

Utility Generation

551

539

580

588

587

Coal and Petroleum Coke

99

82

68

58

27

Refined Petroleum Products

12

4

4

4

2

Natural Gas

22

30

33

39

55

Nuclear

87

86

96

85

74

Hydro

327

321

346

355

370

Other Renewables

5

16

33

47

58

Industrial Generation

53

53

69

80

97

1

<1

1

1

1

Refined Petroleum Products
Natural Gas

17

21

33

41

54

Hydro

31

27

28

31

34

4

4

7

8

8

Other Renewables
Note: Numbers may not sum to the total due to rounding.
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Emissions Factors

Federal, Provincial and Territorial Measures

Table 5A.8 provides a rough estimate of carbon dioxide
equivalent emissions emitted per unit of energy
consumed by fossil fuel type for combustion and
industrial processes. These numbers are estimates based
on latest available data based on IPCC methodology.
Specific emission factors can vary slightly by year, sector,
and province.

Table 5A.9 identifies the major federal, provincial and
territorial measures that are included when modeling
the “with measures” scenario. This includes federal
measures that have been implemented or announced
in detail as of September 2017. Where program
funding is set to end, the projections assume that the
impacts of these programs, other than those embodied
in consumer behaviour, cease when the approved
funding terminates. The analysis also includes existing
provincial and territorial measures. The Government of
Canada involves provinces and territories in extensive
consultations to ensure their initiatives are accounted for
in analysis and modeling of emissions trends.

Table 5A.8: Mass of CO2 eq Emissions Emitted per
Quantity of Energy for Various Fuels
FUEL
Aviation Gasoline

CO2 EQ. EMITTED [GRAMS
PER MEGA JOULE (G/MJ)]
74.25

Biodiesel

7.31

Biomass

5.47

Coal
Coke

90.79
110.10

Coke Oven Gas

36.25

Diesel

74.23

Ethanol

2.31

Gasoline

68.71

Heavy Fuel Oil

75.22

Jet Fuel

69.38

Kerosene

68.15

Landfill Gases/Waste

35.10

Light Fuel Oil

71.17

LPG

44.60

Lubricants

36.34

Naphtha Specialties

17.77

Natural Gas

46.80

Natural Gas Raw

57.20

Other Non-Energy Products

36.41

Petrochemical Feedstocks

14.22

Petroleum Coke

84.58

Still Gas

51.49

The “with measures” scenario does not take into
account the impact of broader strategies or future
measures within existing plans where significant details
are still under development.
Under the Pan-Canadian Framework a number of
policies and measures have been announced. As the
policy development process is not yet finished, the
majority of these policies were not included in the “with
measures” scenario, but they were included in a “with
additional measures” scenario. They are also included in
Table 5A.9.
Note also that the modeled polices and measures in
Table 5A.9 will not match the full list of measures
included in Chapter 4: Policies and Measures of this
report. This is because the economic modeling will
only account for measures that have been fully funded,
legislated or where sufficiently detailed data exists that
make them possible to add to the modeling platform.
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Table 5A.9: GHG Measures Reflected in “With Measures” and “With Additional Measures” Scenarios
PROVINCIAL/TERRITORIAL MEASURES

FEDERAL MEASURES
“WITH MEASURES” SCENARIO

Adoption of the National Energy Code for Buildings of Canada (2010–2012) by
all provinces and territories
Renewable Fuel Content across all provinces and territories (except for
Newfoundland and Labrador, Yukon, the Northwest Territories and Nunavut)
Newfoundland
•• Muskrat Falls hydro project
Nova Scotia
•• Cap on GHG emissions from the electricity sector
•• Renewable portfolio standard for electricity generation
•• Electricity demand-side management policies
•• Solid Waste-Resource Management Regulations
New Brunswick
•• Renewable Portfolio Standard
Québec
•• Western Climate Initiative cap-and-trade regime
•• 5% ethanol objective in gasoline distributors fuel sales
•• Drive electric program
•• Landfill gas regulation
•• Eco-performance program for industry
•• Program to support energy efficiency improvements in marine, air and rail
transport (PETMAF)
•• Program to reduce/avoid GHG emissions by using intermodal transportation
(PREGTI)
•• Program Écocamionnage
Ontario
•• Western Climate Initiative cap-and-trade regime
•• Residential electricity peak savings (time-of-use pricing)
•• Feed-in tariff program
•• Landfill gas regulation (O. Reg. 216/08 and 217/08)
•• Strategy for a Waste-free Ontario
•• Independent Electricity System Operator contracted electricity supply
•• Nuclear refurbishment
•• Energy Storage Contract with Québec
•• Ontario Natural Gas 2015–2020 Conservation Framework
•• Ontario Electricity 2015–2020 Conservation Framework
•• Ontario Electric Vehicle Chargers Ontario, Electric Vehicles Incentive
Program (EVIP) and Electric and Hydrogen Vehicles Advancement
Partnership (EHVAP)
Manitoba
•• Emissions tax on coal
•• Manitoba Building Code Section 9.36 (for housing)
•• Manitoba Composts program
Saskatchewan
•• Boundary Dam 3 Carbon Capture Project
•• Uniform Building and Accessibility Standards Regulations (2013)

•• Reduction of carbon dioxide emissions from coal-fired
generation of electricity regulations announced in 2012
•• Federal Budget 2016: Supporting Energy Efficiency
and Renewable Energy Development. Increase
efficiency of residential and commercial devices
(including refrigeration, freezers, ranges, dryers)
through regulations and ENERGY STAR certification
(Amendment 14)
•• Equipment Standards (Amendment 13)
•• Voluntary emission reductions for planes and trains
•• Light-duty vehicles 1 (LDV-1) GHG emissions
standards for the light-duty vehicle model years 2011
to 2016
•• Light-duty vehicles 2 (LDV-2) GHG emissions
standards increases stringency for model years 2017
to 2025
•• Heavy-duty vehicles 1 (HDV) GHG emissions standards
for heavy-duty vehicle model years 2014 to 2018
•• Heavy-duty vehicles 2 (HDV) GHG emissions standards
for heavy-duty vehicle model years 2021 to 2027
and trailers
•• Regulations Amending the Ozone-depleting Substances
and Halocarbon Alternatives Regulations
•• Regulations Respecting Reduction in the Release of
Methane and Certain Volatile Organic Compounds
(Upstream Oil and Gas sector)
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PROVINCIAL/TERRITORIAL MEASURES

FEDERAL MEASURES

Alberta
•• Specified Gas Emitters Regulations transitioning to the Emissions
Performance Standards in 2018
•• Carbon levy
•• Coal Phase-Out by end of 2030
•• 100 Mt cap for oil sands
•• Renewable Electricity Program
•• Quest carbon capture and storage project
•• Carbon Trunk Line Project—CO2 capture and use for enhanced oil recovery
•• Energy efficiency requirements for housing and small buildings, section 9.36
of the 2014 Alberta Building Code edition
•• Municipal Waste Annual Disposal Targets
British Columbia
•• Carbon tax increasing to $35 in 2018, $40 in 2019, $45 by 2020 and $50
in 2021
•• British Columbia Cement Low Carbon Fuel Program
•• Renewable and Low Carbon Fuel Requirements Regulation (10% reduction
in CI by 2020)
•• Landfill gas management regulation
•• British Columbia Clean Energy Act: Clean or renewable electricity
requirement—100% of electricity from clean or renewable sources by 2025
•• Revisions for energy efficiency of large residential and commercial buildings
(Part 3) (reg # 167/2013)
•• Revisions for energy efficiency of housing and small buildings (Part 9)
(reg # 173/2013)
•• City of Vancouver Building Codes
•• Clean Energy Vehicles Program (Phase 1, 2, Phase 3 and Beyond) and
support for zero emissions vehicle charging stations in buildings
•• Step Code: Increased Energy Efficiency Requirements in the Building Code
•• Municipal Waste disposal target and organic waste disposal restriction
Northwest Territories
•• Biomass Strategy
“WITH ADDITIONAL MEASURES” SCENARIO
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PROVINCIAL/TERRITORIAL MEASURES

FEDERAL MEASURES

Ontario and Québec
•• WCI credits (Assumes Ontario and Québec meet their legislated emissions
targets through purchases of WCI allowances.)
Saskatchewan
•• SaskPower Renewable Electricity Target
British Columbia
•• BC’s electrification of natural gas sector
•• Increasing the Low Carbon Fuel Standard (15% reduction in carbon intensity
by 2030)
•• New Energy Efficiency Standards for Gas Fired Boilers

Canadian provinces and territories have committed
to taking action on climate change through various
programs and regulations. In the “with measures”
scenario, provincial and territorial targets are not
modelled. Instead, individual policies that are brought

•• Federal Backstop Carbon Pricing
•• Clean Fuel Standard
•• Accelerated Coal Phase Out by 2030
•• Accelerating Industrial Energy Efficiency Management
•• Low-Carbon Economy Fund
•• Performance standards for natural gas electricity
generation
•• Strategic Interconnections in electricity
•• Emerging renewables and smart grids
•• Off-diesel energy systems in remote communities
•• Net-zero energy ready building codes (for new
commercial and residential buildings) by 2030
•• Labelling and codes for existing buildings (retrofits)
•• More stringent Energy Efficiency Standards for
appliances and equipment
•• Regulations for off-road industrial, commercial,
residential and recreational vehicles
•• Post-2025 LDV regulations and ZEV Strategy
•• Increased use of wood in buildings construction

forward as methods to attain the provincial targets may
be included in the modeling platform if they meet the
criteria discussed above. Table 5A.10 lists the emissions
reductions targets announced by each province
or territory.

Table 5A.10: Announced GHG Reduction Targets of Provincial/Territorial Governments
PROVINCE/TERRITORY

TARGET IN 2020

TARGET IN 2030

Newfoundland

10% below 1990

35% to 45% below 1990

Prince Edward Island

10% below 1990

35% to 45% below 1990

Nova Scotia

10% below 1990

35% to 45% below 1990

TARGET IN 2050
75% to 85% below 1990 levels in
the long term

New Brunswick

10% below 1990

35% to 45% below 1990

Québec

20% below 1990

37.5% below 1990

Ontario

15% below 1990

37% below 1990

80% below 1990

Manitoba

15% below 2005

30% below 2005

50% to 80% below 2005

Saskatchewan

20% below 2006

Alberta

50 Mt below BAU

200 Mt below BAU

British Columbia

33% below 2007

80% below 2007

Nunavut

No Territorial target announced

Yukon

Carbon neutral

Northwest Territories

No Territorial target announced
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Annex 2: Modeling and
Methodological
Modeling and Methodological Differences
from Canada’s 2nd Biennial Report
•• A new methodology to model solid waste disposal
emissions was developed to better capture the effects
of population growth, waste diversion, and landfill gas
capture on projected emissions.
•• Improvements to the alignment between different
measures of GDP increased the growth rates
of sectors driven by regional GDP, such as
freight transportation.
•• Electricity transmission and distribution line losses
were revised to reflect real historical transmission and
distribution losses by province and territory rather
than utilizing a Canadian average.
•• A new module was developed to simulate
the emissions from the production of liquid
biofuels—ethanol and biodiesel—used primarily
for transportation.
•• The historical calibration procedure was changed
for the buildings sector so that historical process
efficiency improvements were captured in the process
efficiency variable rather than non-price factors. The
overall efficiency trends in the U.S. National Energy
Modeling System (NEMS) were also applied to
building sector device efficiencies.
•• In the previous forecast, all HFCs were driven at
the same growth rate; now, transportation-related
HFC emissions are split out and grown at a separate
growth rate. This new, lower growth rate captures
the shift away from using HFCs in automobile air
conditioning, which helps manufacturers comply
with the LDV regulations. As a result, transportation
HFCs are lower and buildings HFCs are higher;
although the HFC regulation reduces HFC emissions
in all scenarios.
•• The current forecast includes new assumptions related
to ZEV sales up to 2030 in all provinces and territories
based on regional preferences and existing incentives.
The modeling approach has also been improved, and

now captures with more precision the expected uptake
in ZEV sales in all provinces and territories.
•• In the previous forecast, LDV regulations were
modelled as an efficiency standard for gasoline and
diesel vehicles only. For 2017, the impact of increased
ZEV uptake has been incorporated and this change
increases GHG emissions in the current forecast.
The phase-out of HFCs in passenger vehicle air
conditioners was also incorporated as a compliance
mechanism for LDV2. Vehicle manufacturers get
credits that can be applied to meeting the LDV2
efficiency standard. This was modelled as a small
decrease in gasoline and diesel vehicle efficiencies.
There is no net change in GHG emissions as a result
of this change, though HFC emissions are down and
combustion emissions are higher.
•• Fuel demands associated with industrial and
commercial cogeneration in the history were split
between electricity production and steam/heat
production rather than assigned to only electricity
generation, allowing for more accurate representation
of the relative efficiency of cogeneration in the model.
•• Previous modelling of growth of industrial generation
in the forecast was limited to particular sectors and
generation technologies. A more holistic approach
now adds industrial generation proportionate to
growth in energy demands and relative to the utility
price of electricity in all sectors with self-generation in
the historical data.
•• The Western Climate Initiative (WCI) has been
remodeled. Until now, the cap-and-trade was modeled
as a carbon tax in line with the expectations of the
price of allowances. This year, the WCI has been
remodeled as a proper cap-and-trade system with
all the available compliance mechanisms, including
offsets, and all participating jurisdictions, including
not only Québec and Ontario but also California. This
allows us to more properly capture the dynamics of
the cap-and-trade, including the reductions occurring
from the system and the trading of allowances. As
well, the price assumptions of the cap-and-trade
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allowances have been revised in line with the latest
expectations based on analysis by California Carbon.
These improvements are all driving further reductions
compared to the previous forecast.
•• The modeling of the building codes has been
improved and now better reflects the stringency of
the different building codes implemented by the
provinces. The model was improved to facilitate
the addition of geothermal heat pumps and
solar photovoltaics.
•• Historical building-related device efficiencies were
revised and updated, subject to availability.
•• Natural gas pipeline drivers were changed to
specifically reflect the best-correlated driver for each
province and territory.

Annex 3: Alternate Emissions
Scenarios
Given the uncertainty regarding the key drivers of
GHG emissions, the emissions projections for the “with
measures” scenario presented in Figure 5.1 should
be seen as one estimate within a range of plausible
outcomes. Future developments in technologies and
the rate of resource extraction cannot be foreseen with
certainty. Typically, these key uncertainties are addressed
through examining alternative cases. The sensitivity
analysis presented here focuses on two key uncertainties:
future economic growth and the evolution of world oil
prices and their impact on macroeconomic growth and
energy consumption.
In Table 5A.11, the emissions outcomes of these
alternative cases are presented independently and in
various combinations. These alternative cases explore
the interaction of energy markets and economic
growth, and their impact on emissions, under a range
of assumptions.

Table 5A.11: Sensitivity Analysis
GHG
EMISSIONS
IN 2030

DIFFERENCE
BETWEEN 2005
AND 2030

Fast GDP—High World
Oil Prices

793

44

High World Oil Prices

777

28

SCENARIO

Fast GDP

746

-2

With Measures

722

-27

Slow GDP

691

-58

Low World Oil Prices

685

-64

Slow GDP—Low World
Oil Prices

651

-98

651 to 793

-98 to 44

Range

In our scenario with slow GDP, slow population growth
and low world oil prices, GHG emissions could be as
low as 651 Mt CO2 eq by 2030 on the low end and
793 Mt CO2 eq on the high end. This represents a range
of 142 Mt CO2 eq.
The oil and gas price and production assumptions come
from the NEB’s 2017 high and low scenarios. The fast
and slow GDP assumptions were derived from the 2017
Annual Energy Outlook by the U.S. Energy Information
Agency. As for the population growth assumptions,
they were derived by applying the relative differences
between Statistics Canada’s 2013 high, M1 and low
scenarios to the population growth from our “with
measures” scenario.
Figure 5A.3 illustrates how differing price and GDP
growth assumptions in various combinations might
impact Canadian GHG emissions through 2030.
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Figure 5A.3: Projected GHG Emissions under Full Range of Alternative Economic Assumptions
(excluding LULUCF)

In all of these scenarios, 2015 is the last year of historical
data. In 2017, the different scenarios already start
to diverge. By 2020, there is already a 33 Mt CO2
eq range in emissions which stretches out to 142 Mt
CO2 eq in 2030. In 2023, there is a noticeable drop in
emissions in all seven of the scenarios, due to the federal
methane regulation.
Note that the high and fast scenarios cross around 2020
and the slow and low scenarios cross around 2025.
For the low and slow scenarios, this crossing can be

explained by the lag between the effect of slow GDP
growth on heavy industry and the effect of low world
oil price on oil and gas. Since growth of our heavy
industry sector is closely tied to that of GDP, the slow
GDP growth scenario has much lower emissions in the
heavy industry sector compared to the “with measures”
scenario. When world oil prices are low, Canada’s oil
and gas production suffers, but its heavy industry sector
grows a bit due to lower fuel costs. The opposite is true
for the fast growth and high price scenarios.
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Table 5A.12 contains a sectoral breakdown of the 2030 emissions levels in the various alternate emission scenarios.
Table 5A.12: Projected Difference in GHG Emissions Between the “With Measures” Scenario and the Alternate
Emission Scenarios by Sector (excluding LULUCF) in Mt CO2 eq in 2030
SECTOR
Oil and Gas
Electricity and Steam

FAST GDP—HIGH
WORLD OIL PRICE

HIGH WORLD
OIL PRICES

FAST GDP

SLOW
GDP

LOW WORLD
OIL PRICES

SLOW GDP—LOW
WORLD OIL PRICES

60

60

7

5

0

0

-49

-49

3

-4

-2

-6

Transportation

4

0

8

-8

1

-7

Heavy Industry

-2

-11

10

-16

9

-9

Buildings

1

0

1

-1

1

0

Agriculture

0

0

0

0

0

0

Waste and Others
Grand Total

1

0

2

-2

2

-1

71

55

24

-31

-37

-72

Note: Numbers may not sum to the total due to rounding.

The range of oil and gas emissions between scenarios
is 109 Mt of CO2 eq. This represents about 75% of
the total range of emissions in the alternate emissions
scenarios, reflecting the sector’s overall contribution
to Canadian emissions and its sensitivity to the highly
uncertain driver of world oil and gas prices.

Annex 4: Methodology for
Development of Emissions Scenarios
The scenarios developed to support Canada’s GHG
emissions projections derive from a series of plausible
assumptions regarding, among others, population and
economic growth, prices, demand and supply of energy,
and the evolution of energy efficiency technologies.
With the exception of the “with additional measures”
scenario, the projections also assume no further
government actions to address GHG emissions beyond
those already in place as of September 2017.
The emissions projections presented in this report
cannot be viewed as a forecast or prediction of emissions
at a future date. Rather, this report presents a simple
projection of the current structure and policy context
into the future, without attempting to account for the
inevitable but as yet unknown changes that will occur
in government policy, energy supply, demand and
technology, or domestic and international economic and
political events.

The emissions projections have been developed in
line with generally recognized best practices. They
incorporate IPCC standards for estimating GHG
emissions across different fuels and processes, rely
on outside expert views and the most up-to-date data
available for key drivers such as economic growth,
energy prices, and energy demand and supply, and
apply an internationally recognized energy and
macroeconomic modeling framework in the estimation
of emissions and economic interactions. Finally, the
methodology used to develop the projections and
underlying assumptions has been subject to peer review
by leading external experts on economic modeling
and GHG emissions projections, as well as vetted with
key stakeholders.
The approach to developing Canada’s GHG emissions
projections involves two main features:
•• Using the most up-to-date statistics on GHG
emissions and energy use, and sourcing key
assumptions from the best available public and private
expert sources.
•• Developing scenarios of emissions projections using
a detailed, proven Energy, Emissions and Economy
Model for Canada (E3MC).

Up-to-date Data and Key Assumptions
Each year, ECCC updates its models using the most
recent data available from Statistics Canada’s Report
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on Energy Supply and Demand in Canada and Canada’s
NIR. Historical emissions are aligned to the latest NIR.
For these projections, the most recent historical data
available were for 2015.
In addition to the most recent historical information,
the projections are based on expert-derived expectations
of key drivers (e.g., world oil price). Projections are
based on the latest energy and economic data, with key
modeling assumptions aligned with Government of
Canada views:
•• NEB views on energy prices and large-scale
energy projects.
•• Economic projections (including GDP, exchange
rates and inflation) to 2021 are calibrated to Finance
Canada’s March 2017 Budget Fiscal Outlook.
Economic projections between 2022 and 2030 are
based on Finance Canada’s long term projections.
•• Statistics Canada’s population growth projections.q
Even with the benefit of external expert assumptions,
there is considerable uncertainty surrounding energy
price and economic growth assumptions, particularly
over the medium- to long-term. As such, a range of
emissions is presented representing a series of sensitivity
analyses. These cases were based on high and low
GDP growth as well as high and low oil prices and
production levels.

Energy, Emissions and Economy Model for Canada
The projections presented in this chapter were
generated from ECCC’s E3MC model. E3MC has two
components: Energy 2020, which incorporates Canada’s
energy supply and demand structure; and the in-house
macroeconomic model of the Canadian economy.
Energy 2020 is an integrated, multi-region, multisector
North American model that simulates the supply of,
price of, and demand for all fuels. The model can
determine energy output and prices for each sector, both

q

in regulated and unregulated markets. It simulates how
such factors as energy prices and government measures
affect the choices that consumers and businesses make
when they buy and use energy. The model’s outputs
include changes in energy use, energy prices, GHG
emissions, investment costs, and possible cost savings
from measures, in order to identify the direct effects
stemming from GHG reduction measures. The
resulting savings and investments from Energy 2020 are
then used as inputs into the macroeconomic model.
The in-house macroeconomic model is used to
examine consumption, investment, production, and
trade decisions in the whole economy. It captures the
interaction among industries, as well as the implications
for changes in producer prices, relative final prices, and
income. It also factors in government fiscal balances,
monetary flows, and interest and exchange rates. More
specifically, the macroeconomic model incorporates
133 industries at a provincial and territorial level. It also
has an international component to account for exports
and imports, covering about 100 commodities. The
macroeconomic model projects the direct impacts on
the economy’s final demand, output, employment, price
formation, and sectoral income that result from various
policy choices. These, in turn, permit an estimation of
the effect of climate change policy and related impacts
on the national economy.
E3MC develops projections using a market-based
approach to energy analysis. For each fuel and
consuming sector, the model balances energy supply and
demand, accounting for economic competition among
the various energy sources. This ensures consistent
results among the sectors and regions. The model can be
operated in a forecasting mode or an analytical mode. In
forecasting mode, the model generates an annual energy
and emissions outlook to 2050. In analytical mode,

Population forecasts are based on Statistics Canada projections, the M1 median growth scenario released in May 2015, and based on the
2011 census. These projections have been updated and adjusted based on provincial consultations.
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it assesses broad policy options, specific programs or
regulations, new technologies, or other assumptions.
The model’s primary outputs are tables showing
energy consumption, production and prices by fuel
type, year and region. The model also identifies many
of the key macroeconomic indicators (e.g., GDP or
unemployment) and produces a coherent set of all GHG
emissions (such as CO2, CH4 and N2O) by sector and
by province.

Figure 5A.4 shows the general structure of E3MC. The
component modules of E3MC represent the individual
supply, demand, and conversion sectors of domestic
energy markets, and also include the macroeconomic
module. In general, the modules interact through
values representing the prices of the energy delivered
to the consuming sectors and the quantities of end-use
energy consumption.

Figure 5A.4: Energy, Emissions and Economy Model for Canada

To develop this projection of energy use and related
emissions, it was necessary to provide a view of the
Canadian economy to 2030. The level and composition
of energy supply and demand, and the resulting GHG
emissions, are determined based on many assumptions
that influence the overall size and growth rate of
the economy.

Treatment of Interaction Effects
Estimates of the net impact of government measures
incorporated into the modeling scenarios need to take
into account major interaction and behavioural affects.
The analytical approach permitted by E3MC addresses
these key modeling challenges.

0810173
Projections and the Total Effect of Policies and Measures

Additionality

The Rebound Effect

This issue relates to the question of what would have
happened without the initiative in question. Problems of
additionality arise when the stated emissions reductions
do not reflect the difference in emissions between
equivalent scenarios with and without the initiative
in question. This will be the case if stated emissions
reductions from an initiative have already been
included in the “with measures” scenario: emissions
reductions will effectively be double-counted in the
absence of appropriate adjustments. The E3MC model
controls for additionality by basing its structure on
incremental or marginal decision-making. The E3MC
model assumes a specific energy efficiency or emission
intensity profile at the sector and end-use point (e.g.,
space heating, lighting, or auxiliary power). Under
the E3MC modeling philosophy, if the initiative in
question were to increase the efficiency of a furnace,
for example, only the efficiency of a new furnace would
be changed. The efficiency of older furnaces would not
change unless those furnaces are retired and replaced
with higher-efficiency ones. As such, any change in
the model is incremental to what is reflected in the
business-as-usual assumptions.

This describes the increased use of a more efficient
product resulting from the implied decrease in the
price of its use. For example, a more efficient car
is cheaper to drive and so people may drive more.
Emissions reductions will generally be overestimated
by between 5% and 20% unless estimates account
for increased consumption because of the rebound
effect. Within the model, we have mechanisms for fuel
choice, process efficiency, device efficiency, short-term
budget constraints, and cogeneration, which all react
to changes in energy and emissions costs in different
time frames.r All of these structures work to simulate
the rebound effect. In the example above, the impact
of extra kilometres that may be driven as a result of
improved fuel efficiency is automatically netted out of
the associated emissions-reduction estimates.

Policy Interaction Effects

Free ridership

This describes impacts on the overall effectiveness of
Canada’s emissions-reduction measures when they
interact with each other. A policy package containing
more than one measure or policy would ideally take into
account these impacts in order to understand the true
contribution that the policy package is making (in this
case, to emission reductions).

A related problem, free ridership, arises when stated
reductions include the results of behaviour that would
occur regardless of the policy. This can occur when
subsidies are paid to all purchasers of an item (e.g., a
high-efficiency furnace), regardless of whether they
purchased the item because of the subsidy. Those
who would have purchased the product regardless are
termed free riders. In the E3MC model, the behaviour
of free riders has already been accounted for in the
“with measures” scenario. Thus, their emissions are not
counted toward the impact of the policy. Instead, the
E3MC model counts only the incremental take-up of
the emissions-reducing technology.

E3MC is a comprehensive and integrated model
focusing on the interactions between sectors and
policies. In the demand sectors, the fuel choice, process
efficiency, device efficiency, and level of self-generation
are all integrally combined in a consistent manner. The
model includes detailed equations to ensure that all
the interactions between these structures are simulated
with no loss of energy or efficiency. For example, the
electric generation sector responds to the demand for
electricity from the energy demand sectors, meaning
that any policy to reduce electricity demand in the
consumer sectors will impact the electricity generation

r

A shift in energy prices will cause: cogeneration to shift in the short to medium term, device efficiency to adjust over the short to midterm,
process efficiency to adjust in the midterm, and fuel choice to react in the mid- to long-term. The actual adjustment times depend on the
particular sector.
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sector. The model accounts for emissions in the
electricity generation sector as well as for emissions in
the consumer demand sectors. As the electricity sector
reduces its emissions intensity, policies designed to
reduce electricity demand in the consumer sectors will
cause less of an emissions reduction. The natural gas and
oil supply sectors similarly respond to the demands from
the consumer sectors, including the demands for refined
petroleum products for transportation. The model also
simulates the export of products by supply sectors.

or declines depending on the initial exogenous
forecast of economic output (i.e., a forecast that is
external to the model and not explained by it) and the
subsequent interplay of energy supply–demand with the
macroeconomic module. A model simulation iterates
between energy supply–demand and the macroeconomic
module until there is a convergence. The global
convergence criterion is set at 0.1% between iterations.
This convergence procedure is repeated for each year
over the simulation period.

Taken as a whole, the E3MC model provides a detailed
representation of technologies that produce goods and
services throughout the economy, and can simulate, in a
realistic way, capital stock turnover and choices among
technologies. The model also includes a representation
of equilibrium feedbacks, such that supply and demand
for goods and services adjust to reflect policy. Given
its comprehensiveness, E3MC covers all the GHG
emissions sources, including those unrelated to
energy use.

The E3MC model simulates the competition of
technologies at each energy service node in the
economy, based on a comparison of their cost and some
technology-specific controls, such as a maximum market
share limit in cases where a technology is constrained by
physical, technical or regulatory means from capturing
all of a market. The technology choice simulation
reflects the financial costs as well as the consumer and
business preferences, revealed by real-world technology
acquisition behaviour.

Simulation of Capital Stock Turnover and
Endogenous Technological Change

Model Limitations

As a technology vintage model, E3MC tracks
the evolution of capital stocks over time through
retirements, retrofits, and new purchases, in
which consumers and businesses make sequential
acquisitions with limited foresight about the future.
This is particularly important for understanding
the implications of alternative time paths for
emissions reductions.
The model calculates energy costs (and emissions) for
each energy service in the economy, such as heated
commercial floor space or person-kilometres traveled.
In each period, capital stocks are retired according to
an age-dependent function (although the retrofitting of
unretired stocks is possible, if warranted by changing
economic conditions). Demand for new stocks grows

While E3MC is a sophisticated analytical tool, no model
can fully capture the complicated interactions associated
with given policy measures between and within markets
or between firms and consumers. Unlike computable
general equilibrium models, however, the E3MC model
does not fully equilibrate government budgets and the
markets for employment and investment. That is, the
modeling results reflect rigidities such as unemployment
and government surpluses and deficits. Furthermore,
the model, as used by ECCC, does not generate changes
in nominal interest rates and exchange rates, as would
occur under a monetary policy response to a major
economic event.
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Annex 5: Further Sources
Canada produces three products that report on
GHG emissions:
1. National Inventory Report
The NIR provides Canada’s historical emissions starting
in 1990. The Report fulfills Canada’s obligations as a
signatory to the UNFCCC, to prepare and submit an
annual national GHG inventory covering anthropogenic
emissions by sources and removals by sinks. The Report
is prepared with input from numerous experts and
scientists across Canada.
2. Facility GHG Emissions Reporting
The GHG Emissions Reporting Program (GHGRP)
is Canada’s legislated, publicly accessible inventory of
facility-reported GHG (GHG) data and information.
Unlike the NIR, which compiles GHG data at a national
level and is developed from national and provincial
statistics, the GHG Reporting Program applies only
to the largest GHG emitters in Canada (industrial and
other types of facilities). Through the GHG Reporting
Program, all facilities that emit the equivalent of
50 kt CO2 eq or more of GHGs per year are required to
submit a report to ECCC.

3. Canada’s GHG Emissions Reference Case
Canada’s GHG Emissions Reference Case is a projection
of GHG emissions to the year 2030, at the national,
provincial and sector level. The report is used to for
a variety of purposes, including supporting climate
change policy development. The projections are
generated by an in-house integrated energy, economy
and environment modeling platform, peer-reviewed by
external experts.
The NEB’s Canada’s Energy Future forms the basis
for the oil and gas sector modeling. This report
contains comprehensive energy supply and demand
expectations to 2030 and includes scenarios for all
energy commodities including oil, natural gas, natural
gas liquids and electricity. Further, the NEB provides
data on energy prices, factors affecting prices and the
deliverability of natural gas. Data and projections from
the NEB are incorporated into the exogenous oil and
gas module in E3MC.
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CHAPTER 6

Vulnerability Assessment, Climate
Change Impacts and Adaptation
Measures
The impacts of climate change are being felt across Canada. Ongoing climate change poses significant
risks to communities, public safety, health and well-being, the economy, and the natural environment.
Mobilizing action on adaptation helps protect Canadians from climate change risks, build resilience, and
ensure that society thrives in a changing climate.
Climate resilience is the ability to survive and prosper in the face of the new climate reality. Adaptation is
key to achieving climate resilience, and is about making informed, forward looking decisions in response
to climate change, in order to moderate harm or take advantage of new opportunities. Implementing
effective adaptation measures saves lives, minimizes damage, and lowers costs over the long term for
individuals, businesses, organizations, and governments.
Adapting to climate change impacts is a shared responsibility. Governments, communities, the private
sector, academia, the non-profit sector, professional organizations, and individuals all have important roles
to play in building resilience to climate change. In Canada, there is growing awareness of the impacts of
climate change and the value of adaptation, and there are examples of initiatives being advanced across
the country.
This chapter provides an overview of progress on adaptation in Canada since Canada’s 6th National
Communication (2014). It includes a brief overview of climate change impacts in Canada and outlines
key programs, policies, strategies, and frameworks related to adaptation implemented domestically
and internationally by federal, provincial, territorial, municipal, and Indigenous governments and
Indigenous Peoples.
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Key Developments since 2014
As described elsewhere in this report, Canada’s First
Ministers adopted the Vancouver Declaration on Clean
Growth and Climate Change on March 3, 2016. Under
the Vancouver Declaration, First Ministers committed
to build on the momentum of the Paris Agreement
by developing a concrete plan to achieve Canada’s
international commitments through a Pan-Canadian
Framework on Clean Growth and Climate Change.
The Government of Canada became a signatory to the
Paris Agreement on October 5, 2016, and committed to
continuing to enhance its domestic adaptation activities
and supporting international adaptation actions for
developing countries.
The Pan-Canadian Framework on Clean Growth and
Climate Change was adopted on December 9, 2016 by
federal, provincial, and territorial governments.a The
Pan-Canadian Framework sets out a collaborative plan
for building resilience to climate change, encouraging
clean economic growth, and reducing GHG emissions.
In 2016, the Government of Canada announced
funding over five years (2016–2021) for seven federal
departments and agencies to implement federal
adaptation programming, and to integrate climate
resilience into building design guides and codes.
Building on 2016 adaptation investments, in 2017
the Government of Canada announced funding over
five years (2017–2022) for a suite of adaptation and
climate resilience programs to protect communities
and all Canadians from the risks associated with climate
change. The Government of Canada also announced
green infrastructure funding, a significant portion of
which will help communities prepare for challenges that
result from climate change. This includes significant
investments in a Disaster Mitigation and Adaptation
Fund to support large-scale national, provincial and

a

municipal infrastructure projects that are resilient to the
effects of a changing climate.
Provinces and territories have recognized the need to
adapt either through stand-alone plans or strategies or
as part of broader climate change plans or strategies and
have made investments to support adaptation initiatives.
At the local level, cities and communities are actively
planning for climate risks including, for example,
through the development of adaptation strategies that
inform city planning and infrastructure decisions and
encourage action by homeowners and businesses.
Indigenous Peoples are also taking adaptation action,
in the form of, for example, the development of
community plans and hazard maps, and specific actions
to maintain cultural practices and engage youth.
In the private sector, some companies are integrating
climate considerations into their investment, planning,
and operational decisions in order to improve their
long-term resilience and competitiveness. Professional
associations (e.g., engineers, planners, accountants,
insurers, foresters) are working to inform and equip
their members to be able to address a changing climate
within their professional practice.
Banks are also beginning to engage in climate change
risk reporting. Toronto-Dominion Bank and Royal Bank
of Canada are among 14 of the world’s leading banks to
work with the United Nations Environment Programme
Financial Initiative to develop better climate-risk
assessments for financial institutions.

Manitoba and Saskatchewan did not join the Pan-Canadian Framework at this time.
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6.1 Climate Modelling, Projections,
and Scenarios
Temperatures in Canada have been increasing at
roughly double the average global rate, with average
temperatures in Canada having already increased
by 1.7°C since 1948.1,2 Warming has been observed
consistently across most of Canada, and across all
seasons, but with stronger trends in the north and west,
and in winter and spring.3 Annual average precipitation
has also changed in Canada with most of the country
(particularly the North) having experienced an increase
in precipitation since the mid-20th century. The strong
regional and seasonal variability in precipitation is
illustrated in Figure 6-1.

Future climate projections for Canada, fully consistent
with those used in the IPCC Fifth Assessment Report
(AR5), are developed by Environment and Climate
Change Canada’s Climate Research Division and made
available to Canadians through the Climate Data and
Scenarios website.
Continued amplification of warming at high latitudes
compared to the global average is projected under all
scenarios of future climate change; therefore, Canada’s
temperature will continue to warm at a faster rate than
the world as a whole. Within Canada, climate change
is not projected to be uniform, with both seasonal and
geographic differences in rates of projected warming.
The strongest warming is projected for winter and for
northerly latitudes, a robust result consistent across all
scenarios.
See Figure 6-2 for climate projections under a scenario
based on a mid-range global GHG emissions scenario
(e.g., Representative Concentration Pathway (RCP) 4.5).

Figure 6-1: Annual total precipitation 1948–2012
The upper panel shows linear trends in annual total precipitation
(expressed as per cent change relative to the local 1961–1990
climatology) for the period 1948–2012 for all of Canada. Grid
squares with trends statistically significant at the 5% level
are marked with a dot. Note that the distribution of observing
stations over northern Canada is sparse. The bottom panel
shows the time series and the 11-year moving average for
Canada (Vincent et al., 20154).
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Figure 6-2: Temperature Change Projected by the CMIP5 Multi-Model Ensemble for the RCP4.5 Scenario;
Summer and Winter
Maps of temperature change projected by the Coupled Model Intercomparison Project (CMIP5) multi-model ensemble for the
RCP4.5 scenario, for summer (top frame, averaged over June–August) and winter (bottom frame, averaged over DecemberFebruary). Change is computed relative to the 1986–2005 baseline period.5 As in the IPCC Atlas (Annex 1, IPCC, 2013),6 the
top row shows results for the period 2046–2065, and the bottom row for 2081–2100. For each row the left panel shows the
25th percentile, the middle panel the 50th percentile (median), and the right panel the 75th percentile. The color scale indicates
temperature change in °C with positive change (warming) indicated by yellow through red colors and cooling by blue colors,
consistent with the color scale used in the IPCC AR5 Annex I.
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Figure 6-3 below provides a projection of changes in
summer and winter precipitation for Canada under a
mid-range GHG emissions scenario (RCP4.5). Relative

precipitation increases (% changes) are larger in the
north and in winter versus summer.

Figure 6-3: Precipitation Change Projected by the CMIP5 Multi-Model Ensemble for the RCP4.5 Scenario;
Summer and Winter
Maps of precipitation change projected by the CMIP5 multi-model ensemble for the RCP4.5 scenario, for summer (top frame,
averaged over June–August) and winter (top frame, averaged over December-February). Change is computed relative to the
1986–2005 baseline period.7 As in the IPCC Atlas (Annex 1, IPCC, 2013),8 the top row shows results for the period 2046–
2065 and the bottom row for 2081–2100. For each row the left panel shows the 25th percentile, the middle panel the 50th
percentile (median), and the right panel the 75th percentile. The colour scale indicates precipitation change in % with positive
change (increased precipitation) indicated by green colours and decrease by yellow to brown colours, consistent with the colour
scale used in the IPCC AR5 Annex I.
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Overall, Canada can expect to continue to experience
warmer temperatures and more rainfall across the
country as a whole, although regional and seasonal
variability will continue. Associated with these trends
in average temperature and precipitation are projected
increases in daily hot extremes and heavy rainfall events,
and declines in snow and ice cover (see section 6.2.2.2
on Canada’s North).9 Sea level along many of Canada’s
coastlines will continue to rise, and this rise will be
greatest in areas where the land is currently eroding,
such as most of the Maritime Provinces. Warmer
waters and ocean acidification are expected to become
increasingly evident in most Canadian ocean waters over
the next century.10
The impacts being observed are the result of historical
emissions. Even with a successful transition to a carbonneutral society, the impacts of changing temperature,
precipitation, and the occurrence and severity of
extreme events will continue to touch all regions,
sectors, communities, and ecosystems for decades
to come.

6.2 Assessment of Risk and
Vulnerability to Climate Change
Impacts
Knowledge of climate change impacts and the potential
for associated risks is the foundation for organizations to
protect assets and resources and to strengthen planning
and decision-making. The development of programs,
policies, and actions related to climate change impacts
and adaptation are commonly informed by research and
different types of assessments, including vulnerability,
risk, and science assessments.
Since Canada’s 6th National Communication, more
Canadian governments and communities have
completed some form of climate change assessment
focusing on their own organization or specific
sector. These research and assessment activities have
contributed to the development of decision-support
tools and have revealed lessons learned that have
supported the advancement of adaptation. While

there has been no systematic attempt to conduct risk
or vulnerability assessments across Canada, a number
of individual initiatives employing a wide range of
methodologies have been undertaken.
The consequences of climate change are evident across
Canada, and include impacts to natural and built
environments, as well as to the safety, health, socioeconomic, and cultural well-being of Canadians. These
impacts have high human and financial costs, and are
already causing rapid and irreversible change in Canada’s
northern and coastal regions. These threats are often
more acute for some Indigenous Peoples, who live
closer to the land, with a strong socio-economic and
spiritual connection to it. These changes have been
well documented in several assessment reports (for
example, Canada in a Changing Climate: Sector Perspectives
on Impacts and Adaptation, Canada’s Marine Coasts in a
Changing Climate, Climate Risks & Adaptation Practices for
the Canadian Transportation Sector 2016).
This section outlines assessments conducted by federal,
provincial, territorial, and municipal governments,
and Indigenous Peoples and provides a brief summary
of some impacts of concern identified by assessments,
focusing on extreme events, northern and coastal
regions, Indigenous Peoples, food and water security,
health and well-being, and economic prosperity.

6.2.1 Assessments of Risk and Vulnerability to
Climate Change
Assessments have been performed by the Government
of Canada as a tool to further highlight the importance
of understanding and addressing climate change impacts.
These assessments are scientific reports that assess,
critically analyze, and synthesize the growing knowledge
base on the issue. Working with subject matter experts
in government, universities, and non-government
organizations, federal departments produce science
assessments that are current, relevant, and accessible
sources of information to help inform planning of
policies, programs, and actions.
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Fisheries and Oceans Canada completed four Large
Aquatic Basin Risk Assessments covering the Pacific,
Arctic, Atlantic Oceans and Canada’s inland waters
represented by the Lake Winnipeg and Great Lakes’
drainage systems. Each large basin assessment included
an analysis of climate trends and projections for
the aquatic environment in order to help managers
make strategic, climate-sensitive decisions about
aquatic resource management activities and coastal
infrastructure which are at risk to a changing climate.
Natural Resources Canada published a national-scale
scientific assessment on the impacts of climate change in
Canada in 2014, titled Canada in a Changing Climate:
Sector Perspectives on Impacts and Adaptation. This
report was an update to the 2008 report, titled From
Impacts to Adaptation: Canada in a Changing Climate.
The updated report took a sector-based approach, and
focused on natural resources (e.g., forestry, mining,
and energy), food production, industry, biodiversity
and protected areas, human health, and water and
transportation infrastructure. This assessment illustrated
how Canada’s climate is changing and will continue
to change, and how adaptation has been accepted as a
necessary response to climate change, complementing
global measures to reduce GHG emissions.
Natural Resources Canada also published a sectoral
assessment focused on marine coasts in 2016, titled
Canada’s Marine Coasts in a Changing Climate. This
assessment emphasized the impacts of climate change
on Canada’s coasts, and presented both the challenges
and potential opportunities for coastal communities,
ecosystems, and the economy as a result of these
changes. The assessment highlighted a variety of
adaptation measures that are being adopted in different
coastal regions, such as presenting enhanced use of
natural infrastructure as an alternative to hard coastal
protection measures to reduce climate risks, and
emphasized the importance of adaptation in ensuring
the sustainability and continued prosperity of Canada
and its coastal regions.

Transport Canada released a national-level assessment of
climate risks and adaptation practices for the Canadian
transportation sector in 2017, titled Climate Risks &
Adaptation Practices for the Canadian Transportation Sector
2016. The report represents the state of knowledge
on climate risks to the sector and identifies existing or
potential adaptation measures to mitigate risks. The
report is structured regionally, with a synthesis chapter
that brings together knowledge relevant to each main
mode of transportation (e.g., rail, marine, aviation,
road), as well as a chapter specifically dedicated to urban
transportation. The information will help decisionmakers across the sector better understand potential
climate risks and the actions that can be taken to
mitigate them.
The Government of Canada also supports sectors,
provinces, territories, and communities in conducting
their own assessments. For example, through the
AgriRisk Initiatives program, Agriculture and AgriFood Canada is supporting the agriculture sector
in developing regional climate vulnerability and
opportunity assessments to evaluate potential climate
change impacts on local agricultural production.
Together with the governments of the Northwest
Territories and of Nunavut, the Government of Canada
assessed infrastructure engineering vulnerabilities of
three northern airports (Churchill Airport, Inuvik
Airport and Cambridge Bay Airport), using the
Public Infrastructure Engineering Vulnerability
Committee (PIEVC) Protocol. The knowledge gained
through these assessments is intended to inform
asset management plans, investment plans, and other
decision-making relevant to these assets.
The Government of Yukon is developing better
methodologies for assessing the financial impacts
of permafrost thaw, and experimenting with new
approaches to building and maintaining infrastructure
on permafrost-affected terrain. The territory has
also performed risk and/or vulnerability assessments,
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disaster resiliency planning, and is actively monitoring
permafrost temperatures and identifying intervention
opportunities to mitigate impacts with the help of the
Yukon Permafrost Knowledge Network.
Assessments are often the first stage of municipal
adaptation planning processes. For example, the
municipality of Wawa, Ontario brought together varied
stakeholders from across the community to come
together and identify local climate change impacts.
Using this information they then worked through a
process of vulnerability and risk assessment and they
will use the results to protect Wawa’s community by
integrating the identified climate risks into their broader
Emergency Preparedness Plan.
Similarly, Calgary and Edmonton, Alberta, worked
with the Prairie Climate Centre to create a series of
publications for the public and government officials
that explore how to build cities that are resilient to the
impacts of climate change, drawing on lived experience
and best practices. The reports touch on climate
change and its local impacts on a number of sectors,
including economics and finance, agriculture and food
security, urban ecosystems, transportation, water supply,
and electricity.
While important, assessments of adaptation planning in
Indigenous and northern communities have occurred
on a predominantly ad-hoc basis. Despite this the

Government of Canada, as well as provincial, territorial
and municipal governments, contribute to increasing
northern and Indigenous Peoples’ resilience to climate
change by supporting them in the identification of high
risk areas for climate change impacts. Indigenous and
Northern Affairs Canada has provided financial support
to communities to engage in a variety of planning
activities including: gathering traditional knowledge,
participating in regional planning activities, producing
Indigenous-specific tools and guides and conducting
vulnerability assessments and adaptation plans.

6.2.2 Climate Change Impacts
Assessments present the latest knowledge on climate
change impacts and adaptation, and act as accessible
sources of information to help inform planning of
policies, programs, and actions.

6.2.2.1 Extreme Weather Events
Extreme weather events are a key concern for Canada
and there is growing confidence that some types of
extreme events will increase in frequency and/or
intensity as the climate continues to warm.11 Changes in
temperature and precipitation patterns have made the
wildfire season longer, while drought- and pest-stressed
forests and rangelands are increasing the severity of
wildland fires.12 Sea level rise is increasing the extent of
storm surge flooding.13
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Figure 6-4: Insured Losses from Extreme Weather Events in Canada
Examples of insured losses from extreme weather events in Canada (Sources: Updated from Kovacs and Thistlethwaite, 201414)

Recent examples demonstrate the potentially devastating
effects of these events and the vulnerability of
communities to an increasing risk of climate-related
extreme events. The 2016 Fort McMurray wildfire
displaced 90,000 people, destroyed approximately
2,400 homes and other buildings, and caused disruptions
in local economic activities. With insured losses in
excess of $3.5 billion, this fire was the costliest insurable
loss in Canada’s history. In early May 2017, a strong
and prolonged precipitation event caused historic floods
in eastern Ontario and western Québec. The flooding
caused thousands of people to evacuate their homes,
and even more were affected by the flooding.15 The
response to the flooding required over 2,000 Canadian
Armed Forces personnel to be deployed to assist in
relief efforts.16

6.2.2.2 Canada’s North
While Canada’s temperature increases are outpacing the
global average, temperatures are rising even faster in
Canada’s Arctic and northern areas. The rapid warming

of Canada’s North is leading to significant reductions in
the extent of sea ice, accelerated permafrost thaw and
loss of glaciers, and other ecosystem impacts.
The volume and coverage of sea ice have decreased
significantly since observations began in 1979. A
nearly-ice free summer is considered a strong possibility
for the Arctic Ocean by the middle of the century
although summer sea ice may persist longer in the
Canadian Arctic Archipelago region, which will have
wide ranging implications in Canada’s North, as well as
globally.17 Northern Arctic ice shelves have undergone
significant changes in the last 100 years, eroding from
one large ice shelf that spanned the entire northwest
coast of Ellesmere Island into three smaller ice shelves.
Since 2005, the total remaining area of ice shelves has
decreased by more than 50%.18 Sea ice provides critical
transportation in parts of the North, and its rapid loss
is having a profound impact on communities that rely
on ice to access hunting grounds and traditional sites, as
well as on seasonal ice roads that provide access to food
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and supplies from the south. As Simeonie Amagoalik, an
Elder from Nunavut, recalls: “I used to go egg hunting
but now it is too dangerous to travel by ice so I cannot
go to the places that I used to go to. I think it is mainly
the ice on the sea that has affected me the most.”19
The loss of sea ice also alters animal ranges (e.g., seals,
walruses, salmon, whales) and opens new pathways for
disease (e.g., a seal-killing virus previously seen only in
the Atlantic Ocean was found in a population of Pacific
sea otters in Alaska). These impacts are especially felt
by Indigenous Peoples that depend on these animals
for sustenance and cultural survival. While reduced
ice cover is increasing marine access to the North for
resource development, shipping, and tourism, these
activities bring with them new risks of accidents and
spills, which put people and ecosystems at risk and
place additional stress on limited search and rescue and
disaster response capacity.
Warmer temperatures, along with other factors such
as fire, increased rainfall, and erosion, are causing
permafrost to degrade. The loss of permafrost is
causing irreversible changes to the landscape, including
slumping, erosion, ground instability, and forest
mortality. Habitat is changing and, for some species,
being lost altogether. Since permafrost impacts how
far water can penetrate into the ground, permafrost
degradation leads to changes in drainage patterns,
expansion or drainage of ponds, lakes, and wetlands,
changes in water quality, and shifts in the timing of
peak and minimum flows in rivers and streams. For
example, in the summer of 2015, a large permafrost
thaw slump caused rapid drainage of a tundra lake near
the Mackenzie Delta in the Northwest Territories.
This event was driven, in part, by rising temperatures
and increased rainfall. More information pertaining to
permafrost impacts can be found in Chapter 8: Research
and Systematic Observation of Climate Change.
Northern infrastructure, including roads, buildings,
communications towers, energy systems and facilities,
community landfills, sewage lagoons, and large-scale

waste containment sites (including berms around tailings
ponds), often depend on stable permafrost. Degradation
causes costly damage and unsafe or unstable conditions.
Remote communities, Indigenous Peoples, and isolated
economic sites often depend on a network of winter
roads for critical shipments of medical supplies, food,
fuel, and equipment. Climate change continues to
affect the length of time that winter roads can be
operational and whether they are viable at all, making
these communities and sites more reliant on other
transportation routes or modes. This significantly
increases the cost of living and doing business in the
North, affecting the ability to attract investment,
the prosperity of local businesses, and the strength,
health, and well-being of remote communities and
Indigenous Peoples.

6.2.2.3 Canada’s Coasts
Canada has the longest coastline in the world, and many
coastal areas are of great economic, social, historical,
and environmental significance. Through changes in
relative sea level, rising water temperatures, increased
ocean acidity, and loss of sea ice and permafrost, climate
change is posing considerable challenges for Canada’s
coastal areas.
Coastlines projected to experience the greatest relative
sea level rise are the Atlantic Provinces, the Gulf of
St. Lawrence, the Beaufort Sea, Haida Gwaii, parts
of Vancouver Island, and other parts of the British
Columbia coast.20 Relative sea level rise will negatively
impact some coastal ecosystems (including dunes,
wetlands, tidal flats, and shallow coastal waters) and
the services they provide. When combined with high
winds, storms, and high tides, sea level rise causes storm
surges to reach higher elevations, affecting both natural
shorelines and human built coastal infrastructure.
Sea ice acts as natural protection against waves and
storm surges. The loss of sea ice further increases
storm surge risks and coastal erosion in the Beaufort
Sea and Atlantic region. Along the northern coast, the
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additional challenges posed by the loss of permafrost are
contributing to unprecedented rates of erosion.21
Coastal communities are experiencing challenges
that include: unstable shorelines; flooding damage
to property and agricultural lands; permanent loss of
archaeological sites and cultural heritage landmarks;
contamination of water supplies; increasing costs for
protection, maintenance, and insurance; disrupted
transportation and trade routes and infrastructure (e.g.,
small craft harbours); and impacts on human health (e.g.,
water-borne diseases). Increases in water temperatures
and ocean acidity also impact fisheries, traditional foods,
iconic species (e.g., salmon), and food and water safety
(e.g., harmful algal blooms).22
In some cases, ensuring the continued safety of coastal
communities will require considerable effort and
resources, and in others it will be necessary to relocate.
Given the strong ties to land and place, relocation is
likely to have social, cultural, and mental health impacts.

6.2.2.4 Indigenous Peoples and Communities
Indigenous Peoples have a strong cultural connection
to the land, water, and air. While this increases their
exposure and sensitivity to climate change impacts, it is
also a source of strength, understanding, and resilience.23
Indigenous Peoples are among the most vulnerable to
climate change and experience unique challenges. A
range of factors, largely related to historical legacies,
contribute to this vulnerability.24,25,26 Unprecedented
changes to the environment and ecosystems challenge
traditional ways of knowing and Indigenous Peoples’
ability to maintain practices, languages, and culture.
Indigenous Peoples also face challenges of access
to climate change adaptation resources, programs,
and tools.
Although Indigenous Peoples are among the most
vulnerable to a changing climate due to their close
relationship with the environment and its resources,
they are not passive recipients of climate change

impacts. Rather, they are active drivers of change who
contribute vital knowledge, experience, and leadership
to adaptation efforts across Canada. In the face of the
challenges presented by climate change, Indigenous
Peoples are changing the way they live and interact with
the environment and each other, and are taking tangible
steps to become agents of change.
Building resilience for Indigenous Peoples is
fundamentally about food, water, and energy
independence, where communities are self-sufficient in
all means needed for survival and cultural expression.27,28
Indigenous Peoples and their knowledge-holders have a
long history of, and deep understanding about, adapting
to changes in climate and the land.

6.2.2.5 Food and Water Security
Climate change is impacting agricultural productivity
and access to traditional food sources. Risks are directly
related to increased incidence of drought, floods, storms,
and heat waves, as well as changes to plant lifecycles and
productivity, shifting plant and animal ranges, the spread
of invasive species, and the emergence and spread of
pests and disease. Higher temperatures and potentially
longer growing seasons present opportunities for
agricultural production in certain areas.
In the North and for Indigenous Peoples, changes in
seasonal weather and climate conditions impact the
transportation of food and other supplies and have
made some traditional travel and hunting routes unsafe,
thereby deepening existing food security challenges.
For example, climate change is affecting the timing of
freeze- and break-up on rivers used for transportation
and gathering food through hunting, trapping, and
fishing. Reduced access to country foods is increasing
reliance on expensive store-bought foods with negative
effects on health (e.g., diabetes, obesity) and cultural
identity. Costs for transporting food and other
supplies have also increased, especially in areas that are
increasingly dependent on shipments by air.
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Water flows, availability, and quality are also changing
due to temperature increases and precipitation
changes. Rising temperatures are leading to a rapid
loss of glaciers, impacting water flow and temperature
in glacial-fed streams and rivers. More information
pertaining to climate change impacts on glaciers
can be found in Chapter 8: Research and Systemic
Observations of Climate Change.

Figure 6-5: Change in Glacier Area 1985–2005 (km and %)
From 1985 to 2005 the glacier coverage in British Columbia
decreased by 2,525 km2 (Bolch et al, 2010).29

Water availability, in terms of both the amount of
water and the times of minimum and peak flows, is
also impacted by changes in spring precipitation and
reduced snow accumulation. These changes in the
timing and amount of water have consequences for
agriculture, industrial activities, power generation,
and ecological function.
Higher water temperatures (and less available oxygen)
and higher acidity in the water threaten marine life
and habitats, impacting commercial, recreational and
subsistence fisheries and aquaculture activities. Shorter
seasons of ice cover, higher water temperatures, and
changing precipitation patterns can affect lake water
levels, impacting shipping, tourism, and water quality.
For example, observed water levels in the Great Lakes
basin have been highly variable, making it difficult to

predict the direction of long-term change. However,
warming temperatures and changing precipitation
patterns are expected to contribute to altered (increased
or decreased) water levels, with implications for
shipping capacity in the Great Lakes-St. Lawrence
Seaway system.30

6.2.2.6 Health and Well-Being
Climate change impacts affect the health and wellbeing of Canadians in many ways, both directly and
indirectly. More frequent and severe extreme weather
events increase the risk of physical injury, illness, and
death. Health systems are challenged and health care
facilities can be impacted, with consequences for patient
care, safety, and health care costs. In addition, the
impact of natural disasters and changing landscapes,
the loss of property and cultural heritage sites, and
the inability to attend work or school have a negative
impact on public health, including mental health, and
can diminish individual and community resilience. This
can have a significant impact on people, their families,
communities, the economy, and the functioning of
society as a whole.
Heat waves can cause heat-related illness and death, as
well as exacerbate existing conditions, such as respiratory
and cardiovascular diseases. Higher temperatures also
contribute to increased air pollution and production
of pollens, worsening allergies and asthma and
exacerbating some existing health conditions. Smoke
from wildland fires also impacts air quality. Increased
contamination of drinking and recreational water by
run-off from heavy rainfall can cause illness and disease
outbreaks (e.g., acute gastrointestinal illness, E-coli).31
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Figure 6-6: Climate Change Effects on Health and Well-Being
Overview of the ways in which climate change affects health and well-being.32

Climate change is also likely increasing the prevalence
and spread of certain zoonotic, foodborne, or waterborne diseases. For example, Canada is already
seeing increased prevalence and geographic range of
vector-borne diseases, such as Lyme disease and West
Nile virus, as higher temperatures and changes in
precipitation can make the environment more hospitable
for insects, such as ticks and mosquitoes. In addition,
there may be an emergence or re-emergence of diseases
that are currently considered to be rare or exotic to
Canada (e.g., malaria, chikungunya, Zika virus).
More broadly, climate change affects the various social
determinants of health (e.g., food security, availability
of potable water, housing, working conditions, income)

and reduces resilience. Household food insecurity has
been associated with a range of poor physical and mental
health outcomes, including multiple chronic conditions
and depression.

6.2.2.7 Economic Prosperity
Canadian industries are affected by climate change
in various ways. Impacts associated with climate
change and extreme weather (for example, the loss of
permafrost, coastal erosion, and changing precipitation
patterns) are already affecting transportation systems,
services and operations across all modes, in all regions
of Canada. Associated disruptions in the movement
of freight and people, represents risks to the economy
and Canadians.
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Disruptions in productivity, critical trade infrastructure,
electricity generation, and supply chains have broad
consequences for many economic sectors, services to
consumers, and businesses. Climate change impacts in
Canada and around the world affect global food and
water security issues, commodity prices, trade, supply
chains, conflict, and displaced people, which will have
consequences for Canadian immigration, defense,
and private sector prosperity. Tourism and recreation
activities that rely on weather conditions are particularly
sensitive to climate change.33
Canada’s resource economy is vulnerable to the
impacts of climate change. The forestry and agriculture
sectors have been affected by increased incidence of
drought, floods, storms, heat waves, wildfires, and pests
and diseases (e.g., mountain pine beetle and spruce
budworm), which has consequences for productivity,
the quality of the harvest, and work opportunities.34
Mining, oil and gas production, hydroelectric power
generation, transportation, and agriculture are all
affected by variable water levels. Increased temperatures,
changing precipitation patterns, and increased frequency
and intensity of extreme weather events are creating
risks and operational challenges for agriculture and
aquaculture production, though rising temperatures
could also increase growing days and present
opportunities for new crops or species in some regions.
Some of the most vulnerable components of Canada’s
transportation system are integral to the resource
industry in the North. Climate change impacts, such as
permafrost degradation, can cause infrastructure damage
and deterioration, disruptions to transport operations,
and unsafe conditions for the resource sector and for
other local economies.

6.3 Climate Information and Services
Climate information can inform decision-making in
key sectors such as health (e.g., air and water quality,
heat, infectious diseases such as Lyme), agriculture
(e.g., food production and security), infrastructure
(buildings, roads, bridges and water assets), and natural

resource management (e.g., energy, forestry, fisheries,
and mining). It is also a foundation for developing
appropriate adaptation and risk management strategies.
Climate services include climate data, predictions,
information, and tools to support adaptation
decision-making. Climate services in Canada are
a responsibility shared by federal, provincial, and
territorial governments.

6.3.1 Federal Climate Information and Services
The Government of Canada undertakes science
and monitoring activities related to past, present,
and future states of the climate system and how it
functions, as well as on the changing composition of
the atmosphere and related impacts. These activities
include foundational climate and climate change
science as well as climate information and services
provided by federal departments to inform effective
adaptation planning and decision-making. Climate
change science includes research related to the impacts
of climate change on biodiversity and ecosystem
services, as well as options and opportunities for using
ecosystems to support climate change adaptation and
mitigation. More information pertaining to climate
modelling, projections, and scenarios can be found in
Chapter 8: Research and Systematic Observation of
Climate Change.
Environment and Climate Change Canada currently
provides some climate information products and
services including seasonal outlooks (e.g., bulletins and
consultation process), historical climate data sets, trends
analysis, and climate change scenarios. Environment
and Climate Change Canada also provides some
tailored climate information products and services. For
example, the department provides long-term historical
climate data sets for internal and external clients and
users through its engineering climate services. This
includes information about historical snow and ice
conditions, which is incorporated into the development
of rooftop snow load requirements for the National
Building Code of Canada; wind pressure analysis that
informs the telecommunications and renewable energy
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industries (e.g., siting communications towers and wind
farms); and analysis on the intensity, duration, and
frequency of extreme rainfall to support storm and waste
water management.
Agriculture and Agri-Food Canada also provides a
variety of climate data products, information, and
services specifically for Canada’s agriculture and agrifood sector. The Department translates highly technical
research, applied research and resultant products for a
broader agriculture and agri-food audience to use when
making climate change adaptation decisions. Agriculture
and Agri-Food Canada’s National Agroclimate,
Geomatics and Earth Observation Service is an
authoritative source for a wide variety of agroclimate
data, indices, information, tools, and models for use
by the agricultural sector, such as monitoring and
assessing climate-related risks to agricultural production,
analyzing changing land suitability and forecasting
crop production (see Drought Watch for current
product offerings).
Through its Aquatic Climate Change Adaptation
Program, Fisheries and Oceans Canada is monitoring
and studying the effects that changing ocean conditions
is having on Canada’s fisheries, aquatic ecosystems, and
coastlines. The department is also looking at the impacts
of sea level rise and more frequent storms and storm
surges on coasts and ocean infrastructure, such as wharfs
and dams.
The Government of Canada created Polar Knowledge
Canada through the Canadian High Arctic Research
Act, which came to force on June 1, 2015. Polar
Knowledge Canada reports to the Minister of CrownIndigenous Relations and Northern Affairs and is
led by a Board of Directors and a President. Polar
Knowledge Canada is responsible for advancing
knowledge of the Canadian Arctic and strengthening
Canadian leadership in polar science and technology.
Polar Knowledge Canada’s pan-northern Science and
Technology program priorities for 2014–2019 include:
alternative and renewable energy; baseline information

to prepare for northern sustainability; predicting the
impacts of changing ice, permafrost, and snow on
shipping; infrastructure and communities; and catalyzing
improved design, construction, and maintenance of
northern built infrastructure.
Efforts are underway to improve climate information
products and services provided by Environment and
Climate Change Canada and other federal departments,
including investments in 2017 to support the
establishment of a new Canadian Centre for Climate
Services. The Canadian Centre for Climate Services
will deliver trusted climate information, data, and tools
that will support adaptation decision-making. Training,
support, and user-driven products will ensure tools are
used while partnerships with other organizations will
shape and deliver services across the country.
Additionally, Indigenous and Northern Affairs
Canada launched an Indigenous Community-Based
Climate Monitoring program that will support
Indigenous communities in developing climate
impact monitoring projects and initiatives using both
Indigenous Knowledge and western science while
collaborating with researchers. The program will assist
with the development of community-led initiatives
and help build collaborative partnerships between
communities, researchers and existing monitoring
networks at regional, national and international
levels when appropriate. It will help communities
document their Indigenous Knowledge and integrate
current technologies in monitoring community
relevant indicators of climate change, and contribute
to advancing climate research. The information
resulting from projects and connections to research
and monitoring networks will help communities access
more comprehensive climate information and help
communities take concrete actions to manage climate
change risks associated with activities on the land.
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6.3.2 Provincial and Territorial Climate
Information and Services
Provinces and territories, private consultants, and
research institutions provide climate information
products and services. These are usually regionally,
locally and/or sector specific. This section focuses
on jurisdictions that provide climate information and
services, such as data, information, and tools, to support
climate change adaptation decision-making.

6.3.2.1 British Columbia
The Government of British Columbia’s ministries
and partners continue to operate and improve
hydrological monitoring (climate, snow, surface
water, and groundwater) in order to provide better
data to support decision-making for drought, flood,
infrastructure planning, environmental flow needs, and
ecological modelling.
Additionally, the Pacific Climate Impacts Consortium,
a regional climate service centre established in 2005,
supports climate change adaptation in Canada’s Pacific
and Yukon regions by carrying out research and
providing information and projections of future climate
change impacts and conditions.

6.3.2.2 Manitoba
Manitoba’s Prairie Climate Centre, a collaboration
of the University of Winnipeg and the International
Institute for Sustainable Development, enables
governments, businesses, and community members
across the Prairies to reduce their vulnerability to
climate variability and change by providing access to an
innovative, stakeholder-driven hub for data, guidance,
research, knowledge exchange, training and capacity
building. The Prairie Climate Centre has developed a
Prairie Climate Atlas to provide information about how
Canadian Prairie Provinces may change in the coming
decades. The Prairie Climate Atlas is an interactive
website that includes climate data, geo-visualizations,
and multimedia tools to communicate climate
change impacts to the general public and provide

decision-makers and regional leaders with information
to inform adaptation and mitigation decision-making.

6.3.2.3 Ontario
The Government of Ontario is working to establish a
new independent climate change organization, which
will serve as a one-window source for climate data and
services in the province. This new organization will
work with municipalities, Indigenous Peoples, and
leaders to help both public and private sectors make
informed and evidence-based decisions regarding
adapting to climate change and increasing resilience. By
offering a range of climate services, the organization will
provide access to expertise to understand how climate
change may affect different activities or lines of business,
and help plan for and manage risks in areas such as
agriculture, infrastructure, and public health.
In addition, the Ontario Centre for Climate Impacts
and Adaptation Resources, operating out of Laurentian
University, is a resource hub for researchers and
stakeholders searching for information on climate
change impacts and adaptation.

6.3.2.4 Québec
To better inform decision-making at all levels, the
Government of Québec has a strong partnership with
the Ouranos consortium, which it jointly created with
Hydro-Québec, Environment and Climate Change
Canada, and Valorisation-Recherche-Québec in 2001
to provide specialized information on regional climate
science and adaptation. Ouranos is a network of
approximately 450 researchers, experts, practitioners,
and policy-makers from a variety of climatology-related
disciplines that has implemented over 100 projects in
collaboration with government, academia, and industry.
Ouranos brings together researchers, practitioners,
and policy-makers to promote and support adaptation,
develops climate scenarios and services, and produces
regional climate simulations. Ouranos also develops and
implements climate projections to identify the potential

0829192
Vulnerability Assessment, Climate Change Impacts and Adaptation Measures

impacts of climate change and inform adaptation
decision-making across sectors.

6.3.2.5 Newfoundland and Labrador
In 2015, Newfoundland and Labrador undertook a
detailed assessment of 19 rainfall monitoring locations
to ensure that extreme precipitation events could be
reviewed in the context of projected climate change
conditions. At the same time, the province established
113 coastal erosion monitoring sites to inform planning
and development decisions given the risk of more
rapid coastal erosion in a province where 90% of the
population lives along the coast. These products,
which are available at a publicly available Climate
Information Portal, have facilitated improvements in
related adaptation tools and resources, such as flood
risk mapping, and complement other data, such as
coastal erosion monitoring, to provide stakeholders with
a range of planning information to inform decisionmaking processes.

6.3.2.6 Yukon
The Government of Yukon has prioritized improving
baseline climate science to support data-driven, targeted
adaptation investments and actions. The territory has
improved the accessibility of its flood risk data through a
flood risk mapping project that uses light detection and
ranging remote sensing and historic water-level data to
identify flood risks for Yukon communities.

6.4 Domestic Adaptation Policies,
Plans, and Programs
Governments across Canada are developing adaptation
policies and plans to build Canada’s resilience to climate
change; working to ensure that Canadians understand
how they may be affected by climate change; and
helping Canadians make the best decisions to protect
their homes, businesses, health, and communities.
Recognizing that adaptation is a long-term challenge,
adaptation and climate resilience is one of the four
pillars of the Pan-Canadian Framework on Clean
Growth and Climate Change.

Under this pillar, federal, provincial and territorial
governments made commitments to address the
significant risks that climate change impacts pose to
communities, the health and well-being of Canadians,
the economy, and the natural environment—in
particular in Canada’s northern and coastal regions,
and for Indigenous Peoples. It represents the first time
that federal, provincial, and territorial governments
have identified priority areas for collaboration to build
resilience to a changing climate across the country.
These priorities include:
•• Ensuring Canadians have information and expertise
to consider climate change in their planning and
decision-making;
•• Building climate resilience through infrastructure;
•• Working to protect the health and well-being
of Canadians;
•• Supporting particularly vulnerable regions
and Indigenous Peoples in addressing climate
impacts; and,
•• Reducing the risks to communities from climaterelated hazards and disasters.
For each priority area, federal, provincial, and
territorial governments identified new actions that
would advance efforts towards a more resilient Canada.
These actions range from measures to improve access
to climate science and information that supports
adaptation decision-making, to investments in built and
natural infrastructure to increase climate resilience in
communities, to efforts that help better understand and
take action to address climate-related health risks such as
extreme heat and infectious diseases. These actions are
further outlined in the following section.

6.4.1 Federal Adaptation Policies, Plans
and Programs
The federal government has a long history of working
on adaptation. Research on the impacts of climate
change has been underway for decades, and permanently
funded federal adaptation work began in 1998. Since
then, federal efforts have expanded from research and
assessment to policy development and investments to
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enable action at the local level, with a key principle
of current federal action being collaboration with
provincial, territorial, and municipal governments, and
Indigenous Peoples.
Through the Pan-Canadian Framework on Clean
Growth and Climate Change, the federal government
has committed to working with provinces and territories
to complement and support their climate change
actions. The federal government has further committed
to working with provinces and territories, municipalities,
and Indigenous Peoples to bring together partners to
share and leverage knowledge, capacity, and resources.
Significant investments have been made in climate
change adaptation since 2014. In 2016, the Government
of Canada strengthened its approach to domestic climate
change adaptation by funding seven federal departments
and agencies for a suite of adaptation programs. These
programs include those related to science, health,
northern and Indigenous Peoples, and key economic
sectors ($129.5 million), Canada’s National Research
Council to develop climate-resilient building design
guides and codes ($40 million), and the Federation of
Canadian Municipalities’ Municipalities for Climate
Innovation Program ($75 million), which helps
municipalities prepare for, and adapt to, climate change,
and to reduce GHG emissions.35
Building on 2016 adaptation and climate resilience
investments, the Government of Canada announced
further funding over five years in 2017 for a suite of
federal adaptation programs related to information and
capacity, climate-resilient infrastructure, human health
and well-being, vulnerable regions, and climate-related
hazards and disaster risks ($260 million). Climate change
adaptation initiatives funded by the Government of
Canada under Budget 2017 include:36
•• Environment and Climate Change Canada’s Canadian
Centre for Climate Services.
•• Natural Resources Canada’s efforts to build regional
adaptation capacity and expertise.

•• Health Canada, the Public Health Agency of Canada,
and the Canadian Institutes of Health Research work
to respond to the broad range of health risks caused by
climate change.
•• Health Canada’s implementation of a climate change
and health adaptation program for First Nations and
Inuit communities.
•• Indigenous and Northern Affairs Canada’s
integration of Indigenous Knowledge to build a
better understanding of climate change and to guide
adaptation measures; enhance Indigenous community
resilience through infrastructure planning and
emergency management in those communities where
flooding risks are increasing; and enhance resilience
in northern communities by improving the design and
construction of northern infrastructure.
•• Fisheries and Oceans Canada’s Aquatic Climate
Change Adaptation Services Program.
•• Transport Canada’s Northern Transportation
Adaptation Initiative.
•• Transport Canada’s risk assessments on federal
transportation infrastructure assets.
Investments announced in 2017 also included further
detail on green infrastructure investments ($21.9 billion)
intended to boost economic growth and build resilient
communities. These investments will include funding
for bilateral agreements with provinces and territories
($9.2 billion), a portion of which will be invested in
adaptation and climate resilience, and funding for a
Disaster Mitigation and Adaptation Fund ($2 billion) to
support infrastructure required to deal with the effects
of a changing climate, the most significant commitment
to invest in adaptation by the federal government to
date. In addition, $5 billion will be made available
through the Canada Infrastructure Bank for green
infrastructure projects.
Investments in climate change adaptation made in 2017
were guided by the adaptation and climate resilience
pillar of the Pan-Canadian Framework on Clean
Growth and Climate Change (2016).
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Specific examples of federal adaptation programming
include Canada’s Adaptation Platform, chaired by
Natural Resources Canada, which brings together key
groups from governments, industry, professional and
Indigenous organizations to collaborate on adaptation
priorities. The overarching goal of the Adaptation
Platform is to create an enabling environment for
adaptation, where decision-makers in regions and key
industries are equipped with the tools and information
they need to adapt to a changing climate.
The Standards Council of Canada’s new program,
Standards to Support Resilience in Infrastructure,
supports the development of standardization guidance
on weather data, climate information and climate
change projections, in support of the Government
of Canada’s objective to adapt infrastructure to
climate change impacts. This initiative also supports
an update of a broad range of existing standards to
ensure infrastructure across Canada is climate-ready,
and invests in new standards that support northern
infrastructure through the Northern Infrastructure
Standardization Initiative.
Agriculture and Agri-Food Canada supports and leads
research and collects agro-climate, soil, drought,
and crop information to inform adaptation decisionmaking in Canada’s agriculture sector. These efforts
contribute to the development of decision-support
tools and practices for farmers to adapt to climate
change, including through the optimization of land use
and production, pest and disease surveillance, variety
selection, and breeding for new climatic conditions.
The department also undertakes research on current
and future weather trends, as well as efforts to improve
regional weather forecasting and crop forecasting to
help assess potential impacts on crop yields and changes
to disease pressures from climate change.
Indigenous and Northern Affairs Canada is working
collaboratively with territorial and northern

governments and Indigenous Peoples to develop
a Northern Adaptation Strategy. The purpose of the
Northern Adaptation Strategy is to strengthen northern
capacity for climate change adaptation and to establish
partnerships and collaboration mechanisms to guide
investments (from all partners including federal,
territorial and provincial governments) across the
territorial north as well as Inuit Nunangat.
The Government of Canada also collaborates with
provinces and territories to implement adaptation
actions. For example, the Canadian Parks Council,
which is the federal, provincial, and territorial
coordination body for parks and protected areas,
re-established the Canadian Parks Council Climate
Change Working Group in 2017. Parks Canada
and the Northwest Territories co-chair the working
group, which intends to: build on its previous work
by promoting the concept of parks and protected
areas as natural climate change solutions through new
approaches, tools, and communication opportunities;
provide a forum for cross-jurisdictional sharing tools,
information and best practices for mainstreaming
climate change decision-making into park and
protected area management planning and operations,
considering both mitigation and adaptation; identify
key common issues, challenges, and opportunities for
federal, provincial, and territorial coordination and
collaboration on climate change and parks and protected
areas dialogues and initiatives, such as the Pan-Canadian
Framework on Clean Growth and Climate Change.

6.4.2 Provincial and Territorial Adaptation
Policies, Plans and Programs
The Pan-Canadian Framework on Clean Growth and
Climate Change recognizes the varying scope and
scale of adaptation efforts across the country and that
provinces and territories have been early leaders in this
context. Provinces and territories have undertaken a
variety of adaptation activities, including: implementing
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adaptation strategies; funding for research, pilot
projects, and regional risk and vulnerability assessments
to support adaptation planning and decision making;
action to strengthen land-use planning processes,
infrastructure investments, and building codes through
the inclusion of climate change considerations; efforts to
increase awareness about impacts and adaptation options
for communities; and the development of tools to help
integrate adaptation into all levels of decision-making.

6.4.2.1 Yukon
The Government of Yukon has undertaken adaptation
actions to enhance the resilience of Yukon communities
both directly and through partnerships with the federal
government and non-government organizations. The
territory has committed to enhancing the knowledge
and capacity of communities and local decision-makers
to respond to challenges to the territory’s landscapes,
natural resources, and traditional ways of life resulting
from climate change. The territory is exploring
opportunities to better understand the relationship
between climate change and food security in Yukon,
integrate Indigenous Knowledge into the understanding
of climate change impacts, and target investments
towards evidence-based adaptation actions.
Yukon released a Climate Change Action Plan Progress
Report (2015), which reviewed the progress made since
the implementation of its Climate Change Action Plan
(2009). The report included the addition of four new
actions to support climate change goals, including the
addition of a specific adaptation goal.37 The territory
also released a Climate Change Indicators and Key
Findings report in 2016 to provide an objective and
accessible overview of the current state of Yukon’s
climate system, which will be regularly updated.

6.4.2.2 Northwest Territories
The Government of the Northwest Territories is
developing a comprehensive Climate Change Strategic
Framework, which will include both climate change
adaptation and climate change mitigation. The
framework will have three main themes: (1) reducing

the territory’s reliance on fossil fuels and the production
of GHG emissions; (2) increasing knowledge of how a
warming climate is impacting the territory’s biophysical
environment, economy, and peoples’ health and
safety; and (3) increasing the territory’s resilience to
climate change impacts and identifying ways to adapt
to unavoidable impacts. The territorial government
also supported building climate change adaptation
capacity within communities by integrating climate
change adaptation curriculum into their School of
Community Government.

6.4.2.3 Nunavut
The Government of Nunavut has been developing
programs, policies, and partnerships that assist
Nunavummiut (the people of Nunavut) with increasing
adaptive capacity and addressing the impacts of climate
change that are being experienced in the North. The
Government of Nunavut acknowledges that support for
adaptation initiatives in the near-term will result in longterm benefits for all communities, such as decreased
costs to infrastructure, increased safety and security,
economic prosperity, and more sustainable communities.
The Government of Nunavut is therefore committed
to working nationally to address climate change impacts
and supports the undertaking of a coordinated, strategic,
Canadian approach that will lead to improved resiliency
of the territory’s communities.
Climate change impacts and adaptation initiatives in
Nunavut are supported through both standard scientific
methods and Inuit Qaujimajatuqangit, the system of
Inuit Indigenous Knowledge and societal values. Inuit
Qaujimajatuqangit is based upon a long and close
relationship with the land that provides detailed insight
into climate change in Canada’s north. The Government
of Nunavut places great weight and importance on Inuit
Qaujimajatuqangit in its planning, program, and policy
development on climate change.
The Government of Nunavut’s Climate Change
Secretariat has initiated a number of projects to support
adaptation in Nunavut over the years. These include
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the Nunavut Climate Change Centre (NC³) website
that provides Nunavummiut with current information
on climate change, the Nunavut Permafrost Databank
that improves access to open-source permafrost
data from across the North, outreach initiatives like
the Tukisigiaqta web-based risk tool that informs
Nunavummiut about climate change risks in the
home and on the land, and creating and delivering
the Climate Change Adaptation Training Course for
Nunavut Decision-Makers that instructs community
and government staff on climate change impacts
and adaptation and builds on both scientific and
Inuit Qaujimajatuqangit.

6.4.2.4 British Columbia
Adaptation action in British Columbia is guided by the
Preparing for Climate Change: British Columbia’s Climate
Adaptation Strategy (2010), a plan to increase knowledge
about climate change and its impacts on key economic
sectors, and government programs and services, and
produce tools to help governments, businesses, and
communities find out how climate change will affect
them, and what they can do now to prepare.
In 2017, the Office of the Auditor General of British
Columbia conducted a performance audit examining
the provincial government’s action to adapt to a
changing climate, including the 2010 Adaptation
Strategy, initiatives to assess risks and vulnerabilities
and monitoring and reporting on performance and
achievements. The audit also examined the efforts of
specific ministries to adapt, including Environment;
Forests, Lands and Natural Resource Operations;
Agriculture; Transportation and Infrastructure/
Emergency Management BC; and, Ministry of
Municipal Affairs and Housing.

6.4.2.5 Alberta
Alberta’s approach to adaptation includes research on
current or potential climate change impacts in specific
sectors and developing capacity to better use science and
Indigenous Knowledge to understand the implications
of climate change and innovative adaptive measures.

Alberta is also beginning to reinvest carbon emissions
revenues to understand and implement innovative
adaptive measures.
The Alberta Government currently allocates $15 million
annually for the Alberta FireSmart program. FireSmart
uses preventable measures to reduce wildfire threat to
Albertans and their communities while balancing the
benefits of wildfire on the landscape. For example, the
FireSmart Forest Resource Improvement Association of
Alberta program focuses on improving the protection
of forest communities, resources, and values through
operational and planning activities designed to
prevent wildfire occurrence and to reduce fire hazard
throughout Alberta.
The Government of Alberta is developing policy to
enable and encourage water reuse and stormwater
use, in an effort to mitigate flood and drought cycles
in Alberta, and to offset fresh water withdrawals. The
Government of Alberta has also made changes to the
Forest and Prairie Protection Act and associated regulations
to improve public safety as they relate to preventing
human-caused wildfires and protecting Albertans, their
communities, natural resources, and infrastructure from
wildfire damage.
Alberta has worked with the universities of Alberta
and British Columbia on projects such as “AdapTree”:
Assessing the Adaptive Portfolio of Reforestation Stocks
for Future Climates. Through this project Alberta
has gained additional knowledge on the ecological
genetics of white spruce and lodgepole pine to support
decision-making for climate change adaptation. Alberta
is currently supporting new genomics research projects
at the University of Alberta which are partly designed to
address climate change adaptation in three specific pine
and spruce tree breeding regions.

6.4.2.6 Saskatchewan
Saskatchewan is enhancing its Wildfire Management
program to mitigate wildfire risks by improving wildfire
response capacity, strengthening collaboration with
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international, national, and provincial jurisdictions,
increasing government, community, and industry
mitigation efforts, and adopting proactive wildfire
legislation. The Government of Saskatchewan is
also developing a drought strategy and a new water
allocation policy and legislation that will provide
flexibility to manage water shortages, and an irrigation
strategy that will focus on long-term capacity building in
the irrigation sector.
In partnership with the Crop Development Centre at
the University of Saskatchewan, the province supports
public sector plant breeding and several plant breeders
who focus on developing crop varieties that can better
withstand changing climatic conditions. In addition to
the improvement of existing crop varieties, the province
supports the development of new crops that will be
suited to future climatic conditions in Saskatchewan.
Saskatchewan also works with the federal government
to support a strong suite of business risk management
programs for the agriculture sector, including crops
insurance that assist growers in managing risks
associated with crop yield declines that can be the
result of extreme climatic events. Further, the province
has implemented an assisted migration project and
associated scientific trial as part of its ongoing forest
renewal activities to identify seed sources that are
best adapted to projected climatic conditions. Lastly,
Saskatchewan has increased monitoring of recreational
water quality in the province and has an on-going
surveillance for West Nile and Lyme disease.
The Government of Saskatchewan has also identified
multiple areas for action. For instance, Saskatchewan is
using technology in winter road maintenance to provide
early warning of weather events and gather better road
information and data, thereby improving response
times and ensuring the plows are properly equipped for
extreme weather events. Saskatchewan is also addressing
increased severity and frequency of localized flooding
from rainstorms and other extreme precipitation events

through flood mapping and related infrastructure
planning initiatives with municipal governments.

6.4.2.7 Manitoba
Manitoba has developed a Made in Manitoba Climate
and Green Plan that includes carbon pricing and specific
priorities for addressing climate change, jobs, nature,
and water.
Manitoba has taken significant measures to reduce the
impacts of flooding within the Red and Assiniboine
River basins, as well as strategies to conserve polar
bears, caribou, and moose populations, and address
invasive species in Manitoba. Actions include enhancing
infrastructure resiliency, provincial strategies on surface
water management and drought preparedness, further
initiatives in land use and watershed planning and
working with municipalities and Indigenous Peoples
across the province.
Manitoba is also working with partners to implement
a province-wide program based on the Alternative
Land Use Services model to help reduce flooding and
improve water quality and nutrient management. It
will also develop a framework to reconcile the needs
of industry and rural and northern communities while
continuing to enhance the network of protected areas in
Manitoba. Collectively these measures support enhanced
landscape resiliency to flood, drought, and other risks
posed by a changing climate, thereby helping to ensure
communities and economic sectors are better prepared
and less vulnerable to these changes.

6.4.2.8 Ontario
Ontario announced its next steps to help ensure
communities, the private sector, governments, and
individual Ontarians have the information they need
to identify climate change risks and vulnerabilities and
to take action to prepare for these risks. Ontario will:
launch a new organization for climate change data and
services; undertake a province-wide risk assessment;
raise public awareness of climate change impacts; and

0835198
Vulnerability Assessment, Climate Change Impacts and Adaptation Measures

develop a new governance framework to help ensure
that adaptation is considered in program and policy
decisions across all departments.
Ontario’s next steps build on actions Ontario is
already taking to prepare for the effects of climate
change, including in the areas of public health, natural
environment and agriculture, the built environment,
and Indigenous Peoples. These current and ongoing
actions are outlined in Ontario’s first adaptation strategy
and plan Climate Ready: Ontario’s Adaptation Strategy and
Action Plan (2011–2014).
On-going or already completed actions include the
Ontario Climate Change and Health Toolkit released in
2016 to help raise community awareness of the health
impacts of climate change, identify local vulnerabilities,
and support a more resilient health system that can
manage emerging health risks.
In 2014, Ontario updated its Provincial Policy Statement
to require municipalities to consider the impacts of
climate change in planning for resilient communities,
including planning for new or expanded infrastructure,
and to strengthen protection for natural features
and areas including key hydrological features such as
wetlands. In 2017, Ontario updated its four provincial
land use plans to include revised requirements such as
stormwater management planning and Low Impact
Development and green infrastructure, as well as
strengthened protection for natural areas and key
hydrological areas and features.

6.4.2.9 Québec
Québec adopted its Government Strategy for Climate
Change Adaptation and 2013–2020 Climate Change
Action Plan in 2012. The strategy and the plan bring
together stakeholders and key players in implementing
actions from the Québec government, municipalities,
civil society, and research organizations. Through
commitment and action, the strategy aims to reduce the
impacts of climate change, to strengthen the resilience
of Québec society and to seize new opportunities

provided by climate change. The Plan is financed
through the revenues of Québec’s carbon market, which
are entirely dedicated to addressing climate change.
As such, in addition to investments in GHG reduction
initiatives, more than $200 million is dedicated to a wide
range of concrete actions that will strengthen Québec’s
collective capacity to adapt.
Examples of these initiatives include the Québec
government’s financing of a systematic evaluation
of short-, medium-, and long-term vulnerabilities
related to coastal erosion for municipalities along
the estuary and Gulf of St. Lawrence. This work,
in close collaboration with municipalities, will also
focus on identifying priority areas for intervention
and developing decision-making tools for choosing
adaptation solutions. The Québec government also
supports community initiatives to reduce urban heat
island effect in urbanized areas of the province. Projects
include planting trees and vegetation, and greening
roofs, parking lots, and other surfaces that absorb and
retain heat.
To ensure consistency and more efficient government
action, Québec included adaptation and climate
resilience in many of its government documents, such
as the Sustainable Development Strategy 2015–2020 and
the Québec Policy 2014–2024 on Civil Security. In 2017,
the government of Québec committed to amending the
Environment Quality Act to modernize the environmental
authorization scheme and other legislative provisions
(e.g., Green Fund), to ensure that climate changes
impacts, as well as greenhouse gas emissions, are better
taken into account in the environmental evaluation and
authorization of projects.

6.4.2.10 New Brunswick
New Brunswick released Transitioning to a Low-Carbon
Economy—New Brunswick’s Climate Change Action Plan in
December of 2016. The Plan includes a comprehensive
list of adaptation actions grouped into six themes:
(1) understand climate change impacts; (2) build
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climate resilient infrastructure; (3) support community
adaptation planning; (4) adapt natural resources and
agriculture; (5) reduce climate related hazards; and
(6) reduce climate change impacts on public health.
Adaptation actions that ensure the well-being and
resilience of citizens, ecosystems, communities, and
natural resources, as well as enhancing the Province’s
economic competitiveness are a priority in New
Brunswick. Examples of adaptation efforts include
vulnerability assessments that address flooding, erosion,
and sea level rise, the adoption of adaptation plans in
several municipalities, incorporating future climate
conditions into infrastructure design, vegetation
management to reduce potential power outages
following storms, incorporating updated sea level rise
and storm surge projections into land use planning and
to inform infrastructure placement, and modelling tree
species distribution under future climate conditions to
help inform forest management decisions. An increasing
availability of adaptation tools, guidance, improved
projections, and science has also contributed to the
attainment of these initiatives.
Communities and municipalities continue to be a strong
focus of New Brunswick’s adaptation efforts. The New
Brunswick Climate Change Secretariat is focusing
on facilitating adaptation efforts with municipalities,
putting strong emphasis on conducting vulnerability
assessment and adaptation planning across sectors, and
disseminating climate change knowledge to inform
decision makers and the general public. This reflects
the Government of New Brunswick’s resolve to deal
with issues that are emerging and will be exacerbated by
future climate conditions.

6.4.2.11 Nova Scotia
Nova Scotia is focusing its efforts on building the
provincial government’s capacity to mainstream climate
adaptation into all department planning policies and
operations, so that it becomes a normal, automatic part
of how government does business. This is done through
the delivery of an integrated program that strengthens

the socio-cultural competencies of the public service to
effectively communicate climate concerns, lead complex
adaptation initiatives, work across department silos, and
build strong public-private partnerships. Participating
departments are undertaking the program and associated
capacity building programs by creating teams that will
design adaptation projects that move research into
action. Qualitative and quantitative metrics are used to
measure progress on the implementation and impact
of the projects and mainstreaming strategies, as well as
the ability of the program to enhance the government’s
capacity to anticipate, prepare for, and respond to
projected and unforeseen climate risks.
Departmental adaptation projects underway in 2016–
2017 include risk-proofing the Nova Scotia grape and
wine industry, integrating climate risks into protected
area management, re-aligning dykes and restoring salt
marshes for flood risk reduction, and developing new
climate smart standards for dyke construction and repair.

6.4.2.12 Prince Edward Island
Prince Edward Island is developing a climate change
action plan that will include key climate change
mitigation actions and key adaptation actions that will
seek to minimize the impacts of climate change on
Prince Edward Island. This climate change action plan
will replace Prince Edward Island’s previous climate
change strategy, Prince Edward Island and Climate Change:
A Strategy for Reducing the Impacts of Global Warming
(2008).
Through its partnership in the Atlantic Climate
Adaptation Solutions Association and with funding
from Natural Resources Canada, Prince Edward Island
co-led two regional projects, the development of a
decision support tool for small coastal communities
and an economic analysis of adaptation options for
coastal infrastructure and property. Both projects
included extensive stakeholder involvement across
federal, provincial, and municipal governments. Future
adaptation efforts on Prince Edward Island will continue
to focus on assessments of coastal risk to infrastructure,
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buildings, and property and Prince Edward Island will
expand this focus to include the dissemination of existing
products that will assist provincial and local decisionmakers as they seek to minimize climate change impacts.

processes for environmental assessments and the
granting of crown land.

6.4.2.13 Newfoundland and Labrador

Canadian municipalities have been consistently taking
action to build local capacity to identify the impacts
from a changing climate, assess their local vulnerabilities
and risks, develop and implement plans to address these
risks, and ultimately to implement actions and monitor
their results. Municipalities have responded to climate
change impacts in Canada with stand-alone adaptation
strategies, innovative communications strategies,
practical projects to better manage stormwater
absorption, and programs that provide emergency
shelter during extreme weather events. Some specific
examples of municipal leadership on climate change
adaptation and resilience are presented below.

The Government of Newfoundland and Labrador
released Charting Our Course: Climate Change Action
Plan in 2011, a five-year strategy that contained
18 commitments aimed at improving the province’s
resilience to the impacts of climate change. The action
plan ended in 2016, and all 18 of the commitments
were implemented. The commitments focus broadly on
improving the understanding of climate change impacts
in Newfoundland and Labrador and mechanisms to
integrate that understanding into decision-making by
individuals, businesses, communities, and governments.
The Government of Newfoundland and Labrador is
now in the process of developing a new five-year climate
change action plan, to be released in 2017–2018, which
will include adaptation as a key pillar.
Newfoundland and Labrador has collaborated with
various stakeholders to develop provincial adaptation
programs and actions, as well as build knowledge
capacity and expertise. For example, capacity building
and education is facilitated and maintained through
workshops in cooperation with partners such as
Engineers Canada to raise awareness of climate change
impacts on infrastructure and available datasets among
local private sector and provincial and municipal
government decision-makers, engineers, and planners.
To increase collaboration on adaptation, the
Government of Newfoundland and Labrador established
an Adaptation Network that includes representatives
from government departments, industry, and Memorial
University. The network identifies research needs and
shares best practices for integrating climate change
adaptation into planning and decision-making. The
work of the Adaptation Network has resulted in the
impacts of climate change being more thoroughly
integrated in the government’s decision-making

6.4.3 Municipal Adaptation Policies, Plans
and Programs

6.4.3.1 Municipal Adaptation Policies and Plans
In 2016, Durham Region, Ontario completed its
Community Climate Adaptation Plan. The plan is a
response to the risks posed by climate change to the
municipality’s infrastructure, health, welfare, and
economy. It includes 18 proposed programs to improve
Durham’s resilience to climate change impacts, such
as flooding and extreme heat. Durham’s proposed
programs are anticipated to begin implementation
in 2018.
The City of Surrey, British Columbia began its
adaptation efforts in late 2010 through the development
of the Climate Change Adaptation Strategy. Since then
it has taken many steps to become more prepared and
resilient. Most recently, the City is exploring the timing
and extent of changing flood hazards and using this
to inform a Coastal Flood Adaptation Strategy. Through
this effort the City has been engaging residents and
stakeholders in public meetings to determine the best
solutions for adaptation to sea level rise and flood risk
within Surrey.
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In some cases municipal regions have developed climate
change adaptation plans that include a number of
different municipalities. For example, the agglomeration
of Montréal, Québec released its first climate change
adaptation plan in 2015. The Plan is divided into two
volumes. The first volume presents a diagnosis of the
adaptation challenges faced by the agglomeration of
Montréal, and presents a vulnerability analysis of six
climactic hazards: increased temperature, heavy rainfalls,
heat waves, destructive storms, droughts, and floods.
The second volume is dedicated to adaptation measures
that need to be consolidated or developed in the
agglomeration of Montréal in order to reduce the risks
of climate change.
Municipalities have also released plans to address
specific challenges. For example, the City of Vancouver,
British Columbia introduced a Sewer Separation Strategy
(2016) to separate stormwater from wastewater to
prevent flooding and eliminate combined sewer overflow
during heavy rain events. Additionally, the City of
Vancouver developed the Greenest City 2020 Action Plan
(2011), which outlined ten goal areas and 15 measurable
targets to guide Vancouver toward becoming the
greenest city in the world by 2020. The strategy was
updated in 2015, Greenest City 2020 Action Plan Part Two:
2015–2020, to include 50 new actions, which included
adaptation commitments and the development of an
Integrated Rainwater Management Plan (2016), which
recognizes the importance of considering climate change
impacts in the management of stormwater. Similarly,
the City of Toronto, Ontario introduced the Toronto Hot
Weather Response Plan (2016), which is a protocol for
hot weather response that includes both proactive and
reactive actions.

6.4.3.2 Municipal Adaptation Initiatives
As part of the Town of Oakville, Ontario’s ongoing
implementation activities, the municipality spreads the
word about emergency preparedness and the importance
of local action to the public using communications
and gamification. For example, in 2017 the Town
of Oakville’s outreach work involved public talks,

adaptation games, and the Prepare 2 Be Prepared
Challenge, all centered on the Keep Calm and Adapt:
Emergency and Extreme Weather Preparedness Event.
This type of creative and “out-of-the-box” engagement
is reaching new audiences and is helping to ensure that
residents know what they can do to prepare for more
extreme weather and a changing climate.
Non-Governmental Organizations Supporting
Municipal Adaptation Action
Municipal adaptation action in Canada is supported by all levels of
governments, as well as the Federation of Canadian Municipalities
and ICLEI Canada.
The Federation of Canadian Municipalities supports
municipalities on climate change through policy and capacity
building programming. The Municipalities for Climate Innovation
Program further raises awareness about climate change, offers
technical assistance, direct grants for municipalities and mobilizes
knowledge on climate mitigation, adaptation, and infrastructure
asset management. This program will generate new knowledge on
transitioning to low carbon communities along with ways to integrate
climate change into asset management through peer learning
programs like the Climate and Asset Management Network and
Transition 2050. In parallel, the Federation of Canadian Municipalities
delivers the Partners for Climate Protection program in partnership
with ICLEI Canada as a resource for municipalities.
ICLEI Canada works with local governments on sustainability
issues, including supporting communities in preparing for climate
change. ICLEI’s Building Adaptive and Resilient Communities program
is a framework guiding municipalities through a comprehensive
planning methodology that includes research and climate impact
assessment frameworks, plan development, action-setting processes,
implementation planning, and monitoring and review strategies.
It is supported through a variety of resources and tools to build
municipal capacity to respond to climate change. The BARC method
has been applied by municipalities across the country, including in
British Columbia, Alberta, Ontario, New Brunswick, Nova Scotia,
and Nunavut.

The City of Windsor, Ontario is enhancing public
awareness of the steps individual home owners can take
to minimize the risk of basement flooding by making a
city-owned 1920s home flood resilient and installing a
number of stormwater management practices on site.
The City of Windsor will document the improvements
through a series of YouTube videos as part of a larger
basement flooding education campaign. Each measure
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will be permanently displayed on site, outlining
their purpose, how they function, and any required
maintenance, and the home will be available for public
open houses.
Similarly, Calgary, Alberta initiated a low impact
development project in the redevelopment of the Currie
Barracks Brownfield in order to ensure that the rate of
the runoff leaving the site would not exceed the capacity
of the downstream stormwater system. The project was
pursued in order to deal with extreme rain events which
have caused Calgary hundreds of millions of dollars
in damages since 2005. In particular, abandoned fields
were converted into rain gardens, and vegetated swales
and gravel infiltration trenches were incorporated at
strategic locations as part of the green space in the new
urban fabric.
Vancouver launched a unique program in 2016 that
provides extreme weather shelter spaces to those
who are homeless or at risk of homelessness when
a community issues an extreme weather alert. The
Extreme Weather Response program is an initiative that
“funds community based services to provide temporary
emergency shelter spaces during periods of extreme
winter weather which threaten the health and safety of
homeless individuals”. Emergency shelter, safe refuge,
and hospitality are provided by community members,
congregations from faith groups, and advocates. The
expected outcomes of the Extreme Weather Response
program are decreased health and safety risks to
homeless people during periods of extreme winter
weather and a reduction of street homelessness during
extreme winter weather.

6.4.4 Indigenous Adaptation Policies, Plans
and Programs
Indigenous Peoples are active drivers and agents of
change who contribute vital knowledge, experience,
and leadership to adaptation efforts across Canada.
Indigenous Peoples have responded to climate change
impacts in Canada in a number of ways, such as
developing and implementing climate change adaptation

plans in their communities, adjusting subsistence
activities in response to environmental changes,
launching a multi-media website to share Indigenous
Knowledge of the impacts of climate change, and
developing Indigenous guardians programs.
Indigenous Peoples are Active Drivers and
Agents of Change
“All across Canada…there are…ground-breaking First Nations’
initiatives addressing food security, sustainable land-use
management, the preservation of oral histories about the land, and
the charting of territories. Clearly, First Nations have been, and, will
continue to be, diligent in the face of this ongoing threat to our social,
cultural, environmental, and economic well-being.” (Assembly of First
Nations, 4, 2016)
“We are among the first to put a human face on the unprecedented
climate changes happening in the Arctic. We have been active
partners in efforts to understand and develop policies and actions
to adapt to the changes we are experiencing and to increase the
awareness of other Canadians and people around the world of
climate impacts.” (Inuit Tapiriit Kanatami, 31, 2016)
“The Métis people have historically and in contemporary times
excelled as entrepreneurs, as environmental stewards and
conservationists, as negotiators and middlemen across cultures,
landscapes and economies, adapting to the changing landscape
and times with a keen enthusiasm and sweat on the brow.” (Métis
National Council, 2, 2016)
“Indigenous peoples have known for thousands of years how to
care for our planet. The rest of us have a lot to learn. And no time to
waste.” (Prime Minister Justin Trudeau, COP21, 2015)

The Government of Canada has committed to a
renewed, nation-to-nation, government-to-government,
and Inuit-to-Crown relationships with First Nations,
the Métis Nation, and Inuit. Sustained and meaningful
collaboration between the federal government and
Indigenous Peoples must recognize the rights and
interests of Indigenous Peoples as set out in Canada’s
Constitution. This approach must also advance the
implementation of the United Nations Declaration
on the Rights of Indigenous Peoples, of which the
Government of Canada is a full supporter, without
qualification, and which includes the principle of free,
prior, and informed consent. Collaboration must also
recognize the treaty rights of Indigenous Peoples to
make laws and manage resources on their Settlement
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Lands where comprehensive land claim agreements have
been signed. This engagement should be community
led, regionally facilitated, and nationally coordinated.
The Government of Canada upholds its commitment
to respect the rights of Indigenous Peoples, undertake
robust, meaningful engagement, and respectfully
receive and consider Indigenous Knowledge while
implementing the Pan-Canadian Framework on Clean
Growth and Climate Change.
The Government of Canada as well as provincial,
territorial and municipal governments, nongovernmental organizations, Indigenous organizations
and universities support adaptation efforts for
Indigenous Peoples. Indigenous communities have
used the results of vulnerability assessments to inform
the prioritization of adaptation measures and plan
future infrastructure investments and emergency
preparedness measures with climate change in mind.
They have developed culturally appropriate tools for
their communities and have integrated their planning
into regional adaptation planning initiatives. The
following are examples of a number of projects funded
through these initiatives. The Nunavik project Life
on Permafrost: Community Planning Empowerment,
funded by Indigenous and Northern Affairs Canada,
focused on communities becoming better informed
technically and more knowledgeable about local and
regional permafrost and climate conditions. This way,
leaders and members of the Nunavik communities were
in a better position to address the challenges arising
from environmental changes, including permafrost
issues related to buildings and road infrastructure, and
to make well supported, science-based recommendations
and decisions relative to their development. In
addition, the education component of this project was
implemented in collaboration with the Kativik School
Board and the local schools, enabling it to have an
impact on youth through the practice of hands-on
scientific activities of actual significance for them and
their community.

Indigenous Knowledge systems are cumulative, dynamic,
and adaptive knowledge systems that are intertwined with
personal, community, and national/cultural knowledge. Indigenous
Knowledge is heterogeneous, and varies between Indigenous
Peoples and groups.
Indigenous Knowledge systems are broader than what is commonly
referred to as Traditional Knowledge. However, it is important to
note that Indigenous Knowledge systems are a “way of being” that
is broader than just specific ecological knowledge. Further, it is
important to recognize that “Traditional” does not mean narrow, static,
or historic. Indigenous Knowledge continues to be applicable to policy
and can support a more comprehensive understanding of climate
change’s social, economic, and environmental impacts.
Inuit Qaujimajatuqangit is the system of Inuit Indigenous
knowledge and societal values. It includes “all aspects of traditional
Inuit culture including values, world-view, language, social
organization, knowledge, life skills, perceptions and expectations” and
provides detailed insight into climate change in Inuit Nunangat.

Another successful community project took place in
Georgina Island First Nation. This community received
funding from Indigenous and Northern Affairs Canada
from 2012–2015. Over the course of the three years,
the community completed a vulnerability assessment,
developed adaptation recommendations, released the
Georgina Island First Nation Climate Change Adaptation
Plan, and conducted a review of the Band’s policies
to integrate climate change considerations. This
stepwise approach, engaging with the community
to identify priorities and addressing these through
planning exercises was successful because it built on
the community’s internal capacity to develop and
manage the project in a way that was meaningful to the
community as a whole. All members of the community
were engaged throughout the process and became more
involved in the project as it progressed. The community
now has better and more detailed information regarding
the likely risks posed by climate change and is better
prepared to respond to those threats by planning
proactive adaptation measures.
The First Nations of Québec and Labrador Sustainable
Development Institute is developing a guide to support
First Nations who want to create their own climate
change adaptation plan, and has collaborated with seven
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First Nations (Akwesasne, Odanak, Opitciwan, Pessamit,
Pikogan, Uashat mak Mani-Utenam and Wôlinak) to
support them in the development of their first climate
change adaptation plans. The First Nations of Québec
and Labrador Sustainable Development Institute also
supported Uashat mak Mani-Utenam in implementing
their first climate change adaptation plan, starting
in 2014. Implementation included creating working
committees for each of the challenges specified in the
plan, networking with local and regional environmental
organizations, and conducting outreach activities
in schools.38

The Deh Co K’ehondi program in the Dehco First
Nations uses the Dene language and culture to rebuild
relationships with the land. These programs are only
two of the approximately 30 Indigenous guardians
programs across Canada. Community level Indigenous
guardians programs are part of broader efforts to
create a National Indigenous Guardians Network in
Canada. The Government of Canada provided funding
to support the development of the national network
and prepare Indigenous Peoples to launch their own
Indigenous Guardian programs ($25 million over five
years in Budget 2017).

IsumaTV is a Canadian collaborative multimedia
platform for Indigenous filmmakers and media
organizations to share their work with a broader
audience. IsumaTV hosts over 6,000 videos in over
80 languages, representing cultures and media
organizations across Canada and the world. IsumaTV
has also developed an IsumaTV Mediaplayer to ensure
remote communities, as well as anyone with access
to the internet, a computer, or a mobile device, can
participate. IsumaTV uses its platform to provide a
comprehensive overview of human rights challenges
Indigenous peoples face globally, and a number of
their featured products provide information on climate
change and Inuit Qaujimajatuqangit, and how climate
change is impacting the lives of Inuit living in Northern
Canada. IsumaTV enables Indigenous Peoples to share
their experiences and perspectives on a range of topics
(e.g., human rights, resource development, climate
change), in their own language, with a global audience.

The Métis have made significant efforts to build
relationships at the local and regional level, including
by entering into relationships with municipalities and
developing urban governance authorities and regional
governance authorities to support future relationship
building. Some Métis authorities have also been party to
provincial agreements on the environment or resource
management, creating an opportunity to focus on
climate change.

Indigenous guardians programs in the Northwest
Territories provide significant social, economic, and
environmental benefits by using Indigenous Knowledge
to help preserve Indigenous culture and land. The Ni
Hat’ni Dene program in Lutsel K’e, modelled after the
Haida Gwaii Watchmen program, partners youth with
older community members to maintain the integrity
of cultural sites, provide tours of the area, monitor and
record activity on and changes to the land and water,
and transmit cultural and scientific knowledge to youth.

6.5 International Adaptation Policies
and Strategies
At the international level, the United Nations
Framework Convention on Climate Change and other
fora (e.g., the World Health Organization, North
American Climate Change and Human Health Working
Group, the United Nations Convention to Combat
Desertification, and the United Nations Office for
Disaster Risk Reduction) offer the opportunity for
Canada to strengthen and disseminate research and
science; share best practices and lessons learned about
climate change and climate change adaptation; and assist
developing countries in increasing their resilience.
The Government of Canada committed to strong action
to address climate change through the ratification of the
Paris Agreement on October 5, 2016. Canada declared
it would continue to support a prominent international
focus on adaptation actions. In Paris, Canada offered
support to vulnerable countries faced with the
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challenge of adapting to the impacts of climate change
by contributing $30 million to the Least Developed
Countries Fund. Canada also pledged $2.65 billion
over five years (2015–2020) to help developing
countries tackle climate change, including $10 million
to improve early warning systems for hazards like
tropical cyclones, floods, heat waves and forest fires in
developing countries.
The Paris Agreement recognizes the need to strengthen
knowledge, technologies, practices and efforts of
local communities and Indigenous Peoples related
to addressing and responding to climate change,
and establishes a platform under the United Nations
Framework Convention on Climate Change for the
exchange of experiences and sharing of best practices on
mitigation and adaptation in a holistic and integrated
manner. Through the Pan-Canadian Framework
on Clean Growth and Climate Change, the federal
government committed to continue to engage and
support Indigenous Peoples’ action on international
climate change issues, including by advancing the
implementation of this platform. In 2017, Canada,
including the Government of Canada working in
partnership with First Nations, Inuit, and the Métis
Nation, took a leadership role in working with the
international community—including by convening
informal discussions and in the formal negotiations
at the 23rd Conference of the Parties to the United
Nations Framework Convention on Climate Change—
towards launching the meaningful operationalization of
the platform.
Canada also rejoined the United Nations Convention
to Combat Desertification (UNCCD) in March,
2017. The UNCCD works to improve the living
conditions for people in drylands (both domestically
and internationally), maintain and restore land and
soil productivity, and mitigate the effects of drought.
Through the UNCCD, Canada is exploring options
to engage internationally and provide scientific and
technical expertise on topics related to sustainable land

management, drought monitoring, land restoration, and
landscape resilience.
Canada collaborates with the United States of America
and Mexico on the conservation, protection, and
enhancement of the North American environment
through the Commission for Environmental
Cooperation. Canada assumed chairmanship of the
Commission for Environmental Cooperation in 2016.
Canada’s chairmanship enables Canada to take proactive
action on climate change priorities, which include
advancing efforts on the commitments made at the
North American Leaders’ Summit in 2016.
The Government of Canada supported the Arctic
Council’s development of an Arctic Resilience Action
Framework (2017), and will continue to support its
implementation. The Arctic Resilience Action Framework
provides a framework of common priorities and targets
that promote improved collaboration and effectiveness
among the Arctic Council and Arctic Council
partners as they strive to enhance Arctic resilience.
The Arctic Resilience Action Framework will be the first
comprehensive regional adaptation and resilience
framework for the Arctic.
In 2010, Canada and other Parties to the Convention on
Biological Diversity (CBD) adopted the global Strategic
Plan for Biodiversity 2011–2020. The Strategic Plan is
comprised of a shared vision, a mission, strategic goals
and 20 targets, collectively known as the Aichi Targets.
These international Targets acknowledge the linkages
between biodiversity and climate change mitigation
and adaptation.
Provinces and territories also work with the
international community to share best practices, and
support adaptation efforts in developing countries. For
example, following the Paris Agreement, the Québec
government announced a set of cooperative measures
totaling $25.5 million to fight climate change to help the
most vulnerable developing countries face the impacts
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of climate change, especially in Francophone countries.
It since gave $6 million to the Global Environment
Facility’s Least Developed Countries Fund, and
launched calls for projects centered on climate
cooperation and youth initiatives.
The governments of Québec, British Columbia, Alberta,
and Prince Edward Island also joined the international
RegionsAdapt initiative that supports and reports
efforts on adaptation at the state and regional level.
Québec and British Columbia are also members of the
International Alliance to Combat Ocean Acidification,
a worldwide network of governments and organizations
that addresses the impact of acidification on the health
of oceans.
British Columbia also participates in the Pacific
Coast Collaborative, a forum for cooperative action,
leadership, and information sharing between California,
Oregon, Washington, and British Columbia on
the issues facing Pacific North America, such as
climate change.
The Northwest Territories has also collaborated
with the United States on climate projections and
landscape conservation cooperatives. In conjunction
with the University of Alaska, Fairbanks, the Northwest
Territories has developed easy to use climate change
projections to support communities in adapting to
climate change. Additionally, through the Northwest
Boreal Landscape Conservation cooperative, the
Northwest Territories has coordinated with Alaska,
northern British Columbia, and Yukon to share climate
change information and resilience best practices.

6.6 Oversight and Reporting
Measuring progress on adaptation is challenging, as
the various approaches, goals, timelines, and scales of
adaptation actions make it difficult to develop single,
uniform, meaningful metrics to measure progress.
Coordinated reporting on progress on adaptation
across the federal government is carried out through a
Horizontal Management Framework and the Results and
Delivery Charter on Clean Growth and Climate Change

(the Charter) on an ongoing basis. The Charter was
developed in collaboration with federal counterparts
to serve as the key monitoring and reporting platform
for measuring progress against the Pan-Canadian
Framework on Clean Growth and Climate Change
outcomes. Regular public reporting of progress using
the indicators described in the Charter ensures that
the Government of Canada remains accountable to
Canadians. The Horizontal Management Framework
for Clean Growth and Climate Change demonstrates
the linkages between the authorities being sought for
climate change adaptation programs and activities
by federal partners to adaptation and resilience in
the Charter.
As discussed in Chapter 4: Policies and Measures,
First Ministers from federal, provincial, and
territorial governments receive annual reports on
the Pan-Canadian Framework on Clean Growth and
Climate Change through a federal, provincial and
territorial process established for this purpose. This
reporting provides relevant and timely information
on the effectiveness of policy development towards
implementing the Pan-Canadian Framework and
ensuring Canadians are resilient and can adapt to the
impacts of climate change.
Respect and recognition of the distinct cultures of First
Nations, Inuit, and Métis people in Canada is central
to Canada’s approach to climate change policy. Three
separate senior-level tables are being established to
implement the Pan-Canadian Framework on Clean
Growth and Climate Change. The tables will support
First Nations, Métis, and Inuit clean growth and climate
change priorities, including adaptation and resilience
building actions. These efforts support Canada’s broader
commitment to reconciliation with Indigenous Peoples.
The Government of Canada, through Indigenous and
Northern Affairs Canada, has committed to providing
funding support for Indigenous engagement in domestic
climate policy, which will include supporting the
implementation of the three tables.
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The Government of Canada also reports through
the 2016–2019 Federal Sustainable Development
Strategy, which is the Government’s primary vehicle
for sustainable development reporting to both
Parliament and Canadians. The Federal Sustainable
Development Strategy demonstrates federal leadership
towards implementing the environmentally-related
global United Nations’ Sustainable Development
Goals. The Federal Sustainable Development Strategy
will report on several goals, including those that
support adaptation and climate resilience, such as
Effective Action on Climate Change and Modern and
Resilient Infrastructure.

Provinces, territories, and municipal organizations
(e.g., ICLEI Canada, the Federation of Canadian
Municipalities) will be engaged in the work of the
Expert Panel on Climate Change Adaptation and
Resilience Results; however, they are also leading their
own efforts to develop and examine monitoring and
evaluation strategies for climate change adaptation.
For example, the Government of Alberta is launching
a process to identify climate specific indicators and
metrics relevant to Alberta’s social, economic, and
environmental systems and assess the potential impacts
of climate change and climate change policy inaction in
the province.

As a Party to the United Nations Convention on
Biological Diversity (CBD), Canada has also developed
national biodiversity goals and targets. Target 5 of
Canada’s 2020 Biodiversity Goals and Targets relates
to climate change adaptation: “By 2020, the ability of
Canadian ecological systems to adapt to climate change
is better understood, and priority adaptation measures
are underway.” The targets, announced in 2015, were
developed collaboratively by federal, provincial and
territorial governments, with input from Indigenous
organizations and others, and are intended to encourage
and promote collective action. National progress toward
the targets will be reported in December 2018, in
Canada’s 6th National Report to the CBD.

ICLEI Canada, with funding from Natural Resources
Canada’s Enhancing Competitiveness in a Changing
Climate program, led a project to examine how available
metrics from varying sectors and orders of government
can contribute to measuring the effectiveness and
progress of implementing climate change adaptation
actions.39 ICLEI Canada examined indicators currently
used to measure sustainability through a case study
series, and evaluated the potential application of
sustainability indicators to measuring progress on
climate change adaptation.

The Government of Canada, led by Environment and
Climate Change Canada, launched an external Expert
Panel on Climate Change Adaptation and Resilience
Results in 2017 to provide advice on measuring progress
on adaptation and climate resilience under the PanCanadian Framework on Clean Growth and Climate
Change, in an effort to overcome the challenges
associated with identifying successful adaptation actions.
The advice of the Expert Panel on Climate Change
Adaptation and Resilience Results will support the
federal government and others in better communicating
results to Canadians, and demonstrating progress in
enhancing Canada’s resilience to climate change.

More specifically, ICLEI Canada and the Clean Air
Partnership conducted a series of sector-focused
case studies and catalogued existing sustainability
indicators that are currently being used to measure and/
or monitor the effectiveness of policies or actions in
coastal management, flood management, health and
infrastructure, and examined the pertinence of such
indicators in measuring climate change adaptation.

6.7 Conclusion
The wide range of impacts being experienced across
Canada will be exacerbated as the climate continues
to change. Taking action now to adapt to current and
future climate impacts will help protect Canadians
from climate change risks, reduce costs, and ensure that
society continues towards a more resilient future.
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Adaptation requires a sustained, ambitious, and
collaborative approach across regions, orders
of government, and sectors. The Pan-Canadian
Framework on Clean Growth and Climate Change
marked a significant effort by federal, provincial, and
territorial governments to collaborate on adaptation
efforts, and all levels of government will continue to
work together to implement the framework.
Federal, provincial, territorial, and municipal
governments have developed independent adaptation
strategies and policy frameworks, and have been
facilitating climate change adaptation through the
establishment of collaborative mechanisms to enable
applied research, development of decision-support
tools, sharing of adaptation experiences, and support
for local adaptation projects. Indigenous Peoples have
also developed adaptation strategies and policies, and
have worked with federal, provincial, territorial, and
municipal governments, universities, non-governmental

and Indigenous organizations to enhance their resilience
to climate change.
Since Canada’s 6th National Communication federal,
provincial, territorial, and municipal governments
universities, non-governmental and Indigenous
organizations and Indigenous Peoples have made
significant progress in implementing adaptation
measures. These measures include improvements
to climate science, impacts and adaptation research
and science assessments (including regional and
sectoral assessments), community monitoring
programs, and capacity-building and awareness raising
efforts (particularly at the municipal level and for
Indigenous Peoples).
Building from existing efforts and past successes, Canada
will continue to play an important leadership role on
climate change adaptation through measures such as
strategic investments for building resilience in priority
areas and facilitating collaboration.

References
1

2

3

4

Environment and Climate Change Canada. 2017. Annual 2016:
Climate Trends and Variations Bulletin. Available online at: https://
www.canada.ca/en/environment-climate-change/services/
climate-change/trends-variations/annual-2016-bulletin.html.
Environment and Climate Change Canada. 2016. Climate Data
and Scenarios for Canada: synthesis of recent observation and
modelling results. ISBN 978-0-660-04262-6. Government of
Canada catalogue # En84-132/2016E-PDF. Available on-line at:
http://publications.gc.ca/site/eng/9.809265/publication.html.
Bush, E. J., J. W. Loder, T.S. James, L.D. Mortsch and S.J. Cohen.
2014. An overview of Canada’s changing climate. In: F. J. Warren
& D. S. Lemmen, eds. Canada in a changing climate: Sector
perspectives on impacts and adaptation. Ottawa: Government of
Canada,
p. 23–64.
Environment and Climate Change Canada. 2016. Climate Data
and Scenarios for Canada: synthesis of recent observation and
modelling results. ISBN 978-0-660-04262-6. Government of
Canada catalogue # En84-132/2016E-PDF. Available on-line at:
http://publications.gc.ca/site/eng/9.809265/publication.html.

5

6

7

8

Environment and Climate Change Canada. 2016. Climate Data
and Scenarios for Canada: synthesis of recent observation and
modelling results. ISBN 978-0-660-04262-6. Government of
Canada catalogue # En84-132/2016E-PDF. Available on-line at:
http://publications.gc.ca/site/eng/9.809265/publication.html.
Environment and Climate Change Canada. 2016. Climate Data
and Scenarios for Canada: synthesis of recent observation and
modelling results. ISBN 978-0-660-04262-6. Government of
Canada catalogue # En84-132/2016E-PDF. Available on-line at:
http://publications.gc.ca/site/eng/9.809265/publication.html.
Environment and Climate Change Canada. 2016. Climate Data
and Scenarios for Canada: synthesis of recent observation and
modelling results. ISBN 978-0-660-04262-6. Government of
Canada catalogue # En84-132/2016E-PDF. Available on-line at:
http://publications.gc.ca/site/eng/9.809265/publication.html.
Intergovernmental Panel on Climate Change (IPCC), 2013:
Climate Change 2013: The Physical Science Basis. Contribution
of Working Group I to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change [Stocker, T.F., D. Qin,
G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y.
Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA, 1535 pp,
doi:10.1017/CBO9781107415324.

0846209
Vulnerability Assessment, Climate Change Impacts and Adaptation Measures

9

10

11

12

13

14

15

16

17

18

Bush, E. J., J. W. Loder, T.S. James, L.D. Mortsch and S.J. Cohen.
2014. An overview of Canada’s changing climate. In: F. J. Warren
& D. S. Lemmen, eds. Canada in a changing climate: Sector
perspectives on impacts and adaptation. Ottawa: Government of
Canada, p. 23–64.
Bush, E. J., J. W. Loder, T.S. James, L.D. Mortsch and S.J. Cohen.
2014. An overview of Canada’s changing climate. In: F. J. Warren
& D. S. Lemmen, eds. Canada in a changing climate: Sector
perspectives on impacts and adaptation. Ottawa: Government of
Canada, p. 23–64.
Warren, F.J. and Lemmen, D.S., editors (2014): Canada in
a Changing Climate: Sector Perspectives on Impacts and
Adaptation; Government of Canada, Ottawa, ON, 286p. Available
online at: http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/
earthsciences/pdf/assess/2014/pdf/Full-Report_Eng.pdf.
Warren, F.J. and Lemmen, D.S., editors (2014): Canada in
a Changing Climate: Sector Perspectives on Impacts and
Adaptation; Government of Canada, Ottawa, ON, 286p. Available
online at: http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/

19

earthsciences/pdf/assess/2014/pdf/Full-Report_Eng.pdf.
Warren, F.J. and Lemmen, D.S., editors (2014): Canada in
a Changing Climate: Sector Perspectives on Impacts and
Adaptation; Government of Canada, Ottawa, ON, 286p. Available
online at: http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/
earthsciences/pdf/assess/2014/pdf/Full-Report_Eng.pdf.
Kovacs, P. and Thistlethwaite, J. (2014): Industry; in Canada
in a Changing Climate: Sector Perspectives on Impacts and
Adaptation, (ed.) F.J. Warren and D.S. Lemmen; Government of
Canada, Ottawa, ON, p. 135–158.
The Canadian Press. May 10, 2017. Québec floods: Nearly 4000
residences affected and 2721 people evacuated. [newspaper
article on the internet]. Available online at: http://globalnews.ca/
news/3440515/Québec-floods-nearly-4000-residences-affectedand-2721-people-evacuated/.
Kathleen Harris. May 11, 2017. ‘Rebuild better:’ Justin
Trudeau says Canada must brace for more storm devastation from climate change.. [newspaper article on the internet]. Available online at: http://www.cbc.ca/news/politics/
trudeau-tour-floods-gatineau-1.4109872.
Warren, F.J. and Lemmen, D.S., editors (2014): Canada in
a Changing Climate: Sector Perspectives on Impacts and
Adaptation; Government of Canada, Ottawa, ON, 286p. Available
online at: http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/
earthsciences/pdf/assess/2014/pdf/Full-Report_Eng.pdf.
Ford, J.D., Bell, T. and Couture, N.J. (2016): Perspectives on
Canada’s North Coast region; in Canada’s Marine Coasts in a
Changing Climate, (ed.) D.S. Lemmen, F.J. Warren, T.S. James
and C.S.L. Mercer Clarke; Government of Canada, Ottawa, ON,
p. 153-206. Available online at: http://www.nrcan.gc.ca/sites/
www.nrcan.gc.ca/files/earthsciences/pdf/assess/2016/Coastal_
Assessment_Chapter5_NorthCoastRegion.pdf.

23

20

21

22

24

25

26

27

28

29

30

31

Environment and Climate Change Canada. 2016. Working Group
on Adaptation and Climate Resilience: Final Report. Available
online at: https://www.canada.ca/content/dam/eccc/migration/
cc/content/6/4/7/64778dd5-e2d9-4930-be59-d6db7db5cbc0/
wg_report_acr_e_v5.pdf.
Warren, F.J. and Lemmen, D.S., editors (2014): Canada in
a Changing Climate: Sector Perspectives on Impacts and
Adaptation; Government of Canada, Ottawa, ON, 286p. Available
online at: http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/
earthsciences/pdf/assess/2014/pdf/Full-Report_Eng.pdf.
Forbes, D.L. (editor) (2011): State of the Arctic Coast 2010—
Scientific Review and Outlook; International Arctic Science
Committee, Land-Ocean Interactions in the Coastal Zone, Arctic
Monitoring and Assessment Programme, International Permafrost
Association. Helmholtz-Zentrum, Geesthacht, Germany, 178 p.
<http://arcticcoasts.org>.
Lemmen, D.S., Warren, F.J., James, T.S. and Mercer Clarke, C.S.L.
editors (2016): Canada’s Marine Coasts in a Changing Climate;
Government of Canada, Ottawa, ON, 274p.
Assembly First Nations. (2016). Assembly of First Nations Climate
Action Priorities; Assembly of First Nations. 20p.
Assembly First Nations. (2016). Assembly of First Nations Climate
Action Priorities; Assembly of First Nations. 20p.
Inuit Tapiriit Kanatami. (2016). Inuit Priorities for Canada’s Climate
Strategy: A Canadian Inuit Vision for our Common Future in our
Homelands; Inuit Tapiriit Kanamtami, 60p. Available online at:
https://www.itk.ca/wp-content/uploads/2016/09/ITK_ClimateChange-Report_English.pdf.
Métis National Council. (2016). MNC Submissions on the PanCanadian Strategy on Climate Change; Métis National Council,
27p.
Assembly First Nations. (2016). Assembly of First Nations Climate
Action Priorities; Assembly of First Nations. 20p.
Métis National Council. (2016). MNC Submissions on the PanCanadian Strategy on Climate Change; Métis National Council,
27p.
Bolch, T., B. Menounos, and R. Wheate. 2010. Landsat-based
inventory of glaciers in western Canada, 1985–2005. Remote
Sensing of Environment 114: 127–137.
Palko, K. and Lemmen, D.S. (Eds.). (2017). Climate risks and
adaptation practices for the Canadian transportation sector 2016.
Ottawa, ON: Government of Canada. Available online at: http://
www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/earthsciences/pdf/
assess/2016/ClimatRisk-E-ACCESSIBLE.pdf.
Environment and Climate Change Canada. 2016. Working Group
on Adaptation and Climate Resilience: Final Report. Available
online at: https://www.canada.ca/content/dam/eccc/migration/
cc/content/6/4/7/64778dd5-e2d9-4930-be59-d6db7db5cbc0/
wg_report_acr_e_v5.pdf.

0847210
Vulnerability Assessment, Climate Change Impacts and Adaptation Measures

32

33

34

35

Luber, G. (2014). Impact of Climate Change on Human Health.
National Center for Environmental Health. Available online at: https://
www.cdc.gov/climateandhealth/effects/default.htm#factsheets.
Environment and Climate Change Canada. 2016. Working Group
on Adaptation and Climate Resilience: Final Report. Available
online at: https://www.canada.ca/content/dam/eccc/migration/
cc/content/6/4/7/64778dd5-e2d9-4930-be59-d6db7db5cbc0/
wg_report_acr_e_v5.pdf.
Warren, F.J. and Lemmen, D.S., editors (2014): Canada in
a Changing Climate: Sector Perspectives on Impacts and
Adaptation; Government of Canada, Ottawa, ON, 286p. Available
online at: http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/
earthsciences/pdf/assess/2014/pdf/Full-Report_Eng.pdf.
Government of Canada. (2016). Growing the Middle Class. Cat.
No.: F1-23/3E-PDF. ISSN: 1719-7740. Her Majesty the Queen
in Right of Canada. Available online at: http://www.budget.
gc.ca/2016/docs/plan/budget2016-en.pdf.

36

37

38

39

Government of Canada. (2017). Building a Strong Middle Class
#Budget2017. Cat. No.: F1-23/3E-PDF. ISSN: 1719-7740. Her
Majesty the Queen in Right of Canada. Available online at: http://
www.budget.gc.ca/2017/docs/plan/budget-2017-en.pdf.
Yukon Government. 2015. Progress Report. Whitehorse (YK).
Available online at: http://www.env.gov.yk.ca/air-water-waste/documents/CCAP_progressreport_eng_2015.pdf.
First Nations of Québec and Labrador Sustainable
Development Institute. (2015). The Changing Climate:
Adaptation by First Nations in Québec. Available online
at: http://fnqlsdi.ca/wp-content/uploads/2015/09/
Forum-adaptation-CC-2015_Actes_en.pdf.
Clean Air Partnership (CAP) and ICLEI—Local Governments
for Sustainability (Management) Inc. (2015) Are we there yet?
Applying Sustainability Indicators to Measure Progress on
Adaptation. Available online at: http://www.icleicanada.org/images/
icleicanada/Applying_Sustainability_Indicators_to_Measure_
Progress_on_Adaptation-FINAL.pdf.

0848

CHAPTER 7

Financial, Technology, and
Capacity Building Support
Climate change is one of the greatest challenges facing humanity with implications for health,
agriculture, economy, trade, and infrastructure globally. Developing countries, particularly the
poorest and most vulnerable, are the hardest hit by climate change and have a limited capacity
to prevent and cope with its consequences. Canada is committed to acting in accordance with
science, promoting de-carbonization, supporting climate change efforts in developing countries,
empowering women and girls and enabling future prosperity through a sustainable national and
global economy.
One of the core aims of the Paris Agreement is to make all financial flows consistent with a
pathway towards low-emission, climate-resilient development. This goal requires all actors—
public and private—to transition to green and sustainable investments and accelerate clean
growth. Canada is supporting this transition by: delivering $2.65 billion (B) over five years
in climate finance to developing countries, scaling up to $800 million (M) per year by 2020;
integrating climate change into our development assistance; using public finance to address
market failures, helping to attract and mobilize climate investments from the private sector; and
deploying innovative climate resources, such as providing climate investment through Export
Development Canada.
Over 2015 and 2016 Canada delivered $625M in public finance alone from various channels to
a wide range of mitigation and adaptation initiatives. These initiatives are helping developing
countries make the transition towards low-carbon and climate resilient economies by providing
support to manage risks and build resilience to the impacts of climate change, deploy clean
energy technology, and support climate-smart agriculture in line with low carbon and climate
resilient pathways. This support includes:
•• $242M as part of Canada’s $2.65B commitment to significantly scale up climate financing for
developing countries by 2020;
•• $104M of international assistance projects with a climate change component as part of
Canada’s efforts to integrate climate change considerations into its development funding;
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•• $6M from Québec to the Least Developed Countries
A breakdown of Canada’s public climate finance
Fund, making Québec the first subnational
delivered over 2015 and 2016 is shown in Figure 7.1.
government to support the fund; and
•• $273M from Export Development Canada, Canada’s
export credit agency,
to7.1:
mobilize
private
Figure
Canada's
Publicsector
Climatefinance
Finance Delivered over 2015 to 2016 (CAD$ millions)
in sectors such as clean energy.
$6

Canada's $2.65B Climate Finance Commitment
$242
$273

Total
CAD$625 million

Interna=onal Assistance with a climate change component
Export Development Canada - Climate-relevant support
Provincial Support - Quebec

$104

Figure 7.1: Canada’s Public Climate Finance Delivered over 2015 and 2016 (CAD$ millions)

Canada and other developed country partners are
committed to continue to collectively mobilize climate
finance from a wide variety of sources, to address the
needs of developing countries. In 2016, Canada and
other donor partners delivered a collective Roadmap to
US $100 billion to demonstrate how we are meeting the
US $100B goal, highlighted at the 22nd Conference of
the Parties (COP22) to the United Nations Framework
Convention on Climate Change (UNFCCC). The
Roadmap provides clarity on the range of actions donors
are taking to get there, including leveraging private
sector finance, significantly scaling up finance for
adaptation, and enhancing access to finance.
Clean, innovative technologies and capacity building
for climate change are key to addressing climate change
and to growing a global low-carbon economy. Canada is
actively engaged in a broad range of actions to advance
the development and deployment of clean technologies
and supporting a range of actions to support capacity
building for climate change in developing countries.

7.1 Delivering on Canada’s Climate
Finance Commitments
In November 2015, Canada made a historic pledge of
$2.65B over five years to 2020 to support developing
countries transition to low-carbon economies that are
both greener and more climate-resilient. This financial
contribution is a substantial increase from Canada’s past
levels of climate funding, scaling up to $800M per year
by 2020.
Canada works multilaterally, as well as bilaterally with
key partner countries, to reduce greenhouse gas (GHG)
emissions and increase adaptive capacity to the impacts
of climate change. In addition to specific climate
focused efforts, Canada is integrating climate change
considerations across its development assistance.
Canada’s climate finance will closely align with its
overall development priorities with a focus on the
empowerment of women and girls and gender equality,
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outlined in Canada’s new Feminist International
Assistance Policy.

7.1.1 Delivering Canada’s $2.65 Billion Climate
Finance Pledge
In 2016, Canada began delivering its $2.65B pledge,
providing $242M through multilateral and bilateral
channels to initiatives that help developing countries
transition to low-carbon economies and manage risks
and build resilience to the impacts of climate change.
This includes support to the organizations and financial
mechanism of the UNFCCC. These organizations play
an important role in global action on climate change
by facilitating the delivery of climate finance and are
part of Canada’s efforts to successfully implement the
Paris Agreement. As part of its commitment, in 2016,
Canada provided:a
•• $168M to the Green Climate Fund (GCF). The
GCF is the largest dedicated international climate
fund, helping developing countries to reduce their
GHG emissions and adapt to the impacts of climate
change. The GCF has approved US $2.7B for
54 climate change projects around the world. These
investments are expected to mobilize an additional US
$6.5B in public and private finance, and are expected
to avoid 1 billion metric tonnes of CO2 equivalent,
equal to taking over 214 million cars off the road.
GCF funding will also support 159 million people in
increasing their resilience to climate change.b This
contribution is part of Canada’s $300M pledge to
the GCF. An example of a GCF-financed project in
2016 is the GCF’s Pacific Islands Renewable Energy
Investment Program in seven small island developing
states (SIDS)—the Cook Islands, Tonga, Republic
of Marshall Islands, Federated States of Micronesia,
Papua New Guinea, Nauru and Samoa. This program
will support the development of battery storage and
a

b

wind, solar and hydro renewable energy in these fossil
fuel dependent SIDS. The project is expected to result
in the reduction of 120,000 tonnes of carbon dioxide
equivalent per year, while dramatically increasing the
penetration of renewables in these markets.
•• $18.45M to the Global Environmental Facility
(GEF). Canada supported climate change activities
through its regular contributions to the GEF. Under
Canada’s $2.65B commitment, $18.45M per year of
Canada’s total contribution of $233.09M to the GEF
6th replenishment (2014–2018) supports the GEF’s
climate change efforts. Since its establishment in
1992, GEF-funded projects have achieved concrete
climate change impacts, including removing nearly
2.7 billion tonnes of GHGs through GEF projects.
An example of a GEF project supported during this
replenishment is the GEF project Facilitation of the
Achievement of Sustainable National Energy Targets
of Tuvalu in Tuvalu. This project aims to support the
Government of Tuvalu’s updated target of reducing
emissions of greenhouse gases from the electricity
generation sector by 100% by 2025. Tuvalu’s goal of
100% renewable energy-powered electricity will be
generated with a mix of the following methods: solar
PV installations, wind energy farms, battery storage
and back-up bio-diesel generators. The project is
expected to result in the reduction of 273,000 tonnes
of carbon dioxide equivalent per year.
Canada’s $2.65B commitment also includes bilateral
support for the implementation of developing countries’
Nationally Determined Contributions and National
Adaptation Plans, and to contribute to their transition to
clean and climate resilient economies.
•• For example, through a project with Cowater
International Inc. Canada is supporting low-carbon
economic growth in Jordan. A rapidly expanding
population, industrial pollution and climate change

Canada also contributed $500K to the UNFCCC Trust Fund for Supplementary Activities. This fund supports capacity building activities to
assist developing countries in undertaking mitigation, adaptation and climate reporting actions. This contribution is in addition to Canada’s
regular core contributions to the UNFCCC budget, which supports UNFCCC activities. Canada’ support to the UNFCCC budget is not
counted as part of Canada’s climate finance.
Up to date as of 31 October 2017.

0851214
Financial, Technology and Capacity Building Support

exposure have taken a toll on Jordan’s environment.
In line with Jordan’s National Green Growth Plan,
this project will help introduce energy efficient
solutions in Jordan by: launching an awareness
campaign targeting 25,000 people to raise awareness
of renewable energy and energy efficiency (RE&EE)
solutions; strengthening women’s organizations and

community-based organizations in the management
of RE&EE initiatives; and, help to procure and install
22,800 RE&EE units, including solar panels. Overall
the project is expected to improve the livelihoods of
150,000 people in poor communities, particularly for
women and youth.

ROLLING OUT CANADA’S $2.65B COMMITMENT
Since announcing Canada’s climate finance pledge in November 2015, Canada has been rolling forward at a fast pace implementing its
$2.65B commitment. In 2015 Canada announced $275M to specific initiatives.c Over 2016 and 2017, Canada has announced an additional
$335M, including:
•• $200M to the Asian Development Bank to catalyze private investments in climate change in low and lower-middle income countries and
small island developing states in Asia and the Pacific;
•• $122M for bilateral adaptation and mitigation projects in Burkina Faso, Haiti, Morocco Vietnam, Senegal, South Africa, and Latin America
and the Caribbean;
•• $5M for the UNFCCC Capacity Building Initiative for Transparency;
•• $3M to World Bank Transformative Carbon Asset Facility to support emission reductions;
•• $2.5M to the Clean Technology Centre and Network to improve access to clean technologies; and
•• $2M to the National Adaptation Plans Global Network for climate-capacity building.
Canada has also provided more details on several previous announcements, including:
•• $10M for climate and disaster resilience in Myanmar as part of Canada’s $50M G7 Initiative on Climate Risk Insurance, announced at
21st Conference of the Parties to the UNFCCC. This initiative will improve the capacity of the Government of Myanmar, private sector and
communities to better prepare and respond to extreme weather events;
•• $14M to support nationally determined contribution (NDC) implementation in Mexico and Chile as part of Canada’s $35M short-lived
climate pollutant (SLCP) reduction support announced at COP21.
For the most up-to-date information on recent project announcements please visit: https://climate-change.canada.ca/finance/Default.aspx

7.1.2 Integrating Climate Considerations into
Development Assistance
It is widely understood that climate change is both
a contributing factor and an exacerbating factor for
other development challenges, such as health, security,
economic growth, and gender equality. To reflect this
reality, Canada’s climate finance flows are consistent
with Agenda 2030 for Sustainable Development and,
in particular, Sustainable Development Goal (SDG)
13, which sets out targets for climate action, including:
implementing UNFCCC commitments; enhancing
adaptation and climate resilience; and promoting
effective climate planning with a focus on women, youth
and local and marginalized communities. Over 2015

c

Found in Canada’s 2nd Biennial Report, page 23.

and 2016 Canada delivered $104M of international
assistance projects with a climate change component
as part of Canada’s efforts to integrate climate change
considerations into its development funding.

Empowering Women and Girls
Women and girls are at particular risk when it comes
to climate threats, and their participation is crucial in
planning and implementing adaptation strategies to deal
with those threats. For example, when communities
organize themselves to adapt to climate change, women
often do not participate in the decision making and do
not get equal access to technologies. Having women
and girls as leaders and full participants leads to more
effective adaptation plans and projects that benefit all
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members of the community. When women have better
access to climate-resilient resources and technologies,
they are able to devote more time to the activities—
such as education, paid work, political and public
participation, and leisure activities—that enhance the
quality of life for entire communities.
The Paris Agreement emphasizes the importance of
gender equality in climate change action. Advancing the
health and rights of, and protecting and empowering,
women and girls is thus an overarching objective of
Canada’s approach to climate change. Canada’s pledge
and its development assistance both have a particular
focus on empowering women and girls.
Canada adopted a Feminist International Assistance
Policy in June 2017, a central theme of which is to
promote gender equality and help empower all women
and girls. Environment and climate action are one of six
action areas highlighted in the new policy, recognizing
that women and girls are disproportionately at risk from
the effects of climate change and need better support to
mitigate and adapt to changes that threaten their health
and economic well-being. Canada’s climate finance will
also have a focus on the empowerment of women and
girls and gender equality.
•• For example, over 2015 and 2016 Canada provided
$324,000 to the Caribbean Disaster Risk Management
Program which aims to improve resilience in the
Caribbean extreme weather events, such as hurricanes
and floods, and reduce their impact on communities.
Greater resiliency is achieved when all people and
sectors are involved in disaster risk prevention. To
ensure this, the Caribbean Disaster Risk Management
Program gives special attention to gender equality, to
ensure equal access to resources and opportunities for
both men and women in building their resilience and
adaptive capacity.

d

More information on Canada’s bilateral support
provided over 2015 and 2016 can be found in
Table 8 below.

7.1.3 Action by Canadian Sub-National
Governments
Canada recognizes the essential role sub-national
governments are playing in responding to climate
change. Sub-national governments are also playing an
increasingly important role in sustained and scaled-up
climate finance flows. Most notably, at the 2015 Paris
Climate Conference, Québec announced its support
of $25.5M to support actions to fight against climate
change in francophone countries that are the most
vulnerable to climate change.
Québec delivered $6M of this support in 2016 to the
GEF’s Least Developed Countries Fund, making
Québec the first sub-national government to support
the Fund. The remainder of Québec’s support to be
delivered includes: $18M for technology transfer and
capacity building initiatives in francophone countries.
A first call for projects has been launched earlier this
year. Fourteen projects from Québec non-governmental
organizations, businesses and research institutions have
been selected for funding and will be implemented in
12 countries. A second call for projects is planned within
the next few months. An additional $1.5M is aimed at
strengthening the capacities of francophone countries
to negotiate in French within the UNFCCC process
and implementing international climate commitments,
and strengthening the climate change actions of
Francophone youth aged 18 to 35.
Québec’s climate finance support is funded by Québec’s
Green Fund through the 2013–2020 Action Plan on
Climate Change.d The majority of the Green Fund’s
revenue comes from Québec’s linked carbon market
with California, a tool used by Québec to help achieve
its ambitious targets for reducing GHG emissions and
increase its resiliency to climate change impacts.

For more information, please visit: http://www.mddelcc.gouv.qc.ca/changementsclimatiques/plan-action-fonds-vert-en.asp.
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Canadian municipalities are also taking actions
to combat climate change notably through their
engagement and financing of the Federation of
Canadian Municipalities. For example, Canada is
providing $5M over five years starting in 2017 to the
Building Inclusive Green Municipalities initiative. This
initiative is being implemented by the Federation of
Canadian Municipalities and will provide support
to South African municipal governments to realized
mitigation and adaptation activities such as analyzing
local mitigation potentials in key emission reduction
sectors and securing the built environment against
hazards emerging from climate change impact.

7.1.4 Sectorial Distribution of Public Support
Canada’s climate finance is focused on supporting
developing countries in obtaining clean and reliable
sources of energy and enhance resilience, particularly
the poorest and most vulnerable countries, in their fight
to adapt to the impacts of climate change.
Over 2015 and 2016, 54% of Canada’s public climate
finance was allocated to adaptation initiatives, 42% to
clean energy and mitigation initiatives, and 4% to crosscutting initiatives that targeted both mitigation and
adaptation.e Canada’s public finance delivered during
this period consisted of 100% grant financing. The
sectorial distribution of Canada’s climate finance support
over the reporting period is shown in Figure 7.2.
Cross-cu7ng
4%

Mi&ga&on
42%

Adapta&on
54%

Figure 7.2: Canadian Climate Finance by Sector

e

Adaptation by the Poorest and Most Vulnerable
Canada is delivering on its promise to increase support
for vulnerable countries to adapt to climate change,
with new projects launched this year, working through
multilateral channels as well as in partnership with
organizations that make a difference at the community
level. Adaptation initiatives supported by Canada
during this reporting period aim to increase resilience
in vital sectors through climate–smart agriculture, risk
reduction insurance, meteorological services and climate
science and research.
•• For example, Canada is providing $10M over five
years (2016–2021) to support the improvement of
early warning systems in some of the most vulnerable
communities. Canada’s contribution will be delivered
through the World Meteorological Organization to
the Climate Risk Early Warning System (CREWS)
project to help developing countries, particularly the
small island developing states and least developed
countries. These systems have been proven to
reduce loss of life and economic hardship caused by
meteorological hazards such as tropical cyclones,
floods, severe storms, forest fires, and heat waves.
•• Canada also provided $3M in 2016 to AgroLAC 2025,
a fund managed by the Inter-American Development
Bank to support climate-smart agriculture in Latin
America and the Caribbean. It is projected that in
the absence of climate-smart agriculture and risk
management, climate change could cost the region
up to 137 percent of current GDP by the end of the
century. Therefore, this fund aims to sustainably
increase agricultural productivity in support of food
security while adapting and building resilience to
climate change in Latin America and the Caribbean.
Canada’s support will help to increase access for
agricultural sector players to regional and global food
markets; increase sustainable and resilient productivity
of targeted farmers; and, improve sustainable natural
resource management by targeted governments
and farmers.

Excludes support from EDC. Projects marked as 2. Mitigation and 2. Adaptation, such as the GCF, are accounted for 50% Adaptation and
50% Mitigation in this figure.

0854217
Financial, Technology and Capacity Building Support

Clean Energy
Canada’s mitigation support is consistent with the needs
identified in developing partners Nationally Determined
Contributions (NDCs). This support focuses on
deploying clean and renewable energy to shift countries
away from reliance on fossil fuels for energy. In addition,
Canada’s mitigation finance also supports sustainable
forest and agricultural management, to reduce GHG
emissions from these sectors.
•• For example, Canada provided $973,000 in 2016
through the United Nations Foundation to help tackle
Haiti’s deforestation and air pollution challenges.
Most Haitians use charcoal and wood as their source
of energy for cooking which contributes to the
country’s extreme deforestation. Household fuel
consumption in Haiti emits black carbon, contributing
to indoor and outdoor air pollution and global
warming. In fact, it is estimated that 9,500 Haitians
die each year due to hazardous air pollutants. Haiti has
set a target of reducing its GHG emissions by 31% by
2030. Canada is committed to helping Haiti to address

climate change and reduce harmful emissions by
supporting the development of a Clean Energy Action
Plan in Haiti. This plan will help build a national
household energy strategy focused on reducing the use
of wood and charcoal. By 2018, Canada will deliver a
total of $1.25M to support this initiative.

7.1.5 Geographic Distribution of Public Support
Over 50 developing countries are benefitting directly
from Canadian climate change support provided over
2015 and 2016. A much larger number of countries are
also benefitting from contributions made by Canada
to multilateral funds such as the GCF and GEF. The
geographic distribution of countries directly benefitting
from Canada’s climate finance support over the
reporting period is shown in Figure 7.3.

Figure 7.3: Global Map of countries directly receiving Canadian climate finance
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7.2 Scaling Up Climate Finance
The level of investment needed to address climate
change will not be met by public finance alone. The
private sector plays a key role in reaching the investment
levels required to shift the world towards a lowcarbon and climate resilient path. Canada is actively
contributing to global efforts to mobilize private
investment, using public climate funding to catalyze
private investment for transformational climate change
mitigation and adaptation initiatives. This funding
helps mobilize private-sector investment and expertise,
including in clean-technology innovation, in developing
countries so that they too may seize the economic
opportunities of the global shift towards clean growth.

7.2.1 Partnering with Multilateral Development
Banks and Other Development Partners
In scaling up climate financing, Canada works
collaboratively with a number of multilateral
organizations to provide innovative financing aimed at
removing investment risks to the private sector. Risks
preventing investment can include high upfront costs or
barriers such as lack of awareness of financial benefits of
climate investments.

Mobilizing Private Climate Finance for Solar Energy
in Sri Lanka
In 2016, through the International Finance Corporation—Canada
Climate Change Program, Canada invested US $7.5M to support
the installation of rooftop solar photovoltaic (PV) panels and
the implementation of green building measures on a chain of
18 supermarkets in Sri Lanka. This is the first solar PV and green
buildings project in the retail sector. Canada’s loan provided the longterm financing needed for this type of investment to be successful,
mobilizing over $12M from other public and private sources. The
panels will meet 30 to 50 percent of the supermarkets’ energy
consumption, avoiding an estimated 2,300 tonnes of GHG emissions
per year.f The project is also demonstrating the financial success of
rooftop solar PV for commercial initiatives in Sri Lanka, helping to
encourage similar investments in the future.

To date, these facilities have invested US $453M of
Canadian funding to projects, alongside US $2.56B in
co-financing from MDBs and from other public sources.
It is estimated that this financing has collectively
mobilised a total of US $1.7B in private climate
investment, approximately US $234M of which can be
directly attributed to Canada’s financial support.

Canada established Canadian facilities at multilateral
development banks (MDBs) designed to catalyze private
sector investments. Using concessional financing, these
facilities enable private investments, for example in clean
energy and climate resilience that would not otherwise
happen due to market barriers to investment.

f

Ex-ante estimated GHG emission reductions. Actual reductions may not match estimates.
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renewable energy capacity, leading to 3.3 terawatt-hours
of renewable energy generation per year.
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Figure 7.4: Private Climate Finance Mobilized through
Canadian Climate Change Facilities at MDBs ($ USD)

In May 2017, Canada announced a reinvestment of
$200M in funding to the Canadian Climate Fund for
the Private Sector in Asia at the Asian Development
Bank (CFPS). This fund aims to catalyze private
investment in climate change action in developing
Asian and Pacific countries, including small-island
developing states that are among the most impacted
by climate change. Canada’s investment will help to
reduce emissions, support a range of adaptation efforts,
create jobs and advance low-carbon, women-focused
projects to support development in the region. As of
December 2016, Canada’s investment in the CFPS has
resulted in an expected 1.8 million tonnes of carbon
reductions per year. These emission reductions are
due to the 674 megawatts of anticipated or installed

g

Further, the Canadian Climate Fund for the Private
Sector in the Americas (C2F)—a fund established by
Canada in 2012 at the Inter-American Development
Bank—abated 138,570 tonnes of CO2 in 2016 alone, and
260,340 tonnes of CO2 cumulatively. This was due to
200,547 megawatt hours of renewable electricity being
produced in 2016 alone, and 362,383 megawatt hours
being produced cumulatively in the project to date. The
C2F provided support for Divisa Solar, the first utility
scale solar photovoltaic project in Panama, operational
since August 2015. The project transmits the power
it generates to the national electricity grid, directly
competing with fossil fuel generators and testing the
long-term competitiveness of solar power in the region.
In 2016, Divisa Solar generated 13,857 megawatt
hours of energy, abated 9,284 tonnes of carbon dioxide
equivalent, and mobilized US $5.92M from the private
sector. Divisa Solar was also the first project under
the C2F to include a gender-targeted internship
program for women in science, technology, engineering
and mathematics.
MDBs are an important component in reaching
the US $100B goal and the transition toward lowcarbon sustainable development. Canada continues
to provide core contributions to MDBs, which
supports their funding of climate activities. Over 2015
and 2016, Canada provided an estimated $184M in
core contributions to MDBs that supported climate
activities.g This support is provided in addition to what
Canada reports as climate finance, which does not
include any core contributions.

7.2.2 Action by Export Development Canada
Export credit agencies contribute to the global goal
to address climate change by spurring investment in

Calculated based on OECD stats on MDB imputed climate shares in 2015. 2016 shares are assumed constant from 2015 levels, in the
absence of 2016 data at the time of this report.
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climate activities around the world. As a self-financing
crown corporation, Export Development Canada (EDC)
contributes to the Government of Canada’s priority to
support a global transition to a low carbon economy in
line with the objectives of the Paris Agreement.
EDC actively supports clean-technology, implementing
a ‘cleantech strategy’ to help enhance clean technology
deployment abroad. EDC has put in place specific
guidelines for higher-risk, earlier-stage clean-tech
transactions and, provides distinctive financing and
insurance in areas such as water treatment, energy
efficient lighting, waste-to-energy sectors, alternative
energy transportation, renewable energy generation,
smart-grid infrastructure, and energy efficiency. Further,
EDC contributed to global efforts to address climate
change by providing $273M in 2016 to climate finance
activities in developing countries.h
The adoption of the Paris Agreement was a commitment
to action by all and continues to send a clear and strong
signal to markets. For instance, green bonds are another
growing financing vehicle used to drive private climate
finance. EDC issued its first green bond in 2014, valued
at $300M reflecting EDC’s commitment to support
businesses that are active in protecting the environment
and mitigating climate change. In alignment with trends
towards low carbon and climate resilient technologies,
EDC issued its second green bond in December 2015
valued at US $300M. In May 2017, EDC issued their
third Green Bond valued at US $500M, their largest
Green Bond to date, reflecting the increase demand for
sustainable finance products with predictable, strong
financial returns.
In 2017, Canada announced the launch of a new
Development Finance Institution (DFI). The new
institute will enable partnerships with small and medium
enterprises from the private sector. It will mobilize
its resources and expertise to promote inclusive green
h

economic growth, while promoting the involvement
of women and young entrepreneurs in achieving
sustainable development objectives. The institute has an
initial capitalization of $300 million over five years and
will be housed at EDC. Canada’s new DFI will become
operational by early 2018.

7.3 Effectively Addressing the Needs
of Developing Countries
Canada is committed to help developing countries
address the challenges of climate change and make
the transition to sustainable, low-carbon economies.
Canada is providing $2.65B to developing countries and
international assistance projects with climate benefits
to support development based on climate resilience
and access to clean energy technologies. Through
Canada’s climate finance we are supporting initiatives
that strengthen developing country capacities in line
with country-driven priorities and needs to seize clean
growth opportunities and address climate change.
•• For example, through recent support, Canada
supported the Canada-Honduras Value-Added
Agroforestry Project, which is promoting sustainable
agricultural practices in Honduras. Central America
is one of the regions most affected by climate change.
Climate impacts could cause significant damage to
Honduras’s coffee production, a market important
to the Honduran economy. By implementing
agroforestry systems which are diversified and taking
measures to improve soil stability, crops will be more
resistant to extreme climatic conditions, such as
drought. Focusing on vulnerable regions and lowincome farmers, this project is expected to directly
improve the standard of living of 9,000 beneficiaries,
4,000 of which are women.

7.4 National Approach to Tracking
Canada’s climate finance is delivered through various
federal departments, sub-national governments, and
agencies, including Global Affairs Canada, Environment

Eligible transactions and projects are identified by using the International Finance Corporation (IFC) “Special Climate” category within the
IFC-Definitions and Metrics for Climate-Related Activities.
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and Climate Change Canada and the International
Development and Research Centre. These departments
work closely together to track Canada’s climate
finance to present a comprehensive picture of Canada’s
contribution to the transition to low carbon and climate
resilient economies.
The most up-to-date information on climate finance
support from Canada is found on the climate finance
website.i This interactive website provides detailed
project level information, including results achieved.
Users can search for projects on this site by country,
region, priority sector, year of contribution, and
key word.
Canada provides transparent information on climate
financing to showcase successful contributions,
strengthen accountability and results, and maximize
demonstration effects. Granular reporting is an
important part of this, which is why Canada reports at
the project level for all of its climate finance. Canada
is committed to continue to improve the overall
transparency and tracking of its climate finance.
Canada is working with other donors and international
organizations, such as the OECD, to improve the
measurement and reporting of climate finance. Since the
2nd Biennial Report Canada has implemented changes
to its accounting approach which are better aligning
Canada’s accounting to that of its donor partners. These
changes include transitioning from reporting by fiscal
year to calendar year and applying a 30% co-efficient
to all projects where climate change is a component
and not the principal purpose of the initiative. This
harmonization is helping to facilitate collective reporting
exercises and is increasing the comparability of climate
finance data across donors.
More information on the methodologies used for
reporting Canada’s climate finance can be found in
Annex 4 at the end of this chapter.

i

7.5 Technology and Capacity Building
7.5.1 Technology
Clean, innovative technologies are key to addressing
climate change and to growing a global low-carbon
economy. Access to clean technologies helps developing
countries reduce GHG emissions and better adapt to the
effects of climate change they are already facing. Canada
is actively engaged in a broad range of actions to advance
the development and deployment of clean technologies
globally. These actions include developing and sharing
knowledge and tools to support forest greenhouse gas
mitigation, forest management adaptation goals, clean
energy software, smart grids, reducing black carbon and
methane emissions, and financing for climate change
adaptation and mitigation. Examples of these actions
that occurred between 2015–2016 are outlined below
and in Table 10. Featured success stories are included in
Table 9.

Mitigation and Adaptation
Throughout 2015 and 2016, Canada supported the
United Nations Climate Technology Centre and
Network (CTCN) as a member of the Advisory Board
(AB) and through the outreach work of its National
Designated Entity (NDE) to the CTCN. The CTCN
provides climate advice and expertise to enable the
transfer of technologies to developing and emerging
countries at their request. Canada’s NDE worked with
private sector partners and members of the CTCN
to provide seven webinars on topics ranging from
implementing energy efficiency to risk mapping for
climate change.
Canada has also actively raised awareness of the Private
Financing Advisory Network (PFAN), under the
United Nations Industrial Development Organization
(UNIDO), and has promoted PFAN’s core work of
mobilizing private sector resources in international
climate finance. The International Development

For more information, please visit: https://climate-change.canada.ca/finance/.
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Research Centre (IDRC) of Canada worked with PFAN
in assessing barriers to private investment in adaptation,
developing a portfolio of adaptation initiatives that are
investment-ready, and testing a new model for bridging
investors with SMEs focused on adaptation called the
Investor Forum. The 2nd Investor Forum was held in
February 2017. This forum identifies viable investment
opportunities, develops project pipelines, and connects
companies with investors and financiers. Projects from
Ethiopia, Uganda, and Kenya were successful in raising
finance through the Investor Forum.
IDRC is working with Sistema B, an institution that
promotes B Corporations in Latin America (companies
that foster environmental sustainability or create public
goods by leveraging the power of the private sector),
to develop an action-research program and taskforce of
sustainable enterprises and academics in Latin America.
The goal is to co-develop knowledge on climate change
and sustainable venturing, a movement that aims to
harness the innovative power of entrepreneurship as
a transformative mechanism to achieve the dual goals
of development and environmental sustainability.
This partnership evaluates the direct impacts of B
Corporations on climate change adaptation and
mitigation, and assesses the potential of market
innovators to motivate larger companies to act for
climate resilience. It aims to develop strategies, policy
instruments and knowledge on effective climate change
adaptation and mitigation.

Clean Energy
Promoting clean energy is a pillar of Canada’s strategy
to mitigate climate change. An example of promoting
clean energy is the RETScreen Clean Energy
Management Software (RETScreen). Developed by
Natural Resources Canada, RETScreen is the world’s
foremost clean energy decision making software which
has helped to significantly reduce costs associated with
identifying and assessing potential energy projects. The
latest generation of the software was released globally in
2016 and is available in 36 languages.

Canada hosted events to support smart grids
and distributed energy technologies through the
International Smart Grid Action Network (ISGAN),
the implementing agreement under the International
Energy Agency, and an initiative under the Clean
Energy Ministerial. In 2016, Canada hosted the 7th
international Conference on Integration of Renewable
and Distributed Energy Resources to share knowledge
among North American, European and Asian
practitioners and researchers.
Several Latin American countries, including Mexico and
Colombia, have benefited from Canadian collaboration
on the development of Nationally Appropriate
Mitigation Action (NAMA) plans for oil and natural
gas industry reductions of black carbon, methane and
volatile organic compound (VOC) emissions from
flaring, venting and fugitive equipment leaks, as well
as reduced GHG and pollutant emissions through
improved energy efficiency. Both Mexico and Colombia
are now using their NAMA project outcomes on their
NDCs submitted in 2015 and ratified in 2016.

Forestry and Land-Use Management
Canada has provided knowledge, mentoring and
guidance on forest GHG emissions mitigation and
forest management adaptation through the provision
of the Carbon Budget Model of the Canadian Forest
Sector (CBM-CFS3) to Mexico (2003–present),
Korea (2013–present), Poland (2012–present), Italy
(2009–present), and USA (2008–present). The CBMCFS3 is a framework that supports the analysis of past
and projected GHG emissions and removals in the
forest sector.
The Global Fire Early Warning System is operated
by Canada and is a project of the Global Observation
of Forest Cover and Landcover Dynamics Fire
Implementation Team. As part of this system, Canada
has developed and installed new regional and national
Fire Danger Rating Systems and provided training to
Indonesia, Malaysia, Mexico, Armenia and Georgia.
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Canada has also collaborated with Chile on science
and technology exchanges and workshops for capacity
building to further develop and apply the Canadian
Forest Fire Weather Index System as the foundation
for a fire early warning system in Chile and a mitigation
tool for wildlife disaster.

7.5.2 Capacity Building
Implementation of the Paris Agreement requires action
in all parts of the world. Therefore, the Agreement
commits to enhance capacity building to ensure all
countries, at various stages of development and with
different levels of capabilities, have the necessary
skills and knowledge to contribute to global efforts
to reduce emissions and adapt to climate change.
Canada is committed to a range of actions to support
capacity building for climate change in developing
countries. This includes building capacity through
the dissemination of training on software and tools
developed by Canada, the provision of support to
help partners effectively use these tools, research
and development collaboration, building capacity
on adaptation to climate change, as well as provision
of support for the use of tools to inform mitigation
actions across the forest sector. This section highlights
initiatives that Canada carried out since its BR2 and
covers the period between 2015 and 2016. Additional
information is provided in Table 11.

Mitigation and Adaptation
In 2013, Canada’s International Development Research
Centre (IDRC) launched the Integrated Climate
Change Modeling and Policy Linkages for Adaptive
Planning project—a multi-year capacity building
initiative targeted at helping research teams to deliver
policy-relevant and demand-driven assessments
that are informed by climate and hydrological
modeling. Completed in November 2015, this project
assisted countries in Africa, Asia, Latin America and
the Caribbean.
IDRC also supports the Frankfurt School of
Management and the Thailand Development Research

Institute to train future leaders in the science,
policy and private sectors who are active in climate
adaptation finance by discussing current challenges and
opportunities in adaptation and adaptation finance. The
project, launched in February of 2016, is developing
a typology for adaption projects, outlining criteria for
attracting and securing investments, investigating the
mitigation of financial and business risks associated with
adaptation projects, and determining how public policy
can enable larger financial flows into adaptation.
Since September of 2015 IDRC has been collaborating
with Business for Social Responsibility to identify
barriers and opportunities in climate change adaptation
for sustainable enterprises in Africa and Asia. Together,
these organizations have developed innovative strategies
and policy instruments, and published new knowledge.
The South Asian Water Leadership Program on
Climate Change, funded by the IDRC from 2016–2020,
aims to increase the number of women occupying
leadership roles in the climate change field and the water
sector in particular. With IDRC support, the program
will be awarding fellowships to 36 women enrolled in
graduate level integrated water resources management
programs in Bangladesh, India, Nepal, and Sri Lanka,
and providing these women with opportunities to access
decision-making environments through internships.
Canada’s IDRC also approved funding in 2016
for the Build Leadership for Latin American and
Caribbean Cities in a Changing Climate program, from
2017–2021, which aims to develop multiple technical
capacities among young leaders, in particular women. It
consists of a Postgraduate Diploma focuses on providing
young leaders with practical knowledge of climate risk
and urban management accompanied by participatory
planning and negotiation skills to enable them to advise
local public and private stakeholders for the effective
development of climate resilient transformative policies
in medium-sized cities.
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Clean Energy
The RETScreen Clean Energy Management Software
is the world’s leading clean energy decision-making
software. The software has helped significantly reduce
the costs associated with identifying and assessing
potential clean energy projects as well as with ongoing
performance analysis. In 2015 and 2016, Canada
provided RETScreen expertise and tools to the Clean
Energy Ministerial’s Clean Energy Solutions Center
(CESC), and created a series of free publicly accessible
webinars with CESC. The majority of participants in
the webinars were from developing countries.
Canada also participates in the Heavy Oil Working
Group (HOWG), which is part of the Energy and
Climate Partnership of the Americas. It serves as
a forum for heavy oil producers/consumers in the
Americas, including exchange of information on best
practices and technological innovation in the area of
reducing methane emissions. In 2015, Canada led
the 4th HOWG meeting, held on the margins of the
Heavy Oil Latin America Conference & Exhibition, in
Bogotá, Colombia.
Canada also shared its knowledge and experiences
with carbon capture, utilization and storage (CCUS)
technology in a presentation at the Latin American and
Caribbean Carbon Forum in Panama City in 2016. The
presentation focussed on the CCUS business cases of
successful Canadian projects.
As part of trilateral Canada-U.S.-Mexico collaboration
on clean energy, Canada hosted the third trilateral
multi-stakeholder CCUS workshop in October 2016,
which included a delegation of 10 from Mexico. The
event featured site visits to Canada’s CCUS projects in
Saskatchewan, and an additional program in Alberta
for the Mexican delegation to tour a CCUS project
and meet with Government of Alberta officials. This
workshop facilitated the sharing of first-of-a-kind
Canadian knowledge and experiences in support of
Mexico’s future CCUS projects.

Multilaterally, Canada is a member of the Carbon
Sequestration Leadership Forum (CSLF) which is a
Ministerial-level international initiative, composed of
25 countries and the European Commission, that seeks
to advance CCUS globally through collaborative efforts.
Canada is a member of the CSLF Capacity Building
Governing Council which approved five projects to
support CCUS capacity building in Brazil, South Africa,
Mexico and China in 2015–16.
Canada is playing a leadership role in Mission
Innovation (MI) and the Clean Energy Ministerial
(CEM). MI is a global initiative of countries working
to scale up investment in clean energy innovation.
Canada is taking action to double its public investments
in clean energy research and development over five
years while encouraging collaboration among partner
nations, sharing information, and coordinating with
businesses and investors. Canada is a member of the MI
Steering Committee.
The CEM is a global initiative to advance the
development and deployment of clean energy
technologies, including through various technical
initiatives. Canada participates in a number of clean
energy initiatives under CEM, which enable policy/best
practice collaboration amongst member countries in a
number of key areas related to energy demand, energy
supply, energy systems and integration, and crosscutting
policy support. For example, as a member of the Clean
Energy Solutions Centre, Natural Resources Canada
provides technical expertise through the Centre’s “Ask
an Expert” service on its world-leading RETScreen
Clean Energy Management Software, bringing clean
energy solutions to decision makers globally. Canada is a
member of the CEM Steering Committee.

Forestry and Land Use Management
The Carbon Budget Model of the Canadian Forest
Sector (CBM-CFS3) provides ongoing support to
scientists in South Korea, Poland, Italy, Mexico and the
United States. Canada collaborated with South Korea
on scientific and technical cooperation, hosting a visiting
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scientist, preparing a national-scale application and
testing the CBM in South Korea. The CBM-CFS3 has
also been used in the trilateral Canada-U.S.-Mexico
context, through a joint project on Integrated Modeling
and Assessment of Climate Change Mitigation Options
in the North American Forest Sector. This project
involves collaboration on the analyses of mitigation
scenarios for two regions in Mexico and two regions in
the U.S. (2016).
The International Model Forest Network (IMFN)
provides capacity building through research extension,
the development of policy options, and communications
activities to increase awareness of the need to adapt to
the impacts of climate change. Canada contributed to
the IMFN by producing communications products and
delivering presentations at the World Forestry Congress
in 2015.
Canada also co-sponsored a series of workshops through
Model Forests on building sustainability in landscape
management, landscape restoration, and governance in
restoring degraded landscapes. These workshops were

held in Latin America and the Caribbean in 2013, 2014
and 2015. At each workshop, over 40 participants from
13 Latin American and Caribbean countries advanced
the understanding of Climate Change/REDD+ agencies,
activities and processes among Model Forest experts.
Canada is the co-chair of the Global Partnership
on Forest and Landscape Restoration (GPFLR)—a
proactive global network of governments, organizations,
research institutes, and communities who aim to restore
the world’s degraded forests and their surrounding
landscapes. As co-chair and an active partner and
member of the e-secretariat, Canada continued to help
organize multiple and varied learning opportunities
related to Forest and Landscape Restoration around the
world and online in 2015 and 2016.

0863226
Financial, Technology and Capacity Building Support

Annexes
Annex 1: Financial Tables (2015 and 2016)

Table 6: Summary of Public Financial Support (2015 and 2016)
2015
DOMESTIC CURRENCY

USD

Climate Specific
ALLOCATION CHANNELS
Total contributions through multilateral
channels:
Multilateral climate change funds

Core/General
139,191,509

Mitigation
15,000

Climate Specific

Cross-Cutting

500,000

3,250,000

108,827,384

250,000

29,964,815

38,325,000

Other

Core/General

Adaptation

Mitigation
11,728

Adaptation

Cross-Cutting

390,930

2,541,047

Other

195,465

Other multilateral climate change funds
Multilateral Financial Institutions, including regional
development banks
Specialized United Nations bodies

95,571,679
5,294,830

Total contributions through bilateral, regional
and other channels
Total

139,191,509

74,723,749
15,000

500,000

3,000,000

1,962,715

45,761,317

1,655,707

1,977,715

46,261,317

4,905,707

4,138,820

108,827,384

11,728

390,930

2,345,582

1,534,568

35,778,979

1,294,532

1,546,296

36,169,909

3,835,579

2016
DOMESTIC CURRENCY

USD

Climate Specific
Mitigation
ALLOCATION CHANNELS
Total contributions through multilateral
channels:
Multilateral climate change funds

Adaptation

Core/General
132,525,006

15,000

38,325,000

CrossCutting

Climate Specific
Other

Mitigation

Adaptation

Cross-Cutting

12,609,023

130,073,939

4,526,935

126,754,186

Core/General

16,712,000

172,400,000

99,988,687

6,000,000

168,000,000

28,915,799

11,317

Other multilateral climate change funds
Multilateral Financial Institutions, including regional
development banks
Specialized United Nations bodies
Total

88,905,176

67,077,996

5,294,830

15,000

10,712,000

4,400,000

132,525,006

13,013,151

60,349,803

177,644,776

0

3,994,892

11,317

8,082,088

3,319,753

99,988,687

9,818,282

45,533,274

134,031,066

2015: Information covers calendar year January 2015 to December 2015. Exchange rates based on OECD/DAC Rates for 2015: 0.7818608.
2016: Information covers calendar year January 2016 to December 2016. Exchange rates based on OECD/DAC Rates for 2016: 0.7544892.

Other
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Table 7: Finance delivered through Multilateral Channels (2015 and 2016)
2015
TOTAL AMOUNT
Core/General

DONOR FUNDING

CAD

USD

38,325,000

29,964,815

STATUS

FUNDING
SOURCE

FINANCIAL
INSTRUMENT

TYPE OF SUPPORT

SECTOR

ODA
OOF
Other

Grant
Concessional
Non-concessional
Loan
Equity
Other

Mitigation
Adaptation
Cross-cutting
Other

Energy Transport
Industry Agriculture
Forestry Cross-cutting
Other
Not applicable

Climate-specific

CAD

USD

Committed,
Disbursed

Multilateral Climate Change Funds
1. Global Environment Facility

Disbursed

ODA

Grant

Mitigation

Cross-cutting

Disbursed

ODA

Grant

Cross-cutting

Cross-cutting

2. Least Developed Countries Fund
3. Special Climate Change Fund
4. Adaptation Fund
5. Green Climate Fund
6. UNFCCC Trust Fund for
Supplementary Activities

250,000

195,465

250,000

195,465

7. Other multilateral climate change funds
Subtotal

38,325,000

29,964,815

Multilateral financial institutions, including regional development banks
1. World Bank
2. International Finance Corporation
3. African Development Bank

6,902,585

5,396,861

Disbursed

ODA

Grant

Cross-cutting

Cross-cutting

4. Asian Development Bank

7,153,519

5,593,056

Disbursed

ODA

Grant

Cross-cutting

Cross-cutting

2,019,583

1,579,032

Disbursed

ODA

Grant

Cross-cutting

Cross-cutting

8. International Development Association

79,495,992

62,154,800

Disbursed

ODA

Grant

Cross-cutting

Cross-cutting

Subtotal

95,571,679

74,723,749

5. European Bank for Reconstruction and
Development
6. Inter-American Development Bank
7. Other

Specialized United Nations Bodies
1. United Nations Development
Programme (specific programmes)
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Table 7: Finance delivered through Multilateral Channels (2015 and 2016) (continued)
2015
TOTAL AMOUNT
Core/General

DONOR FUNDING

CAD

USD

STATUS

FUNDING
SOURCE

FINANCIAL
INSTRUMENT

TYPE OF SUPPORT

SECTOR

ODA
OOF
Other

Grant
Concessional
Non-concessional
Loan
Equity
Other

Mitigation
Adaptation
Cross-cutting
Other

Energy Transport
Industry Agriculture
Forestry Cross-cutting
Other
Not applicable

Climate-specific

CAD

USD

Committed,
Disbursed

2. United Nations Environment
Programme
(specific programmes)
3. Other
15,000

The Partnership for Clean Fuels and
Vehicles (PCFV): Systems Approach to
Clean Fuels and Vehicle Regulations*
Multilateral Fund for the Montreal
Protocol+

5,294,830

11,728

4,138,820

Disbursed

ODA

Grant

Mitigation

Transport

Disbursed

ODA

Grant

Mitigation

Environmental
management

Contribution to the Global Framework for
Climate Serviced (GFCS)+

200,000

156,372

Disbursed

ODA

Grant

Adaptation

Cross-cutting

Support to the International Organisation
of the Francophonie (OIF)+

300,000

234,558

Disbursed

ODA

Grant

Adaptation

Cross-cutting

3,000,000

2,345,582

Disbursed

ODA

Grant

Cross-cutting

Agriculture

Consultative Group on International
Agricultural Research (CGIAR)*
Subtotal
Total

5,294,830

4,138,820

3,515,000

2,748,240

139,191,509

108,827,384

3,765,000

2,943,705
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Table 7: Finance delivered through Multilateral Channels (2015 and 2016) (continued)
2016
TOTAL AMOUNT
Core/General

DONOR FUNDING

CAD

USD

38,325,000

28,915,799

STATUS

FUNDING
SOURCE

FINANCIAL
INSTRUMENT

TYPE OF
SUPPORT

SECTOR

ODA
OOF
Other

Grant
Concessional
Non-concessional
Loan
Equity
Other

Mitigation
Adaptation
Cross-cutting
Other

Energy Transport
Industry Agriculture
Forestry Cross-cutting
Other
Not applicable

Climate-specific

CAD

Committed,
Disbursed

USD

Multilateral Climate Change Funds
1. Global Environment Facility

Disbursed

ODA

Grant

6,000,000

4,526,935

Disbursed

ODA

Grant

Adaptation

Cross-cutting

168,000,000

126,754,186

Disbursed

ODA

Grant

Cross-cutting

Cross-cutting

174,000,000

131,281,121

2. Least Developed Countries Fund
3. Special Climate Change Fund
4. Adaptation Fund
5. Green Climate Fund
6. UNFCCC Trust Fund for
Supplementary Activities
7. Other multilateral climate change funds
Subtotal

38,325,000

28,915,799

Multilateral financial institutions, including regional development banks
1. World Bank
2. International Finance Corporation
3. African Development Bank
7,153,519

5,397,253

Disbursed

ODA

Grant

Cross-cutting

Cross-cutting

2,237,757

1,688,364

Disbursed

ODA

Grant

Cross-cutting

Cross-cutting

8. International Development Association

79,513,900

59,992,379

Disbursed

ODA

Grant

Cross-cutting

Cross-cutting

Subtotal

88,905,176

67,077,995

4. Asian Development Bank
5. European Bank for Reconstruction and
Development
6. Inter-American Development Bank
7. Other

Specialized United Nations Bodies
1. United Nations Development
Programme (specific programmes)
2. United Nations Environment
Programme (specific programmes)
3. Other

0

0
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Table 7: Finance delivered through Multilateral Channels (2015 and 2016) (continued)
2016
TOTAL AMOUNT
Core/General

DONOR FUNDING

CAD

USD

STATUS

FUNDING
SOURCE

FINANCIAL
INSTRUMENT

TYPE OF
SUPPORT

SECTOR

ODA
OOF
Other

Grant
Concessional
Non-concessional
Loan
Equity
Other

Mitigation
Adaptation
Cross-cutting
Other

Energy Transport
Industry Agriculture
Forestry Cross-cutting
Other
Not applicable

Climate-specific

CAD

USD

Committed,
Disbursed

United Nations Development
Programme—Support for COP22

1,400,000

1,056,285

Disbursed

ODA

Grant

Cross-cutting

Cross-cutting

International Fund for Agricultural
Development: Climate Change
Adaptation+

10,000,000

7,544,892

Disbursed

ODA

Grant

Adaptation

Agriculture

15,000

11,317

Disbursed

ODA

Grant

Mitigation

Transport

462,000

348,574

Disbursed

ODA

Grant

Adaptation

Disaster prevention and
preparedness

Disbursed

ODA

Grant

Mitigation

Environmental
management

Disbursed

ODA

Grant

Adaptation

Cross-cutting

37,724 Disbursed

ODA

Grant

Adaptation

Cross-cutting

ODA

Grant

Cross-cutting

Agriculture

The Partnership for Clean Fuels and
Vehicles (PCFV): Systems Approach to
Clean Fuels and Vehicle Regulations*
World Meteorological Organisation—
Climate Risk Early Warning Systems
(CREWS)+
Multilateral Fund for the Montreal
Protocol+

5,294,830

3,994,892

Contribution to the Global Framework for
Climate Serviced (GFCS)+

200,000

Support to the International Organisation
of the Francophonie (OIF)+

50,000
3,000,000

Consultative Group on International
Agricultural Research (CGIAR)*
Subtotal
Total

150,898

2,263,468

5,294,830

3,994,892

15,127,000

11,413,158

132,525,006

99,988,686

189,127,000

142,694,279

Disbursed

2015: Information covers calendar year January 2015 to December 2015. Exchange rates based on OECD/DAC Rates for 2015: 0.7818608.
2016: Information covers calendar year January 2016 to December 2016. Exchange rates based on OECD/DAC Rates for 2016: 0.7544892.
Amounts are rounded to the available level of confidence.
(+) Contribution targeting the Rio Conventions as a ‘principal objective.’
(*) Contribution targeting the Rio Conventions as a ‘significant objective.’
The Green Climate Fund is aiming for a 50:50 balance between mitigation and adaptation over time, on a grant-equivalent basis.
Core contributions to multilateral organizations are calculated based on OECD stats on MDB imputed climate shares in 2015. 2016 shares are assumed constant from 2015 levels in the absence of
2016 at the time of this report. CAD $18.45M per year of Canada’s contribution to the Global Environment Facility (GEF) 6th replenishment represents an increase of annual payments to support the
GEF’s climate change efforts.
Canada’s contribution to the Least Developed Countries Fund reported in 2016 was provided by the province of Québec.
For further information please refer to Canada’s 7th National Communication and Canada’s 3rd Biennial Report.
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Table 8: Finance delivered through Bilateral, Regional, and Other Channels (2015 and 2016)
2015

RECIPIENT COUNTRY/ REGION/
PROJECT/ PROGRAMME

TOTAL AMOUNT
CLIMATE-SPECIFIC

FUNDING
SOURCE

FINANCIAL
INSTRUMENT

Disbursed

ODA

Grant

Adaptation

Health

Support to development goals across Africa and Asia,
including women and children’s health in Central Asia,
education in East Africa, and civil society initiatives such as
gender equality, innovation, and climate change adaptation.

10,921

Disbursed

ODA

Grant

Mitigation

Energy

Aims to enhance the equitable and sustainable
development and management of African water resources
for socio-economic development, the environment and
resilience to water-related disasters and climate change.

540,000

422,205

Disbursed

ODA

Grant

Mitigation

Energy

Aims to enhance the equitable and sustainable
development and management of African water resources,
infrastructure and data management systems for poverty
alleviation, socio-economic development, the environment
and resilience to water-related disasters and climate
change.

Asia/Global Challenge and Grow
Asia*

600,000

469,116

Disbursed

ODA

Grant

Cross-cutting

Agriculture

Support to address challenges and risks to smallholder
farmer food systems, including climate change, in order to
increase sustainability.

Bangladesh, Honduras, Mali,
Mozambique, Tanzania/World Renew
Food & Economic Security*

330,106

258,097

Disbursed

ODA

Grant

Adaptation

Agriculture

Aims to address rural poverty issues caused mainly by
erratic weather, declining soil infertility, lack of agricultural
inputs and land tenure, through strategies including food
security, economic growth and community governance
capacity.

Bolivia/Agro-Industrial Production
and Exports*

524,596

410,161

Disbursed

ODA

Grant

Adaptation

Agriculture

Strengthening of climate-resilient agriculture in Bolivia
through crop production to withstand climate fluctuation
and instability, and through new investments in irrigation to
combat periodic drought conditions.

Bolivia, Ethiopia, Ghana, Mali/
Linking Initiatives, Stakeholders and
Knowledge for Livelihood Security*

672,402

525,725

Disbursed

ODA

Grant

Adaptation

Agriculture

Aims to improve livelihood security and resilience in
environmentally sustainable ways, in order to increase
available food, improve management practices, and
diversify sources of income.

CAD

USD

5,823,101

4,552,854

13,968

Africa/African Water Facility
Cooperation*

Afghanistan, Bangladesh, Egypt, India,
Kenya, Kyrgyzstan, Madagascar, Mali,
Mozambique, Pakistan, Tajikistan,
Tanzania, Uganda/Partnership for
Advancing Human Development in
Africa and Asia*
Africa/African Water Facility—
Advisory Services*

STATUS

TYPE OF
SUPPORT

SECTOR

ADDITIONAL INFORMATION
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Table 8: Finance delivered through Bilateral, Regional, and Other Channels (2015 and 2016) (continued)
2015

RECIPIENT COUNTRY/ REGION/
PROJECT/ PROGRAMME

TOTAL AMOUNT
CLIMATE-SPECIFIC
CAD

USD

STATUS

FUNDING
SOURCE

FINANCIAL
INSTRUMENT

TYPE OF
SUPPORT

SECTOR

ADDITIONAL INFORMATION

Burkina-Faso, Benin, Ethiopia,
Guatemala, Nicaragua/Seeds
Survival Program*

1,099,094

859,338

Disbursed

ODA

Grant

Adaptation

Agriculture

Aims to increase food security and agricultural training
among small-scale farmers who are experiencing food
security challenges for various reasons, including climate
change.

Burkina-Faso, Bolivia, Peru/Food
Security Innovation and Mobilization*

1,035,707

809,779

Disbursed

ODA

Grant

Cross-cutting

Agriculture

Increase food security and promote sustainable livelihoods
in rural semi-arid areas in Burkina Faso, Bolivia and Peru,
through the transfer of technology and practical leadership
training.

Burkina-Faso, Ghana, Malawi,
Uganda, Zambia/Building Innovative
and Adaptive Capacity*

451,249

352,814

Disbursed

ODA

Grant

Adaptation

Agriculture

Provide support to increase the capacity of public service
institutions and small and growing businesses to innovate,
adapt to changing circumstances, and incorporate gender
equality and environmental sustainability.

Cambodia, Indonesia, Philippines,
Thailand, Vietnam/Integrated
Disaster Risk Management*

592,500

463,253

Disbursed

ODA

Grant

Adaptation

Disaster
preparedness
and prevention

Aims to reduce the impact of disasters on vulnerable
populations and increase resilience by providing support
to governments and civil society to manage and reduce
disaster risk, for instance through the development of
disaster risk financing.

Caribbean/Caribbean Disaster Risk
Management Program*

216,546

169,309

Disbursed

ODA

Grant

Adaptation

Disaster
prevention and
preparedness

Aims to increase the capacity of regional organizations,
national governments and local communities in the
Caribbean to respond to and manage natural disasters
through institutional support and gender-equal
programming, disaster risk management and community
resilience strategies.

4,336

3,390

Disbursed

ODA

Grant

Adaptation

Disaster
preparedness
prevention/
coastal
protection

Protection of vulnerable people, and inclusion of all
residents in governance and management strategies, in
the coastal zone of south-east Cuba, to address poverty
eradication and environmental protection and sustainability.

Democratic Republic of Congo, Haiti,
Senegal/Knowledge of the People
of the Earth*

571,519

446,848

Disbursed

ODA

Grant

Adaptation

Agriculture

Increase food security and promote sustainable livelihoods
to increase climate resilience.

Ethiopia/Food Sufficiency for
Farmers*

955,104

746,759

Disbursed

ODA

Grant

Adaptation

Agriculture

Improve resilience of communities to climate risks by
improving food capacity through increased incomes or
greater ability to grow food.

Cuba/Integrated Coastal Zone
Management*
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Table 8: Finance delivered through Bilateral, Regional, and Other Channels (2015 and 2016) (continued)
2015

RECIPIENT COUNTRY/ REGION/
PROJECT/ PROGRAMME

TOTAL AMOUNT
CLIMATE-SPECIFIC

FUNDING
SOURCE

FINANCIAL
INSTRUMENT

Disbursed

ODA

Grant

Adaptation

Agriculture

Support smallholder farmers through sustainable
watershed and land management measures to address
low agriculture yields exacerbated by the impacts of
climate change.

612,550

Disbursed

ODA

Grant

Adaptation

Agriculture

Support to farmers to address issues such as soil fertility
and climate change to increase food security and support
conservation agriculture.

560,416

438,167

Disbursed

ODA

Grant

Adaptation

Agriculture

Support to enhance the productivity of small farmers in
tree crops, including through increased environmentally
sustainable farming in Ghana’s tree crop industry.

917,900

717,670

Disbursed

ODA

Grant

Adaptation

Agriculture

Support for sustainable, gender equitable food security
though cooperatives and introducing climate resilience
strategies such as increasing access to drought-resistant
seed varieties.

Ghana/Resilient & Sustainable
Livelihoods Transformation in
Northern Ghana*

1,488,135

1,163,514

Disbursed

ODA

Grant

Adaptation

Agriculture

Offers solutions that address the root causes behind lack
of access to sufficient, nutritious food and the vulnerability
to food shortages such as technical in climate change
adaptation and disaster risk management practices.

Ghana/Water, Sanitation and
Hygiene in Disaster-prone
Communities in Northern Ghana*

3,475,500

2,717,357

Disbursed

ODA

Grant

Adaptation

Disaster
preparedness
and prevention

Aims to increase access to disaster-resilient water,
sanitation and hygiene services, and to strengthen
disaster preparedness, for 200,000 people in 265 at-risk
communities in Northern Ghana.

Ghana, Mali, Sierra Leone, Senegal/
System Approach to Improve and
Sustaining Food*

543,716

425,110

Disbursed

ODA

Grant

Adaptation

Agriculture

Aims to increase food security and promote sustainable
livelihoods of people living in poor rural communities
across multiple African countries, through the adoption of
agricultural practices.

Guatemala/Purchase for Progress
and Scaling Up Nutrition in
Guatemala*

495,465

387,384

Disbursed

ODA

Grant

Mitigation

Agriculture

Support to increase food security and improve incomes
through access to technical assistance, best practices and
management enhancement, to adapt to extreme weather
brought on by climate change.

Guatemala, Honduras/Promoting
Sustainable Economic Growth in
Coffee-growing Regions*

211,706

165,525

Disbursed

ODA

Grant

Adaptation

Agriculture

Supports increasing farm productivity and promoting
sustainable, participatory and gender equal agricultural
practices in Guatemala and Honduras.

CAD

USD

1,602,608

1,253,016

Ethiopia, Kenya, Tanzania/Agriculture
in East Africa*

783,451

Ghana/Farmers’ Economic
Advancement Through Seedlings*
Ghana/Food Security Through
Cooperatives in Northern Ghana*

Ethiopia/Sustainable Land
Management Program*

STATUS

TYPE OF
SUPPORT

SECTOR

ADDITIONAL INFORMATION

0871234
Financial, Technology and Capacity Building Support
Table 8: Finance delivered through Bilateral, Regional, and Other Channels (2015 and 2016) (continued)
2015

RECIPIENT COUNTRY/ REGION/
PROJECT/ PROGRAMME

TOTAL AMOUNT
CLIMATE-SPECIFIC
CAD

USD

STATUS

FUNDING
SOURCE

FINANCIAL
INSTRUMENT

TYPE OF
SUPPORT

SECTOR

ADDITIONAL INFORMATION

7,705

6,024

Disbursed

ODA

Grant

Mitigation

Agriculture

Support to small-scale coffee and cacao farmers through
improvements in crop productivity, quality and diversity, and
environmentally friendly farming practices to improve land
management, planting and agroforestry practice.

Honduras/Increasing Income for
Honduras Forestry*

147,286

115,157

Disbursed

ODA

Grant

Mitigation

Forestry

Aims to strengthen the Honduran forestry sector, including
through establishing sustainable forestry practices,
through the transfer of Canadian forestry knowledge and
expertise.

Honduras/Promoting Food Security
(PROSADE)*

266,215

208,143

Disbursed

ODA

Grant

Adaptation

Agriculture and
water

Enhance food security through improved agricultural
productivity, diversity and the promotion of sustainable
natural resource management practices, as well as
through an environmental fund and a self-sustaining credit
facility to acquire agricultural technologies.

Honduras/Special Program for Food
Security*

450,000

351,837

Disbursed

ODA

Grant

Adaptation

Agriculture

Implementation of climate-smart agricultural practices
such as protection from soil erosion, no-till and multiple
cropping practices and the adoption of environmentally
friendly technologies.

Honduras/Sustainable Coffee
Production*

164,100

128,303

Disbursed

ODA

Grant

Mitigation

Agriculture

Support for environmentally sustainable coffee production
to improve and implement sustainable practices, such as
shade-grown coffee, for small-scale farmers.

Honduras/UWI Enhancing
Knowledge and Application
of Comprehensive Disaster
Management+

384,005

300,238

Disbursed

ODA

Grant

Adaptation

Disaster
prevention and
preparedness

Support to inform policies on climate change and
sustainable development at national and the global level,
to reduce the impact of natural and technological hazards
and the effect of climate change in the region.

67,915

53,100

Disbursed

ODA

Grant

Adaptation

Agriculture

Promotes the use of sustainable agriculture in rural
communities through inputs, market assistance,
agricultural knowledge, and leadership training in
Honduras and El Salvador, which encourages ecologically
sustainable and diverse food production.

280,967

219,677

Disbursed

ODA

Grant

Adaptation

SME
Development

Aims to create sustainable economic growth by supporting
the development of competitive small- and mediumsized enterprises (SMEs), applying environmentally
sustainable and green business in the agriculture and
construction sectors.

Honduras/Agricultural Value Chain
Initiative*

Honduras, El Salvador/Improved
Economic Livelihoods*

Kenya/Equitable Prosperity Through
Private Sector Development*

0872235
Financial, Technology and Capacity Building Support
Table 8: Finance delivered through Bilateral, Regional, and Other Channels (2015 and 2016) (continued)
2015

RECIPIENT COUNTRY/ REGION/
PROJECT/ PROGRAMME

TOTAL AMOUNT
CLIMATE-SPECIFIC

FUNDING
SOURCE

FINANCIAL
INSTRUMENT

Disbursed

ODA

Grant

Adaptation

Agriculture

Aims to improve the health, nutrition and education of
schoolchildren in drought-prone areas of Kenya.

3,722

Disbursed

ODA

Grant

Adaptation

Disaster
preparedness
and prevention

Aims to increase the capacity of regional organizations,
national governments and local communities in the
Caribbean to respond to and manage natural disasters.

525,191

410,626

Disbursed

ODA

Grant

Mitigation

Energy

Support for improved access to sustainable and affordable
energy needed to promote economic growth in the region,
by improving capacities for energy planning and regulation
across countries in the region.

Latin American and the Caribbean/
Disaster Risk—Community
Resilience*

48,542

37,953

Disbursed

ODA

Grant

Adaptation

Disaster
preparedness
and prevention

Aims to increase the capacity of regional organizations,
national governments and local communities in the
Caribbean to respond to and manage natural disasters.

Malawi/Farmer-to-Farmer
Agroecology*

277,727

217,144

Disbursed

ODA

Grant

Adaptation

Agriculture

Support to organic smallholder farms through farmerto-farmer teaching methods, the development of farmer
associations and a pilot youth-led small business initiative
to train households on sustainable agro ecological
methods.

Mali/Rehabilitation of Agricultural
Irrigation Infrastructures in the Zone
of the Office du Niger (PAON)*

23,581

18,437

Disbursed

ODA

Grant

Adaptation

Agriculture

Helping to develop and rehabilitate agricultural irrigation
infrastructure and hydro-agricultural development to
increase agricultural production in Mali.

819,963

641,097

Disbursed

ODA

Grant

Adaptation

Agriculture

Support to sustainably develop irrigated agriculture to
increase food security through the construction and
rehabilitation of productive infrastructure, such as irrigated
fields and micro dams.

Multiple Countries/Canadian
International Food Security Research
Fund*

4,488,311

3,509,234

Disbursed

ODA

Grant

Adaptation

Agriculture

Promotion of productive, sustainable and gender-sensitive
agricultural techniques to build food security and climate
change resilience for women subsistence farmers.

Multiple Countries/IDRC—
Adaptation+

9,200,000

7,193,119

Disbursed

ODA

Grant

Adaptation

Cross-cutting

International Development and Research Centre support
for adaptation action.

Multiple Countries/IDRC—
Adaptation*

240,000

187,647

Disbursed

ODA

Grant

Adaptation

Cross-cutting

International Development and Research Centre support
for adaptation action.

20,000

15,637

Disbursed

ODA

Grant

Cross-cutting

Cross-cutting

International Development and Research Centre support
for climate change action.

CAD

USD

2,100,000

1,641,908

4,761

Latin America and the Caribbean/
Sustainable Energy Access for Latin
American and Caribbean Region*

Kenya/Innovations—Sustainable
School Feeding*
Latin America and the Caribbean/
Disaster Risk Management—Health
Sector*

Mali/Strengthening Irrigated
Agriculture in Mali (REAGIR)*

Multiple Countries/IDRC—Crosscutting+

STATUS

TYPE OF
SUPPORT

SECTOR

ADDITIONAL INFORMATION

0873236
Financial, Technology and Capacity Building Support
Table 8: Finance delivered through Bilateral, Regional, and Other Channels (2015 and 2016) (continued)
2015

RECIPIENT COUNTRY/ REGION/
PROJECT/ PROGRAMME

TOTAL AMOUNT
CLIMATE-SPECIFIC

FUNDING
SOURCE

FINANCIAL
INSTRUMENT

Disbursed

ODA

Grant

Mitigation

Cross-cutting

International Development and Research Centre support
for mitigation action.

334,949

Disbursed

ODA

Grant

Adaptation

Agriculture

Improving market-led agricultural production and market
processing knowledge through small scale irrigation
activities, drought resistant crops and other agricultural
capacity building methods.

600,000

469,116

Disbursed

ODA

Grant

Adaptation

Agriculture

Aims to increase food security, increased farming
productivity, and gender equality in Nicaraguan smallscale farming exposed to extreme weather brought on by
climate change.

20,008

15,644

Disbursed

ODA

Grant

Adaptation

Agriculture

Aims to strengthen the Nicaraguan agriculture sector and
promote sustainable use and management of the forestry
sector, strengthening economic growth, food security, and
quality and diversity of food production.

Nicaragua/Young Agricultural
Producers*

658,159

514,589

Disbursed

ODA

Grant

Adaptation

Agriculture

Aims to improve agricultural production, increasing food
security while providing equal rural opportunities for
women and men.

Peru/Agricultural Training
Program and Support of Youth
Entrepreneurship in Peru*

264,442

206,757

Disbursed

ODA

Grant

Adaptation

Agriculture

Aims to improve and strengthen sustainable agriculture
practices and to develop adaptation measures including
efficient water management, water conservation, crop
diversification, green infrastructure for water conservation,
and improved climate-resilient pasture management.

Philippines/Haiyan Reconstruction
Assistance: Restoring, Empowering
and Protecting (REAP) Livelihoods
Post Haiyan*

897,905

702,037

Disbursed

ODA

Grant

Adaptation

Reconstruction
relief and
rehabilitation

Support for reconstruction and the restoration of
lost assets and livelihoods after Typhoon Haiyan,
including increased participation of women and men
in affected regions, and improved access to business
development services.

Caribbean/Promotion of Regional
Opportunities for Produce
through Enterprises and Linkages
(PROPEL)*

472,404

369,354

Disbursed

ODA

Grant

Adaptation

Small and
medium-sized
enterprises
(SME)
development

Support to enhance the quantity and quality of agricultural
crops in the region through technical training to farmers.

South Sudan/Fortifying Equality &
Economic Diversity*

2,944,028

2,301,820

Disbursed

ODA

Grant

Adaptation

Agriculture

Support train smallholder farmers to protect natural
resources and become more food secure in seven South
Sudanese states.

CAD

USD

69,000

53,948

Multiple Countries/Market-led
Improved Livelihoods*

428,399

Nicaragua/Purchase for Progress
Food Security Program*

Multiple Countries/IDRC—Mitigation*

Nicaragua/Support to the Productive
Rural Development Sector Program
(PRORURAL)*

STATUS

TYPE OF
SUPPORT

SECTOR

ADDITIONAL INFORMATION

0874237
Financial, Technology and Capacity Building Support
Table 8: Finance delivered through Bilateral, Regional, and Other Channels (2015 and 2016) (continued)
2016
TOTAL AMOUNT

STATUS

FUNDING
SOURCE

FINANCIAL
INSTRUMENT

TYPE OF
SUPPORT

SECTOR

ODA
OOF
Other

Grant
Concessional
Non-concessional
Loan
Equity
Other

Mitigation
Adaptation
Crosscutting
Other

Energy Transport
Industry Agriculture
Forestry
Cross-cutting Other
Not applicable

Climate-specific

RECIPIENT COUNTRY/
REGION/PROJECT/
PROGRAMME

CAD

USD

Committed,
Disbursed

ADDITIONAL INFORMATION

450,000

339,520

Disbursed

ODA

Grant

Cross-cutting

Agriculture

Supports new businesses, including clean energy
and adaptation, to create jobs, boost agricultural
productivity and increase access to food.

Africa/African Water Facility—
Advisory Services*

12,859

9,702

Disbursed

ODA

Grant

Mitigation

Energy

Aims to enhance the equitable and sustainable
development and management of African water
resources for socio-economic development, the
environment and resilience to water-related disasters
and climate change.

Bangladesh, Honduras, Mali,
Mozambique, Tanzania/World
Renew Food & Economic
Security*

355,809

268,454

Disbursed

ODA

Grant

Adaptation

Agriculture

Aims to address rural poverty issues caused mainly
by erratic weather, declining soil infertility, lack of
agricultural inputs and land tenure, through strategies
including food security, economic growth and
community governance capacity.

Bolivia/Agro-Industrial
Production and Exports*

566,537

427,446

Disbursed

ODA

Grant

Adaptation

Agriculture

Strengthening of climate-resilient agriculture
in Bolivia through crop production to withstand
climate fluctuation and instability, and through
new investments in irrigation to combat periodic
drought conditions.

Bolivia, Ethiopia, Ghana,
Mali/Linking Initiatives,
Stakeholders and Knowledge
for Livelihood Security*

91,320

68,900

Disbursed

ODA

Grant

Adaptation

Agriculture

Aims to improve livelihood security and resilience in
environmentally sustainable ways, in order to increase
available food, improve management practices, and
diversify sources of income.

Burkina-Faso, Benin, Ethiopia,
Guatemala, Nicaragua/Seeds
Survival Program*

933,629

704,413

Disbursed

ODA

Grant

Adaptation

Agriculture

Aims to increase food security and agricultural training
among small-scale farmers who are experiencing
food security challenges for various reasons, including
climate change.

Burkina-Faso, Bolivia, Peru/
Food Security Innovation and
Mobilization*

1,177,141

888,140

Disbursed

ODA

Grant

Cross-cutting

Agriculture

Increase food security and promote sustainable
livelihoods in rural semi-arid areas in Burkina Faso,
Bolivia and Peru, through the transfer of technology
and practical leadership training.

Africa/Africa Enterprise
Challenge Fund (AGRA)*

0875238
Financial, Technology and Capacity Building Support
Table 8: Finance delivered through Bilateral, Regional, and Other Channels (2015 and 2016) (continued)
2016
TOTAL AMOUNT

STATUS

FUNDING
SOURCE

FINANCIAL
INSTRUMENT

TYPE OF
SUPPORT

SECTOR

ODA
OOF
Other

Grant
Concessional
Non-concessional
Loan
Equity
Other

Mitigation
Adaptation
Crosscutting
Other

Energy Transport
Industry Agriculture
Forestry
Cross-cutting Other
Not applicable

Climate-specific

RECIPIENT COUNTRY/
REGION/PROJECT/
PROGRAMME

CAD

USD

Committed,
Disbursed

ADDITIONAL INFORMATION

Burkina-Faso, Ghana, Malawi,
Uganda, Zambia/Building
Innovative and Adaptive
Capacity*

271,710

205,002

Disbursed

ODA

Grant

Adaptation

Agriculture

Provide support to increase the capacity of public
service institutions and small and growing businesses
to innovate, adapt to changing circumstances, and
incorporate gender equality and environmental
sustainability.

Cambodia, Indonesia,
Philippines, Thailand,
Vietnam/Integrated Disaster
Risk Management*

796,500

600,951

Disbursed

ODA

Grant

Adaptation

Disaster preparedness
and prevention

Aims to reduce the impact of disasters on vulnerable
populations and increase resilience by providing
support to governments and civil society to manage
and reduce disaster risk, for instance through the
development of disaster risk financing.

Caribbean/Caribbean
Disaster Risk Management
Program*

106,866

80,629

Disbursed

ODA

Grant

Adaptation

Disaster prevention
and preparedness

Aims to increase the capacity of regional
organizations, national governments and local
communities in the Caribbean to respond to and
manage natural disasters through institutional
support and gender-equal programming, disaster risk
management and community resilience strategies.

Caribbean/Health Sector
Resilience to Disasters*

259,500

195,790

Disbursed

ODA

Grant

Adaptation

Disaster preparedness
and prevention

Aims to increase health care and health sector
capacity in the Caribbean to improve resilience and
respond to and manage natural disasters through
increased safety and environmental standards and
performance.

1,270,213

958,362

Disbursed

ODA

Grant

Adaptation

Small and mediumsized enterprises
(SME) development

Support to enhance the quantity and quality of
agricultural crops in the region through technical
training to farmers.

850,000

641,316

Disbursed

ODA

Grant

Mitigation

Energy policy/technical
assistance

Support to increase energy efficiency measures and
address barriers to private sector investments in
renewable energy in the region.

Caribbean/Promotion of
Regional Opportunities for
Produce through Enterprises
and Linkages (PROPEL)*
Caribbean/Support to Energy
in the Caribbean+

0876239
Financial, Technology and Capacity Building Support
Table 8: Finance delivered through Bilateral, Regional, and Other Channels (2015 and 2016) (continued)
2016
TOTAL AMOUNT

STATUS

FUNDING
SOURCE

FINANCIAL
INSTRUMENT

TYPE OF
SUPPORT

SECTOR

ODA
OOF
Other

Grant
Concessional
Non-concessional
Loan
Equity
Other

Mitigation
Adaptation
Crosscutting
Other

Energy Transport
Industry Agriculture
Forestry
Cross-cutting Other
Not applicable

Climate-specific

RECIPIENT COUNTRY/
REGION/PROJECT/
PROGRAMME

CAD

USD

Committed,
Disbursed

ADDITIONAL INFORMATION

375,047

282,969

Disbursed

ODA

Grant

Mitigation

Policy

Supports strengthening the capacities of the
government entities to enable the Colombian
extractive sector to contribute to more environmentally
sustainable economic growth through strengthened
policy, regulatory and implementation frameworks and
better public sector and community engagement.

Democratic Republic of
Congo, Haiti, Senegal/
Knowledge of the People of
the Earth*

1,102,840

832,081

Disbursed

ODA

Grant

Adaptation

Agriculture

Increase food security and promote sustainable
livelihoods to increase climate resilience.

Ethiopia/Agricultural Growth
Program*

1,200,000

905,387

Disbursed

ODA

Grant

Adaptation

Agriculture

Aims to increase agricultural productivity and public
agricultural services, including through the promotion
of climate-smart agriculture.

Ethiopia/Food Sufficiency for
Farmers*

507,810

383,137

Disbursed

ODA

Grant

Adaptation

Agriculture

Improve resilience of communities to climate risks by
improving food capacity through increased incomes or
greater ability to grow food.

Ethiopia/Integrated Approach
to Maternal, Newborn
and Child Health in Rural
Ethiopia*

2,315,298

1,746,867

Disbursed

ODA

Grant

Adaptation

Water and sanitation

Addressing malnutrition by increasing access to
quality nutrition, water, and sanitation services, for
the most vulnerable populations affected by climate
change in Ethiopia.

Ethiopia/Productive Safety
Net Program*

6,000,000

4,526,935

Disbursed

ODA

Grant

Mitigation

Agriculture

Aims to enhance household and community
resilience to shocks, such as droughts, and improve
household food security, nutrition and economic
well-being for up to 10 million people in Ethiopia’s
most vulnerable communities through improved
watershed management.

Ethiopia, Kenya, Tanzania/
Agriculture in East Africa*

771,776

582,297

Disbursed

ODA

Grant

Adaptation

Agriculture

Support to farmers to address issues such as soil
fertility and climate change to increase food security
and support conservation agriculture.

Colombia/Building
Sustainable Extractive Sector
Governance*

0877240
Financial, Technology and Capacity Building Support
Table 8: Finance delivered through Bilateral, Regional, and Other Channels (2015 and 2016) (continued)
2016
TOTAL AMOUNT

STATUS

FUNDING
SOURCE

FINANCIAL
INSTRUMENT

TYPE OF
SUPPORT

SECTOR

ODA
OOF
Other

Grant
Concessional
Non-concessional
Loan
Equity
Other

Mitigation
Adaptation
Crosscutting
Other

Energy Transport
Industry Agriculture
Forestry
Cross-cutting Other
Not applicable

Climate-specific

RECIPIENT COUNTRY/
REGION/PROJECT/
PROGRAMME

CAD

USD

Committed,
Disbursed

ADDITIONAL INFORMATION

Ghana/Farmers’ Economic
Advancement Through
Seedlings*

453,937

342,490

Disbursed

ODA

Grant

Adaptation

Agriculture

Support to enhance the productivity of small
farmers in tree crops, including through increased
environmentally sustainable farming in Ghana’s tree
crop industry.

Ghana/Food Security
Through Cooperatives in
Northern Ghana*

464,864

350,735

Disbursed

ODA

Grant

Adaptation

Agriculture

Support for sustainable, gender equitable food
security though cooperatives and introducing climate
resilience strategies such as increasing access to
drought-resistant seed varieties.

7,538

5,687

Disbursed

ODA

Grant

Mitigation

Agriculture

Training and teaching of climate-smart agricultural
practices to contribute to emissions reductions in
agriculture, including research to apply to future
training methods.

1,313,149

990,757

Disbursed

ODA

Grant

Adaptation

Agriculture

Offers solutions that address the root causes behind
lack of access to sufficient, nutritious food and the
vulnerability to food shortages such as technical
in climate change adaptation and disaster risk
management practices.

Ghana, Mali, Sierra Leone,
Senegal/System Approach to
Improve and Sustaining Food*

434,525

327,844

Disbursed

ODA

Grant

Adaptation

Agriculture

Aims to increase food security and promote
sustainable livelihoods of people living in poor rural
communities across multiple African countries,
through the adoption of agricultural practices.

Guatemala/Purchase for
Progress and Scaling Up
Nutrition in Guatemala*

871,842

657,796 Disbursed

ODA

Grant

Mitigation

Agriculture

Support to increase food security and improve
incomes through access to technical assistance, best
practices and management enhancement, to adapt to
extreme weather brought on by climate change.

Guatemala, Honduras/
Promoting Sustainable
Economic Growth in Coffeegrowing Regions*

322,858

ODA

Grant

Adaptation

Agriculture

Supports increasing farm productivity and promoting
sustainable, participatory and gender equal agricultural
practices in Guatemala and Honduras.

Ghana/Modernizing
Agricultural Production*

Ghana/Resilient &
Sustainable Livelihoods
Transformation in Northern
Ghana*

243,593

Disbursed

0878241
Financial, Technology and Capacity Building Support
Table 8: Finance delivered through Bilateral, Regional, and Other Channels (2015 and 2016) (continued)
2016
TOTAL AMOUNT

STATUS

FUNDING
SOURCE

FINANCIAL
INSTRUMENT

TYPE OF
SUPPORT

SECTOR

ODA
OOF
Other

Grant
Concessional
Non-concessional
Loan
Equity
Other

Mitigation
Adaptation
Crosscutting
Other

Energy Transport
Industry Agriculture
Forestry
Cross-cutting Other
Not applicable

Climate-specific

RECIPIENT COUNTRY/
REGION/PROJECT/
PROGRAMME
Haiti/Clean Energy Plan+

Haiti/Support to School
feeding Program in Haiti*

CAD
973,280

3,000,000

USD
734,329

Committed,
Disbursed

ADDITIONAL INFORMATION

Disbursed

ODA

Grant

Mitigation

Energy

Support to build a national household energy strategy
to replace the use of wood and charcoal and tackle
Haiti’s deforestation and air pollution challenges.

2,263,468 Disbursed

ODA

Grant

Cross-cutting

Agriculture

Improved school meals in Haiti, including through
increasing the use of environmentally friendly cooking
methods, such as clean stoves.

Honduras/Canada-Honduras
Value Added Agroforestry
Project*

176,439

133,122

Disbursed

ODA

Grant

Cross-cutting

Forestry

Implementation of agroforestry practices to mitigate
carbon emissions through carbon sequestration
and diverse planting for soil preservation, as well
as promoting varieties of climate-resilient crops to
withstand climate change impacts and yield more
products available to markets.

Honduras/EcoMicro Green
Finance+

950,000

716,765

Disbursed

ODA

Grant

Mitigation

Energy

Facilitates access to renewable, low-cost energy and
adaptation technologies through green financing
products.

Honduras/Promoting Food
Security (PROSADE)*

2,057

1,552

Disbursed

ODA

Grant

Adaptation

Agriculture and water

Enhance food security through improved agricultural
productivity, diversity and the promotion of sustainable
natural resource management practices, as well as
through an environmental fund and a self-sustaining
credit facility to acquire agricultural technologies.

30,093

22,705

Disbursed

ODA

Grant

Mitigation

Agriculture

Support for environmentally sustainable coffee
production to improve and implement sustainable
practices, such as shade-grown coffee, for small-scale
farmers.

266,157

200,812

Disbursed

ODA

Grant

Adaptation

Disaster prevention
and preparedness

Support to inform policies on climate change and
sustainable development at national and the global
level, to reduce the impact of natural and technological
hazards and the effect of climate change in the region.

Honduras/Sustainable
Coffee Production*

Honduras/UWI Enhancing
Knowledge and Application
of Comprehensive Disaster
Management+

0879242
Financial, Technology and Capacity Building Support
Table 8: Finance delivered through Bilateral, Regional, and Other Channels (2015 and 2016) (continued)
2016
TOTAL AMOUNT

STATUS

FUNDING
SOURCE

FINANCIAL
INSTRUMENT

TYPE OF
SUPPORT

SECTOR

ODA
OOF
Other

Grant
Concessional
Non-concessional
Loan
Equity
Other

Mitigation
Adaptation
Crosscutting
Other

Energy Transport
Industry Agriculture
Forestry
Cross-cutting Other
Not applicable

Climate-specific

RECIPIENT COUNTRY/
REGION/PROJECT/
PROGRAMME

CAD

USD

Committed,
Disbursed

14,288

10,780

Disbursed

ODA

Grant

Adaptation

Agriculture

Promotes the use of sustainable agriculture in rural
communities through inputs, market assistance,
agricultural knowledge, and leadership training
in Honduras and El Salvador, which encourages
ecologically sustainable and diverse food production.

IDRC—Adaptation*

228,000

172,024

Disbursed

ODA

Grant

Adaptation

Cross-cutting

International Development and Research Centre
support for adaptation action.

Indonesia/Restoring
Coastal Livelihoods in South
Sulawesi*

103,582

78,152

Disbursed

ODA

Grant

Adaptation

Forestry

Enhance the livelihood security and well-being of
vulnerable coastal communities in South Sulawesi
through improved income security, access to coastal
resources for vulnerable populations, and engagement
with vulnerable communities in governmental planning.

Jordan/Sustainable
Development in Jordan*

674,458

508,871

Disbursed

ODA

Grant

Mitigation

Energy

Introducing cost-saving renewable energy-efficient
solutions for poor households, supporting low-carbon
development in Jordan.

Jordan/Sustainable
Economic Development
through Renewable Energy+

1,735,368

1,309,316

Disbursed

ODA

Grant

Mitigation

Energy

Aims to improve livelihoods through the introduction of
renewable energy and energy efficiency solutions at
the household level.

Kenya/Construction of Sand
Dam*

1,500

1,132

Disbursed

ODA

Grant

Adaptation

Water resources
conservation (including
data collection)

Government of Manitoba support for a Sand Dam
address persistent drought in Kenya.

Kenya/Education for
Employment Program*

402,454

303,647

Disbursed

ODA

Grant

Cross-cutting

Employment

Supports Kenyans living in poor and drought-prone
areas take advantage of employment opportunities in
the agriculture sector.

Kenya/Equitable Prosperity
Through Private Sector
Development*

804,033

606,634

Disbursed

ODA

Grant

Adaptation

SME Development

Aims to create sustainable economic growth by
supporting the development of competitive smalland medium-sized enterprises (SMEs), applying
environmentally sustainable and green business in the
agriculture and construction sectors.

Honduras, El Salvador/
Improved Economic
Livelihoods*

ADDITIONAL INFORMATION

0880243
Financial, Technology and Capacity Building Support
Table 8: Finance delivered through Bilateral, Regional, and Other Channels (2015 and 2016) (continued)
2016
TOTAL AMOUNT

STATUS

FUNDING
SOURCE

FINANCIAL
INSTRUMENT

TYPE OF
SUPPORT

SECTOR

ODA
OOF
Other

Grant
Concessional
Non-concessional
Loan
Equity
Other

Mitigation
Adaptation
Crosscutting
Other

Energy Transport
Industry Agriculture
Forestry
Cross-cutting Other
Not applicable

Climate-specific

RECIPIENT COUNTRY/
REGION/PROJECT/
PROGRAMME
Latin America and the
Caribbean/Climate Smart
Agriculture in Latin America
and the Caribbean+

CAD
3,000,000

USD

Committed,
Disbursed

2,263,468 Disbursed

ADDITIONAL INFORMATION

ODA

Grant

Adaptation

Agriculture

Support to sustainably increase agricultural
productivity in support of food security while adapting
and building resilience to climate change in Central
America.

Latin America and the
Caribbean/Sustainable
Energy Access for Latin
American and Caribbean
Region*

512,667

386,802

Disbursed

ODA

Grant

Mitigation

Energy

Support for improved access to sustainable and
affordable energy needed to promote economic
growth in the region, by improving capacities for
energy planning and regulation across countries in the
region.

Malawi/Farmer-to-Farmer
Agroecology*

68,926

52,004

Disbursed

ODA

Grant

Adaptation

Agriculture

Support to organic smallholder farms through
farmer-to-farmer teaching methods, the development
of farmer associations and a pilot youth-led small
business initiative to train households on sustainable
agro ecological methods.

Mali/Rehabilitation of
Agricultural Irrigation
Infrastructures in the Zone of
the Office du Niger (PAON)*

80,892

61,032

Disbursed

ODA

Grant

Adaptation

Agriculture

Helping to develop and rehabilitate agricultural
irrigation infrastructure and hydro-agricultural
development to increase agricultural production in
Mali.

Mali/Strengthening Irrigated
Agriculture in Mali (REAGIR)*

4,527,578

3,416,009

Disbursed

ODA

Grant

Adaptation

Agriculture

Support to sustainably develop irrigated agriculture
to increase food security through the construction
and rehabilitation of productive infrastructure, such as
irrigated fields and micro dams.

Multiple Countries/Canadian
International Food Security
Research Fund*

4,848,774

3,658,347

Disbursed

ODA

Grant

Adaptation

Agriculture

Promotion of productive, sustainable and gendersensitive agricultural techniques to build food security
and climate change resilience for women subsistence
farmers.

38,742

29,230

Disbursed

ODA

Grant

Cross-cutting

Environmental policy
and administrative
management

Government of Québec support to developing
francophone countries address climate change.

Multiple Countries/Climate
Change Support for
Francophone Countries+
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Table 8: Finance delivered through Bilateral, Regional, and Other Channels (2015 and 2016) (continued)
2016
TOTAL AMOUNT

STATUS

FUNDING
SOURCE

FINANCIAL
INSTRUMENT

TYPE OF
SUPPORT

SECTOR

ODA
OOF
Other

Grant
Concessional
Non-concessional
Loan
Equity
Other

Mitigation
Adaptation
Crosscutting
Other

Energy Transport
Industry Agriculture
Forestry
Cross-cutting Other
Not applicable

Climate-specific

RECIPIENT COUNTRY/
REGION/PROJECT/
PROGRAMME

Committed,
Disbursed

ADDITIONAL INFORMATION

CAD

USD

Multiple Countries/IDRC—
Adaptation+

2,311,380

1,743,911

Disbursed

ODA

Grant

Adaptation

Cross-cutting

International Development and Research Centre
support for adaptation action.

Multiple Countries/Marketled Improved Livelihoods*

413,491

311,975

Disbursed

ODA

Grant

Adaptation

Agriculture

Improving market-led agricultural production and
market processing knowledge through small scale
irrigation activities, drought resistant crops and other
agricultural capacity building methods.

4,402,120

3,321,352

Disbursed

ODA

Grant

Adaptation

Health

Support to various human development goals across
Africa and Asia, including women and children’s health
in Central Asia, education in East Africa, and civil
society initiatives such as gender equality, innovation,
and climate change adaptation.

Nicaragua/Purchase for
Progress Food Security
Program*

900,000

679,040

Disbursed

ODA

Grant

Adaptation

Agriculture

Aims to increase food security, increased farming
productivity, and gender equality in Nicaraguan smallscale farming exposed to extreme weather brought on
by climate change.

Nicaragua/Young Agricultural
Producers*

330,339

249,238

Disbursed

ODA

Grant

Adaptation

Agriculture

Aims to improve agricultural production, increasing
food security while providing equal rural opportunities
for women and men.

1,016,128

766,658

Disbursed

ODA

Grant

Adaptation

Agriculture

Aims to improve and strengthen sustainable
agriculture practices and to develop adaptation
measures including efficient water management,
water conservation, crop diversification, green
infrastructure for water conservation, and improved
climate-resilient pasture management.

7,500

5,659

Disbursed

ODA

Grant

Adaptation

Food security

Government of Manitoba support for to address the
impact of El Niño, including drought.

Multiple Countries/
Partnership for Advancing
Human Development in
Africa and Asia*

Peru/Agricultural Training
Program and Support of
Youth Entrepreneurship in
Peru*

Philippines/El Nino
Emergency WASH
Response*
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Table 8: Finance delivered through Bilateral, Regional, and Other Channels (2015 and 2016) (continued)
2016
TOTAL AMOUNT

STATUS

FUNDING
SOURCE

FINANCIAL
INSTRUMENT

TYPE OF
SUPPORT

SECTOR

ODA
OOF
Other

Grant
Concessional
Non-concessional
Loan
Equity
Other

Mitigation
Adaptation
Crosscutting
Other

Energy Transport
Industry Agriculture
Forestry
Cross-cutting Other
Not applicable

Climate-specific

RECIPIENT COUNTRY/
REGION/PROJECT/
PROGRAMME

Committed,
Disbursed

ADDITIONAL INFORMATION

CAD

USD

Philippines/Haiyan
Reconstruction Assistance:
Restoring, Empowering
and Protecting (REAP)
Livelihoods Post Haiyan*

1,723,218

1,300,149

Disbursed

ODA

Grant

Adaptation

Reconstruction relief
and rehabilitation

Support for reconstruction and the restoration of
lost assets and livelihoods after Typhoon Haiyan,
including increased participation of women and men
in affected regions, and improved access to business
development services.

South Sudan/Fortifying
Equality & Economic
Diversity*

1,520,804

1,147,430

Disbursed

ODA

Grant

Adaptation

Agriculture

Support train smallholder farmers to protect natural
resources and become more food secure in seven
South Sudanese states.

345,047

260,334

Disbursed

ODA

Grant

Adaptation

Disaster preparedness
and prevention

Help communities establish effective risk reduction
plans and policies to reduce people’s vulnerability to
natural disasters, by working to ensure that disaster
risk reduction policy and law considers vulnerable
communities, gender equality, and the environment.

Tanzania/Rubana River and
Wetland Integrated Riverbank
Land Rehabilitation and Food
Security*

2,850

2,150

Disbursed

ODA

Grant

Adaptation

Reconstruction relief
and rehabilitation

Government of Manitoba support for food security and
agroforestry initiatives, including address deforestation
and droughts and flooding caused by climate change.

Uganda/BioChar in Uganda+

5,000

3,772 Disbursed

ODA

Grant

Mitigation

Energy

Government of Manitoba support for food security by
supporting the use of biochar as an agriculture tool.

West Bank Gaza/Building the
Resilience of Farmers and
Herders*

1,080,000

814,848

Disbursed

ODA

Grant

Adaptation

Disaster preparedness
and prevention

Provide emergency agricultural based livelihood
support to herding households affected by climate
shocks as well as strengthening evidence based food
security coordination.

West Bank Gaza/Support
for Farmers in Vulnerable
Communities*

2,100,000

1,584,427

Disbursed

ODA

Grant

Adaptation

Food security

Support for farmers who live in the most vulnerable
communities in the eastern slopes and the Jordan
Valley in the West Bank strengthen food security,
including through adaptation measures.

Southeast Asia/
Strengthening Community
Resilience to Natural
Disasters*
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Documentation Box
1: Core/general
In tracking core contributions to multilateral organizations, Canada uses the climate related-imputed multilateral contributions calculated annually by the OECD Development Assistance Committee (DAC).
Canada draws on this imputed multilateral contribution (outflow) data from the OECD, to report on the climate-related share of its core contributions to multilateral institutions.
2: Climate specific
Climate finance contributions are clearly identified as being entirely dedicated to climate or significantly dedicated to climate, using the OECD-DAC Creditor Reporting System (CRS). Through the CRS,
activities are marked as either principal or significant. Activities marked with a principal climate change objective are counted in their totality. Recognizing, a number of international assistance projects have
strong climate change co-benefits Canada counts 30% of the funding to projects with a significant climate change marker.
3: Status
Canada reports climate finance at the disbursement level. Disbursements record the transfer of financial resources and are defined as the releasement of funds to a recipient or implementing partner; by
extension, the amount spent.
4: Funding Source
Projects with climate change activities supported through Canada’s Official Development Assistance (ODA) and other official flows (OOF) are part of Canada’s climate finance. Canadian ODA is defined in
the Official Development Assistance Accountability Act. This definition is compatible with the international definition created by the DAC of the OECD. When support does not qualify as ODA, it is classified as
OOF.
5: Financial Instrument
Canada uses a blend of financial instruments to deliver its climate finance, including: grant, concessional loans, equity, among others in line with UNFCCC commitments. All instruments are accounted for at
face value.
6: Type of Support
Canada defines a climate project as a project with one of the following objectives or co-benefits: mitigation , adaptation, and cross-cutting. Canada’s definition of these sectors is based on the ones of the
OECD-DAC. When funded activities support both adaptation and mitigation, support is identified as “cross-cutting” programming.
7: Sector
Sectors are determined at a project level for bilateral contributions using OECD-DAC definitions.
New and Additional: Canada’s $2.65B climate finance commitment is a substantial increase from Canada’s past levels of climate funding, scaling up to $800M per year by 2020. Through this commitment,
Canada is supporting climate projects that are above and beyond what was planned prior to the Convention and Copenhagen Accord. Looking forward, a key goal of the Paris Agreement is to ensure financial
flows are consistent with low GHG emission and climate resilient development. While finance to developing countries to enhance their climate action will continue to play an important role, success in achieving
this goal will also depend on strategically using all available public resources and smart climate policies to mobilize private finance as well as aligning these investments with the goals set out in the Paris
Agreement and the 2030 Sustainable Development Agenda.
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Annex 2
Technology and Capacity Building Tables
Table 9: Description of selected projects or programmes that promoted practicable steps to facilitate and/or finance the transfer of, or access to, environmentally
sound technologies.
Project/programme title: Climate Technology Centre and Network (CTCN)—Training Webinars

Project/programme title: RETScreen Clean Energy Management Software

Purpose: The Centre promotes the accelerated transfer of environmentally sound technologies for
low carbon and climate resilient development at the request of developing countries
Recipient country

Sector

Total funding

Years in operation

Purpose: RETScreen is a Clean Energy Management Software system for energy efficiency,
renewable energy and cogeneration project feasibility analysis as well as ongoing energy performance
analysis. RETScreen’s overall mission is to empower cleaner energy decisions worldwide.

International

Adaptation/Mitigation

In-kind

3

Recipient country

Sector

Total funding

Years in operation

Global

Clean energy

$1.5M/annum

19

Description: Canadian members have provided 7 webinars on issues from implementing energy
efficiency to risk mapping for climate change through the CTCN in 2015–2016. Webinar
participants were predominantly professionals from developing countries.
CTCN webinars conducted by Canadian firms included:
1. Risk Mapping for Climate Change Adaptation—Using Open GIS Data and Tools in Order to
Build Resilience (November 30, 2016, Design+Environment)
2. Mitigation technologies to protect small farm holders and food producers—From West Africa to
North America (June 29, 2016, Ecoaction Innovative Solutions Inc.)
3. Solar-powered, low-complexity, robust solutions for decentralized wastewater treatment (August
31, 2016, Island Water Technologies Inc.)
4. Structuring Utility Demand-Side Management Programs (April 27, 2016, Econoler)
5. Energy Efficiency Policies, Regulations, and Programs (March 16, 2016, Econoler)
6. Sector-Based Energy Efficiency (March 9, 2016, Econoler)
7. RETScreen: a Tool for Greenhouse Gas Mitigation (November 4, 2015, RETScreen
International, Natural Resources Canada)
Indicate factors which led to project’s success: The Canadian government has dedicated
resources to supporting the office of the National Designated Entity (NDE) which has allowed the
NDE to engage with potential CTCN members and encourage their participation. CTCN membership is
free and provides exposure for companies seeking opportunities in developing and emerging markets.
Technology transferred: Various categories (see above)
Impact on greenhouse gas emissions/sinks (optional): Mitigation focused webinars provide
information to enable decisions and actions that reduce GHGs.

Description: The RETScreen Clean Energy Management Software is the world’s leading
clean energy decision-making software and has helped significantly reduce costs associated
with identifying and assessing potential clean energy projects as well as with ongoing energy
performance analysis. Provided free-of-charge and in 36 languages, RETScreen is used by more
than 525,000 people across the globe.
Key RETScreen training and webinars from 2015–2016:
•• Webinar with CTCN (Climate Technology Centre & Network) on RETScreen as a Tool for
Greenhouse Gas Mitigation (2015);
•• On-going series of webinars with the Clean Energy Solutions Center (CESC) in 2015 and
2016 with participants predominantly from developing countries;
•• Multi-day webinar based training (English & French) on RETScreen to ECREEE (West African
Clean Energy Agency) (2015); and
•• Multi-day in-person RETScreen Expert training to OLADE (Latin American Clean Energy
Agency) and sponsoring of 1-year subscriptions to RETScreen Expert Professional mode for all
participants (2016).
Indicate factors which led to project’s success: Factors that have led to RETScreen’s success
include that the full software is provided to users completely free-of-charge; the availability of
the software in 36 languages covering two-thirds of the world’s population; the availability of
comprehensive and integrated training material; an internet-based business model resulting in
extremely low maintenance, replication and distribution costs; and consistent and stable funding by
Natural Resources Canada.
Technology transferred: The technology transferred is the RETScreen Clean Energy Management
Software including comprehensive training material.
Impact on greenhouse gas emissions/sinks (optional): By virtue of enabling viable clean energy
projects, RETScreen indirectly contributes to a substantial reduction in greenhouse gas emissions,
conservatively estimated at 20 million tonnes per annum.
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Table 9: Description of selected projects or programmes that promoted practicable steps to facilitate and/or finance the transfer of, or access to,
environmentally sound technologies (continued)
Project/programme title: Private Financing Advisory Network (PFAN)

Project/programme title: Forest Carbon Research, Reporting and Policy Advice

Purpose: The goal of this project to establish whether and under what conditions private sector
financing for adaptation related projects (adapting to life in a changing climate by adjusting to actual
or expected future climate) can be secured in the same way as mitigation related projects (reducing
climate change by reducing the flow of heat-trapping GHGs into the atmosphere) using subSaharan Africa as the geographical area of focus.

Purpose: Technology transfer and support for the Carbon Budget Model of the Canadian Forest
Sector (CBM-CFS3)

Recipient country

Sector

Total funding

Years in operation

International

Adaptation

$850,000

3

Description: PFAN screens business plans, selects the most economically viable and
environmentally beneficial projects, and provides extensive coaching and guidance before projects
are presented to investors at Clean Energy Financing Forums hosted across Asia, Latin America and
Africa. In 2015, Canada played a constructive role in efforts to raise awareness of PFAN’s success and
increase its role in mobilizing private sector resources in the context of international climate finance.
The International Development Research Centre (IDRC) is working with PFAN in assessing
barriers to private investment in adaptation, developing a portfolio of feasible and bankable
adaptation initiatives that are investment-ready, and testing a new model for bridging investors with
SMEs focused on adaptation. The PFAN-IDRC collaboration is unique and has centred thus far on
the innovative Investor Forum. This Forum aims to address the important investment gap between
investors and project developers and entrepreneurs by identifying viable investment opportunities
and developing project pipelines, linking entrepreneurs, start-up companies and existing
companies with investors and financiers, and taking the form of a business plan competition in a
Dragon’s Den/ Shark Tank style selection process. Projects that were successful in raising finance
to further their development include:
•• African Bamboo (Ethiopia) that has secured funding of over USD 1.5 million to support initial
scale-up. This company currently produces floor boards from bamboo; with a vision to become
the largest bamboo flooring manufacturer in Africa. In addition to mitigation benefits, sustainable
management of bamboo also offers a number of adaptation benefits such as livelihood support
to local communities, income generating opportunities, and soil and water conservation.
•• Classic Foods (Kenya) pioneered the collection and processing of milk from small scale
farmers by providing refrigeration for bulk milk. The new initiative is aimed at assisting farmers
to implement sustainable farming practices that enhance soil productivity and move up the
economic ladder to improved farm economics.
Indicate factors which led to project’s success: Strong focus on capacity building (e.g. targeted
to project developers for developing bankable adaptation projects that could attract private
investment), awareness raising on adaptation to climate change and protection of supply chain, etc.
Technology transferred: Adaptation-related
Impact on greenhouse gas emissions/sinks (optional):

Recipient country

Sector

Total funding

Years in operation

Mexico and USA

Forest

$300,000

2

Description: CBM-CFS3 technology transfer and support under the Commission for Environmental
Cooperation tri-national project on “Integrated Modeling and Assessment of Climate Change
Mitigation Options in the North American Forest Sector” for policy development in support of forest
GHG emissions reduction.
Indicate factors which led to project’s success: This project expanded upon the successful
results obtained during the previous project in which the project team developed the capacity to
inform estimates of forest GHG balances. In this project, carbon budget models were applied to
estimate projections of future GHG balance and climate change mitigation options in the forest
sector in six regions of interest in North America. Results from all three countries were recently
presented at the 2017 Joint North American Carbon Program (NACP) & AmeriFlux Principal
Investigators (PI) Meeting.
Technology transferred: The assessment of mitigation options requires a systems approach that
includes the assessment of changes in GHG emissions in forests, the harvested wood product
sector and the changes in emissions associated with product substitution. This project developed
methods to integrate US and Mexican data into Canadian carbon models to support comprehensive
analyses of mitigation options in all three countries.
Impact on greenhouse gas emissions/sinks (optional): Results showed significant potential for
climate change mitigation in 2030 and 2050. Several forest sector activities, which varied by region,
were found to be effective: reaching a net-zero deforestation rate, lengthening harvest rotations,
using waste wood for bioenergy to substitute for fossil fuels, and increasing harvest to produce longlived wood products and substitute more energy-intensive materials.
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Table 10: Provision of support for technology development and transfer
RECIPIENT
COUNTRY AND/
OR REGION

TARGETED
AREA

MEASURES AND
ACTIVITIES RELATED TO
TECHNOLOGY TRANSFER

Global

Mitigation

Development and dissemination
of the RETScreen Clean Energy
Management Software

Energy

Global

Mitigation +
Adaptation

In support of Smart Grids and
distributed energy technologies

Energy

SECTOR

ACTIVITIES
UNDERTAKEN
BY

STATUS

ADDITIONAL INFORMATION

Public &
private

Public

Implemented

Canada has developed RETScreen, the world’s foremost
clean energy decision-making software. The next generation
of the software, a significant advance from the previous
version, was released in September 2016 in 36 languages.
Additional details are contained in Chapter 7 of Canada’s
National Communication and at the RETScreen website:
https://climate-change.canada.ca/finance/Default.aspx

Public

Public

Implemented

CanmetENERGY scientist share knowledge in various international
activities including: In 2014, Canada hosted a workshop in Montréal
on innovation aimed at improving the way ISGAN experts and
partners communicate complex technical information to key decisionmakers. Details available on ISGAN website: www.iea-isgan.org

SOURCE OF
FUNDING

International Smart Grid Action
Network (ISGAN) (Implementing
Agreement under the
International Energy Agency and
Initiative under the Clean Energy
Ministerial)

Canada hosted the 7th international Conference on Integration
of Renewable and Distributed Energy Resources in Niagara Falls,
October 24–28, 2016.
The growth of decentralized generation, liberalized markets, modern
power electronics, and the introduction of advanced integrated circuit
technologies are leading to a dramatic change in the management
and operation of electricity grids worldwide. The 7th International
Conference on the Integration of Renewable and Distributed Energy
Resources aims at knowledge-sharing among North American,
European, and Asian practitioners and researchers in the fields of
renewable energy (RE) and distributed energy resources (DER).

Mexico

Mitigation

Canada-US-Mexico Trilateral
Workshop on methane
reductions

Energy

Public

Public

Implemented

As part of the trilateral commitment made by North American leaders
to reduce methane emissions in the oil and gas sectors form 40%
to 45% by 2025, a first workshop, held in Mexico City in December
2016, brought together government officials, NGOs, researchers,
and industry representatives to collaboratively identify shared
methane emission reduction challenges as well as cost-effective and
actionable opportunities for abatement.
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Table 10: Provision of support for technology development and transfer (continued)
RECIPIENT
COUNTRY AND/
OR REGION

TARGETED
AREA

MEASURES AND
ACTIVITIES RELATED TO
TECHNOLOGY TRANSFER

SECTOR

SOURCE OF
FUNDING

ACTIVITIES
UNDERTAKEN
BY

STATUS

ADDITIONAL INFORMATION

Mexico, Korea,
Poland, Italy, USA

Mitigation
and
adaptation

Forest GHG emissions
mitigation and forest
management adaptation:
scientific and technical
mentoring and guidance,
including provision of Carbon
Budget Model of the Canadian
Forest Sector (CBM-CFS3) to
various countries

Other

Public and
Private

Public and
Private

Implemented
and planned

This program targets forest GHG emissions mitigation and forest
management adaptation. The Canadian Forest Service (CFS) of
Natural Resources Canada (Natural Resources Canada) undertakes
a broad range of activities with international partners to advance
GHG mitigation and forest management adaptation goals. The main
funding sources for planned activities are in the host countries.
Activities for the USA and Mexico were partially funded through the
commission for Environmental Cooperation.

United Nations
International
Strategy
for Disaster
Reduction,
Southeast Asia,
Mexico, Chile

Mitigation
and
adaptation

Canada operates the Global Fire
Early Warning System, a project
of the Global Observation of
Forest Cover and Landcover
Dynamics (GOFC-GOLD) Fire
Implementation Team

Other

Public

Public

Implemented
and planned

Regional and national systems developed or in development
collaboratively with various government agencies; ongoing
consultation and advice. Current activities include information
sessions and website recently updated with new data sources and
enhanced products.

Chile

Mitigation

Forest management and
applied research on climate
change impacts on forests,
including through development
of landscape level fire
management capacities and
technologies

Other

•• New regional and national Fire Danger Rating Systems (FDRS)
developed and installed in South Caucasus region (Armenia,
Georgia); 2 training workshops provided through Organization
for Security and Cooperation in Europe
•• Installation of Mexico FDRS software in CONAFOR Fire-HQ,
and system training provided in Canada and Mexico; through
Canada-Mexico CMP
•• FDRS training and consultation planned for Costa Rica
(late 2017)
Public

Public

Implemented
and planned

Collaboration between Canada and Chile has included capacity
building through science and technology exchanges and workshops
to further develop and apply the Canadian Forest Fire Weather Index
(FWI) System as the foundation for a fire early warning system in
Chile and a mitigation tool for wildfire disaster.
•• Chile’s three Model Forests are representative of three
unique forest types and are being used as landscape level
demonstration sites to build capacity, calibrate models and
pilot landscape fire management plans for eventual use at a
national scale.
•• Data sharing in the form of key information concerning weather
and vegetation has been initiated to advance the adaptation of
the Canadian FWI system at a pilot scale in Chile.

0888251
Financial, Technology and Capacity Building Support
Table 10: Provision of support for technology development and transfer (continued)
RECIPIENT
COUNTRY AND/
OR REGION
Global

Global

TARGETED
AREA

MEASURES AND
ACTIVITIES RELATED TO
TECHNOLOGY TRANSFER

SECTOR

SOURCE OF
FUNDING
Public

Mitigation
and
adaptation

Canada supported the work
of the Climate Technology
Centre and Network (CTCN)
as a member of the Advisory
Board (AB) and through work of
its National Designated Entity
(NDE) to the CTCN

Other

Mitigation

Private Financing Advisory
Network (PFAN)

Other

ACTIVITIES
UNDERTAKEN
BY
Public and
Private

STATUS

ADDITIONAL INFORMATION

Implemented

In 2015, Canada continued to actively engage in the AB of the CTCN
and nominated its NDE, located within Natural Resources Canada.
From 2015–2016 Canada’s NDE worked with private sector
partners to deliver 7 training webinars via the CTCN on topics
ranging from implementing energy efficiency, to risk mapping
for climate change. Participants were predominantly from
developing countries.

Public &
private

Public & private

Implemented
and planned

In 2015, Canada played a constructive role in efforts to raise
awareness of PFAN’s success and increase its role in mobilizing
private sector resources in the context of international climate finance.
The International Development Research Centre (IDRC) is
working with PFAN in assessing barriers to private investment
in adaptation, developing a portfolio of feasible and bankable
adaptation initiatives that are investment-ready, and testing a new
model for bridging investors with SMEs focused on adaptation.
The PFAN-IDRC collaboration is unique and has centred thus far
on the innovative Investor Forum. This Forum aims at addressing
the important investment gap that exists between investors
and project developers/entrepreneurs by identifying viable
investment opportunities and developing project pipelines, linking
entrepreneurs, start-up companies and existing companies with
investors and financiers, and taking the form of a business plan
competition in a Dragon’s Den/Shark Tank style selection process.
Projects that were successful in raising finance to further their
development include:
•• African Bamboo (Ethiopia) that has secured funding of over USD
1.5 million to support initial scale-up;
•• Eastern Rice (Uganda) that secured funding of 1.5 billion
Ugandan Shillings for an out-grower scheme; and
•• Classic Foods (Kenya) that raised funding for project
development and risk capital.
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Table 10: Provision of support for technology development and transfer (continued)

a
b
c
d

RECIPIENT
COUNTRY AND/
OR REGION

TARGETED
AREA

MEASURES AND
ACTIVITIES RELATED TO
TECHNOLOGY TRANSFER

Latin America and
the Caribbean

Adaptation
Mitigation

Climate Change Risks and
Opportunities for B Corporations
(B Corps) in Latin America.
Assessing the Climate Change
Risks and Opportunities for the
Private Sector in Latin America

Other

Global

Adaptation

Mobilizing Private Sector
Investment in Adaptation to
Climate Change

Other

SECTOR

ACTIVITIES
UNDERTAKEN
BY

STATUS

ADDITIONAL INFORMATION

Public &
private

Private

Implemented

IDRC is currently working with Sistema B (an institution that
promotes B Corporations in Latin America) to evaluate the direct
impacts of B Corps on climate change adaptation and mitigation,
assessing the potential of these market innovators to motivate
larger companies to act for climate resilience, and exploring ways
to successfully partner to accelerate the adoption and scaling of
potentially game‐changing innovations. This project, launched in May
of 2016, aims to develop an action-research program and taskforce
of sustainable enterprises and academics in Latin America for the
co-development of knowledge at the intersection of climate change
and sustainable venturing. At the end of the project, we would have
developed strategies, policy instruments, and knowledge for effective
climate change mitigation and adaptation.

Public &
private

Private

Implemented

This activity is led by Business for Social Responsibility (BSR)
http://www.bsr.org

SOURCE OF
FUNDING

IDRC’s work with BSR, launched in October of 2015, aims to identify
the barriers and opportunities in climate change adaptation for
sustainable enterprises; develop and publish new knowledge based
on rigorous and novel methodologies; and co-develop innovative
strategies and policy instruments.

To be reported to the extent possible.
The table should include measures and activities implemented or planned since the previous national communication or biennial report.
Parties may report sectoral disaggregation, as appropriate.
Additional information may include, for example, information on funding for technology development and transfer provided, a short description of the measure or activity and information on cofinancing
arrangements.
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Table 11: Provision of capacity building supporta
RECIPIENT COUNTRY/
REGION

TARGETED
AREA

PROGRAMME OR PROJECT
TITLE

Global

Multiple areas

Clean Energy Ministerial (CEM)—Clean Canada provided RETScreen experts and tools to the CESC, including creating a series of free publicly accessible
Energy Solutions Centre (CESC)
webinars with the CESC (developing country participants were the primary audience): https://www.youtube.com/user/
cleanenergypolicy/search?query=retscreen

Global

Multiple areas

RETScreen Clean Energy
Management Software

DESCRIPTION OF PROGRAMME OR PROJECT b,c

World’s leading clean energy decision-making software which has helped significantly reduce costs associated with
identifying and assessing potential clean energy projects as well as with ongoing energy performance analysis.
Provided to users free-of-charge and in 36 languages, and includes comprehensive integrated training materials. More
information available at www.retscreen.net
In the 2015–2016 period Natural Resources Canada led various RETScreen training modules:
•• RETScreen as a Tool for Greenhouse Gas Mitigation—webinar with CTCN (Climate Technology Centre &
Network): https://www.ctc-n.org/calendar/webinars/retscreen-tool-greenhouse-gas-mitigation (2015)
•• A series of webinars with the Clean Energy Solutions Center (participants primarily from developing countries):
https://www.youtube.com/user/cleanenergypolicy/search?query=retscreen (2015)
•• Multi-day webinar based training (English & French) on RETScreen to ECREEE (West African Clean Energy
Agency) (2015)
•• Multi-day in-person RETScreen Expert training for OLADE (Latin American Clean Energy Agency) + sponsoring
of 1-year subscriptions to RETScreen Expert Professional mode for all participants (2016)
•• A series of webinars with the Clean Energy Solutions Center (participants primarily from developing countries):
https://www.youtube.com/user/cleanenergypolicy/search?query=retscreen (2016)

Global

Mitigation

Participation in Carbon Sequestration
Leadership Forum Capacity Building
Governing Council

Canada is a member of the Carbon Sequestration Leadership Forum (CSLF) which is a Ministerial-level international
initiative, composed of 25 countries and the European Commission, that seek to advance carbon capture, utilization
and storage (CCUS) globally through collaborative efforts. Within the CSLF, Canada is a member of the CSLF Capacity
Building Governing Council which approved 5 projects to support CCUS capacity building in Brazil, South Africa,
Mexico and China in 2015–16.

Latin America

Mitigation

4th Meeting of the Heavy Oil Working
Group (HOWG)

The Heavy Oil Working Group (HOWG) is part of the Energy and Climate Partnership of the Americas (ECPA) and
serves as a forum for heavy oil producers/consumers in the Americas, including exchange of information on best
practices and technological innovation in the area of methane emissions reduction and volatile organic compound
(VOC) and solvent management.
The 4th HOWG meeting was led by Canada and held on the margins of the Heavy Oil Latin America (HOLA)
Conference & Exhibition, in Bogotá, Colombia on September 22, 2015.

Latin America

Mitigation

Latin American and Caribbean Carbon
Forum

Natural Resources Canada presented on Canadian experiences with carbon capture, utilization and storage (CCUS)
technology at the Latin American and Caribbean Carbon Forum in Panama City, on September 30, 2016. The focus
of the presentation was on the CCUS business cases of successful Canadian projects. The Executive Secretary of
the Latin American Energy Organization (OLADE) sent a thank you letter to Natural Resources Canada for providing
important technical information in this area.
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Table 11: Provision of capacity building supporta (continued)
RECIPIENT COUNTRY/
REGION

TARGETED
AREA

PROGRAMME OR PROJECT
TITLE

Mexico

Mitigation

Knowledge sharing on carbon capture,
utilization, and storage technology
(CCUS)

Carbon capture, utilization and storage (CCUS) is a key area for North American trilateral collaboration. Canada hosted
the 3rd in a series of trilateral multi-stakeholder CCUS workshops in Regina from October 25–27, 2016 with 47
workshop participants including a delegation of 10 from Mexico. The event also featured site visits to Canada’s CCUS
projects in Saskatchewan with an Alberta side visit on October 24 for the Mexican delegation to tour a CCUS project
and meet with Government of Alberta officials. This workshop, in addition to the previous one hosted in Mexico City in
April 2016, have facilitated the sharing of first-of-a-kind Canadian knowledge and experiences in support of Mexico’s
future CCUS projects. Mexican attendance was funded by the World Bank.

Mexico

Mitigation

Carbon Budget Model of the Canadian
Forest Sector (CBM-Canadian Forest
Service) technology transfer

Part of the Commission for Environmental Cooperation tri-national project on “Integrated Modeling and Assessment
of Climate Change Mitigation Options in the North American Forest Sector”. Involves collaboration on the analyses of
mitigation scenarios for two regions in Mexico (Quintana Roo and Durango) and two regions in the USA (Wisconsin
and South Carolina) (2015/2016).

Republic of Korea

Multiple areas

Carbon Budget Model technology
transfer

Scientific and technical cooperation, hosting of visiting scientist, preparation of national-scale application and testing of
spatially-explicit CBM in South Korea using the moja.global/Flint platform.

Latin America, South-East
Asia, Central and North
Africa, Mediterranean, and
the Caribbean

Multiple Areas

The International Model Forest
Network (IMFN) Capacity building
through research extension and
communications activities to increase
awareness of the need to adapt to
the impacts of climate change; and
the development and ground-truthing
of policy options based on research
conducted in Model Forests.)

During the reporting period, Canada provided targeted support for climate change initiatives in Model Forests which
focused on:
•• Globally (throughout the reporting period), produced legacy project videos, Impacts Notes, e-news, twitter feed,
and presentations, as well as assistance in, delivery of papers and oral presentations at the World Forestry

The Global Partnership on Forest and
Landscape Restoration (GPFLR)

Canada (Natural Resources Canada-Canadian Forest SErvice) is the Co-chair of the GPFLR—a proactive global
network that unites governments, organizations, academic/research institutes, communities and individuals under
a common goal: to restore the world’s lost and degraded forests and their surrounding landscapes. As an active
partner, Co-chair and member of the e-secretariat, Canada helps organize multiple and varied courses and learning
opportunities related to Forest and Landscape Restoration all over the world and online.

Global

Multiple areas

DESCRIPTION OF PROGRAMME OR PROJECT b,c

Congress 2015 on the contribution Model Forests are making to climate change adaptation.
•• Within Latin America and the Caribbean (13 countries)—Natural Resources Canada co-sponsored a series of
regional workshops entitled “Building Sustainability for Landscape Management: Experiences of Model Forests
in times of Climate Change” (2013/14); “Landscape Restoration and Experiences of Model Forests” (2015); and
“Governance in Restoring Degraded Landscapes” (2017) where, during each workshop, over 40 participants
from 13 countries from the Latin American and Caribbean region contributed to strengthening the partnerships
between Climate Change/REDD+ agencies and Model Forest experts, while also advancing the understanding of
REDD+ activities and processes within the region and amongst Model Forests.
•• Natural Resources Canada-Canadian Forest Service facilitated a workshop and presented at the 5th
Mediterranean Forest Week in Morocco (2017) “Towards an enhanced regional cooperation to restore
Mediterranean landscapes: improving resilience for the benefit of people and environment”. This capacity building
aims to facilitate the mitigation and adaptation of Mediterranean forest landscapes to climate change, as well as
the achievement of non-carbon benefits in order to support the implementation of Intended Nationally Determined
Contributions (INDCs) as part of Article 5 of the Paris Agreement.
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Table 11: Provision of capacity building supporta (continued)
RECIPIENT COUNTRY/
REGION

TARGETED
AREA

PROGRAMME OR PROJECT
TITLE

Africa, Asia, Latin America
and the Caribbean

Adaptation

Integrated Climate Change Modelling
and Policy Linkages for Adaptive
Planning (funded by IDRC)

Multi-year capacity building initiative launched in October 2014, targeted at helping IDRC-funded research teams to
deliver policy-relevant and demand-driven assessments that are informed by climate and hydrological modelling.

Global

Adaptation

Adaptation Finance: Linking Research,
Policy and Business (funded by IDRC)

IDRC supports the Frankfurt School of Management and Thailand Development Research Institute to train next
generation of leaders from the scientific community, policy and private sector who are active in a climate adaptation
finance related field and to bring those groups together to discuss and analyse current challenges and opportunities in
adaptation and adaptation finance from policy, private sector and research angle.

DESCRIPTION OF PROGRAMME OR PROJECT b,c

The project, launched in April of 2016, will also help sharpen the definition of adaptation from the perspective of the
private sector. The project is developing a typology for adaptation projects, outlining criteria that must be met in order
to attract and secure investment, and investigating the financial and business risks associated with adaptation projects,
including how such risks can be mitigated and how financial institutions and public policy can enable larger financial
flows into adaptation.
Asia

Adaptation

South Asian Water (SAWA) Leadership The goal of the SAWA leadership program is to increase the number of women occupying leadership roles in the
Program on Climate Change (funded
climate change field and the water sector in particular. With IDRC support, the program will be awarding fellowships
by IDRC)
to 36 women enrolled in master’s-level integrated water resources management programs in Bangladesh, India,
Nepal, and Sri Lanka, and providing these women with opportunities to access decision-making environments through
internships. The program will generate greater participation by women professionals in policy and decision-making
processes by encouraging them to occupy leadership roles in water planning and management and by encouraging
them to develop climate-resilient policies to address water insecurity resulting from climate change in their own local
contexts. More details available at: http://www.saciwaters.org/sawafellowships/index.html

Africa

Adaptation

Climate Leadership Program: Building
Africa’s Resilience through Research,
Policy and Practice (funded by IDRC)

This program, proposed in 2016 and approved to run from 2017–2020, is one among three leadership programs to be
implemented by IDRC’s climate change program in Africa, Asia, Latin America and the Caribbean. It seeks to address
climate change capacity gaps by developing leadership capacity of African scientists, policy advisers and practitioners
for advancement in current climate knowledge, long-term adaptation, decision-making and climate action thus
improving the effectiveness of science-policy-practice interface for positive impact in society.

Latin America and the
Caribbean

Adaptation

Building leadership for LAC cities in a
changing climate (funded by IDRC)

This 4-year leadership program aims to develop multiple technical capacities among young leaders, in particular
women. It is one of the three leadership programs implemented by IDRC’s climate change program in Latin America,
the Caribbean, Africa and Asia.
This program consists of a Postgraduate Diploma that combines a theoretical training module with practical exercises
to consolidate the acquired knowledge in the field. It focuses on providing young leaders with practical knowledge of
climate risk and urban management accompanied by participatory planning and negotiation skills to enable them to
advise local public and private stakeholders for the effective development of climate resilient transformative policies in
medium-sized cities.

a
b

c

To be reported to the extent possible.
Each Party included in Annex II to the Convention shall provide information, to the extent possible, on how it has provided capacity building support that responds to existing and emerging capacity building
needs identified by Parties not included in Annex I to the Convention in the areas of mitigation, adaptation and technology development and transfer.
Additional information may be provided on, for example, the measure or activity and cofinancing arrangements.
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Annex 3
Methodological Approach for Measuring
Canada’s Climate Finance
This annex provides background information on the
underlying assumptions and methodologies used
to produce information on finance for Canada’s
7th National Communication and 3rd Biennial
Report. Additional definitions are provided in the
documentation box as part of the reporting guidelines
and the Common Tabular Format.

Definitions
•• Repayable Contributions: Canada tracks flows that
have been returned to Canada from past repayable
contributions. These flows are tracked in the year they
are received.
•• Year of Measurement: In the past, Canada reported
its climate finance to the UNFCCC by fiscal year
(April–March). To facilitate collective reporting
exercises, Canada is aligning its year of measurement
to that of other donors, transitioning to reporting
climate finance by calendar year. Changing to calendar
year reporting will increase the comparability of
climate finance data across donors.
•• Reporting Currency/Exchange Rates: Data is
reported in Canadian dollars and United States dollars
based on OECD Development Assistance Committee
(DAC) exchange rates for each relevant year.
•• Avoiding Double Counting of Financial
Contributions: In line with best international
practice, Canada tracks climate finance at the
project level. This level of granularity allows for a
comprehensive picture of Canada’s climate finance and
avoids double counting of public flows.
•• Support through Export Development Canada:
Eligible transactions and projects are identified by
EDC using the International Finance Corporation
(IFC) “Special Climate” category within the IFCDefinitions and Metrics for Climate-Related

j

Activities.j The transaction or project must take place
in non-Annex I countries.

Tracking Climate Finance
Canada has monitoring and evaluation systems in
place to effectively manage its climate finance. These
systems allow for the collection and tracking of detailed
project-by-project information based on the parameters
defined in the Annex and the Common Tabular
Format Documentation Box, and additional indicators
to measure results. These reporting parameters
and indicators enable the tracking of provision and
evaluation of the effectiveness and impacts of Canada’s
climate finance.
Reporting parameters include: expected results,
results achieved, estimated and actual GHG reduction
or avoidance, number of people benefitting from
adaptation projects.
By tracking both the expected and achieved results at the
project level, we can evaluate the success of a project.
The success of a project is measured by its achievement
of planned outcomes and impacts. Furthermore, by
tracking the specific activities of a project we are able to
assess what activities are the most effective at achieving
desired outcomes.
Canada works with partners that that have clear
accountability frameworks. These partners measure and
evaluate project results and report back to Canada on
outcomes and indicators.

Measuring Mobilized Private Finance
Donor countries are working together to define
quantification methodologies and improve the
measurement and reporting of publicly mobilized
private finance. These processes are paving the
way for improved data, enhanced transparency and
better harmonization:

For more information, please visit: IFC-Definitions and Metrics for Climate-Related Activities.
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•• The OECD hosted Research Collaborative on
Tracking Private Climate Finance is exploring options
for the development of improved methodologies
for measuring private flows mobilized by developed
countries’ public interventions.
•• The Technical Working Group (TWG), established in
2015, developed a common and robust methodologyk
for measuring mobilized private climate finance
towards the US $100B goal, building upon the work
conducted under RC.
•• Collective reporting exercises test methodologies.
Canada participated in the report Climate Finance
2013–2014 and the US $100 billion goal (OECD 2015)
which used the methodology developed by the TWG.
This report found that developed countries jointly
mobilized US $12.8B in 2013 and US $16.7B in 2014
from private sources.
•• The OECD DAC has been working to measure
private investment mobilized by official development
finance interventions, including climate-related ones.
In accounting for mobilized private climate finance,
Canada assesses the amount of private finance mobilized
on an activity-by-activity basis and to report on private
finance associated with activities where there is a clear

k

causal link between a public intervention and private
finance and where the activity would not have moved
forward, in the absence of Canada’s intervention.
Double counting is avoided across private finance
estimated through the use of volume based pro-rata
attribution of private co-finance among public actors
involved based on respective contributions.
Taking into consideration the consensus on the fourstage framework, the TWG common methodology, and
Canada’s experience in tracking and reporting climate
finance, Canada calculates its pro-rata share of mobilized
private climate finance by:
1. Identifying Canada’s public climate finance
interventions—climate benefits as a motivating
factor—designed to reduce GHG emissions or
support adaptation.
2. Identifying the private finance contribution.
3. Taking into consideration the mobilization effect of
other public co-financing to the project, and ensure
that Canada is only attributing private finance prorated to its funding contribution.
4. Identifying Canada’s pro-rated share of mobilized
private finance.

For more information on the TWG methodology please visit: http://www.oecd.org/env/cc/OECD-CPI-Climate-Finance-Report.pdf, Annex F.
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CHAPTER 8

Research and Systematic
Observation of Climate Change
Climate system observations and research are critical for understanding how the climate system
works, how natural forces and human activities may cause the climate to change, and how these
changes can affect ecosystems, socio-economic systems and human health. In Canada, climate
system observation and research activities are undertaken jointly through core government
programs, academic institutions, and collaborative research networks.
This chapter provides an overview of climate change research and scientific observation
activities in Canada, with an emphasis on the developments which have taken place since the
2014 publication of Canada’s 6th National Communication on Climate Change. Recognizing the
importance of sustained research and monitoring programs and the Government of Canada’s
role in providing the essential infrastructure for these programs, the perspective presented
is largely from the federal government. However, given the collaborative nature of climate
research and monitoring in Canada, as well as the range of climate related scientific services
provided, highlights of provincial, academic and consortium based programs and research
networks are also provided.
Research related to climate change impacts and adaptation is captured in Chapter 6:
Vulnerability Assessment, Climate Change Impacts and Adaptation Measures, of this report.
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8.1 Policy Context
8.1.1 Overview
In Canada, climate science research and monitoring
approaches involve federal, provincial, municipal,
academic, and private sector partners. The federal
government provides most of the essential infrastructure
for climate system research and long-term systematic
observations programs. This work is complemented
primarily by research and observation activities
undertaken by the Canadian academic community,
whose focus is on enquiry driven science. Productive
partnerships have been established between the two
communities and both continue to make substantial
contributions to Canadian and international programs.
The federal programs then play a major role in the
provision of scientific findings and services to inform
decision-making on climate change mitigation and
adaptation domestically, as well as internationally.
Recognizing that meeting the Paris Agreement
objectives requires coordinated efforts, First Ministers
adopted the first ever federal-provincial-territorial
climate change plan on December 9, 2016—the
Pan-Canadian Framework on Clean Growth and
Climate Change.
A federal climate change science plan to support
implementation of the Pan-Canadian Framework
on Clean Growth and Climate Change is under
development, which will help to link the policy direction
to delivery of programs. Understanding that the PanCanadian Framework will set the policy direction and
will continue to influence research and systematic
observations efforts well into the future, the following
sections highlight some of the existing organizational
mechanisms for climate research and systematic
observations within Canada.

8.1.2 Research and Systematic Observation
efforts within the Government of Canada
Research and systematic observation of the climate
system is the shared responsibility of multiple
departments within the Government of Canada.

Federal government climate scientists, leveraging the
collaborative research of national and international
partners, generate and disseminate new knowledge
and data to understand climate system behaviour,
the human influence on climate, and future climate
change. Funding for this work is embedded within
annual departmental budget allocations, and priorities
for climate research and monitoring in Canada are
determined largely by consultative processes between
federal government departments and academia, with
some input from industry and other stakeholder groups.
In addition to federal departments’ core programs,
some of which are currently under transformation
such as the Meteorological Service of Canada’s (MSC)
monitoring networks, the Government of Canada funds
targeted initiatives to enhance climate related research
and monitoring. Programs that contribute to this
work include:
•• The renewal of the core monitoring infrastructure of
MSC’s Surface Weather and Climate Networks and
Marine Networks.
•• Environment and Climate Change Canada’s Climate
Change Prediction and Scenarios program.
•• Fisheries and Oceans Canada’s Aquatic Climate
Change Adaptation Services Program.
•• The Sustainable Science and Technology
Advancement initiative of Agriculture and Agri-Food
Canada’s Growing Forward 2 policy framework.
The Clean Air Agenda (2007–2021), which includes
programs across 11 Government of Canada departments
and aims to address the challenges of climate change
and air pollution, has, to date, provided the foundation
for effective policies, programs and services through
sound scientific monitoring and research activities.
The following sections provide additional details on
specific Government of Canada initiatives.

8.1.2.1 Canadian Space Agency Programs

Government Related Initiatives Program
The Canadian Space Agency contributes to
environmental monitoring and science by coordinating

0897260
Research and Systematic Observation of Climate Change

space programs and policies of the Government of
Canada. The Government Related Initiatives Program
assists federal departments in integrating space
borne Earth Observation data in their operations.
The Program is organised around three themes:
environment; resources and land use management; and
security and foreign policy.
Initiatives under the environment theme include
developing and deploying technologies and applications
that provide information about the current state and
evolution of the climate, the quality of the air and the
water, as well as the biodiversity of the country and
the planet. Space-based observations are particularly
useful for monitoring changes in the physical, chemical,
and biological aspects of the Earth and for supporting
climate research because of the global nature of the
climate system.
Over the next three years, the program will support,
in partnership with federal departments, five new
initiatives focused on key policy areas of terrestrial
monitoring activities supporting climate change
impacts and ecosystem resilience. These include:
two initiatives led by Natural Resources Canada to
address Canada’s climate change information needs
and development of data analytic capabilities; two
initiatives led by Environment and Climate Change
Canada to monitor ecosystem variables and assimilation
of space and surface-based data sources for a national
Canadian Land Data Assimilation system; and one
initiative led by Agriculture and Agri-Food Canada to
estimate crop productivity. Supported initiatives will
use data from Canadian space-based assets for Earth
observation, including RADARSAT-2, RCM and other
space missions of interest to Canadian government
departments, such as the European Space Agency
Sentinels and optical high resolution missions offered by
the Canadian industry.

Earth Observation Application Development
Program
The Earth Observation Application Development
Program (EOADP) addresses the needs of the industry.
Projects supported under the Environment theme
of the Earth Observation Application Development
Program are focused on enhancing the understanding
and monitoring of key parameters and processes of the
Earth, atmosphere, oceans, cryosphere, and biosphere
systems and how these are inter-related. A specific
focus of recent projects has been the development
of Innovative Earth Observation Solutions for
Disaster Management in a Canadian Context using
RADARSAT-2 satellite data in complementarity with
other satellite and in situ observations.
Sun-Earth System Sciences Program
The Sun-Earth System Sciences Program supports
university research teams from across Canada, often
in collaboration with government researchers, in
analyzing data from instruments aboard Canadian and
international satellites. These research grants support
validation of data products and retrieval algorithms,
advance scientific knowledge and understanding of
physical and chemical processes of the Earth System,
and develop or improve analytical and computational
models. Fourteen current projects in atmospheric
science focus on topics such as ozone recovery,
greenhouse gases, air quality and climate change,
with special attention to the Arctic. One example
of Canadian Space Agency supported academiagovernment collaboration is the development and
testing of the carbon assimilation system using spacebased observations of atmospheric carbon dioxide,
carbon monoxide and methane. There are currently
six research grants related to the remote sensing of soil
moisture and soil freeze/thaw state.
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Polar Space Task Group (World Meteorological
Organisation)
The Canadian Space Agency continues to play a key
role in supporting the Polar Space Task Group’s efforts
to collect and compile coherent and extensive satellite
radar data over Polar Regions to support the scientific
community to better understand the current and
potential impacts of climate change. Canadian Earth
Observations satellites have been used for monitoring
sea ice and ice sheet conditions over polar regions for
the past 20 years.

Access Policy on Publications” that requires research
publications supported by public funds to be made
openly available for the benefit of the community
at large. This approach is aligned with Canada’s
commitments to the Open Government Partnership,
as outlined in the Third Biennial Plan to the Open
Government Partnership 2016 -18. The Plan can
be found at http://open.canada.ca/en/content/thirdbiennial-plan-open-government-partnership. More
information on Canada’s commitments to Open Data is
covered in section 8.3.1.

8.1.3 Research Granting Agencies and Funded
Initiatives in Canada

8.1.3.1 Climate Change and Atmospheric
Research Grants

Canada has three major research funding agencies,
Under the Natural Sciences and Engineering Research
known collectively as the tri-councils: the Natural
Council’s Climate Change and Atmospheric Research
Sciences and Engineering Research Council of
(CCAR) initiative, seven research teams were awarded
Canada (NSERC), the Social Sciences and Humanities
grants totalling more than $32 million over 5 years
Research Council of Canada (SSHRC) and the
to support climate change and atmospheric research
Canadian Institutes of Health Research (CIHR). Of
at Canadian post-secondary institutions (2012–13
the three, NSERC is the most closely linked to climate
to 2017–18). The teams, comprised of university
science research programs. NSERC is concerned with
researchers, government researchers and partner
administering funds for university research and training
organisations carried out seven projects:
in the fields of science and engineering. It also fosters
•• Network on Climate and Aerosols: Addressing Key
innovation by encouraging Canadian companies to
Uncertainties in Remote Canadian Environments.
participate and invest in postsecondary research projects. •• Research related to the Polar Environment
Atmospheric Research Laboratory: Probing the
NSERC reports to Parliament through the Minister of
Atmosphere of the High Arctic.
Innovation, Science and Economic Development. It is
•• Canadian Arctic GEOTRACES Program:
governed by a President and a Council of distinguished
Biogeochemical and Tracer Study of a Rapidly
members selected from the private and public sectors.
Changing Arctic Ocean.
The Council is advised by various standing committees
•• Canadian Sea Ice and Snow Evolution Network.
that are guided by a peer review process. The Council
•• Ventilation, Interactions and Transports Across the
fulfills its mission by awarding scholarships and research
Labrador Sea.
grants through peer-reviewed competition, and by
•• Canadian Network for Regional Climate and
building partnerships among universities, colleges,
Weather Processes.
governments, and the private sector. A number of
•• Changing Cold Regions Network.
climate related research initiatives and networks
in Canada are funded by the Natural Sciences and
The Climate Change and Atmospheric Research
Engineering Research Council.
initiative has addressed many aspects of climate and
On February 27, 2015, Canada’s three major research
funding agencies announced a new harmonized “Open

atmospheric science. Highlights of the projects include:
•• Explanations of atmospheric conditions that caused
the 2013 floods in Calgary, Alberta.
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•• Shaping research agendas on wildfires in the northern
boreal and taiga forest.
•• Improved understanding of how aerosols affect
climate and air quality in Canadian regions.
•• Better understanding of the hydrologic response to
climate change.
•• Advancements on hydrological, ecological, and
atmospheric model development.
•• Improved climate predictions in Arctic regions.
•• Enhancements to Environment and Climate Change
Canada’s earth system based model components
for aerosols, land-surface and hydrology, and
the cryosphere.

8.1.3.2 Networks of Centers of Excellence
Created in 1989, the Networks of Centers of Excellence
program is an integral part of the Government of
Canada’s Innovation Strategy. The program supports
large-scale academically-led research networks,
delivering multidisciplinary research partnerships with
industrial expertise and strategic investment through
the involvement of academic, industry, government
and non-for-profit partners. The Networks of
Centers of Excellence initiative is supported by the
three major Canadian federal granting councils: the
CIHR, the NSERC and the SSHRC, as well as by
two government departments: Health Canada and
Innovation, Science and Economic Development
Canada. There are currently two Networks of Centers
of Excellence initiatives that are directly related to
climate research and monitoring: ArcticNet and the
Marine Environmental Observation Prediction and
Response Network.
ArcticNet
The first three phases of ArcticNet took place from
2003–2014, and were discussed in the 5th and 6th
National Communication reports. Since 2014, the fourth
phase of ArcticNet was launched, which focuses on four
main themes: marine ecosystems; terrestrial ecosystems’
Inuit health, education and adaptation; northern
policy development; and knowledge transfer. This
integrated research approach brings together scientists

and managers in the natural, human health and social
sciences with their partners from Inuit organizations,
northern communities, federal and provincial agencies
and the private sector to study the impacts of climate
change in the coastal Canadian arctic. To date, there
are over 145 ArcticNet researchers from 30 Canadian
universities while 8 federal and 11 provincial agencies
and departments collaborate with research teams in
various countries.
Marine Environmental Observation Prediction
and Response Network
Established in 2012, the Marine Environmental
Observation Prediction and Response (MEOPAR)
Network seeks to observe, predict and respond to
changing marine hazards arising from climate change,
chemical/biological change, geophysical events and
direct human impacts. Primary activities include
support for interdisciplinary research, providing training
to bolster the Canadian workforce, and mobilizing
scientific knowledge, technology and people through
cross sector engagement. Cycle I (2012–2017) projects,
focused on developing disaster and risk reduction tools
and identifying adaptation measures for Canada to
better manage ocean influences on coastal environments.
This has been achieved through both new and existing
partnerships with organisations including academia,
governmental departments, non-governmental
departments, and industries such as insurance and
oil and gas. Cycle I funding was described in the 6th
National Communication report. In 2017, $28.5 million
in renewed federal funding was secured, allowing
MEOPAR to continue the research that was started in
Cycle I.

8.1.3.3 Canada Research Chairs
The Canada Research Chairs program aims to achieve
research excellence in engineering and the natural
sciences, health sciences, humanities, and social sciences
by funding academic positions at universities in Canada.
The Program is funded by the tri-councils—the
NSERC, the SSHRC and the CIHR and managed
by a steering committee that reports to the Minister
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of Innovation, Science and Economic Development
Canada. The program offers eligible Canadian degreegranting institutions the opportunity to nominate
outstanding researchers for senior professorships, and
offers exceptional emerging researchers support to
kick-start their careers in faculty positions at Canadian
universities. The Program spans a wide range of
research areas and as of April 2017, there were seven
Canada Research Chairs contributing directly to climate
research in Canada; two at the University of Manitoba
(global warming and sea ice; chemical cryospheric
processes) and one each at the Université du Québec à
Montréal (regional climate processes), the University of
Toronto (environmental impacts of nitrogen), Dalhousie
University (atmospheric composition observation),
McGill University (atmosphere and climate dynamics)
and the Université de Montréal (arctic and sub-arctic:
carbon, water and energy exchange).

8.1.3.4 Canada First Excellence Research Fund
Launched in 2014, the Canada First Excellence
Research Fund invests approximately $200 million per
year to support Canada’s postsecondary institutions in
their efforts to become global research leaders. One
project directly supports academic research related to
the climate system. Global Water Futures is a university
led research network awarded with $77.8 million
which aims to place Canada as a global leader in
water science for cold regions and address strategic
needs of the Canadian economy to adapt to change
and risks in uncertain water futures. Specific projects
focusing on climate change science include, ClimateRelated Precipitation Extremes, The Changing Arctic
Network and “Improving snowfall and snowpack
measurement, modelling and prediction across Canada
for hydrometeorological applications.”

8.1.4 Other Initiatives
Atmosphere-Related Research in Canadian
Universities
Established in 2016–17, the Atmosphere-Related
Research in Canadian Universities (ARRCU) Working
Group is a group of Canadian university faculty who

undertake research in weather, climate, and air quality
under the general framework of atmosphere-related
research. Atmospheric-related research considers the
whole atmosphere, from the surface to space, and
its interaction with land-surface, hydrologic, ocean,
cryospheric, and space systems. Work in this area
connects atmospheric and related sciences to many other
areas of environmental and social science.
The ARRCU has initiated a strategic planning process
in Canadian atmospheric-related research across the
university, government, and industrial sectors. The
group seeks to help configure academic atmosphericrelated research to most benefit Canada in a time
of rapid environmental and socio-economic change.
Efforts are aimed at benefitting atmospheric related
research activities within and outside the wide range
of University departments and disciplines where such
research takes place.

8.2 Systematic Observation
8.2.1 Overview
Systematic climate observations are essential for
understanding the mean states of various climate
components over time and the natural variability around
these means, for detecting changes in these means
and extremes, and for attributing these changes to
specific causes. Observations can also help to clarify the
processes by which components of the climate system
interact and the sensitivity of these processes to natural
and anthropogenic influences. Accurate observations
can also provide an objective basis for verifying reported
emissions. Climate modellers incorporate observations
into climate system models through mathematical
equations, allowing for the prediction of changes and
the long-term projections of future climates.
Data management is an important aspect of any
systematic observations endeavor. The longterm systematic collection, quality assurance, and
dissemination of climate system data in Canada is
primarily the responsibility of the federal government,
and arises from a broad spectrum of program obligations.
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Through Canada’s involvement in international
organizations, agreements, and commitments, climate
data is collected, quality controlled, and disseminated
according to international standards.
In 2013, Canada and the other G8 members adopted the
Open Data Charter, committing to a set of open data
principles: open data by default; quality and quantity;
usable by all; releasing data for improved governance;
and releasing data for innovation. As part of Canada’s
commitments under the G8 Open Data Charter, federal
government departments and agencies must release their
data holdings proactively by default, subject to privacy,
security and/or confidentiality restrictions. In order to
deliver on this commitment the Government of Canada
is taking steps to make all outbound data for public
consumption, including scientific data related to peerreviewed publications, discoverable through the Open
Government Portal at http://open.canada.ca.
Recognizing the complexity and horizontality of
many national policy priorities including climate
change, Canada has developed the Federal Geospatial
Platform (FGP), an innovative Canadian initiative
designed to bring together economic, social, and
environmental data from multiple departments and
agencies and make it publically available to support
climate resilience. Over seven hundred data layers are
now available and the number is constantly growing.
From Open Maps (powered by the FGP), users can
view climate change scenarios interactively, and overlay
them with other map layers (e.g. communities, energy
infrastructure, wildfires) to get a sense of how climate
may change in relation to their livelihood. Visit http://
open.canada.ca/en/open-maps for more information. In
December 2016 following the Paris Agreement, Canada
endorsed a Joint Declaration on Harnessing the Data
Revolution for Climate Resilience, and was committed
to sharing tools and best practices from Open Maps.
Canada also plays a proactive role in supporting the
emerging Open Data for Climate Actions initiative
coordinated by the International Open Data Charter.

Canada is a significant contributor to the Global
Climate Observing System (GCOS), an internationally
coordinated network of observing systems and a
programme of activities that support and improve the
network. GCOS was established in 1992 as an outcome
of the Second World Climate Conference. Canada
also makes significant contributions to the related
Global Ocean Observing System, and the Global
Terrestrial Observing System. Canada is a member
of the Group on Earth Observations, which seeks
to coordinate international efforts to build a Global
Earth Observation System of Systems. The Global
Climate Observing System contributes the climate
component to the Global Earth Observation System of
Systems. Canada is also a participant in the international
Sustaining Arctic Observing Networks initiative.

8.2.2 Monitoring Networks
8.2.2.1 Atmosphere

Surface Weather and Climate
Environment and Climate Change Canada’s national
ground-based weather, climate, upper air, and
meteorological marine observation networks follow
well defined operating standards and procedures in
accordance with the climate monitoring principles and
standards of the Global Climate Observing System and
related programs. While network spatial densities and
station distributions are relatively stable, lower densities
are found in the sparsely populated northern regions. To
address these spatial gaps, Environment and Climate
Change Canada continues to make it a strategic priority
to transform its monitoring capabilities in collaboration
with other federal departments and levels of government
in Canada, as well as the private sector through
a network of networks approach. This Canadian
collaborative monitoring initiative is aimed at addressing
the diverse needs of public and private sector groups for
high quality weather, water, and climate data that are
managed on a foundation that is efficient, collaborative,
and sustainable.
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As of 2017, the Surface Weather Network includes
approximately 570 fully automated stations. Canada also
contributes to the international Voluntary Observing
Ship Climate Project through its Automated Volunteer
Observing Ships. The Canadian moored buoy network,
with 46 buoys located in the Atlantic and Pacific oceans
and in inland waters, contributes hourly observations to
the Global Telecommunication System, following Data
Buoy Cooperation Panel and World Meteorological
Organization guidelines. In addition to these networks,
the Environment and Climate Change Canada drifter
buoy network provides marine observations from most
of the data sparse areas in the Arctic, north Atlantic, and
north Pacific oceans. Environment and Climate Change
Canada also contributes to the Global Drifter Program
by upgrading approximately 30 drifter buoys with
barometers every year.
Within this broader atmospheric monitoring program,
Environment and Climate Change Canada operates
two surface networks specific to climate change—the
Canadian Reference Climate Stations Network and the
daily Climatological Network. As of 2017, the Canadian
Reference Climate Stations Network consists of
approximately 300 stations, of which 86 are included in
the Global Surface Network. In addition to monitoring
the Global Climate Observing System Surface Essential
Climate Variables, the Canadian Global Surface
Network stations also measure and report atmospheric
pressure, wind speed and direction, humidity, and snow
on ground on hourly and synoptic reporting frequencies.
The Reference Climate Stations Network is primarily
intended for determining climate trends on regional and
national scales. It was initially established by identifying
and designating stations with continuous high quality
observations of thirty plus years in duration. The
resulting network was a mixture of automated stations,
human based aviation weather observing sites, and daily
temperature and precipitation climatological stations
operated by volunteers and co-operating agencies. Since
2000, Environment and Climate Change Canada has
been converting about 10% of these stations per year to

a standardized auto-station configuration. About 250 of
the Canadian Reference Climate Station’s network
stations are Environment and Climate Change Canada
operated automatic weather stations. The remaining
Reference Climate Stations continue to be a mix of
aviation weather monitoring stations operated by Nav
Canada and the Department of National Defence and
a small number of daily temperature and precipitation
stations operated by the volunteer based Co-operative
Climate Network. Renewal investments have allowed
Environment and Climate Change Canada to install and
upgrade to automatic weather stations to reduce third
party dependency for climate observations.
Environment and Climate Change Canada and the U.S.
National Oceanic and Atmospheric Administration
(NOAA) have a bilateral agreement to coordinate
standards, procedures, equipment, and measurement
programs between the Canadian Reference Climate
Stations and the U.S. Climate Reference Network. The
objective is to establish and maintain an integrated
North American climate reference network.
The daily Climatological Network currently consists
of approximately 400 sites where observations of
temperature (minimum and maximum), precipitation
(rainfall or snowfall), and snow depth are recorded once
or twice daily. Data entry systems (one internet based
and one telecommunications based) allow observers to
submit their observations in near real-time. Ongoing
modernization processes provide more timely access and
better quality of daily climate data from these stations.
Upper Air Networks
Canada maintains 31 of the approximately 1,300 upper
air radiosonde stations and five of the estimated
171 Global Climate Observing System Upper Air
Network (GUAN) stations operating under the global
World Weather Watch/Global Observing System
program. The Canadian GUAN stations are located
at Alert, Goose Bay, Moosonee, Fort Smith, and
Cambridge Bay.
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At the radiosonde stations, balloon borne radiosondes
are released twice daily to measure and simultaneously
transmit data on temperature, humidity, and pressure to
automated ground systems. Wind direction and speed
are determined by using Global Positioning System
technology to track the radio signal transmitted by
the radiosonde.
Upper air observations from the Canadian upper air
radiosonde network are supplemented by the Canadian
Aircraft Meteorological Data Relay (AMDAR) program
which, from 14 aircraft of a commercial airline fleet,
generates approximately 300 wind and temperature
soundings per week from 18 Canadian airports. The
quality of the data is monitored in near-real-time by the
Canadian Meteorological Centre before the data are
used in the Canadian Meteorological Centre’s national
data assimilation system and distributed internationally.
Atmospheric Composition
Environment and Climate Change Canada operates
the long term observations network for near realtime atmospheric measurements of CO2 and other
greenhouse gases (GHGs) (CH4, N2O, and SF6), with
a subset of these stations also providing additional
CO2 and CH4 stable carbon isotope measurements.
These long term monitoring stations are located
across Canada to provide regional scale information
on GHG emissions from local and regional natural
(forests, wetlands) and anthropogenic (coal, oil and gas,
agriculture, waste) sources. As of April 2017, there were
16 long-term and 6 shorter-term project measurement
sites located in coastal, interior, and Arctic regions
in Canada. A major focus of the GHG measurement
program since the 6th National Communication has been
to enhance the regional coverage in Canada’s North.
This includes the addition of a fourth monitoring site
in Canada’s Arctic. Environment and Climate Change
Canada’s Global Atmosphere Watch Observatory at
Alert is one of three World Meteorological Organization
Global GHG inter-comparison sites. The Alert
Observatory celebrated its 30th anniversary in 2015.

Aerosol observations contribute to improved
understanding of biogenic and biomass source
influences, trans-Pacific and Arctic atmospheric
transport behaviour, and industrial/urban influences
on regional scales. Detailed measurements of aerosol
chemistry and microphysics are conducted at 6 sites
in Canada to monitor short and longer term changes
in concentrations of the atmospheric aerosol. Baseline
locations represent the high Arctic with the Alert
and Resolute Bay Nunavut (NU) stations. The three
decades long measurements at Alert provides valuable
information for understanding linkages to the changes
in emissions and atmospheric transport when compared
with observations conducted at other southern
stations. Aerosol measurements at different stations
vary. The Alert, NU and Whistler, British Columbia
stations have more comprehensive instrumentation for
aerosol measurements (i.e. particle number and size
distributions, light scattering and absorption, refractory
and equivalent black carbon mass concentrations, near
real-time submicron particle chemistry, filters for
submicron particle inorganics, carbonaceous mass and
stable carbon isotope). In addition, routine chemical
composition measurements of aerosols are conducted
at 18 sites of the Canadian Air and Precipitation
Monitoring Network.
Stratospheric ozone measurements support Canada’s
international obligations as a party to the Montréal
Protocol on Substances that Deplete the Ozone Layer,
and also party to the Vienna Convention for the
Protection of the Ozone Layer. More specifically, total
ozone column measurements are being taken to study
the temporal and vertical ozone trends; and monitor the
recovery of the ozone layer and polar ozone depletion
events, such as those that occur naturally over the
Antarctic during spring time. In addition, the total
ozone and spectral ultraviolet irradiation measurements
by the Brewer network are used by modellers to
generate ultraviolet index forecasts, which are then
validated by Brewer ultraviolet measurements. Surface
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ozone measurements are also made at 17 regionally
representative sites across Canada by the Canadian Air
and Precipitation Monitoring Network, a regional scale
network that measures air and precipitation chemistry
across the country.
Environment and Climate Change Canada uses two
main methods to monitor stratospheric ozone: the
Brewer spectrophotometer method measures the total
thickness of the ozone layer several times per hour,
and the ozonesonde method measures the vertical
concentration profile of ozone in the troposphere and
the stratosphere on a weekly basis. There are eight
Brewer stations. Six of the eight ozonesonde stations are
co-located with the Brewer stations.
Environment and Climate Change Canada operates
the AEROCAN (AEROsol CANada) network, a sun
photometer and sky-scanning radiometer network of
19 sites across Canada as a part of the global AERONET
(AErosol RObotic NETwork) network. The objective
of AEROCAN is to acquire data on aerosol optical
properties, e.g., aerosol optical depth, and derive
aerosol characteristics such as size distribution and
mass. AEROCAN provides data that can be used for
aerosol optical depth trend analysis, optical properties
characterization, and validation of satellite retrievals,
potentially helping to reduce uncertainty of the aerosol
radiative forcings.
Data management among Environment and
Climate Change Canada’s atmospheric composition
measurement networks adheres to principles set out
by the World Meteorological Organization (WMO)
Global Atmosphere Watch Program. Ozone, GHG,
and aerosols data are reported to the relevant the
WMO World Data Centers. Ground level ozone
data and aerosol composition data collected by the
Canadian Air and Precipitation Monitoring Network
will be reported through the Government of Canada
Open Data Portal. The World Ozone and Ultraviolet
Radiation Data Center is operated by Environment
and Climate Change Canada and located in the city

of Toronto. GHG and aerosols data are archived
in the Canadian National Atmospheric Chemistry
Database and Analysis System. Ultimately data will be
made publically available through the Government of
Canada Open Data Portal, pending resolution of third
party licensing issues. Canada’s participation in these
national and international data archives ensures open
access to the first-order data collected under the various
monitoring programs.

8.2.2.2 Oceans
Fisheries and Oceans Canada (DFO) is responsible
for the collection, management and interpretation of
data on the physical, chemical, and biological variables
describing the climate of the oceans that surround
Canada. This includes the Northeast Pacific, Northwest
Atlantic, Hudson Bay, the Beaufort Sea, the Arctic
Archipelago, and the Labrador Sea. Observations are
made by ship, moored and floating buoys, and remote
sensing. Collaborations are established with universities,
other government departments (primarily Environment
and Climate Change Canada) both national and
international, and agencies to include oceanographic
activities for which the responsibility falls outside
Fisheries and Oceans Canada.
DFO’s strategic outcomes include: Economically
Prosperous Maritime Sectors and Fisheries; Sustainable
Aquatic Ecosystems; and Safe and Secure Waters. DFO
conducts research and long-term monitoring of key
ocean parameters (e.g. salinity, temperature, dissolved
oxygen, total carbon dioxide), and manages the resulting
data to ensure integrity and accessibility. In turn, the
generation of new knowledge allows the Department
to provide advice, products and services that support
ecosystem management decisions, adaptation to
climatic change and its consideration for food security,
emergency preparedness, search and rescue, the
mitigation of oil spills, and at-sea operations such
as fisheries and offshore energy exploration. Ocean
monitoring is a crucial requirement for achieving the
goals of these strategic outcomes.
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Pacific and Atlantic Ocean Monitoring
The Atlantic Zone Monitoring Program (AZMP)
includes a network of six stations sampled bi-weekly,
17 seasonal cross-shelf sections sampled one to three
times annually, and fisheries resource surveys that
collect data temperature, salinity, oxygen, nutrients,
carbonate system, and zooplankton. The Atlantic
Zone Off-shelf Monitoring Program (AZOMP)
includes a section across the Labrador Sea sampled
annually for temperature, salinity, oxygen, nutrients,
carbon system variables, chlorofluorocarbons, and
microbial, phytoplankton, and zooplankton abundance
and production. It is an important ocean monitoring
program for climate research because each year it
samples the water masses that contribute to the Atlantic
branch of the ocean’s thermohaline circulation. Since
2006, a few stations have been added to the offshore
end of the AZMP Halifax section to provide annual
downstream sampling of these same variables. Similarly,
a transect from Vancouver Island to Ocean Station
Papa (Line P) is surveyed three times per year for
temperature, salinity, oxygen, carbon system variables,
chlorophyll, nutrients, and zooplankton. This is a
cornerstone of long-term observations of the effects
of climate variability and change on ocean ecosystems
in Canadian Pacific waters. The Line P program
celebrated its 60th anniversary in 2016.
Line P sampling is also coordinated with other
collaborative groups including local, national and
international academia incorporating metagenomics,
biogeochemistry, plankton ecology, physical and
chemical oceanography into Line P data and
publications. The west coast of Vancouver Island is
surveyed twice a year (late spring and late summer) and
there are surveys of the Salish Sea three times per year
(spring, summer, and fall). Carbon system variables
are being sampled in coastal British Columbia in
collaboration with the academic led MEOPAR (Marine
Environmental Observation Prediction and Response)
network. Other academic and non-profit initiatives
(e.g. Hakai Institute and Oceans Networks Canada)

are providing valuable data in physical, biological and
chemical oceanography.
Satellite data images are captured by Fisheries and
Oceans Canada at a receiving station at the Bedford
Institute of Oceanography. Sea-surface temperatures
images are derived from Advanced Very High
Resolution Radiometer (AVHRR) on the U.S. NOAA
series of polar orbiting weather satellites and from
the Moderate Resolution Imaging Spectroradiometer
(MODIS). Chlorophyll concentration images are
produced from the Sea-viewing Wide Field-of-view
Sensor (SeaWiFS), the Visible Infrared Imaging
Radiometer Suite (VIIRS), the MEdium Resolution
Imaging Spectrometer (MERIS) and MODIS. Primary
Production images are derived from the semimonthly composites of chlorophyll concentration
and temperature. On-line archives of imagery are
publicly available.
Canada also contributes to the international Argo
program, which now has over 3,800 profiling
submersible floats in the world’s oceans and provides
ongoing coverage of global ocean temperature and
salinity variability. The Argo Program also provides a
unique dataset for the development and testing of ocean
circulation models, creation of modern temperature–
salinity climatology for the global ocean, and time
series of variability in heat and freshwater storage and
transports, used for analysis of the dominant patterns
and modes of variability. Canada’s contribution to the
Argo program to date has included deployment of over
446 ocean floats in the northwest Atlantic and northeast
Pacific and Southern Oceans.
The Arctic
Arctic Ocean observing programs include year-round
monitoring of oceanographic conditions via subsurface
moorings that record sea-ice thickness and drift, ocean
currents, temperature and salinity. These moorings are
located to measure through-flow in key straits of the
Canadian Arctic Archipelago; oceanographic conditions
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over the Canadian Beaufort Shelf and within the
Beaufort Gyre Region and an Arctic Ice Mooring north
of the Chukchi Sea. The Joint Ocean Ice Studies (JOIS)
program is an international collaboration to monitor
sea-ice, oceanographic and ecosystem conditions in
the Beaufort Gyre Region of the Canada Basin in
the Arctic Ocean via an annual month-long, scientific
expedition aboard the Canadian icebreaker Canadian
Coast Guard Ship Louis S. St-Laurent. JOIS is a
collaboration between the U.S. and Canada that has
provided oceanographic surveys of the central Beaufort
Gyre annually since 2003 and is supported by a team
of scientists from across Canada, the U.S. and Japan. A
recent Arctic Science Fund will support research that
bridges the gap between physical and geochemical
drivers and biological components.
Sea Levels
Fisheries and Oceans Canada also has responsibility for
monitoring sea levels through the use of the Atlantic
and Pacific National Sea Level Network of coastal
stations. This network is maintained by the Canadian
Hydrographic Service (part of DFO).
Ocean Observations Data Management
National coordination and integrity across the
various Fisheries and Oceans Canada monitoring
programs, through the National Science Data
Management Committee, ensures common protocols
for both observation and data archiving. The Marine
Environmental Data Service (MEDS) manages and
archives ocean data collected by Fisheries and Oceans
Canada, or acquired through national and international
programs in ocean areas adjacent to Canada. MEDS
also assembles, processes, quality controls, and
distributes large volumes of climate related data, as a
data centre for the major international climate research
programs. Systematic observation provides the data
required to test scientific conjectures on the propagation
of climate signals through linked components of the
ocean’s biota and physical environment. As a designated
Responsible National Oceanographic Data Centre,
Fisheries and Oceans Canada partners with the Atlantic

Oceanographic and Meteorological Laboratory in
the U.S. to provide long term archive facilities for the
Global Drifter Center data. Observed Essential Climate
Variables are surface temperature and salinity, air
pressure and pressure tendency, and surface currents.

8.2.2.3 Cryosphere

Sea Ice
Environment and Climate Change Canada’s Canadian
Ice Service observes sea ice conditions on a daily and
weekly basis in the ice-encumbered waters within and
adjacent to Canada’s exclusive economic zone, including
the Great Lakes. The RADARSAT-2 satellite is the
primary observing platform, with over 10,000 Synthetic
Aperture Radar images manually analysed annually.
Radar data are complemented by visual and infrared
satellite images and ship and aircraft reports. Aircraft
reconnaissance is also conducted in active marine areas.
In addition to improving the safety of navigation, the
sea ice information gathered through these observations
and analyses provide invaluable data for climate studies.
Environment and Climate Change Canada produces
data on sea ice distribution on a weekly basis, which
are used for ice climate purposes. These data have
been digitised back to 1968, and are available freely
on the Canadian Ice Service website. The weekly data
follows international standards are also sent to the
World Data Center for Glaciology, which is co-located
with the United States National Snow and Ice Data
Center in Boulder, Colorado. Environment and
Climate Change Canada produced 30-year climatic ice
atlases for Northern Canada Waters, the East Coast of
Canada, and the Great Lakes. Each of these represents
a statistical compilation of ice data for 1980–2010. The
Canadian Ice Chart Digital Archive and graphing tools
available on the Canadian Ice Service website at https://
www.ec.gc.ca/glaces-ice can be used to analyse sea ice
variability, trends, and current departure from normal.
Environment and Climate Change Canada also
produces daily charts of the iceberg limit along the
East Coast of Canada. The limit of all known icebergs
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is monitored weekly, weather permitting. Icebergs
within the limit are surveyed less often, using aerial
reconnaissance in conjunction with the International
Ice Patrol. Satellite imagery is used for areas free of sea
ice north of approximately 55ºN. Fisheries and Oceans
Canada programs include the monitoring of sea ice draft
and drift with moored buoys, and the use of helicopterborne sensors to collect sea ice thickness data for use in
joint research projects with Environment and Climate
Change Canada’s Canadian Ice Service.
Using an ice tracking algorithm for deriving ice
motion from sequential RADARSAT-2 images, a
series of studies examining ice fluxes through the
Canadian Arctic Archipelago have been undertaken
within Environment and Climate Change Canada.
Environment and Climate Change Canada’s ice data is
also being used in the development and validation of
various sea ice and ice-atmosphere-ocean models.
An automated sea ice analysis system has been
running experimentally since March 2011. The threedimensional variational data assimilation system
provides an analysis of sea ice concentration on a
5 km grid every six hours. The analysis domain covers
all marine ice-covered areas of North America and
the two MET/NAVAREAS in the Arctic for which
Canada has responsibility. Assimilated data include
Environment and Climate Change Canada’s Canadian
Ice Service sea and lake ice data, ice concentrations
derived from satellite passive microwave observations
and scatterometer satellite observations, and ice/water
retrieval from visible/infrared satellite observations.
Lake and River Ice
Dates of freeze-up and break-up of ice cover on lakes
and rivers are useful indicators of climate change,
being well correlated with air temperature during
the transition seasons, and are important ecological
indicators. There are Global Climate Observing System
requirements for daily observations of ice conditions
in spring and fall for selected large lakes and several
hundred medium-sized lakes distributed across middle

and high latitudes. There are also associated needs for
the selection of a set of the Global Climate Observing
System reference lakes for assessing long-term
variability, development of methods for merging in situ
and remotely sensed information on this parameter, and
for a central or several regional archive(s) of information.
Canada has contributed significantly to the Global
Climate Observing System in this area. In situ
observations exist at several hundred Canadian lake
and river sites for various periods. As of 2017, ice
thickness measurements continue to be recorded at
11 stations across northern Canada. The Canadian Ice
Service monitors over 130 lakes in Canada and the US
for ice concentration based on visual interpretation
of Synthetic Aperture Radar and optical satellites. A
volunteer “Icewatch” program, a partnership between
several academic and non-government organizations,
provides lake and river ice reports for about 85 locations
across Canada.
Snow on Ground
Canada’s national snow on ground in situ measurement
program involves a composite of inputs including
automatic and manual stations that are part of
Environment and Climate Change Canada’s Reference
Climate Stations and Surface Weather Network
(described in section 8.3.2.1). In addition, volunteer
climate observing networks, municipalities, and
other government departments (e.g. Department of
National Defence) continue to own and operate a
significant portion of the Canadian Reference Climate
Stations. Reports from contracted aviation service
providers also contribute data to the program. Efforts
continue to improve measurement of snow depth and
derivation of snowfall from auto-stations, and Canada
has had a leadership role in the World Meteorological
Organization Solid Precipitation Intercomparison
Experiment (SPICE). Environment and Climate
Change Canada produces a daily global snow depth
analysis based on real-time observations from synoptic
and hourly meteorological reports. Improving the
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resolution of the analysis continues to be an area
of focus.
Environment and Climate Change Canada has made
progress in developing satellite passive microwave
capabilities for deriving snow water equivalent
information over western and sub-Arctic regions of
Canada. Weekly satellite snow water equivalent maps
are generated each winter for the Canadian Prairies
region and provided to a number of operational agencies
in support of flood forecasting, hydropower production,
and other water resource management activities. Efforts
are currently underway to extend the snow water
equivalent map products to other regions in Canada
based on current satellite capabilities. Environment and
Climate Change Canada has also developed capabilities
to assimilate satellite derived information on snow
cover fraction and water equivalent with the Canadian
Land Data Assimilation System in support of enhanced
numerical weather prediction. Natural Resources
Canada continues to produce daily snow cover derived
from the U.S. NOAA’s Advanced Very High Resolution
Radiometer observations.
Permafrost
Permafrost is an important priority for Canada with
one third of the permafrost regions of the northern
hemisphere lying within Canada and the permafrost
zone covering about half of the Canadian landmass.
Measurements for two key indicators, permafrost
thermal state and active layer thickness, are acquired
through in situ observations. At most thermal
monitoring sites, ground temperatures are measured to
depths of 20 m. At active layer monitoring sites, regular
measurements are made of the thickness of the soil layer
above the permafrost that freezes and thaws annually.
Natural Resources Canada continues to maintain, in
collaboration with partners, a network of reference
sites that was largely enhanced between 2004 and
2011 through various initiatives, including the federal
government’s International Polar Year Program as
described in the 5th and 6th National Communications.

The network consists of over 150 thermal/and or active
layer monitoring sites with observation periods ranging
from less than 10 years to more than 30 years.
The current network covers the major ecoclimatic zones
with transects in western, central and eastern portions
of Canada’s northern territories, as well as an elevational
transect in the Yukon. Through recent research projects,
additional instrumented sites have been established for
example in the Slave region of the Northwest Territories,
and the Inuvik-Tuktoyaktuk highway corridor.
The Canadian monitoring sites contribute to the
Global Terrestrial Network for Permafrost (GTN-P)
established by the International Permafrost Association
under the WMO and the Global Climate Observing
System. Natural Resources Canada continues to play
a leadership role in the coordination of the GTN-P
and provides Canadian representation on the executive.
The GTN-P includes two components, the Thermal
State of Permafrost (TSP) and the Circumpolar Active
Layer Monitoring Program (CALM). The GTN-P
website, originally established and maintained by
Natural Resources Canada, was transferred to European
partners in 2013. Summary data for Canadian thermal
monitoring sites has been submitted to the GTN-P and
will be made available through the website http://gtnp.
arcticportal.org. Active layer data are submitted annually
to CALM and posted on the website hosted by George
Washington University which will also be accessible
through the GTN-P web site.
Glaciers
In Canada, some 200,000 km2 of glacier cover is found
throughout the Western Cordillera region and in the
Arctic Islands. Glaciers in both regions have recently
experienced accelerated retreat and thinning having
significant impacts on freshwater inputs to stream flow
and sea-level rise. Monitoring rates of change of glaciers
in both regions thus remains a major priority for the
Government of Canada.
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Natural Resources Canada is the lead federal
department responsible for measuring and reporting
on the state of health of Canada’s glaciers. Canada’s
Glacier–Climate Observing System is delivered through
a multi-lateral initiative of collaborative monitoring and
research coordinated by Natural Resources Canada and
involving other federal departments and agencies, as
well as universities.
Glacier–climate observations are derived from the
in situ measurements of a network of reference glaciers
in the Western and Northern Cordillera and the
Canadian Arctic Archipelago. Both aircraft and satellitebased remote sensing are applied in a multi-scale/
multi-mode fashion to generate regional perspectives
of land ice and its responses to climate variations.
Mass balance measurements were initiated for some
glaciers and ice caps in Canada during the late 1950s
and early 1960s. Data and supporting metadata on
Canada’s reference glacier measurements are submitted
to the World Glacier Monitoring Service (WGMS).
Digital data are accessible through the WGMS at http://
wgms.ch/ and its mirror site at the U.S. National Snow
and Ice Data Center, https://nsidc.org/.
Of Canada’s 15 reference observing sites, record length
requirements dictate that 7 of these provide Essential
Climate Variables (e.g. mass balance) at protocol
intervals to the World Glacier Monitoring Service.
In addition to the monitoring of reference glaciers, work
at various levels of frequency and intensity is ongoing
in various regions of the country. For example, with
the prospect of some of Canada’s smaller reference
glaciers in more southern mountainous regions (e.g. the
Peyto Glacier) becoming drastically reduced in area,
work initiated in 2010 continues to augment existing
observing and assessment in the region to include
larger icefield settings such as the Columbia Icefield,
Wapta Icefield, and the Illecillewaet Neve and their
outlet glaciers.

In the Canadian Arctic, Earth Observation strategies
have been integrated into the in-situ mass balance
monitoring program to improve the spatial and
temporal resolution of glacier mass balance from this
region. For example, results from the CryoSat-2 radar
altimeter provide preliminary assessments of select
glaciers, allowing routine assessment of glacier change
beyond the traditional long-term in-situ network. Data
telemetry capabilities allow near-real time (1–2 days)
retrieval of glacier mass balance measurements,
reporting, and analysis. Both strategies complement the
existing in-situ measurement program to provide timely
access to data essential for characterising climate system
dynamics and global glacier change analysis.

8.2.2.4 Terrestrial Systems
Responsibility for systematic observation of the
terrestrial sector in Canada is shared among multiple
departments and programs. The work includes multiple
networks and involves both ground-based and satellitebased observing platforms.
Hydrometric Monitoring
Environment and Climate Change Canada is
responsible for the collection, interpretation, and
dissemination of standardized water level and river
discharge data and information in Canada. The
data are collected under a national program jointly
administered and paid for under federal–provincial and
federal–territorial cost-sharing agreements. It operates a
fully-digital network of over 2,100 hydrometric stations,
with over 1,800 stations transmitting data in near realtime. The data are made available online in an archive
database, and where possible, in near-real time, as well
as being published annually in the national HYDAT
archive database. Station metadata are stored in the
national HYDEX database. Similar to the ground-based
national meteorological networks, the hydrometric
program is well established, with defined standards and
operating procedures and is certified as ISO-9001. In
support of the Global Terrestrial Network for Rivers,
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Canada provides data from discharge stations located
at or near the mouth of large rivers. In support of the
World Meteorological Organization (WMO)’s Arctic
Hydrological Observing System (Arctic-HYCOS),
Canada provides data on discharge and water levels
for a selection of stations on rivers that flow to the
Arctic Ocean and are representative of all Arctic
hydrological regimes.
Most of the hydrometric stations are located in the
southern half of the country where the density of the
population and economic activities are greatest. As a
result, the adequacy of the hydrometric network to
describe hydrologic characteristics, both spatially and
temporally, decreases significantly in the north. A subset
of stations is included in the Reference Hydrometric
Basin Network (RHBN), representing locations with
little or no upstream regulation (i.e. natural conditions).
Modernisation of the hydrometric monitoring system
is ongoing. All stations are equipped with digital data
loggers and the goal of 100% near real-time reporting
is progressively being achieved. Hydroacoustic
technologies have been introduced to facilitate the
measurement of velocity profiles.
Forests
Natural Resources Canada’s National Forest Inventory
provides ongoing monitoring of Canada’s forests. The
National Forest Inventory (NFI) is a collaborative
effort of federal, provincial, and territorial governments
from across Canada. The NFI is currently monitoring
a network of 13,158 remote sensing survey plots
across Canada on a ten year re-measurement cycle
(2008–2017). A 20 km by 20 km sampling grid is used
in southern Canada with less intensive sampling in
northern Canada. Detailed ground measurements are
taken at a subset of the NFI plots. The ongoing 10-year
re-measurement cycle provides a continuous record of
forest change. The re-measurement strategy is designed
for flexibility, alignment with jurisdictional inventory
activities, and integration with other relevant forest
information products.

The NFI provides national and regional scale estimates
of above-ground forest biomass and biomass estimation
models. Updated biomass estimation models were
embedded in an updated version of the Carbon Budget
Model of the Canadian Forest Sector (CBM-CFS3)
which was released in January of 2015. The CBMCFS3 and NFI biomass calculation tools are available
through the National Forest Information System at
http://nfis.org/.
Natural Resources Canada is engaged in several
research and development initiatives in partnership
with the Canadian Space Agency to develop improved
monitoring of forest biomass stocks and stock changes.
Special focus is being placed on improving national
mapping and monitoring of forest disturbances
(cover losses) and post-disturbance forest recovery.
Disturbances have a high impact on the carbon balance
of Canada’s forests. Tree cores collected at NFI plots are
also being used to investigate forest growth responses to
changing climate.
Agricultural Soils and Vegetation and Agroclimate
Agriculture and Agri-Food Canada has active research
and operational activities internally, and in partnership
with others, across the spectrum of soil, water, climate
and biodiversity systems. Much of the output from these
activities is available online on departmental websites
and on Government of Canada open data sites, such as
http://www.agr.gc.ca/eng/science-and-innovation/.
Since 2011, Agriculture and Agri-Food Canada has
produced weekly maps of soil moisture condition and
anomalies over North America, which are used as input
to other monitoring systems for flood forecasting and
climate-related production risk assessment.
Agriculture and Agri-Food Canada and Environment
and Climate Change Canada are partners in the
operation of a soil temperature network of 28 stations.
Agriculture and Agri-Food Canada has played a
leadership role in advancing soil moisture monitoring
by use of satellite microwave data to assess surface
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moisture conditions and by the development of a small
in situ network to calibrate and validate surface and
rooting zone moisture conditions. The network was
initially installed in 2011 and 2012. Routine public data
dissemination began in 2013 and is ongoing. These data
are important to Environment and Climate Change
Canada’s land surface assimilation modelling and the
U.S. National Aeronautics and Space Administration’s
(NASA) calibration and validation of satellite moisture
assessment systems.
Agriculture and Agri-Food Canada continues annual
monitoring of agricultural land use and cover on a
national scale since 2011, through the Agriculture
and Agri-Food Canada Annual Space-Based Crop
Inventory. This product maps the crop types of every
field in Canada, along with other non-agricultural
land cover found within the agricultural extent of
Canada. Agriculture and Agri-Food Canada is also
developing land use change information from this land
use inventory. Agriculture and Agri-Food Canada is
working with Environment and Climate Change Canada
and Natural Resources Canada to develop a terrestrial
monitoring framework for Canada.
The Canadian Ag-Land Monitoring System (CALMS)
has been providing weekly Normalized Difference
Vegetation Index (NDVI) composites and their
anomalies (i.e. differences from normal conditions)
across Canada’s agricultural extent in near real time
since 2009 and weekly data is available from 2000–
2016. This system is based on the use of daily satellite
observations acquired at a 230 m spatial resolution.
Agriculture and Agri-Food Canada has developed a
monthly crop production forecasting system using
real time weather and satellite vegetation condition
data. Monthly forecasts are produced for major crops
in Canada during the growing season. The data
sets and models have been adopted for estimating
yield production by Statistics Canada, replacing
traditional telephone surveys for the late growing
stage assessment. This program was an experimental

research and development program until 2015, and is
now operational.
Agriculture and Agri-Food Canada is the lead for
drought monitoring and reporting for the Government
of Canada. Agriculture and Agri-Food Canada
has developed new tools and indices to enhance
its monitoring of drought conditions on Canada’s
agricultural landscapes. The Drought Watch website
at www.agr.gc.ca/drought has been updated with a new
section dedicated to the Canadian Drought Monitor.
This section features a geospatial application, a timeline
tool and embedded maps.
Progress has also been made on the development of
a Canadian version of important drought indices (the
Vegetative Drought Response Index or VegDRI) initially
developed by the United States. Adoption of VegDRI
by Canada is improving the homogeneity of integrated
North America drought assessments.
The Agroclimate Impact Reporter (AIR) was launched
in 2013 to automate reporting of agroclimate impacts,
including the capture of crowd-sourced observations.
The network of volunteer reporters continues to
expand nationally. AIR is currently used to validate
extent, location, and severity of the impacts of drought
and other extreme weather and climate conditions and
events on agriculture.
Agriculture and Agri-Food Canada has contributed to
the enhancement of weather and climate monitoring
networks in the Prairies and Atlantic Canada and, with
Environment and Climate Change Canada and the
private sector, and has helped establish the Community
Cooperative Rain, Hail, and Snow (CoCoRaHS) project
in Canada to increase community participation in
monitoring. The CoCoRaHS network, started in 2011,
is now national.
Agriculture and Agri-Food Canada, through the
Canadian Soil Information Service (CanSIS), continues
to work closely with provincial governments, other
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federal departments, and academia to ensure Canadians
have access to the best available soil data. This data
provides a baseline for Canada’s agricultural soils,
which can be combined with modelling techniques to
understand the potential impact a changing climate may
have on agricultural soils.
As a member of the Global Soil Partnership, Agriculture
and Agri-Food Canada, is working with partners to
develop a National Soil Organic Carbon Map. The
National Soil Organic Carbon Map will contribute to
the Global Soil Organic Carbon Map. A precise and
reliable global view on soil organic carbon (SOC) is
needed under different UN conventions, such as the
UN Convention on Climate Change and Desertification.
The first version of this map was released in
December 2017.
Agriculture and Agri-Food Canada’s near real-time crop
assessment activities feed into monthly assessments
of global crop production through the GEO Global
Agricultural Monitoring (GEOGLAM) initiative, a
contributor to the G20 Action Plan on Food Price
Volatility, which can be found at http://www.amisoutlook.org/amis-monitoring/crop-monitor/overview/
en/. The global assessments also support early warning
for food scarcity in food insecure nations.

8.2.3 Space-based Observations
8.2.3.1 Canadian Satellites and Missions

SCISAT-1 Atmospheric Chemistry Experiment
Launched in August 2003, the primary goals of the
SCISAT-1 Atmospheric Chemistry Experiment
mission include understanding chemical and dynamical
processes in the stratosphere and upper troposphere,
particularly in the Arctic; exploring the relationship
between atmospheric chemistry and climate change;
and measuring aerosols and clouds to reduce the
uncertainties in their effects on the global energy
balance. Data on the distribution and concentration of
a large number of ozone depleting substances, many of
which are powerful GHGs, provide information on the
depletion/recovery of the ozone layer.

RADARSAT
RADARSAT-1, operating from 1995 until March
2013, provided information for use in environmental
monitoring and natural resource management,
particularly over the Canada’s North. Its successor,
RADARSAT-2, was launched in 2007. RADARSAT-2
provides a high resolution, enhanced repeat imaging
capacity, shortened programming and processingdelivery timelines, superior data storage and more
precise measurements than its predecessor.
RADARSAT Constellation Mission
The Canadian Space Agency initiated the development
of the RADARSAT Constellation Mission to ensure
C-Band Synthetic Aperture Radar data continuity
for RADARSAT users. Once implemented, the
RADARSAT Constellation Mission will provide
complete coverage of Canada’s land and oceans, offering
an average daily revisit, as well as daily access to 95%
of the world to Canadian and international users.
Government funding for this mission was confirmed
in January 2013 and satellite launches are scheduled
for 2018.

8.2.3.2 Canadian Instruments aboard International
Satellites and Missions

CLOUDSAT
CLOUDSAT, launched in 2006, is a National
Aeronautics and Space Administration (NASA) satellite
to which the Canadian Space Agency contributed
important radar subsystems. CLOUDSAT uses a
Cloud Profiling Radar to provide three-dimensional
data of clouds, which contribute to improving our
understanding of how clouds influence the weather and
their effect on climate.
Measurements of Pollution in the Troposphere
(MOPITT)
Launched in December 1999 on board NASA’s
Terra satellite, the MOPITT instrument was funded
by the Canadian Space Agency. The instrument
continuously scans the Earth’s atmosphere to make
long-term measurements of CO concentrations. The
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objectives of MOPITT are to extend the 17-year
record of tropospheric CO, show paths of transport for
atmospheric pollution, and provide a proxy to aid in
constraining the retrieval of tropospheric CO2.
Optical Spectrograph and InfraRed Imaging System
(OSIRIS)
Launched in 2001, Canada’s OSIRIS instrument,
onboard the Swedish satellite Odin, captures detailed
vertical profile measurements of ozone, nitrogen
dioxide and aerosol concentrations and the formation
of ozone holes over the poles. This mission contributes
to understanding of how human activities and volcanic
emissions affect the atmospheric environment.
Surface Water and Ocean Topography
Surface Water and Ocean Topography is a joint mission
of NASA and the Centre National d’Études Spatiales in
France, with a contribution from the Canadian Space
Agency. The main goal of the hydrological component
of the mission is to obtain the first global inventory of
freshwater storage and its change on a global spatial
scale and at sub-monthly, seasonal, and annual time
scales. The Canadian Space Agency contribution to the
mission is the provision of the Enhanced Interaction
Klystron, a critical component of the Ka-band Radar
Interferometer which is the core instrument on
this mission.

8.2.3.3 Canadian Involvement in International
Missions
In addition to the Canadian initiatives listed sections
8.2.3.1 and 8.2.3.2, Canadian researchers are involved
in internationally-led Earth observation missions. As
a cooperating member of the European Space Agency
(ESA), Canada participates directly in ESA Earth
Observation programs, activities, and decision-making.
Canada shares many of ESA’s objectives for the Living
Planet program, which promotes the use of satellite
data to broaden the understanding, preservation, and
management of the Earth and its environment.

Specific international missions in which Canadian
researchers are involved, and which inform climate
research in Canada, include the following:
•• The ESA’s Earth Cloud Aerosol and Radiation
Explorer (EarthCARE) satellite mission, which aims
to advance our understanding of the role that clouds
and aerosols play in reflecting incident solar radiation
back out to space and trapping infrared radiation
emitted from Earth’s surface.
•• The Japanese Aerospace Exploration Agency’s
Greenhouse gases Observing Satellite (GOSAT-2)
mission, which aims to gather observations of
greenhouse gases with higher levels of accuracy
via even higher-performance onboard observation
sensors than its predecessor, the IBUKI mission.
NASA’s Orbiting Carbon Observatory (OCO-2)
mission, which aims to collect the first space-based
measurements of atmospheric carbon dioxide with
the precision, resolution and coverage needed to
characterize its sources and sinks and quantify their
variability over the seasonal cycle.
•• NASA’s Soil Moisture Active Passive (SMAP) mission,
which aims to provide information on the soil
moisture content and freeze/thaw state of the earth’s
land surface required to understand and characterize
the flows of water, heat energy and carbon between
the surface and atmosphere and improve the
predictive capability of weather and climate models.
A SMAP Validation Experiment was carried out in
southern Manitoba in June–July 2016 to support
the ongoing verification and improvement of SMAP
derived products.
•• ESA’s Soil Moisture Ocean Salinity (SMOS) mission,
which aims to make global measurements of soil
moisture, an important variable in the water cycle.
Canadian scientists also use these measurements to
perform research on the freeze/thaw state of soils.
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Canadian researchers sit on science advisory groups for
missions led by NASA, ESA, and the Japan Aerospace
Exploration Agency. They contribute expertise and
establish collaborations to make use of international
space activities for Canadian climate-related applications.

8.3 Research
8.3.1 Overview
Numerous scientific disciplines from a range of
government and academic institutions are involved in
research on the climate system and climate change in
Canada. The key federal departments involved in such
research are Environment and Climate Change Canada,
Fisheries and Oceans Canada, Natural Resources
Canada, and Agriculture and Agri-Food Canada.
Environment and Climate Change Canada provides
the foundational scientific understanding of the climate
system by generating and disseminating new knowledge
and data to understand climate system behaviour,
the human influence on climate, and future climate
change. Other federal departments carry out disciplinespecific research. Government activities are frequently
undertaken in close collaboration with other sciencebased institutions, primarily within the university
community. Many Canadian research programs are also
linked to larger international efforts. Climate research
in Canada contributes to increasing the understanding
of the carbon cycle (and other biogeochemical cycles),
analysis of climate trends and variability, climate change
detection and attribution studies, understanding the
physical processes that govern climate system dynamics,
and developing advanced global and regional climate
models to project future climate change. Results inform
our understanding of past and potential future climate
change impacts on the Canadian environment, economy,
and society.

8.3.2 International Cooperation & Collaboration
International coordination of climate research and
assessment of climate change science is achieved
through the closely interconnected programs
of the World Meteorological Organization, the
Intergovernmental Panel on Climate Change and

the World Climate Research Programme (WCRP).
The WCRP was established jointly by the World
Meteorological Organization, the International Council
for Science and the Intergovernmental Oceanographic
Commission of the United Nations Educational,
Scientific and Cultural Organization (UNESCO).
In 2016, Environment and Climate Change Canada
became the lead for the Canadian Coordinating
Committee to the World Climate Research Programme,
facilitating coordination and communication with
respect to the WCRP in Canada. Further, the Canadian
Coordinating Committee has connected with the
nascent Atmospheric-Related Research in Canadian
Universities initiative (described in section 8.2.4) to
further enhance communication, and coordinated
engagement in atmospheric science, including for the
WCRP. Canada makes significant contributions and
benefits strongly from the leadership, participation and
collaboration opportunities presented by these programs.

8.3.3 Trends and Variability
Climate analysis makes use of climate observations
(physical and chemical), proxy data, and climate model
outputs over a variety of time and space scales in order
to investigate the past, present, and possible future
characteristics and behaviour of the climate system.
Topics of investigation include analysis of trends,
temporal and spatial variability, extremes, and the
detection and attribution of climate change. Long-term
research on understanding Canadian climate trends
and variability is primarily shared among multiple
departments of the Government of Canada.

8.3.3.1 Atmosphere

Climate Data Analysis and Research
Environment and Climate Change Canada maintains
an active research focus on climate trend and variability
analysis on all time and spatial scales. Research on the
development of statistical techniques is undertaken to
produce high quality homogenised historical climate
data, indices, and metadata bases for a wide range
of climate variables including gridded data products
and marine hindcast data bases. These data products
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are used in climate trend and variability analyses and
climate impact studies. This includes the development
of statistical downscaling techniques and climate change
detection and attribution research, particularly for
climate extremes (e.g. temperature and precipitation).
The goal is to characterise and understand natural
climate variability and anthropogenic climate change
so past and future changes in the climate can be placed
in their proper context. This research is conducted
with both observed data (including extensive archives
of instrumental and analysed climate data) and
climate model simulations of past, present, and future
climates. A related goal is to investigate the relationship
between atmospheric circulation and weather and
climate extremes. Particular attention is on assessing
and understanding trends in the Canadian and global
climate with respect to extreme events, and investigation
and explanation of climate anomalies.
Climate data homogenization and analysis research
includes the development of climate monitoring
products. Ongoing work to develop homogenised
monthly climate data for temperature, precipitation,
and wind has resulted in national gridded time series of
monthly climate anomalies (temperature, precipitation)
dating back to the early 1900s. These data are also
included in the collaborative production of North
American gridded datasets for global and regional
climate model validation. Since 2010, these time series
have been updated and improved, using new and
improved methods for data validation, correction and
fusion. Since 2014, several new datasets have become
available including the Canadian Blended Precipitation
datasets (from blending satellite and in-situ precipitation
data sources) and marine wind/wave datasets. The latter
include the Environment Canada Davis Strait Baffin
Bay (DSBB) Wind and Wave Reanalysis, Meteorological
Service of Canada (MSC) North Atlantic Hindcast
(MSC50), and MSC Beaufort Wind and Wave
Reanalysis. Environment and Climate Change Canada’s
methods and computer programs for homogenisation
of climate data and calculation of extremes are freely

available (provided via World Climate Research
Program’s website) and have been widely used around
the world.
Expertise is also applied to the design of optimal climate
observing networks in Canada as well as to develop
guidance for proper consideration of climate change
in infrastructure design. Environment and Climate
Change Canada’s climate data analysis research provides
specialised climatic design information on climate
extremes (e.g. temperature, precipitation, wind, and
waves) to support development of building codes and
standards. This information is based on past and present
observed climate data and uses future climate scenario
information and statistical downscaling techniques (for
extremes) to guide development of infrastructure codes
and standards with respect to potential impacts of future
climate change.

8.3.3.2 Oceans

Marine Ecosystems
The oceanography and climate science research
program of Fisheries and Oceans Canada encompasses
analysis, process, and modelling research into the
oceans and their ecosystems. This includes variability
in physical and chemical oceanographic properties
and in biological distributions and production from
bacterioplankton to fish. Ocean regions of interest are
the Northeast Pacific, Northwest Atlantic, Hudson
Bay, and the Arctic. Observations from Fisheries and
Oceans Canada monitoring programs, remote sensing,
and field programs are used to provide state-of-theocean descriptions for these regions and historical ocean
climate variability. The field programs involve moored
measurements and annual surveys, and are carried out
with international programs such as the international
Arctic-Subarctic Ocean Flux program in the Arctic
Ocean. In 2011, Fisheries and Oceans Canada initiated
the Aquatic Climate Change Adaptation Services
Program (ACCASP) to focus on issues such as ocean
acidification and hypoxia, and on regional climate
change trends, risks, impacts and adaptation. The
ACCASP provides a comprehensive assessment of the
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potential impact of ocean climate on marine ecosystem
components, from lower trophic levels to top predators,
including marine mammals, in Atlantic, Arctic and
Pacific Ocean basins adjacent to Canada, as well as
the Great Lakes and Lake Winnipeg. The program
also funds research to increase understanding of the
vulnerability of marine organisms to climate change
variables, including ocean acidification.
Ocean Climate
Interactions between the oceans, sea ice, snow pack, and
the atmosphere are a fundamental part of the Earth’s
global climate system. Understanding the role of oceans
in global climate and the impacts of climate change on
aquatic ecosystems is of critical importance to Canada,
which borders three inter-connected oceans.
Ocean temperatures can affect the growth and survival
of marine life and the availability of the preferred
and tolerated thermal habitats for various species.
Climate changes may also affect stock productivity and
sustainable harvest rates. Fishing could also exacerbate
the impacts of climate change by decreasing stock
resilience or increasing the variability in abundance and,
therefore, the risks of a stock collapse. Consequently,
knowledge of the physical state of Canada’s oceans is
the cornerstone of advice provided by Fisheries and
Oceans Canada.
Climate change trends and variability were analyzed
for Canada’s aquatic environments as part of the
Aquatic Climate Change Adaptation Services Program
(ACCASP). This information formed the basis of
climate change risk assessments carried out in 2013 in
four Large Aquatic Basins, one for each of Canada’s
three oceans (Atlantic, Arctic, and Pacific Oceans) and
a freshwater assessment that encompasses two of the
nation’s largest inland watersheds (Lake Winnipeg and
the Great Lakes).

8.3.3.3 Cryosphere
Environment and Climate Change Canada and Natural
Resources Canada share the lead within the federal

government for analysing the state of the Canadian
cryosphere. The Canadian Cryospheric Information
Network, led by the University of Waterloo, is a
partnership among the Government of Canada,
Canadian academia, and the private sector to manage
research data and enhance awareness and access to
information and data on the Canadian cryosphere.
Snow and Ice
In 2007, at Canada’s request, the WMO Congress
requested the Inter-commission Task Group on the
International Polar Year to establish an ad-hoc expert
group to explore the feasibility of creating a Global
Cryosphere Watch (GCW) to promote sustained
polar/cryosphere observations and the development
of an authoritative information database on past,
present, and future changes of our global snow and
ice resources. The initiative is now a full program
under the WMO (http://globalcryospherewatch.org/)
and is planned to be operational by 2020. Canada
continues to support the implementation of the Global
Cryosphere Watch program through participation of
scientists in the Program’s Working Groups and Expert
Teams and nominating cryosphere monitoring sites for
inclusion as stations in the GCW CryoNet surfacebased observational network. In 2013, Environment
Canada hosted a workshop in support of a proposed
Snow Watch Group initiative under the Global
Cryosphere Watch Program. A follow-up Snow Watch
Workshop took place in June 2016 and was co-chaired
by Environment and Climate Change Canada. The
workshop report identifies several recommendations for
continued efforts to improve the sharing and archiving
of global snow data sets and development of GCW
snow products.
Environment and Climate Change Canada carries
out research on variability and change in the physical
processes within the cryosphere and the role of these
changing processes in the climate system. This involves
reporting on trends and causes based on analysis of
existing data (collected both by Environment Canada
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and other research partners). Additionally, research
focuses on making improvements to snow–ice surface/
atmosphere processes in the Canadian Land Surface
Scheme model, which contributes to global and regional
climate model development. Environment Canada’s
research also contributes to improved characterisation
of solid precipitation (snow/ice) for weather forecasting,
climate analyses, and characterisation of current and
future water availability in the Canadian Arctic and
other regions in Canada.
Permafrost
Natural Resources Canada is the primary Government
of Canada department responsible for conducting
permafrost-related research. Data collected over the last
30+ years through the permafrost monitoring network
is used to characterize recent trends and variability in
permafrost conditions across the Canadian Arctic.
During the International Polar Year (IPY, 2007–09),
a baseline of the thermal state of permafrost was
established for northern Canada. A comparison of data
collected about 5 years after IPY, in 2012–14, to the IPY
baseline was used to assess recent changes in permafrost
for a range of ecoregions from the boreal forest to the
tundra and polar desert.
The continued data collection since the 6th National
Communication, has allowed the extension of time
series beyond 30 years for some sites. The analysis of
these data shows that permafrost continues to warm
across the Canadian permafrost region. The continued
data collection from the monitoring network is
facilitating a better understanding of permafrost-climate
linkages and assessments of the response of permafrost
to a changing climate as well as providing critical data to
validate models for predicting future changes.
Glaciers
Natural Resources Canada conducts research on
Canada’s glaciers through collaboration with partners
and researchers from other Canadian and international
government departments and universities. This includes

formal collaborative networks such as the Changing
Cold Regions Network (under the NSERC Climate
Change and Atmospheric Research initiative) and within
elements of the new “Global Water Futures” program
led by the University of Saskatchewan—recently funded,
in-part by a grant from the Canada First Research
Excellence Fund. Additionally, the private sector (e.g.
hydro-power) is also involved in this field of research.
In Canada, glaciers and ice caps are found in the
Western Cordillera region and in the Arctic Islands.
Formal mass balance studies in Western Canada
began in 1965 at the inception of the International
Hydrological Decade led by the United Nations
Educational, Scientific, and Cultural Organization.
These studies grew from a variety of casual and
professional observations dating back to as early as
1896. They were, and continue to be, centered on the
role of glaciers in the hydrological cycle and water
resources for human and natural systems. Recent
efforts have demonstrated that the role of glaciers in
regulating stream flow may be in decline as the result of
significant area-wide reductions in glacier cover fueled
by significantly negative mass balance forcing and signs
of acceleration.
Research activities also address temporal context
through the documentation of Neo-glacial and postNeoglacial variations for certain reference glacier mass
balance sites. The most notable examples of this are the
Peyto Glacier (modeled back to 1673) and the Castle
Creek Glacier (northern Canadian Rocky Mountains),
which has the longest reconstructed continuous record
of annually resolved glacier recession for a North
American glacier (1959–2007). A landmark international
study led by the World Glacier Monitoring Service
(WGMS) with co-author contributions from
participating nations’ WGMS National Correspondents
concludes that rate of early 21st century mass loss are
without precedence on a global scale, at least for the
time period observed (since c. 1850) and probably also
for recorded history.
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Mass balance measurements and glacier research in the
Canadian High Arctic began in 1959. Recent trends
towards extremely negative mass balance of glaciers and
ice caps in this region has motivated research efforts
towards quantifying the contributions from glaciers
in the Canadian Arctic to global sea-level rise, and the
associated impacts on the freshwater budget for the
Arctic and sub-Arctic basins. Computer modeling and
remote sensing techniques are being used to investigate
the relative contributions of ice-berg calving versus
surface melt on total mass loss from glaciers and ice caps
in the Canadian Arctic. Results from this work provide
insight into the processes controlling current change
which will help to predict the response of glaciers and
ice caps across this region to future climate scenarios.
The addition of remote sensing technologies in both
regions has enabled integration of aircraft and satellite
altimetry observations with in situ mass balance and
snow accumulation records to validate satellite-based
records and provide a more robust historical record.
Reanalysis of the long-term balance time series for
reference glaciers in the Western/northern Cordillera
and the Arctic regions is currently being facilitated
through collaborations with the World Glacier
Monitoring Service and participating international
space agencies.
Paleoclimate
The majority of paleoclimate research conducted in
Canada is undertaken by researchers based at academic
institutions. Faculties at a number of Canadian
universities have established research programs and
laboratories that use a variety of paleoclimate archives
to develop records of past climate and environmental
change in Canada. There are a number of laboratories
that collect and analyze information in sediment records
to study climate history, glacier history and ecological
changes, including Paleoecological Environmental
Assessment and Research Laboratory, Queen’s;
University of Ottawa, Laboratory for Paleoclimatology
and Climatology; Paleoecology Laboratory at the
University of Toronto; and the University of Northern

British Columbia. Ice cores from a number of Canadian
sites are stored in the Canadian Ice Core Archive
housed at the University of Alberta. Several Canadian
universities have laboratories where scientists use treering records to reconstruct past climate, glacier history
and other aspects of environmental history. Examples
include the University of Victoria Tree-Ring Laboratory
and the Paleoecology Lab at Brock University. Funding
for these laboratories and research programs is primarily
through NSERC and other sources and some of
these data are available through the NOAA/NCEI
Paleoclimatology Search Engine at https://www.ncdc.
noaa.gov/paleo-search/.
Forests
Natural Resources Canada supports a comprehensive,
multidisciplinary, and growing climate change
research agenda that integrates the biophysical and
social sciences, links them to policy, and places a
strong emphasis on knowledge exchange. Natural
Resources Canada’s carbon and impacts and adaptation
science is delivered with the end goal of providing
knowledge and tools to members of Canada’s forest
sector to enable them to make informed adaptation and
mitigation decisions.
Ongoing research efforts are aimed at improving
the understanding of climate change impacts on
forest growth and mortality rates using long-term
data from permanent sample plots. Work is also
ongoing to improve the spatial detail and resolution
of national forest carbon monitoring and change
estimation procedures.
National Forest Inventory information is being used
together with other biophysical and socio-economic
data to generate indicators of climate change-related
forest change, an effort taking place under the Forest
Change initiative of Natural Resources Canada. These
indicators are selected on the basis of sensitivity to
climate change, relevance to decision support, and
feasibility of development and update, and are reported
through a web-based tracking system.
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Natural Resources Canada’s carbon science research
agenda is designed to develop scientific knowledge,
modelling, reporting, and policy advice on the
management of forest carbon and GHG fluxes. This
work also makes a large contribution to improved
understanding and representation of the carbon cycle
in climate projections. Natural Resources Canada
develops scientific knowledge about the key natural
determinants of changes in forest carbon/GHG balances
across various scales and the impacts of management.
This knowledge contributes to reducing uncertainty
about the impact of key natural influences on carbon
dynamics and estimates of carbon stock changes and
GHG emissions: natural disturbances, forest growth,
soils/decomposition, interannual variability, and
climate change.
Canadian Wildland Fire Information System
The Canadian Wildland Fire Information System
provides daily fire weather and fire behaviour maps
year-round and hot spot maps throughout the forest
fire season, generally between April and September.
The scientific basis for the Canadian Wildland Fire
Information System is the Canadian Forest Fire
Danger Rating System, which is a national system
for quantifying and communicating wildland fire
danger developed by Natural Resources Canada. The
foundation of the Canadian Forest Fire Danger Rating
System is the Fire Weather Index, which contains
numerical rankings of relative wildland fire potential,
and the Fire Behaviour Prediction system, which
provides quantitative estimates of the potential fire
spread rate, fuel consumption, and fire intensity based
on effects of vegetation type (fuel) and topography.
Fire Weather Index values are calculated using standard
daily noon observations of temperature, relative
humidity, wind speed, and 24-hour precipitation at
local noon from approximately 2,000 weather stations.
Forecasts are created for the next two weeks using
numerical weather prediction output, and predictions
of seasonal fire weather severity are made using
Environment and Climate Change Canada’s seasonal

forecasts of temperature and precipitation anomalies.
Other information that is collected and maintained
includes data on fire locations; from both satellite
imagery derived hotspots that provide estimated fire
perimeters, and official fire location data provided
from federal (Parks Canada), provincial and territorial
wildland fire management agencies. The wealth of
data on fire weather, fire behaviour, and fire locations
provides an important source of information for
monitoring the nation’s current forest fire activity, for
examining seasonal change in wildland fire occurrence,
and for research into past and present fire events.
Climate Impacts on Productivity and Health
of Aspen
Trembling aspen (Populus tremuloides) is the most
abundant tree species in Canada’s boreal forest, where
it is important both ecologically and commercially.
Concerns about climate-related dieback of aspen forests
in the 1990s prompted the establishment of Climate
Impacts on Productivity and Health of Aspen, a regional
research and monitoring study that includes a network
of 180 plots across west-central Canada. This study is
aimed at understanding and forecasting the effects of
drought, insects, and other factors on the productivity
and health of aspen forests under a changing climate.
The work includes annual assessments of damage by
insects and diseases, analyses of long-term changes in
aspen growth from tree rings and ground plots, and
mapping of aspen dieback through remote sensing. A
key component of this research is the development and
application of user-friendly indicators of soil moisture
for historical analyses and mapping of drought severity.
Climate Impacts on Productivity and Health of Aspen
was initiated by Natural Resources Canada in 2000 and
has continued through partnerships with collaborators
from provincial forest management agencies,
Environment and Climate Change Canada, university
research groups, the Canadian Carbon Program,
and others.
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8.3.4 Greenhouse Gas Sources and Sinks
8.3.4.1 Agricultural Ecosystems
Since the 6th National Communication, Agriculture and
Agri-Food Canada has focused significant research
resources on environmental issues such as climate
change, and GHG mitigation and adaptation. Specific
research activities include:
•• Understanding nitrogen and carbon dynamics
in relation to GHG emissions and removals in
agricultural systems.
•• Understanding and evaluating the influence of
agricultural land management on soil carbon
reservoirs, crop selection on N2O release, and animal
husbandry practices on CH4 release.
•• Modelling climate impacts on crop biomass
production and net GHG emissions and removals.
•• Developing tools and best practices to maintain
productivity, sustainability and resilience of
agro-ecosystems.
•• Modelling of global change impacts to understand
how various policy and biophysical drivers
will influence agricultural land use and land
management systems.
•• Examining the impacts of climate change, climate
variability, and water resources on annual crop
production potential.
•• Assessing water and nutrient management in an era of
scarce resources.
•• Identifying climate trends and their relationship to
changes in land use and land management.
Agriculture and Agri-Food Canada has continued
research and development of agri-environmental
indicators and associated metrics that measure the
environmental performance of the agriculture sector,
including annual GHG emissions and removals from
agriculture. Agriculture and Agri-Food Canada is
continuing to make improvements to Holos, a farmlevel software tool for estimating the mitigation
potential of changes in agricultural practices and
working with industry and provincial partners to ensure
it meets the needs of the sector.

Canada is one of the founding members of the Global
Research Alliance on Agricultural Greenhouse Gases,
an international network of more than 40 membercountries, devoted to collaboration in agricultural
research on GHG mitigation and beneficial
management practices for farmers in Canada and
around the world.
The Agricultural Greenhouse Gases Program
represents Canada’s initial contribution to the Global
Research Alliance on Agricultural Greenhouse Gases
and provides Canadian farmers with technologies
to manage their land and livestock in a way that will
mitigate GHG emissions. This federally funded
program supported $27 million in research projects
from 2010–2015 towards the program objective of
to enhance the understanding and accessibility of
agricultural technologies; Beneficial Management
Practices (agricultural practices aimed at reducing the
environmental impact and increasing the resiliency of
farming activities on the landscape); and processes that
can be adopted by farmers to mitigate GHG emissions.
An additional $27 million has been approved for projects
from 2016–2021.

8.3.4.2 Forest Ecosystems
Canada’s National Forest Carbon Monitoring
Accounting and Reporting System continues to build
on information in the National Forest Inventory
and on additional provincial and territorial forest
inventory information. Natural Resources Canada
developed and maintains the Carbon Budget Model
of the Canadian Forest Sector, a Tier 3 forest carbon
dynamics estimation tool fully compliant with the
Intergovernmental Panel on Climate Change reporting
guidelines. With the Carbon Budget Model of the
Canadian Forest Sector as its core model, the System
continues to provide annual estimates of annual
GHG emissions and removals as affected by forest
management, natural disturbances, and land-use change.
Natural Resources Canada, in collaboration with the
Canadian Space Agency, continues to use remote
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sensing and other data to monitor the area annually
disturbed by wildfires, and maintains a deforestation
monitoring program to estimate the area annually
affected by conversion of forest to non-forest land uses
in both the managed and unmanaged forest area.

8.3.4.3 Ocean systems
Fisheries and Oceans Canada’s research programs
focus on understanding the processes that control
the variability of the carbon system and the flows
within it. These flows include the flux of carbon into
and out of ocean systems, and significant focus is on
assessing the potential and verifiability of mitigation of
climate change by ocean processes. The key scientific
considerations being addressed are whether the
oceans will continue to sequester CO2 at the same
rate, the pathways to ocean acidification including
local nearshore anthropogenic sources, and the effects
acidification has on ocean life. Making progress in this
area requires an integrated approach of observations,
experiments, and model development from local to
global scales.
Fisheries and Oceans Canada, Pacific Region, is a
partner with the Province of British Columbia, and
several U.S. State agencies (AK, WA, OR, CA) in a
Pacific Coast Collaborative Ocean Acidification and
Hypoxia Task Force that is developing an oceanographic
data inventory and monitoring gap analysis.

8.3.4.4 Observation-based Approaches to Carbon
Source Estimation
The increase in regional-scale GHG observations,
increasing availability of space-based GHG observations,
and application of atmospheric transport models have
enabled the development of inversion methods to
provide additional constraints to nationally reported
GHG emissions. These observations-based estimates
allow for the tracking of seasonal and annual variability
in natural and anthropogenic GHG sources and sinks.
Canada is building its capacity to monitor sources and
sinks at regional scales using atmospheric observations
and inverse modelling through two approaches. The

first approach is to develop a Carbon Assimilation
System, working closely with researchers at the
University of Toronto and with funding support from
the Canadian Space Agency. The system involves
coupled meteorological and greenhouse gas data
assimilation and modelling within an ensemble Kalman
Filter framework. This novel approach should permit
more realistic flux estimates, along with the associated
uncertainties. While the main focus is on global scale
CO2 and CH4 simulation, regional model development
work is also underway. The regional model will support
the second approach which focuses on resolving the
influence of the greenhouse gas fluxes from the regions
surrounding the in situ measurement sites. In this
second approach, particle dispersion models are used to
map in greater detail the area of influence or footprint
surrounding each measurement site.

8.3.5 Climate Processes
Climate process research addresses both the physical
and chemical processes by which the climate system
functions. These issues include, but are not limited
to the role of clouds, oceans, sea ice, permafrost, and
land surface processes in the climate system, as well
as the function of forests, agriculture, wetlands, and
oceans in the global carbon, water, and energy cycles.
Improved understanding of these processes contributes
to development of higher resolution climate projections,
which are used to support climate adaptation. Expertise
in this area is concentrated primarily within universities
and Government of Canada departments where there
are collaborative research relationships with academia,
for example the CCAR networks projects described in
section 8.1.3.1.

8.3.5.1 Land and Cryosphere
Much of the research with respect to cryospheric
processes within the climate system has been led by
Environment and Climate Change Canada and Natural
Resources Canada. New satellite capabilities for retrieval
of snow cover information have been developed and
validated through intensive field campaigns in northern
Canada involving ground-based measurements and
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aircraft remote sensing. Environment and Climate
Change Canada’s cold climate processes research has led
to the implementation of improved process information
on energy and water cycles in climate models through
the development, testing, and enhancement of the
Canadian Land Surface Scheme model. This includes
research on snow cover variability and evaluation of
the simulation of snow cover using regional climate
models. Part of the ongoing effort towards climate
model development within Environment and Climate
Change Canada includes enhancing the representation
of snow, soil, and vegetation in Environment and
Climate Change Canada’s climate models. Recent
developments include new physical and biogeochemical
parameterizations for peatland and permafrost
landscapes and a Canadian Small Lake Model to
characterize sub-grid lake processes including ice cover.
Environment and Climate Change Canada is also
involved in the generation of snow cover change
scenarios for the Canadian Arctic and evaluation of the
representation of Arctic snow in the Canadian Regional
Climate Model and Coupled Model Inter-comparison
Project—Phase 5 model runs. This work is part of a
project under ArcticNet, which is being led by the
Ouranos Climate Consortium.
Canadian universities are also active in climate process
research, with various programs having a particular
sector and/or geographic focus with respect to land
processes and biogeochemical cycling. Some of these
projects have contributed to advancing cryosphere and
land surface modelling—namely the Canadian Sea Ice
and Snow Evolution Network, the Canadian Network
for Regional Climate and Weather Processes and the
Changing Cold Regions Network, which are captured in
section 8.1.3.1 (NSERC CCAR projects).

8.3.5.2 Oceans
Research teams have been investigating the storage and
transport of heat, freshwater, and carbon in the North
Atlantic, North Pacific, and Arctic Oceans through field
expeditions, data analysis, and model simulations. These

studies have provided better knowledge of the transports
through the Canadian Arctic Archipelago in recent
decades, the production of intermediate-depth water
masses in the Labrador Sea, and the linkages of these
processes to the larger scale circulation in the North
Atlantic. This is important since Arctic outflows and
Labrador Sea water play important roles in the strength
of the global oceanic thermohaline circulation, which
is expected to be an important factor to climate impacts
in Canada and Europe. Researchers from Fisheries
and Oceans Canada are involved in three of the seven
network projects funded under the CCAR initiative
(covered in section 8.2.3.1). Fisheries and Oceans
Canada scientists have also conducted research funded
by the Aquatic Climate Change Adaptation Services
program to address knowledge gaps in ocean climate
processes; this research has ranged from physical climate
to marine ecosystem and fisheries studies as well as the
development of adaptation tools.

8.3.5.3 Biophysical Sensitivities
A subcomponent of climate process research seeks to
improve understanding of the biophysical sensitivities
of systems to climate and climate change. Research on
the biophysical aspects of sensitivity is one component
of determination of vulnerability, which is defined
as the degree to which a system is susceptible to, or
able to cope with the effects of climate, including
extremes. Research on the biophysical sensitivities of
both unmanaged and managed resources to changes
in climate is conducted mainly by federal departments
through a mixture of core funding and funding from
other programs such as the Lake Winnipeg Basin
Initiative and the Program of Energy Research
and Development.
Environment and Climate Change Canada’s Water and
Climate Impact Research Centre continues to guide a
national, interdisciplinary program of ecosystem-based
research in the aquatic sciences, which includes research
on hydrological and ecosystem processes that contribute
to our understanding of the biophysical sensitivities
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and vulnerabilities of freshwater systems to climate
variability and change.
Climate change impact studies are being conducted
in the Great Lakes by Environment and Climate
Change Canada, e.g. by examining the trends of
atmospheric and limnological variables and modelling
the impact of projected climate change scenarios on the
hydrodynamics and water quality in the Great Lakes.
Scenarios of future climate change also suggest lower
water levels in the future for the Great Lakes–Saint
Lawrence system—a consequence of particular concern
for coastal ecosystems such as wetlands, and human
activities such as recreation and shipping.
The studies under the International Joint Commission
Upper Great Lakes Study led to the development, by
Environment and Climate Change Canada, of a fully
coupled hydrological land, lake, and atmospheric
prediction system, which makes it possible to simulate
the Great Lakes water level dynamics on daily to decadal
time scales, as well as forecast water levels on weekly to
seasonal time scales. Data from the most recent future
climate scenarios (CMIP5) have been used to simulate
future hydrometeorological variable such as streamflow,
soil moisture, and snow water equivalent as well as
future lake levels.
In the Arctic, Environment and Climate Change Canada
has led an assessment of climate change impacts on
Arctic freshwater ecosystems and hydrology, and on river
flow to the circumpolar Arctic Ocean. In the Mackenzie
Delta region specifically, scientists are analysing the role
of climate in catastrophic lake drainage, and analysing
peak spring water level to determine climate-related
variability and change in the spring breakup flood. They
are also working to improve models for climate change
impact prediction; establishing surface energy balance
over heterogeneous terrain and comparing with tower
and aircraft estimates; and conducting analysis of the
heat and mass exchanges of lakes.

8.3.5.4 Atmospheric Physics and Chemistry
Environment and Climate Change Canada carries out
research in atmospheric physics and chemistry with the
goal of improving the understanding of these processes
and better representing them in models used to predict
weather, climate and air quality. Atmospheric physics
and chemistry research includes both tropospheric and
stratospheric processes linking to other components of
the Earth system (e.g. land, ocean, cryosphere, and the
carbon cycle).
Researchers from Environment and Climate Change
Canada and Fisheries and Oceans Canada collaborate
with Canadian university partners on Climate Change
and Atmospheric Research network initiatives related
to atmospheric physics and chemistry. Two key projects
are the “Network on Climate and Aerosols: Addressing
Key Uncertainties in Remote Canadian Environments”
which studies the sources, sinks, and climatic impacts
of atmospheric aerosol particles in remote Canadian
environments. “Research related to the Polar
Environment Atmospheric Research Laboratory:
Probing the Atmosphere of the High Arctic” studies
the Canadian high Arctic atmospheric composition
using measurements from the Polar Environment
Atmospheric Research Laboratory at Eureka, Nunavut.
Parameterisations for chemistry, aerosols, and
clouds are continually being developed and tested
by Environment and Climate Change Canada. A
particular priority is improving the simulation of the
effects of short-lived climate pollutants on climate and
future air quality. Work is underway to interactively
simulate methane sources and tropospheric chemistry
processes in Environment and Climate Change
Canada’s Canadian Earth System Model. Atmospheric
physics development will also address the need for
improved parameterisations of subgrid-scale processes
related to three-dimensional inhomogeneities in
layer and convective clouds since they have important
implications for calculations of radiation, precipitation,
and mixing in climate models.
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8.3.6 Climate Modelling and Applications
Environment and Climate Change Canada develops
and applies the Canadian Earth System Model to
predict and project climate on timescales of seasons to
a century. Other climate modelling research, including
development and application of regional models, in
Canada is undertaken in universities, and by regional
climate modelling consortia. Canadian scientists are
also extensively engaged in research collaborations
with international colleagues, working on projects to
improve the representation of various physical processes
in global and regional climate models. For example,
Canadian scientists play an important leadership role
in international climate research coordination and
assessment bodies, such as the World Climate Research
Program and the IPCC.
As part of the development and evaluation of climate
models, scientists gain insights and improved
understanding of the climate system and the influence
of human activities on climate. This is achieved through
application of global and regional models, individually
and as part of multi-model ensemble or model intercomparison projects.

8.3.6.1 Ocean Modelling
Fisheries and Oceans Canada, Environment and
Climate Change Canada, and National Defence Canada
are collaborating under the Canadian Operational
Network of Coupled Environmental PredicTion
Systems Memorandum of Understanding to develop
an operational global coupled atmosphere–ocean–ice
data assimilation and prediction system suitable for data
reanalysis, hindcasts, nowcasts, and forecasts. This will:
•• Advance the effectiveness of marine–environmental
assessments.
•• Lead to more effective observations, understanding,
and prediction of the marine system.
•• Improve ocean-observing and forecast products for
management and other clients, including in relation
to climate change.

This collaboration is based on the implementation
and improvement of the Nucleus for European
Modelling of the Ocean (NEMO) model. The NEMO
ocean model is now also used in Environment and
Climate Change Canada’s earth system climate model.
This change will enable Environment and Climate
Change Canada to benefit from the international
development effort underpinning NEMO, along with
the related user support and experiences of a global
user community. In addition, moving toward a unified
ocean modelling framework within Environment
and Climate Change Canada will create synergies
across modelling applications. Collaboration with the
Canadian university community, under the Network of
Centers of Excellence project Marine Environmental
Observation Prediction and Response (MEOPAR) will
further promote coordinated ocean model development
and evaluation using the NEMO model.

8.3.6.2 Global Climate Models
Global climate models are the primary tool for making
quantitative projections of future climate change. These
models are based on mathematical representations of
physical processes that include the three-dimensional
atmosphere and ocean, along with sea ice and the land
surface (and its vegetation). Global climate models are
used to simulate climate change in response to specified
changes in forcing such as GHG concentration and
aerosol loading. This kind of simulation is used to
understand (and attribute) historical climate change, and
to make future climate change projections.
The core Canadian global climate modelling effort
is housed within Environment and Climate Change
Canada, where an increasingly comprehensive
progression of global climate models has been developed
since the 1970s. Environment and Climate Change
Canada plays a central role in collaborative climate
research with Canadian university partners and other
government departments, notably Fisheries and Oceans
Canada, who contribute expertise in ocean carbon
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cycle modelling. Environment and Climate Change
Canada scientists serve on a variety of national and
international steering committees and working groups
related to climate model development, evaluation, and
applications.
Model development at Environment and Climate
Change Canada is based on scientific innovations related
to fundamental improvements of the Earth System
processes through the individual model components
(e.g. atmosphere, ocean, land surface, etc.). Model
development combines these Earth system components
to regularly update Environment and Climate Change
Canada’s suite of climate models (the Canadian Earth
System Model, Canadian Global Climate Model,
Canadian Regional Climate Model, and the Canadian
Seasonal to Interannual Prediction System). Current
attention is focused on finalizing a version of the
Canadian Earth System Model for participation in
the Sixth Coupled Model Intercomparison Project,
which will inform the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. This model
includes the NEMO ocean model and improvements to
atmospheric physics, among other innovations. At the
same time, longer term development work is focused on
the inclusion of methane sources and tropospheric and
stratospheric chemistry in the Canadian Earth System
Model, and the move to a shared common dynamical
with weather prediction in Environment and Climate
Change Canada, to support improved efficiency on
new supercomputing resources, and support a move to
higher resolution.
Researchers in Environment and Climate Change
Canada’s model application stream undertake the
execution of the suite of climate models to provide
information on past, present, and future states of the
climate. Environment and Climate Change Canada’s
participation in international Model Inter-comparison
Projects represents its largest application commitment.
A large number of Model Inter-comparison Projects
involve international efforts to understand physical
processes (e.g. convection, clouds, aerosols, and

their interactions) and their parameterisation in
climate models.
A large portion of climate modelling research is done in
collaboration under various national research networks.
With funding from NSERC under the Climate Change
and Atmospheric Research initiative, a number of
networks are carrying out research which supports
the improvement of both the Canadian regional and
global climate models. Additionally, some Canadian
universities are also directly involved in climate model
development and future projections using these models.
For example, the University of Victoria’s climate
modelling group, within its School of Earth and Ocean
Science, has developed the University of Victoria Earth
System Climate Model. This Earth System model has
been used to analyse various aspects of the climate
system including response to future climate forcings.
The University of Toronto has a research program on
climate models and climate dynamics within its Center
for Global Change Science.

8.3.6.3 Regional Climate Modelling and Scenarios
Climate change adaptation planning, impact
assessments, and policy development all require access
to scientifically-credible, quantitative information about
past and future climate change. Ideally this information
should be at the spatial scale required for their
particular application. Within Canada, Environment
and Climate Change Canada develops and applies the
Canadian Regional Climate Model (CanRCM), and
has collaborated on the development and application
of another regional climate model together with the
regional climate modelling consortium Ouranos and
the Université du Québec à Montréal (UQAM). In the
last five years this model has been further developed at
UQAM, and has been used to downscale scenarios of
future climate change over North America and other
regions at 0.44 and 0.22 degrees, as well as having been
used for higher resolution simulations over smaller
regions by UQAM, other universities in Canada and the
regional climate consortium Ouranos.
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Environment and Climate Change Canada’s research in
regional downscaling has focused on the development
of a new regional climate model, the Canadian Regional
Climate Model—Version 4, which makes use of the
Global Environmental Multiscale model dynamical
core (developed for numerical weather prediction)
and the same physics package as the Canadian Earth
System Model—Version 2. Environment Canada uses
this regional climate model to undertake historical
simulations and future projections based on a range
of emission scenarios for regional- and local-scale
applications (e.g. North American, Arctic, and African
domains) at higher spatial resolution (0.44° and
0.22° resolution, approximately 50–25 km scale).

8.3.6.4 Seasonal to Interannual Prediction
Coupled global climate models are applied to seasonal
prediction due to their ability to represent ocean–
atmosphere interactions that strongly influence climate
variations on seasonal and longer time scales, leading
for example to El Niño and La Niña episodes having
far-reaching global effects. Intensive work has been
conducted to adapt Environment and Climate Change
Canada’s climate models to this application, leading
to the implementation in late 2011 of the Canadian
Seasonal to Interannual Prediction System, which
produces Environment and Climate Change Canada’s
official forecasts of climate anomalies over the coming
1–12 months. Since 2014, Environment and Climate
Change Canada research has focused on developing
new Canadian Seasonal to Interannual Prediction
System (CanSIPS) data products for dissemination
including large scale circulation indices, and snow,
soil moisture and sea ice variables. CanSIPS also
contributes to a World Meteorological Organisation
lead prediction centre. In addition Environment and
Climate Change Canada contributes decadal climate
predictions made using the same system to a public
multi-model forecast exchange, which will transition
to a World Meteorological Organisation lead centre.
Recent research has demonstrated that the system has
significant skill in seasonal predictions of snow cover

and sea ice, and work is underway to produce and
disseminate predictions of these variables operationally.

8.3.6.5 Detection and Attribution of Climate Change
The comparison of observed climate change with
simulated climate change is central to understanding
the causes of climate change, validating climate models,
and constraining and improving projections of future
climate change. Environment and Climate Change
Canada continues research to improve understanding
of the causes of trends in a range of variables through
climate model applications. Regional detection and
attribution analysis using climate models is applied
to aid understanding of the causes of climate change
over Canada and North America. As the observational
record increases, and GHG concentrations continue
to increase it may increasingly become possible to
identify inconsistencies in the rate of warming in climate
models and observations, and work on observational
constraints on projections of climate change may help to
reduce uncertainties.

8.4 Climate Science Assessment
Formal assessments of the state of scientific
understanding on environmental issues have become
an important mechanism to convey information to
decision-makers. Canada recognises the value of such
activities and continues to support the involvement
of Canadian experts in national and international
assessments related to climate.
Canada supported the participation of Canadian experts
in the Intergovernmental Panel on Climate Change
(IPCC) Fifth Assessment Report, which concluded in 2014,
and is supporting Canadian experts during the IPCC’s
Sixth Assessment Report cycle (2015–2022). This includes
participation in both the comprehensive Assessment
Reports and Special Reports. Environment and Climate
Change Canada has the lead financial responsibility
for supporting ECCC and non-federal government
Canadian science experts to the IPCC. For the sixth
assessment cycle, Canada has committed to supporting
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two lead authors for the Special Report on Global
Warming of 1.5°C, five lead authors and one review
editor to the Special Report on Oceans and Cryosphere in
a Changing Climate, two lead authors and one review
editor to the Special Report on Climate Change and Land
and 7 lead authors for the 2019 Refinement to the 2006
IPCC Guidelines for National Greenhouse Gas Inventories.
Canada will support Canadians who are selected to
participate as authors or review editors for the Working
Group Reports of the Sixth Assessment. In addition,
Canada’s annual contributions to the IPCC Trust Fund
help support the participation of developing country
experts in IPCC assessment processes (Canada is a
top 10 contributor).
Canada also supports the Canadian member of the
IPCC Working Group I Bureau and the Canadian
member of the Task Force on National Greenhouse Gas
Inventories representing Region IV. Further to these
contributions, Canada hosted the plenary session of the
IPCC in September 2017 in Montréal and will host an
IPCC sponsored Cities and Climate Change Science
Conference in 2018.
Canada is a member of the Arctic Council and
participates actively in scientific assessments undertaken
through programmes of Arctic Council Working
Groups. The Arctic Council’s Arctic Monitoring and
Assessment Programme (AMAP) undertakes regular
scientific assessments on topics related to Arctic
pollution and climate change. Canadian input occurs
on various levels. Government of Canada scientists
contribute as members of AMAP expert groups
(e.g. expert groups on short-lived climate pollutants),
Canadian experts contribute as authors to specific
Technical Reports, and scientific information and data
from Canadian networks and projects with an Arctic
focus provide important contributions to AMAP reports.
Canada contributed to the recent AMAP assessments of
short-lived climate pollutants (SLCPs) and The Arctic:
Methane as an Arctic Climate Forcer (2015) and Black
Carbon and Ozone as Arctic Climate Forcers (2015). Canada
also contributed to recent climate-focused AMAP

reports on freshwater (The Arctic Freshwater System
in a Changing Climate (2016), on the cryosphere (Snow,
Water, Ice and Permafrost in the Arctic (SWIPA) Update
Report (2017), and on adaptation (Adaptation Actions in a
Changing Arctic (AACA) (2017)).
Canada also has a national-scale assessment process
focused on impacts and adaptation (for further details,
see Chapter 6: Vulnerability Assessment, Climate
Change Impacts, and Adaptation Measures). Two
recently completed assessments were: Canada in a
Changing Climate: Sector Perspectives on Impacts and
Adaptation (2014) and Canada’s Marine Coasts in a
Changing Climate (2016). Both of these reports included
chapters providing an assessment of historical and future
changes in climate and sea level for Canada. The next
comprehensive national-scale assessment of climate
change impacts and the current state of adaptation in
Canada is planned to be completed in 2021 with work
already launched on reports that will be delivered
early in the assessment cycle. A stand-alone report on
Canada’s Changing Climate will form a contribution
to the 2021 National Assessment, with planned
completion in 2018. This report will provide the climate
science foundation for other products of the National
Assessment and for action by decision-makers, and will
be a key awareness building tool. Canada’s Changing
Climate Report (CCCR) will include essential information
on climate science and will provide an assessment of
observed and future changes in key climate indicators,
covering the Canadian land mass and Canada’s oceans.
While this is a federal-government led initiative, nongovernment experts will also be engaged.
In 2015, Natural Resources Canada’s Canadian Forest
Service completed a Boreal Syntheses to provide a
comprehensive review of the state of science on the
Canadian boreal zone and its ecosystems, with particular
emphasis on ecosystem health and sustainability. This
information will help increase understanding of natural
processes and how these processes are affected by
anthropogenic factors and climate change. Eleven
papers in total were produced, with the first set
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reviewing the state of science with respect to boreal
ecosystems as they currently exist and the impacts of
resource development. The impact of climate change
on the future state of these ecosystems is the subject of a
second set of papers in the syntheses.
Additionally, Fisheries and Oceans Canada initiated a
new national process for State of the Ocean reporting in
2016 which will include key variables for future climate
change assessments. This process will operate on a
4-year cycle which will be comprised of three regional
reports (Pacific, Atlantic, Arctic) and a national report.
In addition to the comprehensive science assessment
activities reported on above, Canada contributes to
international and national state-of-the environment
reporting to track progress on key environmental
sustainability issues including climate change.
Canada contributes to the annual State of the Climate
Report and Arctic Report Card. These annual reports
(led by the U.S. NOAA) incorporate contributions from
international researchers to provide updates on the state
and recent trends of various indicators and Essential
Climate Variables. Data from Canadian observing
networks as well as direct involvement of Canadian
researchers as report authors form Canada’s annual
contributions to these international assessments of
current trends for key climate-related indicators.
Environment and Climate Change Canada, in
collaboration with other Government of Canada
departments, reports to Canadians on the state of the
environment and describes Canada’s progress on key
environmental sustainability issues using the Canadian
Environmental Sustainability Indicators (CESI). The
indicators, built on rigorous methodology, are added to
and updated as new, high quality data become available.
The CESI series includes the following climate change
indicators: temperature (updated 2016), precipitation
(updated 2016), sea ice (new in 2016) and snow cover
(in 2017).

8.5 Climate Services
The Pan-Canadian Framework on Clean Growth and
Climate Change committed to, among other actions,
improve access to data and information on climate
science through provision of national and regional
climate services, supporting climate adaptation decisionmaking across Canada. In 2017, efforts were formally
initiated to develop and implement a Canadian Centre
for Climate Services. The initial focus for the Centre is
to improve dissemination of climate data and scenarios
information from Environment and Climate Change
Canada and other federal departments. The program
will also focus on strategic engagement of stakeholders
and on building regional capacity for climate services.
The initiative is being led by Environment and Climate
Change Canada. Key partners include other federal
departments, provincial and territorial ministries,
and existing and newly-emerging regional climate
organizations. The following paragraphs describe some
of the existing climate consortia in Canada and the focus
of their work:
•• The Ouranos Consortium was created in 2001 as a
joint initiative of the Government of Québec, HydroQuébec, and Environment Canada, and funding
from Valorisation-Recherche-Québec. Ouranos
fulfils an integrated research mission to develop
regional climate projections and scenarios as well as
carry out regional and sector-specific impacts and
adaptation research.
•• The Pacific Climate Impacts Consortium was
established in 2005 as a regional climate service center
on Canada’s west coast. Located at the University
of Victoria, the Pacific Climate Impacts Consortium
carries out research and provides information on
the impacts of climate change and variability with a
specific focus on Canada’s Pacific and Yukon regions.
•• The Prairie Adaptation Research Collaborative
(PARC) is a partnership of the governments of
Canada, Alberta, Saskatchewan and Manitoba
mandated to pursue climate change impacts and
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adaptation research in the Prairie Provinces. PARC’s
objective is to generate practical options to adapt to
current and future climate change.
•• The Ontario Climate Consortium, coordinated
by a Secretariat, contributes to climate resilient
communities in Ontario through the generation and
mobilization of knowledge that enables effective
climate change action.
Examples of climate-science related information which
is currently produced by Environment and Climate
Change Canada, and which will be disseminated
through the Centre include:
•• The Climate Trends and Variations Bulletin, an
informational product based on adjusted and/or
homogenised Canadian climate data. Environment
and Climate Change Canada produces five Bulletins
each year and provides the product on its website.
The bulletin summarises recent national and regional
climate information and presents it in an historical
context. Visit https://www.ec.gc.ca/sc-cs/default.
asp?lang=En&n=A3837393-1 for more information.
•• Output from both the global and regional models,
available to the public via Environment Canada’s
Canadian Centre for Climate Modelling and Analysis
website. This website allows a user to select specific
model variables, from all or part of the model
domain, and download it for use in climate change
research and impact assessments. Visit http://climatemodelling.canada.ca/climatemodeldata/ for more
information.

•• Climate change scenarios provided by Environment
and Climate Change Canada to a broad range of
users through the Canadian Climate Data and
Scenarios website. The scenarios are based on
climate projections from different Coupled Model
Intercomparison Project Phase 5 climate models.
A range of variables are available on a common
grid, primarily aimed at supporting climate change
adaptation in the Canadian federal government, but
also publicly available to other stakeholders. This
website also provides access to the historical Adjusted
and Homogenized Canadian Climate Data Records,
by station and for gridded data products. Visit http://
climate-scenarios.canada.ca for more information.
Building on the breadth of existing climate services
offerings, these incremental efforts to centralize the
provision of national and regional climate services will
further support climate adaptation decision-making
across Canada.
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CHAPTER 9

Education, Training, and
Public Awareness
In Canada, all levels of government and numerous non-governmental organizations have
undertaken a range of activities to broaden public awareness of climate change. This includes
supporting training and education to build broad support for climate change policies and to
encourage collective action on the part of all Canadians. The education, training, and public
awareness chapter provides key examples of these initiatives in Canada.

9.1 General Policy Towards Education, Training, and
Public Awareness
Canada’s Constitution allocates the responsibility for education to provincial and territorial
jurisdictions. As a result, Canada does not have a national education policy or curriculum.
Rather, education policy is set according to the requirements of each of the thirteen provincial
and territorial governments across the country. Coordination between provinces and territories
occurs through the Council of Ministers of Education, Canada. The Council has included
education for sustainable development as one of the key activity areas in Learn Canada 2020, its
framework to enhance Canada’s education systems, learning opportunities, and overall education
outcomes at all levels.
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9.2 Primary and Secondary to PostSecondary Education
9.2.1 Primary and Secondary Education
Education in Canada is typically divided into four pillars:
early childhood learning and development; primary to
secondary education; post-secondary education; and
adult learning and skills development. Climate change
is taught across a range of subjects and grades, but is
traditionally part of science and geography studies.
The study of climate change is treated progressively
more comprehensively starting from grade 4, with
studies in grades 10–12 exploring the more complex
nature of climate change including global impacts and
anthropogenic drivers.
Many organizations, including environmental
youth groups, non-governmental organizations, and
government agencies, have developed teachers’ guides
to assist educators in introducing climate change
to their students. Canada has several organizations
specifically focused on environmental education. These
organizations specialize in providing professional
development and training, educational resources, and
expertise to support educators both within the formal
school system and in other educational facilities. A
number of portals exist to help teachers easily access
diverse resources and to allow teachers to align teaching
activities with required education curriculum outcomes.

9.2.2 Post-Secondary Education
Delivery of post-secondary education in Canada is
also the responsibility of the provinces and territories.
Environmental programs figure quite prominently in
most Canadian universities with several providing a
range of courses of study in climate science and research
at both the undergraduate and graduate levels. An
increasing number of institutions emphasize the social
science aspect of environmental studies and many of
these programs afford students the opportunity to
study climate change. For example, the Yukon College
Post-Degree Certificate in Climate Change Policy
aims to provide students with an understanding of the
causes, economics, and impacts of climate change, and

the tools to analyze and communicate the financial,
environmental, and socio-economic aspects of
mitigation and adaptation efforts.1
Within Canada, a number of partnerships exist
between government scientists and academia in
the realm of climate research. These partnerships
and networks leverage expertise and resources to
increase the efficiency and effectiveness of climate
research in Canada and contribute to the training and
experience of the next generation of Canadian scientists
and researchers.
Canadian government scientists also contribute
to academia by holding adjunct professorships at
Canadian universities and co-supervising students.
The Government of Canada also participates in
academic fora, such as the Canadian Resource and
Environmental Economics Working Group and the
Association des Économistes Québécois, to tap into
the knowledge and research capacity that exists in
Canadian universities. It also funds the Economics and
Environmental Policy Research Network, a partnership
supported by Environment and Climate Change Canada
and hosted by the University of Ottawa’s Institute of
the Environment.
Massive Open Online Courses (MOOCs)
MOOCs are offered by universities around the world, and are
becoming an increasingly popular platform for learning and formal
education. Canada’s University of British Columbia piloted Climate
Literacy: Navigating Climate Change Conversations, enabling
17,000 students from around the world to explore the basic concepts
and terms needed to understand the science of climate change, and
available mitigation, adaptation, and policy options.

9.2.3 Networks of Centres of Excellence
Networks of Centres of Excellence are research
networks that mobilize Canada’s research talent in the
academic, private, public, and not-for-profit sectors
and apply it to the task of developing the economy and
improving the quality of life of Canadians. Canada’s
Networks of Centres of Excellence program has been
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in place since 1989 and connects researchers, highly
qualified personnel, administrators, managers, and
directors, across public, academic, private, and not-forprofit sectors. Through the involvement and investment
of all these groups, the networks are capable of
overcoming larger-scale challenges through the conduct,
application and mobilization of knowledge generated
through supported research and development activities.
ArcticNet (centered at Laval University, Québec) and
the Marine Environmental Observation Prediction and
Response Network (centered at Dalhousie University,
Nova Scotia) are two Networks of Centres of Excellence
which are directly related to climate research in Canada.
(Further detail on these networks is presented in
Chapter 8—Research and Systematic Observation of
Climate Change).2
Social Mobilization on Climate Change Using
Digital Media
The University of British Columbia’s Social Mobilization on Climate
Change Using Digital Media is a research cluster that focuses on
the design and testing of digital media to enhance learning and
influence behaviour. The cluster includes scholars in Climate Change
Engagement, Education, Psychology, Visualization & Gaming. It
works with partners in government, education and the technology
industry to explore how communities can be mobilized through new
technologies and social practices to foster climate literacy and action.

9.3 Public Information Campaigns
9.3.1 Web and Social Media
Web
The web and social media are extensively used by
governments and others to deliver information about
climate change.
Canada.ca/ClimateAction provides information on
actions that the Government of Canada has taken
domestically and internationally to address climate
change, and up-to-date information on topics such as
Canada’s approach to reducing GHG emissions, climate
change impacts and adaptation, international climate
change partnerships and negotiations, and Canada’s
international climate change financing.

The environment and natural resources theme
on Canada.ca provides detailed information on
Environment and Climate Change Canada’s climate
change science and research. It features key reports,
such as the National Inventory Report and Canada’s
Emissions Trends, which provide annual updates on
Canada’s historical GHG emissions and progress in
reducing GHG emissions. It also features the Canadian
Environmental Sustainability Indicators program, which
provides key climate indicators, including annual GHG
emissions at the local level. Ministerial announcements
related to the Government of Canada’s domestic
and international action on climate change are also
communicated to the public via Canada.ca.
Natural Resources Canada’s (NRCan) departmental
website nrcan.gc.ca provides detailed information about
energy efficiency as a fuel source and conservation
methods in Canada. It features energy efficiency trends
and data as well as energy efficiency tips and practices
by sector via the Office of Energy Efficiency and its
program web pages.

Social Media
Environment and Climate Change Canada actively
promotes climate change awareness through its social
media channels. Its Twitter, Facebook, Youtube, and
Instagram accounts are used to highlight Government
of Canada climate change initiatives, to promote public
engagement opportunities, and to promote national and
international events such as World Environment Day,
Canadian Environment Week, Clean Air Day, World
Water Day, and Earth Hour. Environment and Climate
Change Canada’s Twitter account @environmentca is a
particularly important channel for communication with
the public.
Natural Resources Canada uses its official Twitter,
YouTube, LinkedIn, Flickr, and Instagram accounts
to engage Canadians in conversations about energy,
to promote national events such as Forest Week,
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and to highlight energy efficiency initiatives of value
to Canadians. Natural Resources Canada manages
official Facebook and Twitter channels to promote the
energy efficiency movement in Canada and to help
Canadians reduce their energy footprint and save on
utility costs. Natural Resources Canada also utilizes a
LinkedIn account for its Canadian Industry Program for
Energy Conservation.
Several provinces and territories have also embraced
social media as a platform for communicating climate
change-related activities in their jurisdictions. For
example, Ontario’s Ministry of the Environment and
Climate Change has a Twitter account and British
Columbia’s Climate Action Toolkit has a LinkedIn
group for knowledge sharing and collaboration.
ECCC Kids Online Engagement: Interactive
Website & #Back2SchoolChallenge
Climatekids.ca, a new interactive website, was launched August 31,
2017. Aimed at kids between the ages of 8 and 15, it is a centralized
space for them to get informed, get involved, play and learn about
climate change on an attractive, user-friendly platform.
This website generates national awareness of climate change directly
with youth and indirectly with parents, grandparents, and caregivers.
The website encourages youth to be part of the solution by making
changes in their homes, schools, and communities to reduce their
carbon footprint for a more sustainable and clean future.
Following the launch of the site, a social media campaign was
instrumental in attracting kids and their families from over
70 countries to visit and to take part in the conversation.

9.3.2 Conferences and Trade Shows
The Government of Canada participates in a number of
national and international conferences and trade shows
to share Canada’s best practices and gain knowledge of
new cutting-edge technology, scientific advancements,
and commercial opportunities related to sustainable
development and addressing climate change. These
events include Americana, GLOBE, and the Global
Methane Expo, all of which focus on finding new and
innovative solutions to help build a sustainable future.

National Youth Summit on Climate Change
National Youth Summit on Climate Change (2016)
The Minister of Environment and Climate Change hosted a National
Youth Summit on Climate Change on November 23, 2016 in
Ottawa, Ontario. Over 100 youth from the Ottawa-Gatineau region
attended the Summit, with more joining the conversation online and
reaching well over 500,000 Canadians on social media through
#YouthClimateAction. Participants heard from experts on climate
change, discussed issues that included sustainable food systems,
transportation, clean energy, and communicating climate science, and
offered innovative solutions that could be implemented at home and
in their communities.
National Youth Summit on Clean Growth and Climate
Change (2018)
The Minister of Environment and Climate Change will be hosting
a second Youth Summit on Clean Growth and Climate Change
in Spring 2018. The objective of the Youth Summit is to engage
Indigenous and non-Indigenous youth in a clean growth and climate
change dialogue focusing on adaptation by raising awareness,
educating, creating a groundswell and challenging them to take
action in their communities. The Youth Summit will target senior
secondary students (Grade 12) and post-secondary students.

Climate Change is Here—Visual Display
Through the Canada Science and Technology Museum’s partnerships
with Environment and Climate Change Canada, Natural Resources
Canada, and Sustainable Development Technology Canada,
the Museum’s outdoor visual display ‘Climate Change is Here’
highlights Canadian research in the field of climate change, and
the technologies developed to help mitigate it. This display is
based on the striking imagery of the award-winning National
Geographic Magazine.

9.4 Training Programs
Climate change training programs in Canada can cover
a wide range of activities from improving fleet and
building operations, to best practices for businesses (e.g.,
corporate social reporting, carbon neutral options),
to adaptation planning for municipalities. Groups
such as non-governmental organizations, educational
institutions, government agencies, and specialist groups
are involved in offering training programs that help
meet business and educational objectives and also
contribute to Canada’s climate change goals.
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The Government of Canada offers training for
Canadian consumers and businesses on the skills they
need to improve energy use through Natural Resources
Canada’s Office of Energy Efficiency initiatives. Since
1997, more than 30,000 representatives of industrial,
commercial, and institutional organizations from across
Canada have enrolled in Dollars to $ense workshops
offered by the Office of Energy Efficiency. These
workshops provide energy-saving tips so that industry
and commercial entities can lower operating and
production costs, improve economic competitiveness,
reduce GHGs, increase operational efficiency, and
create a better work environment. In 2016, Natural
Resources Canada expanded and completely remodeled
and updated the Dollars to $ense training material
before selecting the Canadian Institute for Energy
Training as the sole licensee for delivering the
workshops across the country.

•• The SmartDriver suite of six training curricula
promote energy efficiency as a cost-effective
and responsible way to reduce fuel costs and the
environmental impact of fleet operations.
•• An updated web-based version of SmartDriver for
Highway Trucking presents fuel-efficient driving
strategies in a flexible suite of online, in-class, and
on-road training formats for drivers of tractor-trailers.

After nearly three decades of financial support for the
local delivery of building science and energy efficiency
training in residential construction under the R-2000
Standard3/EnerGuide Rating System/ENERGY
STAR for New Homes banners, Natural Resources
Canada’s Office of Energy Efficiency continues to
collaborate with industry to produce and enhance its
professional web-based training programs. A new exam
system is based on competency profiles and associated
learning objectives, and is delivered in all provinces
and territories in both official languages. This ensures
a consistent level of knowledge across the country
and promotes a high standard in the field of energy
efficiency assessments.

In the federal government sector, Natural Resources
Canada’s Office of Energy Efficiency also provides input
and expertise into training for federal procurement
officers and federal executives to ensure that energy
efficiency, conservation, and sustainability are core
considerations in their policies and practices.

In the transportation sector, the Office of Energy
Efficiency training initiatives include FleetSmart, Fuel
Management 101, SmartDriver, and Auto$mart.
•• FleetSmart provides access to training,
educational tools, and information that help
heavy-duty commercial and institutional fleet
owners and managers improve the fuel efficiency
of their operations.

•• Auto$mart provides driver educators with
information kits to teach students critical defensive
driving techniques and relate road safety to fuel
efficiency, the mitigation of climate change, and
other environmental concerns. The new Auto$mart
curriculum continues to engage new student drivers
while an enhanced ecoDriving online course has
been developed and includes multimedia components
for personal vehicle drivers and improved online
functionality for smartphone access.

Provincial and territorial governments also offer
a variety of training activities related to climate
change mitigation and adaptation. For example, the
Government of Québec’s Climate Change Action Plan
includes training activities for healthcare professionals,
municipalities, the tourism industry, and community
organizations. In the Yukon, the territorial government
has partnered with Yukon College’s Northern Climate
ExChange to fund the Climate Change Information
and Mainstreaming Program, which provides climate
change courses and technical project support to
government departments.

9.5 Resource or Information Centres
Numerous organizations in Canada act as climate
change resource or information centres for Canadians,
governments, and businesses. These can include federal
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government departments (e.g., Environment and
Climate Change Canada, Transport Canada, and Health
Canada), provincial and municipal governments, utilities,
and climate focused non-governmental organizations.
(Further information on resource and information
centres that focus on climate change adaptation is
presented in Chapter 6: Vulnerability, Assessment,
Climate Change Impacts and Adaptation Measures).
In 2017, efforts were initiated to develop and implement
a Canadian Centre for Climate Services. The Centre
will provide national leadership and a “whole of
government” approach to ensuring consistent and
equitable access to credible, useful, and timely climate
information products, tools, and services to help
Canadians better understand current and expected
changes in order to make decisions that build resilience
to climate change. The focus of the Centre will be to
improve dissemination of climate data and information
from Environment and Climate Change Canada and
other federal departments through an online climate
information portal. The program will also focus on
strategic collaboration with stakeholders and on building
regional capacity for climate services. The initiative
is being led by Environment and Climate Change
Canada. Key partners include other federal departments,
provincial and territorial ministries, and existing and
newly-emerging regional climate organizations.
Canada brings clean energy solutions to decision makers
globally, as a member of the Clean Energy Solutions
Centre, by providing technical expertise through the
Centre’s Ask an Expert service on its world-leading
RETScreen Clean Energy Management Software
(RETScreen). Developed by Natural Resources
Canada, RETScreen is the world’s foremost clean
energy decision making software which has helped to
significantly reduce costs associated with identifying and
assessing potential clean energy projects.

9.5.1 Providing Energy Efficiency Information
Accessibility of information is an important
consideration to enable Canadians to make energy
efficient choices. Natural Resources Canada’s Office

of Energy Efficiency gathers a wide range of energy
efficiency data and maintains a variety of energy
efficiency resources including analysis, reports,
information directories, and tools which are available to
public and private sector organizations and the Canadian
public. Energy management information is accessible
from the Office of Energy Efficiency’s website.
Online information directories, such as the Directory
of Energy Efficiency and Alternative Energy Programs
in Canada and the EnerGuide Appliance Directory,
are maintained by the Office of Energy Efficiency.
Comprehensive reports and documents are also
available both in print and online. For example, the
Fuel Consumption Guide provides information that can
be used to compare the fuel consumption of different
vehicle models and help Canadians to select the most
fuel-efficient vehicle that meets their needs. The
Office of Energy Efficiency provides a handbook for
homeowners called Keeping the Heat In that describes
energy saving strategies with ‘how-to’ instructions on
how to make their homes more energy efficient. The
Office of Energy Efficiency also publishes Heads Up:
Building Energy Efficiency, which provides information
on the issues and initiatives affecting the energy
efficiency of the Canadian buildings sector. Published
since 1996, Heads Up: Building Energy Efficiency
currently has over 12,000 subscribers.
The Office of Energy Efficiency also offers a wide
range of tools to make energy efficiency information
more easily accessible. For example, a national building
energy benchmarking tool enables building owners and
facility managers to compare their building’s energy
performance, which is a key first step to understanding
and making decisions about how to save energy and
reduce a building’s carbon footprint. The EnerGuide
Rating System for houses provides customized energy
upgrade reports for home owners to guide them to smart
home energy renovation actions. Finally, a Searchable
Product List shows energy consumption data for all
products regulated in Canada for Energy Efficiency and
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for products eligible for ENERGY STAR certification,
which helps consumers make wise purchase decisions.
Energy Efficiency Labelling Programs
The Office of Energy Efficiency supports two major labelling
programs to promote consumer awareness—EnerGuide and
ENERGY STAR. EnerGuide is a Government of Canada initiative that
rates the energy consumption and efficiency of household appliances,
heating, cooling, and ventilating equipment for new and existing
houses and personal vehicles. EnerGuide labels can be affixed to
the product alone or placed in product information books, and have
a standardized design. For new and existing houses, the EnerGuide
rating label shows useful information about the home’s energy use
and provides the name and address of an EnerGuide energy advisor.
For vehicles, the new EnerGuide label provides an expanded range of
indicators specific to a vehicle’s technology and fuel type. Indicators
include a vehicle’s city, highway, and combined fuel-consumption
rating, as well as annual fuel costs and environmental indicators for
carbon dioxide emissions and smog ratings.
The international ENERGY STAR symbol complements the
EnerGuide label in many cases, and identifies specific models that
are tested and certified to meet or exceed stringent levels of energy
efficiency. For “early adopter” consumers who seek premium energy
efficiency performance, ENERGY STAR offers its Most Efficient
designation every year to a select number of product categories. In
the residential sector, the ENERGY STAR for New Homes initiative
promotes construction of new homes that are more energy efficient
than those built to minimum building code requirements. The
increased efficiency of these homes translates into reduced energy
costs for homeowners.
Each year, the Canada’s ENERGY STAR issues awards to top
performers among its 1,500+ public and private sector participants,
including Canadian utilities, home builders, retailers, manufacturers,
and advocacy organizations.

9.6 Involvement of the Public and NonGovernmental Organizations
9.6.1 Public Engagement
Engaging the public was an essential part of developing
the Pan-Canadian Framework on Clean Growth and
Climate Change. On April 22, 2016, the Minister of
Environment and Climate Change announced the
launch of Let’s Talk Climate Action, an interactive
website to seek input from Canadians, including
Indigenous Peoples, on how to address climate change.
From April 22, 2016 to September 27, 2016, Canadians
from coast to coast to coast submitted over 13,000 ideas
and comments to the online conversation on climate

change and clean growth. Approximately 2,000 more
Canadians submitted input via mail and email. Town
hall meetings were also held across the country by
communities and organizations, Members of Parliament
with their constituencies, and by Environment and
Climate Change Canada.
In March 2016, four working groups were established by
Canada’s First Ministers in the Vancouver Declaration
on Clean Growth and Climate Change, tasked
with preparing reports in four areas: carbon pricing
mechanisms, specific mitigation opportunities, adaptation
and resilience, and clean technology, innovation and jobs.
The ideas, solutions, and comments submitted through
the above-mentioned engagement processes informed
the working group reports. The working groups, which
met from April 2016 to September 2016, also held several
roundtables with non-governmental organizations,
academics, and industry representatives. The reports
they produced were made public and contained a suite
of options to be considered by ministers. Ministers
considered the options and provided recommendations to
First Ministers. This resulted in First Ministers adopting
the Pan-Canadian Framework on Clean Growth and
Climate Change, Canada’s plan to address climate
change, on December 9, 2016.
In February 2016, Canadians were asked to review and
comment on the Government of Canada’s draft 2016–
2019 Federal Sustainable Development Strategy, which is
Canada’s primary vehicle for sustainable development
planning and reporting. The Strategy, which includes
a chapter addressing the goal of Taking Effective
Action on Climate Change, provides Canadians with
a whole-of-government picture of federal sustainable
development priorities. Engagement was accomplished
through an accessible, online electronic strategy, an
interactive online discussion space called Let’s Talk
Sustainability, stakeholder meetings, teleconferences,
webinars, and through social media. Stakeholder
outreach is on-going through meetings, webinars, and
social media.
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On April 21, 2017, Canada’s Minister of Natural
Resources launched Generation Energy, a sixmonth, cross-country dialogue on the future of
energy in Canada. Through Generation Energy, the
Government of Canada asked individual Canadians,
stakeholders and experts to create a vision for energy
in Canada and to explore pathways to getting there.
Canadians across the country shared their ideas
and participated in over 30 events, helping define
Canada’s energy future through attending workshops
and roundtables, completing online polls and quizzes
and submitting ideas and reports on the website
www.generationenergy.ca. The dialogue culminated
in a National Forum on October 11–12, 2017, which
brought stakeholders together to discuss and debate
pathways to an affordable, low carbon energy future. A
report is being prepared that will inform an overarching
vision, guiding principles and a narrative for Canada’s
low-carbon energy future.

9.6.2 Involvement of Non-Governmental
Organizations
Non-governmental organizations play a central role in
providing information to Canadians, developing public
education and awareness campaigns, and encouraging
citizen action on climate change. A wide variety of
Canadian non-governmental organizations have climate
change programs ranging across a spectrum of research
and analysis, education and awareness, public advocacy,
and online and social media campaigns. The goals of
many of these organizations are to inform Canadians
about climate change and potential impacts, advance the
public policy debate, and encourage collective action on
climate change. These efforts have made contributions
towards broadening Canadian public awareness of the
significance of climate change.

Selection of climate change focused nongovernmental organizations in Canada
Pembina Institute
The Pembina Institute is a national non-profit think tank focused on
developing innovative sustainable energy solutions through research,
education, consulting and advocacy. The Institute conducts research
and provides policy and technical analysis to various levels of
government, businesses and other organizations.
Smart Prosperity Institute
The Smart Prosperity Institute is a national research network and
policy think tank delivering research and work with public and private
partners to advance practical policies and market solutions for a
stronger, cleaner economy. A key initiative of the Institute, the Smart
Prosperity Initiative, was launched in 2016 by Canadian leaders from
business, think tanks, labour, Indigenous Peoples, youth, and nongovernmental organization communities to advocate for Canada’s
transition to a green economy.
Clean Energy Canada
Clean Energy Canada is a climate and clean energy think tank within
the Centre for Dialogue at Simon Fraser University, British Columbia.
The organization works to accelerate Canada’s transition to clean and
renewable energy systems through the production and distribution
of original research and analysis, including economic modelling and
public-opinion research.
Canadian Energy Efficiency Alliance
The Canadian Energy Efficiency Alliance is the country’s leading
independent advocate promoting the economic and environmental
benefits of energy efficiency. The not-for-profit works with the
federal and provincial governments and stakeholders to ensure
energy efficiency is a priority for all sectors of the economy. By
monitoring, examining and developing energy efficient public policy
ideas, programs and standards, the Alliance is an effective resource
for policy makers, businesses, consumers, energy companies and
environmental groups.
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9.7 Participation in International
Activities
Canada engages in a number of collaborative
international initiatives that involve sharing experiences
and best practices, and working towards common
climate change goals:
•• The Climate and Clean Air Coalition, which seeks
concerted action on short-lived climate pollutants.
Canada holds a seat as co-chair of the Working Group
from 2016 to 2018.
•• The Clean Energy Ministerial, a high-level global
forum that brings together 25 major economies to
facilitate international collaboration to promote
policies and best practices that accelerate the
transition to a global clean energy economy.
•• The Arctic Council, the leading intergovernmental
forum promoting cooperation, coordination, and
interaction among the Arctic States, Arctic Indigenous
communities, and other Arctic inhabitants on
common Arctic issues such as sustainable development
and environmental protection.
•• The Petersburg Dialogue, which provides the
opportunity for countries to engage in an informal
exchange of experiences on international climate
policy in support of the UNFCCC negotiating
process.
•• The 46th session of the Intergovernmental Panel
on Climate Change (IPCC), which Canada hosted
in Montréal, Québec, September 2017. This session
gathered hundreds of scientists and representatives
from 195 countries to advance the science of climate
change and decide upon the scope of the sixth IPCC
assessment report.
•• Mission Innovation, a global partnership of
22 countries and the European Union that aims
to double government investment in clean energy
innovation (research and development) over five years,
increase international collaboration, and encourage
private sector leadership.
•• The Global Methane Initiative (GMI), a voluntary
partnership that aims to accelerate the development
and the deployment of clean energy technologies to

help meet Canada’s climate change objectives and
address clean energy security concerns. In 2016,
Canada assumed the role of GMI Co-Chair.
•• The Organisation for Economic Cooperation and
Development (OECD), an international economic
organization that provides a unique forum where
governments work together on public policy issues,
compare and exchange experiences and best practices,
and seek answers to common problems through
enhanced global cooperation. Canada supports the
OECD’s work on the environment focuses on a variety
of topics, notably climate change.
•• The Carbon Pricing Leadership Coalition, where
Canada is taking an active and high profile approach,
both domestically and internationally, in championing
carbon pricing as an important policy instrument for
combatting climate change.
•• The Carbon Market Platform, a forum for a strategic
dialogue on developing carbon markets and pricing
mechanisms for the successful implementation of the
UNFCCC Paris Agreement. The Platform brings
together a diverse group of countries with a common
interest in developing effective, sustainable, and
ambitious carbon markets.
•• In partnership with international organizations,
from February 20–24, 2017 Canada co-hosted three
informal workshops on carbon markets in Ottawa
which were successful in enabling rich discussions
between carbon market negotiators, UNFCCC
officials, and non-government carbon market experts.
•• Canada, China, and the European Union agreed to
convene a Ministerial Meeting on Climate Action with
ministers from major economies and other key actors
in multilateral climate discussions. This meeting took
place in Montréal, Québec on September 15–16, 2017,
and focused on advancing multilateral negotiations on
the implementation of the Paris Agreement, as well as
domestic efforts to implement climate commitments
and nationally determined contributions.
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Internationally, Canada is sharing its expertise,
innovation, and clean technology to help developing
countries achieve their climate change goals and reduce
air pollution.

Local communities and Indigenous Peoples
platform
Environment and Climate Change Canada co-hosted, in full
partnership with Indigenous Peoples of Canada, an Informal
Dialogue on operationalizing the local communities and Indigenous
Peoples’ platform under the UNFCCC, held in Ottawa, Ontario on
September 11–12, 2017. The Informal Dialogue was attended by
over 60 participants, including: developed and developing country
government representatives; international and domestic Indigenous
Peoples; and representatives from environmental non-governmental
organizations and international organizations. This event was
successful in advancing discussions on options regarding specific
functions and governing structures for the platform, and how it
will be implemented going forward. Negotiations on these details
were initiated at the 23rd Conference of the Parties in November
2017, where Canada was recognized for its leadership in reaching
an agreement on its overall functions and to launch the operations
of the platform. The first activity of the platform will be a workshop
co-chaired by a Party and Indigenous representative on implementing
the functions, which could inform negotiations by all Parties that will
resume in spring 2018 for fully operationalizing the platform.

One of the core aims of the Paris Agreement is to make
all financial flows consistent with a pathway towards
low-emission, climate-resilient development. This goal
requires all actors—public and private—to transition
to green and sustainable investments and accelerate
clean growth. Canada is delivering $2.65 billion to
support developing countries—especially the poorest
and most vulnerable—in their transition to low-carbon
and climate-resilient economies. More information on
Canada’s climate financing can be found in Chapter 7:
Financial Resources and Transfer of Technology.
Canada’s Advancement of Gender in
International Climate Change Negotiations
Gender equality and climate change are key priorities for the
Government of Canada and are paramount to the successful
implementation of the Paris Agreement. In support of the Lima work
programme on gender,4 which calls on Parties to assist with training
and raising awareness for female and male delegates on issues
related to gender balance and to build the skills and capacity of
female delegates, Canada partnered with the Women’s Environment
and Development Organization to hold two events in 2017. A
two-day informal consultation on the development of the gender
action plan under the UNFCCC was held in September 2017 and a
gender and climate change workshop, which focused on developing
skills for female negotiators from developing countries, was held
in October 2017. The outcomes of the consultations helped to
stimulate and guide discussions on the gender action plan during the
23rd Conference of the Parties to the United Nations Framework
Convention on Climate Change.

Further information on Canada’s international activities
is included in other chapters of this report.
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ANNEX:

Canada’s 3rd Biennial Report to
the UNFCCC
Section 1: Introduction
Canada is pleased to present its 3rd Biennial Report (BR) to the United Nations Framework Convention
on Climate Change (UNFCCC). For 2018, Canada is presenting its BR as an annex to the 7th National
Communication. Given the complementarity between these two documents, where information required
by the BR is already reported in the National Communication, including tabular information, crossreferences to relevant sections of the National Communication are provided below. Please also refer to
Canada’s BR common tabular format (CTF) to view required by the BR guidelines.

Section 2: Information on GHG Emissions and Trends
Canada’s National Inventory Report (NIR) is prepared and submitted annually to the UNFCCC by April 15
of each year, in accordance with revised Guidelines for the preparation of national communications by Parties
included in Annex I to the Convention, Part I: UNFCCC reporting guidelines on annual inventories (UNFCCC
Reporting Guidelines).a
The inventory greenhouse gas (GHG) estimates include carbon dioxide (CO2), methane (CH4), nitrous
oxide (N2O), perfluorocarbons (PFCs), hydrofluorocarbons (HFCs), sulphur hexafluoride (SF6), and
nitrogen trifluoride (NF3) in the following five sectors defined by the Intergovernmental Panel on Climate
Change (IPCC): Energy, Industrial Processes and Product Use, Agriculture, Waste, and Land Use, LandUse Change and Forestry (LULUCF). The GHG emission and removal estimates contained in Canada’s
GHG inventory are developed using methodologies consistent with the 2006 Intergovernmental Panel
on Climate Change (IPCC) Guidelines for National Greenhouse Gas Inventories. In line with the principle of
continuous improvement, the underlying data and methodology for estimating emissions are revised over
time; hence, total emissions in all years are subject to change as both data and methods are improved.

a

The most recent report is entitled National Inventory Report 1990–2015: Greenhouse Gas Sources and Sinks in Canada, and is
available online at: http://unfccc.int/national_reports/annex_i_ghg_inventories/national_inventories_submissions/items/10116.
php.
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In 2015, the most recent annual dataset in this report,
Canada’s GHG emissions were 722 megatonnes of
carbon dioxide equivalent (Mt CO2 eq), a net decrease of
16 Mt in total emissions or 2.2% from 2005 emissions.
Annual emissions fluctuated between 2005 and 2008,
dropped in 2009, and gradually increased thereafter.

arrangements can be found in Chapter 3: Canada’s
Greenhouse Gas Inventory of Canada’s 7th National
Communication and in Chapter 1: Introduction of
Canada’s 2017 National Inventory Report.

In 2015, the Energy Sector (consisting of Stationary
Combustion Sources, Transport, and Fugitive Sources)
emitted 587 Mt of greenhouse gases, or 81% of Canada’s
total GHG emissions. The remaining emissions were
largely generated by the Agriculture (8%) and Industrial
Processes and Product Use (7%) sectors, with minor
contributions from the Waste Sector (3%). The
LULUCF Sector was a sink in 2015, with net removals
of 34 Mt, a 3 Mt reduction from the net removals of
37 Mt in 2005.

Under the Paris Agreement, Canada has committed to
reduce its GHG emissions by 30% below 2005 levels
by 2030. Under the 2009 Copenhagen Accord, Canada
committed to reduce its emissions by 17% below 2005
levels by 2020.

The CTF Table 1 of Canada’s 3rd BR contains the same
information as the Common Reporting Format Table 10
in Canada’s 2017 NIR. Information on Canada’s GHG
emissions and trends is provided in Chapter 3: Canada’s
Greenhouse Gas Inventory of Canada’s 7th National
Communication. For a more elaborate analysis of recent
historical GHG emission and removal trends, please see
Chapter 2 of Canada’s 2017 NIR.

Canada’s National Inventory Arrangements
Canada’s inventory arrangements for the estimation of
anthropogenic emissions from sources and removals
by sinks of all GHGs not controlled by the Montréal
Protocol encompasses the institutional, legal and
procedural arrangements necessary to ensure that
Canada meets its reporting obligations. These
arrangements, including formal agreements and
descriptions of the roles and responsibilities of the
various contributors to the preparation and submission
of the national GHG inventory, are fully documented in
Canada’s inventory archives.
There have been no changes to the National
Inventory Arrangements since Canada’s BR2.
Additional information on Canada’s national inventory

Section 3: Quantified Economy-Wide
Emission Reduction Target

Table 2(a)(i): 2030 Emission Reduction Target
BASE YEAR

2005

Emission reduction target
(% of base year)

30% below 2005

% of 1990

15.4% below 1990 levels, based
on the 2017 emission inventory

Period for reaching target

2030

Table 2(a)(ii): 2020 Emission Reduction Target
BASE YEAR

2005

Emission reduction target
(% of base year)

17% below 2005

% of 1990

0.3% above 1990 levels, based on
the 2017 emission inventory

Period for reaching target

2020

Canada’s GHG emission reduction targets are economywide, covering all sectors and gases. In addition
to reporting information by IPCC sector, Canada
also reports information on historical and projected
emissions according to the following economic sector
categories: electricity, transportation, oil and gas,
heavy industry, buildings, agriculture, and waste and
others. This sectoral categorization allows for a better
understanding of emissions as they relate to economic
trends and policies, and is developed by reallocating
the relevant proportion of emissions from various
IPCC subcategories. Chapter 3: Canada’s Greenhouse
Gas Inventory of Canada’s 7th National Communication
describes the relationship between these two sectoral
categorizations in greater detail.
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on anthropogenic emission and removals as a basis for
improved reporting and accounting for LULUCF. As
such, Table 2(d) has not been provided.

Table 2(b): Gases and Sectors Covered
GASES COVERED

BASE YEAR FOR EACH GAS
(YEAR)

CO2

2005

CH4

2005

N2O

2005

HFCs

2005

PFCs

2005

SF6

2005

NF3

2005

IPCC SECTORS
COVERED

ECONOMIC SECTORS
COVERED

Energy

Yes

Transportation

Yes

Industrial Processes

Yes

Table 2(e): Approach to market based
mechanisms

Oil and Gas

Yes

Electricity

Yes

Transportation

Yes

Heavy Industry

Yes

Buildings

Yes

Agriculture

Yes

Agriculture

Yes

Waste

Yes

Waste and Others

Yes

LULUCF*

Yes

LULUCF*

Yes

*LULUCF = Land Use, Land-use Change and Forestry.

Table 2(c): Global Warming Potential (GWP) Values
GASES

GWP VALUES

CO2, CH4, N2O, HFCs,
PFCs, SF6, NF3

As per the IPCC 4th Assessment Report

Table 2(d): Approach to the LULUCF sector
Canada’s recent Nationally Determined Contribution,
submitted in May 2017, notes that Canada is examining
its approach to accounting in the LULUCF sector
towards its 2030 emission reduction target. It also
indicates that Canada will exclude the impacts of
natural disturbances and use the IPCC production
approach to accounting for harvested wood products.
This approach applies to Canada’s 2020 emission
reduction target as well. The historical estimates for
LULUCF from 1990–2015 found in Canada’s 2017 NIR
exclude for the first time the impacts of natural forest
disturbances that occurred in the historical period. Work
continues to develop LULUCF estimates that focus
b

The federal government, in cooperation with provincial
and territorial governments and relevant partners, will
continue to explore which types of tools related to the
acquisition of internationally transferred mitigation
outcomes may be beneficial to Canada and will advance
a robust approach to the implementation of Article 6
of the Paris Agreement. A first priority is ensuring any
cross-border transfer of mitigation outcomes is based on
rigorous accounting rules, informed by experts, which
result in real reductions.
The federal government will work with Ontario,
Québec, and other interested provinces and territories,
as well as with international partners, to ensure that
allowances acquired through international-emissions
trading are counted towards Canada’s international
target. As Canada is still examining its approach,
Table 2(e) has not been provided.

Section 4: Progress in Achievement
of Quantified Economy-Wide
Emission Reduction Targets and
Relevant Information
A. Mitigation Actions and their effectsb
Domestic Institutional Arrangements
Canada is a decentralized federation, and the
environment and climate change are policy areas of
concurrent jurisdiction. In recognition of the need for
a coordinated national approach, on December 9, 2016
Canada’s federal, provincial and territorial governments
took the historic step of adopting the Pan-Canadian
Framework on Clean Growth and Climate Change
(the Pan-Canadian Framework), a comprehensive plan
to reduce emissions across all sectors of the economy,

For further information on mitigation actions and their effects, please see Chapter 4: Policies and Measures of Canada’s
7th National Communication.
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stimulate clean economic growth, and build resilience to
the impacts of climate change.

that have been recently adopted, please see Chapter 4 of
Canada’s 7th National Communication.

The Pan-Canadian Framework is now the overarching
framework for the coordination and implementation
of climate change policy across Canada, and is under
the responsibility of all the Canadian First Ministers
(the Prime Minister and Provincial and Territorial
Premiers) who endorsed it.c First Ministers have tasked
specific ministers with implementing the Pan-Canadian
Framework actions that are within their mandates.
Longstanding mechanisms to support interjurisdictional
coordination on environmental policies play a key role
in the implementation of the Pan-Canadian Framework,
including federal/provincial/territorial ministerial
councils and tables such as the Canadian Council of
Ministers of the Environment.

National Communication Table 1 within the annex of
Chapter 4: Policies and Measures provides information
on core mitigation measures planned or already
implemented by federal, provincial, and territorial
governments, including those committed to under the
Pan-Canadian Framework. Policies and measures are
presented in accordance with Canada’s economic sector
categories, with cross-cutting measures appearing first.
Within the sectoral groupings, federal measures appear

The Government of Canada is also partnering with
three National Indigenous Organizations—the
Assembly of First Nations, Inuit Tapiriit Kanatami, and
the Métis National Council—to establish three separate
engagement tables to support the implementation of the
Pan-Canadian Framework and to advance broader clean
growth and climate change priorities.

Policies and Measures to reduce emissions
The Pan-Canadian Framework consists of four main
pillars: (1) pricing carbon pollution; (2) complementary
measures to further reduce emissions across the
economy; (3) measures to adapt to the impacts of
climate change and build resilience; and (4) actions
to accelerate innovation, support clean technology,
and create jobs. Under each of these pillars, federal,
provincial and territorial governments are undertaking
over 50 concrete actions to reduce GHG emissions
and enhance resilience. For a comprehensive narrative
description of Canada’s key policies and measures by
economic sector, with an emphasis on those measures

c

first, followed by provincial and territorial measures
from west to east.
Priority has been given to those policies and measures
that have the most significant impact on sectoral GHG
emissions. To provide additional context, information is
also included on key supporting and enabling measures,
such as clean technology policies, investment programs,
as well as efforts to green government operations.
As much as possible direct mitigation impacts have
been estimated for key policies, provided by the
implementing entity. Where mitigation estimates were
not provided, Canada has indicated the reason why
they were not included (see notation legend within
the Annex of Chapter 4: Policies and Measures). For
example, mitigation estimates were not provided
for measures that are still under development, and/
or for those measures where it is difficult to estimate
the direct mitigation impact, such as for supporting
measures. The methodology for estimating expected
emissions reductions from individual measures may vary
by implementing entity and have been included on an
as-provided basis. An estimate of the total mitigation
impact of policies and measures—including interactive
effects—is provided in Chapter 5: Projections and the
Total Effects of Policies and Measures of Canada’s
7th National Communication.

Manitoba and Saskatchewan decided not to join the Pan-Canadian Framework at this time.
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As described in Section 2 above, Canada is examining
its approach to the use of internationally-transferred
mitigation outcomes (market-based mechanisms), as well
as its approach to accounting for LULUCF emissions
toward its emissions reduction targets.

those additional policies and measures that are under
development but have not yet been fully implemented,
some of which were announced as part of the PanCanadian Framework (e.g. pan-Canadian carbon
pricing). This scenario is provided for the purposes
of presenting progress to Canada’s 2030 target and to
better demonstrate the expected impact of the PanCanadian Framework.

Section 5: Projections

Under this scenario, emissions in 2030 would be 583 Mt,

For its 7th National Communication and 3rd Biennial
Report, Canada has presented projections using both
a “with measures” scenario and a “with additional
measures” scenario.

a 232 Mt decline from projections included in the “with
measures” scenario in the BR2. This decline, equivalent
to approximately a third of Canada’s emissions in 2015,
is widespread across all economic sectors, reflecting the
breadth and the depth of the Pan-Canadian Framework.

B. Estimates of emission reductions and
removals and the use of units from the marketbased mechanisms and LULUCF

The “with measures” scenario includes actions taken
Progress toand
Target
Graph for
by governments, consumers
businesses
putNC7
in
Revised December 21, 2017
place over the last two years, up to September 2017.
This scenario doesScenario
not account for all measures of the
2015 National Inventory Report
Pan-Canadian Framework
as a number of them are still
"With Measures" Case (BR2)
under development.
2017 National Inventory Report

Figure 1 shows the “with measures” and “with additional
measures” projections, as well as the projections
presented
in Canada’s
Going
it is
2005 2006 2007
2008 2009 BR2.
2010 2011
2012forward,
2013
749 740 761 741 699 707 709 715 726
expected that further progress will take place, especially
726
as738current
estimates
do not
full reductions
729 750
729 689
701 include
707 716the
729
from investment in public transit, clean technology and
innovation. Potential increases in stored carbon (carbon
738 729 750 730
689 701
708and
717
730
sequestration)
in forests,
soils
wetlands
will also
contribute to reductions which, for a country such as
Canada, could also play an important role in achieving
the 2030 target.

With measures progress since BR2
"With Measures" Case (NC7)
Taking into consideration all climate change policies
Additional reductions
and measures that have
been announced
in (NC7)
Canada
"With Additional
Measures" Case
2030 information
Target
and for which enough
is available, a “with

additional measures scenario” has also been developed.
The “with additional measures” scenario accounts for
850

February 2016
Projections*:
815 Mt

750

232 Mt

GHG Emissions (Megatonnes CO2 eq.)

800

700

December 2017
Projections (With
specific measures
from Canada's
clean growth and
climate plan):
583 Mt

650
600
550
500
2005

Canada is committed to meeting its 2030 target. To do so, Canada
is investing in public transit, clean technology, and innovation, and
working with provinces and territories to develop further
measures. We also expect additional reductions from increases in
carbon sequestered in forests, soils, and wetlands.

2010

2015

2020

2025

December 2017
Projections*:
722 Mt

2030

Canada's Target:
517 Mt

*These scenarios are the "with measures" scenarios as defined by the UNFCCC.

Figure 1: Scenarios of Canadian Emissions to 2020 and 2030 (Mt CO2 eq) (Excluding Land Use, Land-Use Change
and Forestry)
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Moreover, these projected emission reductions do not
account for additional mitigation measures that could be
implemented by the provinces and territories between
now and 2030. Emissions reductions from additional
future actions will be assessed as new measures are
implemented.
Environment and Climate Change Canada (ECCC)
updates these projections annually, reflecting the
latest historical data and up-to-date future economic
and energy market assumptions. However, there is
significant uncertainty with regards to key drivers of
GHG emissions, such as future world oil and gas prices,
economic growth and developments in technologies.
Projections therefore fluctuate over time as a result of
changes in these key drivers assumptions.
Canada’s GHG projections are derived using a detailed
bottom-up simulation model where energy data is
allocated to individual subsectors using the North
American Industrial Classification System. These
subsectors are then aggregated into the economic
sectors presented in this report. Projections are based
on ECCC’s Energy, Environment and Economy Model
for Canada (E3MC), which is internationally recognized
and incorporates external data from consistent
sources (see Annex 4 in Chapter 5: Projections and
the Total Effects of Policies and Measures of the 7th
National Communication for more details). ECCC
consults extensively with other government officials,
selected experts and provinces and territories on
emissions projections.
To view tabular information related to Canada’s GHG
emissions projections, please see Canada’s BR CTF
submission and/or Chapter 5: Projections and the
Total Effects of Policies and Measures within Canada’s
7th National Communication.

d

Section 6: Provision of Financial,
Technological and Capacity Building
Support to Developing Country
Partiesd
A. Finance
One of the core aims of the Paris Agreement is to make
all financial flows consistent with a pathway towards
low-emission, climate-resilient development. This goal
requires all actors—public and private—to transition
to green and sustainable investments and accelerate
clean growth.
Over 2015 and 2016 Canada delivered over $625 million
(M) in public finance alone from various channels to
a wide range of mitigation and adaptation initiatives.
These initiatives are helping developing countries
manage risks and build resilience to the impacts of
climate change, deploy clean energy technology, and
support climate-smart agriculture in line with low
carbon and climate resilient pathways. This support
includes:
•• $242M as part of Canada’s $2.65 billion (B)
commitment to significantly scale up climate financing
for developing countries by 2020;
•• $104M of international assistance projects with a
focus on climate change as part of Canada’s efforts
to integrate climate change considerations into its
development funding;
•• $6M from Québec to the Least Developed Countries
Fund, making Québec the first subnational
government to support the fund; and
•• $273M from Export Development Canada, Canada’s
export credit agency, to mobilize private sector finance
in sectors such as clean energy.

Tabular information on finance, technology, and capacity building required by the BR guidelines can be found in Canada’s BR CTF submission, as well as in Chapter 7: Financial, Technology and Capacity Building Support of Canada’s 7th National Communication.
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Supporting Adaptation and Building Climate
Resilience
Canada is delivering on its promise to increase support
for adaptation by vulnerable countries with new projects
launched this year, working through multilateral
channels as well as in partnership organizations that
make a difference at the community level. Over 2015
and 2016, through its $2.65B commitment, international
assistance, and support by provinces, Canada provided
over $190M to bilateral and multilateral partners and to
non-governmental organizations to support adaptation
in developing countries.

Mobilizing Private Sector Investments
The role of the private sector is critical for developing
countries’ transition to low-carbon and sustainable
economies. Therefore, Canada is investing a significant
portion of its public climate finance to mobilize private
sector investment in developing countries.
Working collaboratively with a number of multilateral
organizations, Canada is providing innovative financing
aimed at removing risks that can inhibit private
sector investment. Risks preventing investment can
include high upfront costs or barriers such as lack of
awareness of financial benefits of climate investments.
These interventions help to scale up the mobilization
of private investment in climate-friendly sectors in
developing countries and supports developing countries
make the shift towards low-carbon and climate
resilient development.

Partnering with Multilateral Development Banks to
Mobilize Climate Finance and Other Development
Partners
Multilateral development banks (MDBs) play a key
role in helping developing countries grow their
economies and transition toward low-carbon sustainable
development. They are doing so by committing large
portions of their portfolios to low-carbon and climateresilient growth, which catalyzes private finance for
climate action.

Canada established Canadian facilities at MDBs
designed to mobilize private sector financing and
investment. Using concessional financing, these facilities
enable private investments in areas like clean energy
and climate resilience that would not otherwise happen
due to market barriers to investments, such as high
upfront costs or lack of awareness of financial benefits of
climate investments.
Since 2011, it is estimated that Canada’s support to
these facilities, alongside co-financing from MDBs and
from other public sources, have collectively mobilized
US$1.7B of private climate investment, approximately
$234M of which can be directly attributed to Canada’s
financial support.
Repayable contributions of approximately $8.88M
in 2015 and $18.93M in 2016 have been returned to
Canada from multilateral agencies. The successful
performance of these projects is demonstrating how
using public funding can catalyze investment in climate
change action in developing economies.
Details on initiatives supported by Canada can be found
in the BR CTF. Table 7 provides a summary of Canada’s
climate finance support; table 7(a) provides information
on Canada’s contributions through multilateral
channels; and table 7(b) outlines information on
Canada’s support to bilateral programs. This tabular
information, as well as further information on Canada’s
support to climate change action in developing
countries, is also provided in Chapter 7: Financial,
Technology and Capacity Building Support of Canada’s
7th National Communication.

Canada’s National Approach to Tracking
Canada’s climate finance is delivered through various
federal departments, sub-national governments, and
agencies, including Global Affairs Canada, Environment
and Climate Change Canada and the International
Development and Research Centre. These departments
work closely together to track Canada’s climate
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finance to present a comprehensive picture of Canada’s
contribution to the transition to low carbon and climate
resilient economies.
The most up-to-date information on climate finance
support from Canada is found on our climate finance
website. This interactive website provides detailed
project level information, including results achieved.
Users can search for projects on this site by country,
region, priority sector, year of contribution, and
key word.
More information on the methodologies used for
reporting Canada’s climate finance can be found
in Annex 4 of Chapter 7: Financial, Technology
and Capacity Building Support of Canada’s
7th National Communication.

B. Technology Development and Transfer and
Capacity Building
A significant share of mitigation and adaptation
outcomes is achieved through technology development
and transfer, and capacity building. Canada believes
that improvements to enabling environments for the
dissemination and uptake of technologies are important
elements of enhancing cooperative action on technology
development and transfer. Such efforts are critical to
achieving long-term low-carbon growth and sustainable
development. Canada is committed to a broad range of
actions to advance the development and transfer of clean
technologies globally, and build capacities of developing
countries through bilateral and multilateral channels.
Since its last report to the UNFCCC, Canada has
demonstrated efforts in a number of areas including:
forestry and land-use management, clean energy,
adaptation, and other cross-cutting sectors. While
activities featured in this section focus on capacitybuilding and technology, it is important to highlight
that a portion of Canada’s climate change financing
has also included technology and capacity building
activities, given that this work is often an important

component of climate change projects. Additional details
of projects and activities funded under Canada’s climate
financing can be found in Chapter 7 of Canada’s 7th
National Communication.
Canada has demonstrated leadership in developing
and making globally available tools to support clean
energy technology deployment as well as forest
sector mitigation and adaptation goals of developing
countries. Examples of such tools include the
RETScreen Clean Energy Management Software and
the Carbon Budget Model, both of which are offered
free of charge in multiple languages. Access to these
tools is supplemented by a considerable amount of
resources and training materials, including case studies,
presentations as well as training sessions and workshops.
Canada also engages in the Clean Technology Centre
and Network through its National Designated Entity
and with the Private Financing Advisory Network,
which seeks to connect sources of funds with viable clean
energy projects in developing countries. Canada works
through Mission Innovation with 21 other countries
and the European Union to accelerate innovation to
make clean energy widely affordable. Canada is taking
action to double its public investments in clean energy
research over 5 years, while encouraging collaboration
among partner nations, sharing information, and
coordinating with businesses and investors. Through its
participation in the Clean Energy Ministerial (CEM)
and various CEM initiatives, Canada is able to showcase
its achievements and expertise related to clean energy
technologies, leverage collaborative partnerships, and
display global leadership in the global clean energy
transition. Additional information on these activities
can be found in the Annex of Chapter 7 of Canada’s
7th National Communication, which contains National
Communication Tables 9, 10 and 11.This information
can also be viewed in Canada’s BR CTF submission (BR
Tables 8 and 9).
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Section 7: Other Reporting Matters
Domestic Arrangements for Self-Assessment
There are several processes in Canada that allow for
self-assessment of progress toward emission reduction
goals. On behalf of the Auditor General of Canada, the
Commissioner of the Environment and Sustainable
Development provides objective, independent analysis
and recommendations on the federal government’s
efforts to protect the environment and foster sustainable
development. The Commissioner conducts performance
audits and is responsible for assessing whether federal
government departments are meeting their sustainable
development objectives, including on climate change.
Reports and audits are tabled in Parliament and provide
observations and recommendations for initiatives that
require improvement. In addition to arrangements at
the federal level, provinces and territories also have their
own respective arrangements to audit the effectiveness
of environmental policies and programs.
In addition, Canada’s Federal Sustainable Development
Act provides a legal framework for developing and
implementing a Federal Sustainable Development
Strategy that makes environmental decision-making
transparent and accountable to Parliament. The Act
requires the development of a Federal Sustainable
Development Strategy every three years and it provides
a whole-of-government view of federal actions to
achieve environmental sustainability, including progress

on GHG emission reductions. Progress Reports are also
published every few years to review progress towards
these indicators. The 2016–19 Federal Sustainable
Development Strategy was published in 2016. Accurate
and transparent monitoring, reporting and verification
of Canada’s GHG emissions and removals are a
requirement of the UNFCCC, and regular reporting
allows Canada to assess its progress in reducing
emissions and combatting climate change, including
Canada’s NIR, as well as its National Communications
and Biennial Reports. In addition to reporting to
the UNFCCC, in 2016 Canada’s GHG Emissions
Reference Case report presented analysis and projections
of Canada’s GHG emissions in the context of its
emission targets.
At the federal level, environmental regulations
are enforced under relevant legislative authorities.
Regulations to reduce greenhouse gas emissions are
established under the Canadian Environmental Protection
Act (1999). Environmental enforcement officers enforce
federal legislation dealing with risks to the environment
and biodiversity, and enforce these laws in collaboration
with provincial and territorial governments and national
and international agencies and organizations.

TAB 20
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Progress towards Canada's greenhouse gas emissions
reduction target indicator
Greenhouse gases (GHGs) trap heat in the Earth's atmosphere, just as the glass of a greenhouse
keeps warm air inside. Human activity increases the amount of GHG in the atmosphere. As a result,
more heat is being trapped and the temperature of the planet is increasing. Under the Paris
Agreement, Canada has committed to reducing GHG emissions by 30% below 2005 levels by 2030.
This indicator tracks Canada's progress towards meeting its target.

Key results


In early 2016, GHG emissions in 2030 were projected to be 815 megatonnes of carbon
dioxide equivalent (Mt CO2 eq).
In December 2017, projections were updated and 2 scenarios were developed:
o with measures in place as of September 2017, emissions are projected to be
722 Mt CO2 eq in 2030, or 2% below 2005 levels.
o with specific measures from Canada's clean growth and climate plan and for which
enough information is available, emissions are projected to be 583 Mt CO2 eq, or
21% below 2005 levels.



Figure 1. Historical greenhouse gas emissions and projections, Canada, 2005 to 2030

1

Data for Figure 1
[A]

Note: These scenarios are the "with measures" scenarios as defined by the United Nations Framework Convention on
Climate Change. The February 2016 projections were reported in Canada's Second Biennial Report on Climate Change and
include policies and measures in place as of September 2015. The December 2017 projections are reported in Canada's
Seventh National Communication on Climate Change (PDF; 2.99 MB) and include policies and measures in place as of
September 2017; the scenario with specific measures also includes specific measures from Canada's clean growth and climate
plan that have been announced but are still under development. For more information refer to the Data sources and methods.
Source: Environment and Climate Change Canada (2017) National Inventory Report 1990-2015: Greenhouse Gas Sources
and Sinks in Canada. Environment and Climate Change Canada (2017) Canada's Seventh National Communication on
Climate Change (PDF; 2.99 MB).

1
The projected values presented here do not take into account the contribution of the land use, land-use change and forestry
sector.
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Canada committed to reducing its GHG emissions by 30% below the 2005 level of 738 Mt CO2 eq by
2030.
The December 2017 projections include actions taken by governments, consumers and businesses
put in place up to September 2017. Under this scenario, it is projected that Canada's emissions in
2030 would be 722 Mt CO2 eq, or 93 Mt CO2 eq below the projections published in February 2016.
Taking into consideration climate change policies and measures that have been announced in
Canada and for which enough information is available, a "with specific measures" scenario has also
been developed. Under this scenario, emissions in 2030 would be 583 Mt CO2 eq, or 232 Mt CO2 eq
below the projections published in February 2016. This projected decline, equivalent to approximately
a third of Canada's emissions in 2015, is widespread across all economic sectors, reflecting the
breadth of the measures announced in the Pan-Canadian Framework on Clean Growth and Climate
Change.

About the indicator
What the indicator measures
The indicator provides an overview of Canada's projected GHG emissions up to 2030. These
projections are based on:





historical data from Canada's National Inventory Report
expectations about future energy markets, population and economic growth from authoritative
sources including the National Energy Board, Statistics Canada and Finance Canada
policies and measures that were in place as of September 2017 (for the December 2017
projections)
policies and measures that are under development but not yet fully implemented (for the
scenario with specific measures)

Why this indicator is important
This indicator allows the public and policy-makers to see Canada's progress towards meeting its
GHG emissions target.
In 2015, Canada and 194 other countries reached the Paris Agreement. This agreement aims to limit
the global average temperature rise to well below 2 degrees Celsius and pursue efforts to limit the
increase to 1.5 degrees Celsius. Under the Agreement, Canada has committed to a target to reduce
GHG emissions by 30% below 2005 levels by 2030.
Consult Greenhouse gas emissions: drivers and impacts for information on the human health,
environmental and economic impacts of GHG emissions.

Related indicators
The Greenhouse gas emissions indicators report trends in total anthropogenic (human-made) GHG
emissions.
The Greenhouse gas emissions from large facilities indicator reports GHG emissions from the largest
GHG emitters in Canada (industrial and other types of facilities).
The Global greenhouse gas emissions indicator provides a global perspective on Canada's share of
global GHG emissions.
The Carbon dioxide emissions from a consumption perspective indicator shows the impact of
Canada's consumption of goods and services, regardless of where they are produced, on the levels
of carbon dioxide released into the atmosphere.
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Effective action on climate change
This indicator supports the measurement of progress towards the following 2016–2019 Federal
Sustainable Development Strategy long-term goal: A low-carbon economy contributes to limiting
global average temperature rise to well below 2 degrees Celsius and supports efforts to limit the
increase to 1.5 degrees Celsius.

Data sources and methods
Data sources
The data for this indicator come from Environment and Climate Change Canada's GHG emissions
projections. These projection scenarios are reported in Canada's Seventh National Report on Climate
Change (PDF; 2.99 MB) to the United Nations Framework Convention on Climate Change. The indicator
reflects the latest GHG emissions projections published by the Department at time of production.
The indicator also presents historical GHG emissions data from the 2017 National Inventory Report
for the years 2005 to 2015. The projection scenarios cover the years 2016 to 2030.

Methods
No changes or additional calculations are performed on the data.

More information
The indicator is based on analysis that incorporates the most up-to-date information on GHG
emissions, economic and population growth and energy price and production projections
available at the time the technical modelling was completed. Data and information on policies
and measures modelled under each scenario were included in Canada's Seventh National
Communication on Climate Change.
Emissions projections

The emissions projections have been developed in line with generally recognized best
practices. This includes:


incorporating Intergovernmental Panel on Climate Change standards for estimating GHG
emissions across different fuels and processes
 relying on outside expert views and the most up-to-date data available for key drivers,
such as economic and population growth, energy prices, and energy demand and supply
 applying an internationally recognized energy and macroeconomic modelling framework
for estimating emissions and economic interactions
 using a methodology to develop the projections and underlying assumptions that has
been subject to peer review by leading external experts on economic modelling and GHG
emissions projections, and vetted by key stakeholders
The approach to developing Canada's GHG emissions projections involves:


using the most up-to-date statistics on GHG emissions and energy use, and sourcing key
assumptions from the best available public and private expert sources
 developing emissions projection scenarios using the detailed and proven Energy,
Emissions and Economy Model for Canada (E3MC)
The methodology for developing the emissions scenarios is described in Chapter 5, Annex 4
of Canada's Seventh National Report on Climate Change (PDF; 2.99 MB).
Scenarios

The indicator presents 3 different scenarios:
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The February 2016 projections, shown from 2005 to 2030, refers to the "with current
measures" projections as published in Canada's Second Biennial Report on Climate
Change. It was based on historical GHG emissions data from 2005 to 2013, and included
data and information on policies and measures up to September 2015.
The December 2017 projections, shown from 2016 to 2030, takes into account actions
taken by governments, consumers and businesses up to 2015, as well as the future
impacts of federal and provincial policies and measures put in place as of September
2017. This scenario does not account for all the measures in the Pan-Canadian
Framework on Clean Growth and Climate Change as a number of them are still under
development.
The December 2017 projections with specific measures, also shown from 2016 to 2030,
includes all of the actions, policies and measures of the December 2017 projections as
well as all climate change policies and measures that have been announced in Canada
and for which enough information is available. This scenario accounts for those additional
policies and measures that are under development but have not yet been fully
implemented, some of which announced as part of the Pan-Canadian Framework (for
example, the pan-Canadian carbon pricing). This projection is included in the "with
measures" projection in Canada's Second Biennial Report to the United Nations
Framework Convention on Climate Change.

Recent changes
This release uses the GHG projections reported in Canada's Seventh National Report on Climate
Change (PDF; 2.99 MB) to the United Nations Framework Convention on Climate Change. The previous
versions of the indicator used projections from Canada's 2016 greenhouse gas emissions reference
case.
The calculation of this indicator reflects methodological revisions that were applied to the
2017 National Inventory Report, as well as to the Energy, Emissions and Economy Model for
Canada. For a list of the modelling and methodological changes, refer to Chapter 5, Annex 2 of
Canada's Seventh National Communication on Climate Change.

Caveats and limitations
Emissions projections are subject to uncertainty, and are most appropriately viewed as a range of
plausible outcomes. Many of the events that shape emissions and energy markets cannot be
anticipated. In addition, future developments in technologies, demographics and resources cannot be
foreseen with certainty.

More information
The projection scenarios derive from a series of plausible assumptions regarding, among
others, population and economic growth, prices, demand and supply of energy, and the
evolution of energy efficiency technologies. The December 2017 projections assumes no
further government actions to address GHG emissions beyond those already in place as of
September 2017.
Under the Pan-Canadian Framework on Clean Growth and Climate Change, a number of
policies and measures have been announced. As the policy development process is not yet
finished, the majority of these policies were not included in the December 2017 projections,
but they were included in the December 2017 projections with specific measures scenario.
For a complete list of included policies and measures modelled under each scenario, refer to
Table 5A.9 in Canada's Seventh National Communication on Climate Change. Note that the
modelled policies and measures do not match the full list of announced measures. This is
because the economic modelling will only account for measures where sufficiently detailed
data exist that makes it possible to add them to the modelling platform.
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Current estimates do not include the full reductions from investment in public transit, clean
technology and innovation. Potential increases in stored carbon (carbon sequestration) in
forests, soils and wetlands are also excluded from this analysis but would be expected to
contribute to reductions which, for a country such as Canada, could play a role in achieving
the 2030 target.
The projected emission reductions do not account for additional mitigation measures that
could be implemented by the provinces and territories between now and 2030. Emissions
reductions from additional future actions will be assessed as new measures are implemented.
The projections presented in the indicator cannot be viewed as a forecast or prediction of
emissions at a future date. They do not attempt to account for the inevitable but yet unknown
changes that will occur in government policy; energy supply, demand and technology; or
domestic and international economic and political events.
The future level of GHG emissions in Canada depends on a number of factors, including
changes in future energy markets and economic assumptions, technological change,
consumer behaviour, and introduction of additional policies aimed at emissions reductions. A
sensitivity analysis was conducted to address the uncertainty regarding the key drivers of
GHG emissions. The analysis focuses on variability in 2 key factors: future economic growth
and population projections, and the evolution of oil and natural gas prices and production. For
more details about the sensitivity analysis, please consult Section 5.7.1 and Section 5, Annex
3 of Canada's Seventh National Report on Climate Change (PDF; 2.99 MB).
While the Energy, Emissions and Economy Model for Canada is a sophisticated analytical
tool, no model can fully capture the complicated interactions associated with given policy
measures between and within markets or between firms and consumers. Unlike computable
general equilibrium models, the Energy, Emissions and Economy Model for Canada does not
fully equilibrate government budgets and the markets for employment and investment. That
is, the modeling results reflect rigidities such as unemployment and government surpluses
and deficits. This approach is useful to understand how the Canadian economy changes over
time. Finally, the model, as used by Environment and Climate Change Canada, does not
generate changes in nominal interest rates and exchange rates, as would occur under a
monetary policy response to a major economic event.

Resources
References
Environment and Climate Change Canada (2017) National Inventory Report 1990-2015: Greenhouse
Gas Sources and Sinks in Canada. Retrieved on November 14, 2017.
Environment and Climate Change Canada (2017) Canada's Seventh National Report on Climate
Change (PDF; 2.99 MB). Retrieved on January 3, 2018.

Related information
Greenhouse gas emissions: drivers and impacts
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Annex
Annex A. Data tables for the figures presented in this document
Table A.1. Data for Figure 1. Historical greenhouse gas emissions and projections, Canada,
2005 to 2030

Year

Historical
emissions

February 2016
projections[A,B]

(megatonnes of
carbon dioxide
equivalent)

(megatonnes of
carbon dioxide
equivalent)

December
2017
projections[A]
(megatonnes of
carbon dioxide
equivalent)

December 2017
projections
with specific
measures
(megatonnes of
carbon dioxide
equivalent)

Canada's
target
(megatonnes of
carbon dioxide
equivalent)

2005

738

749

n/a

n/a

n/a

2006

729

740

n/a

n/a

n/a

2007

750

761

n/a

n/a

n/a

2008

729

741

n/a

n/a

n/a

2009

689

699

n/a

n/a

n/a

2010

701

707

n/a

n/a

n/a

2011

707

709

n/a

n/a

n/a

2012

716

715

n/a

n/a

n/a

2013

729

726

n/a

n/a

n/a

2014

727

727

n/a

n/a

n/a

2015

722

735

722

722

n/a

2016

n/a

747

722

722

n/a

2017

n/a

754

735

734

n/a

2018

n/a

760

736

733

n/a

2019

n/a

763

736

729

n/a

2020

n/a

766

728

690

n/a

2021

n/a

769

726

665

n/a

2022

n/a

773

726

654

n/a

2023

n/a

782

715

637

n/a

2024

n/a

788

714

632

n/a

2025

n/a

791

714

626

n/a

2026

n/a

797

716

621

n/a

2027

n/a

799

717

615

n/a

2028

n/a

805

717

606

n/a

2029

n/a

811

722

601

n/a

Progress towards Canada's greenhouse gas emissions reduction target

Page 10 of 12

0959

Year

2030

Historical
emissions

February 2016
projections[A,B]

(megatonnes of
carbon dioxide
equivalent)

(megatonnes of
carbon dioxide
equivalent)

n/a

December
2017
projections[A]
(megatonnes of
carbon dioxide
equivalent)

815

722

December 2017
projections
with specific
measures
(megatonnes of
carbon dioxide
equivalent)

583

Canada's
target
(megatonnes of
carbon dioxide
equivalent)

517

Note: [A] These scenarios are the "with measures" scenarios as defined by the United Nations Framework Convention on
Climate Change. [B] Historical emissions for the February 2016 projections were taken from the National Inventory Report 19902013: Greenhouse Gas Sources and Sinks in Canada. n/a = not applicable. The projected values presented here do not take
into account the contribution of the land use, land-use change and forestry sector. The February 2016 projections were
reported in Canada's Second Biennial Report on Climate Change and include policies and measures in place as of September
2015. The December 2017 projections are reported in Canada's Seventh National Communication on Climate Change (PDF;
2.99 MB) and include policies and measures in place as of September 2017; the scenario with specific measures also includes
specific measures from Canada's clean growth and climate plan that have been announced but are still under development.
For more information refer to the Data sources and methods.
Source: Environment and Climate Change Canada (2017) National Inventory Report 1990-2015: Greenhouse Gas Sources
and Sinks in Canada. Environment and Climate Change Canada (2017) Canada's Seventh National Communication on
Climate Change (PDF; 2.99 MB).
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Additional information can be obtained at:
Environment and Climate Change Canada
Public Inquiries Centre
12th Floor, Fontaine Building
200 Sacré-Coeur boul.
Gatineau, QC K1A 0H3
Telephone: 1-800-668-6767 (in Canada only) or 819-938-3860
Fax: 819-938-3318
Email: ec.enviroinfo.ec@canada.ca
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1. Introduction
Though significant attention has been paid recently to the
greenhouse gases (GHG) arising from land use change (LUC)
due to biofuels production, little has been paid to similar
emissions from fossil fuel development. Studies that examined the land use impacts of oil and gas production have
focused on habitat loss, fragmentation, and other ecological
impacts associated with these developments (1-5), yet GHG
emissions from LUC are yet to be examined in a systematic
manner.
In this paper, we examine the GHG emissions associated
with the direct land use of fossil fuel production, using
California and Alberta as examples for conventional oil
production as well as oil sands production in Alberta as an
example of unconventional oil production. We chose these
regions due to data availability; however, other regions could
also be analyzed using similar methods. We first determine
land use change (hereafter, land disturbance) associated with
conventional oil and Alberta oil sands production on an
intensity basis. We then determine the carbon emissions
changes associated with this land disturbance compared to
the reference case (without disturbance due to oil extraction).

2. Land Disturbance and Land Disturbance Intensities
SABRINA SPATARI
Civil, Architectural, and Environmental Engineering
Department, Drexel University, Philadelphia, Pennsylvania
DAVID W. KEITH
Energy and Environmental Systems Group, Institute for
Sustainable Energy, Environment and Economy, University of
Calgary, Calgary, Alberta, Canada

Received April 23, 2010. Revised manuscript received
September 12, 2010. Accepted September 14, 2010.

Debates surrounding the greenhouse gas (GHG) emissions
from land use of biofuels production have created a need to
quantify the relative land use GHG intensity of fossil fuels. When
contrasting land use GHG intensity of fossil fuel and biofuel
production, it is the energy yield that greatly distinguishes the
two. Although emissions released from land disturbed by
fossil fuels can be comparable or higher than biofuels, the
energy yield of oil production is typically 2-3 orders of magnitude
higher, (0.33-2.6, 0.61-1.2, and 2.2-5.1 PJ/ha) for conventional
oil production, oil sands surface mining, and in situ production,
respectively). We found that land use contributes small portions
of GHGs to lifecycle emissions of California crude and in
situ oil sands production (<0.4% or <0.4 gCO2e/MJ crude
refinery feedstock) and small to modest portions for Alberta
conventional oil (0.1-4% or 0.1-3.4 gCO2e/MJ) and surface
mining of oil sands (0.9-11% or 0.8-10.2 gCO2e/MJ). Our estimates
are based on assumptions aggregated over large spatial and
temporal scales and assuming 100% reclamation. Values on finer
spatial and temporal scales that are relevant to policy
targets need to account for site-specific information, the
baseline natural and anthropogenic disturbance.
* Corresponding author e-mail: slyeh@ucdavis.edu.
†
Current affliation: Department of Earth and Planetary Sciences,
Harvard University.
10.1021/es1013278

 XXXX American Chemical Society

The physical disturbance from conventional oil development
results from infrastructure such as well pads, pipelines, access
roads, and seismic surveys (2, 5, 6). During development,
well density increases until oil production rates drop below
economically recoverable levels. Wells are shut in and
abandoned afterward. In Alberta, a company is required to
reclaim a well or pipeline once it is no longer in use (7),
though this is often not the case. Once a company can apply
for a reclamation certificate and once standards are met,
Alberta Environment issues the reclamation certificate. The
challenge is that wells are often abandoned without being
reclaimed. From 1998-2008, the certification rate was
approximately 45% of the abandonment rate (8). The number
of wells being abandoned and not certified is increasing over
time. In addition, linear features may persist though time
without managing recreational access or if transferred to
other land uses (9).
Oil sands projects are generally located in northeast
Alberta, with some development extending to the northwest
of the province and east into Saskatchewan, an area classified
as boreal forest (10). Bitumen is extracted from oil sands
using in situ recovery or surface mining. In 2007, 40% of
bitumen was produced with in situ recovery, while the other
60% was produced with surface mining (11), though approximately 80% of recoverable bitumen deposits is estimated
to be only extractable using in situ technologies. In situ
recovery involves drilling wells into deposits typically deeper
than 100 m and injecting steam into the reservoir, reducing
the bitumen viscosity, and allowing it to be pumped to the
surface. Land disturbance for in situ recovery requires
infrastructure such as central processing facilities and
networks of seismic lines, roads, pipelines, and well pads.
Surface mining of bitumen, used for more shallow
deposits, requires the clearing and excavation of a large area.
The total land disturbance includes a mine site, overburden
storage, and tailing ponds (3). Surface mining involves
draining and clearing of vegetation and the removal of peat.
Subsoil and overburden are removed and stored separately.
Disturbed peat is stockpiled and stored until reclamation,
where it may be used as soil amendment. The drained and/
or extracted peat will begin to decompose, releasing a
VOL. xxx, NO. xx, XXXX / ENVIRONMENTAL SCIENCE & TECHNOLOGY
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combination of CO2 and CH4 depending on peat moisture
conditions (12). By removing the functional vegetation layer
at the surface of a peatland, the disturbed ecosystem loses
its ability to sequester CO2 from the atmosphere. Reclamation
of surface mines typically involves reconstructing selfsustaining hydrology and geomorphology on the landscape
(13). A mixture of peat and soil from the original lease and
surrounding sites is used to cover the end substrates. The
landscape is subsequently seeded and revegetated. Currently,
only 12% of the total oil sands surface mining area (66 km2
of 520 km2) is reported as reclaimed, but only 1 km2 has been
certified (14).
2.1. Methodology. The production of fossil fuels from a
new deposit can result in carbon release from land disturbance. The amount of land disturbed per unit of fuel
produced depends on the following characteristics:
1. The areal energy density of the deposit;
2. The rate at which the primary energy resource is
extracted from the deposit;
3. The conversion efficiency between the primary energy
resources and the intermediate or the refined fuel product;
4. The amount of carbon contained on the land before
and after the land disturbance occurs.
We calculated both historical and marginal land disturbance intensity for conventional oil. Historical well productivity was found to be higher for both California and Alberta.
For the historical case we used the total land disturbance
over the history of oil production in a region as well as the
total cumulative MJ of oil produced. The marginal land
intensity represents the land disturbance associated with
the production of the marginal MJ of petroleum. We
approximate marginal well production by taking the total
number of new wells from the year of analysis and divide
them by MJ of crude oil produced in that year.
2.2. Data and Analysis on Land Disturbance.
2.2.1. Land Disturbance per Well Pad. To determine land
disturbance intensity for California and Alberta oil production, we divided the total disturbed area calculated from
image analysis shown in Figure S1 by the number of well
pads counted in each image to estimate land area disturbed
per well (15).
Cumulative crude oil produced to date in California is
25.1 Gbbl. Our data set contains 301 California oil fields
covering 3 × 109 m2 (1180 square miles) (6). As of 2005, these
fields contained over 58,000 active production wells, 22,000
shut-in production wells, and 25,000 injection wells, over
6000 of which are shut-in. In studied California oil fields, the
land disturbed per well ranged from 0.33 to 1.8 ha/well, while
the average of all images was 1.1 ha/well (which includes all
access roads and other facilities included in each image).
Alberta had 35,557 conventional oil wells in 2007, producing 515,000 barrels per day (16). We found the land
disturbed per well pad ranged from 1.6 to 7.1 ha/well pad
(averaged 3.3 ha/well pad over 10 fields analyzed) for Alberta
oil production (15), which is consistent with the literature
review provided in Jordaan et al. (3) which ranged from
1.4-9.9 ha/well (excluding exploration).
2.2.2. Land Disturbance per Energy Output. For the
historical impact analysis (production per ha of land
disturbed, PJ/ha) in California, we multiplied the number of
well pads per oil field (including active and shut in production
and injection wells and estimated abandoned and unrecorded
wells) by the area disturbed per well pad estimated from the
image analysis and divided by the cumulative production
for each oil field from 1919-2005. The marginal impacts were
calculated by multiplying the wells drilled in 2005 and the
area disturbed per well pad divided by crude production in
2005 across the state (15). The same approach was used to
calculate the marginal impact of Alberta oil production in
B
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TABLE 1. Energy Yield (PJ of Crude Refinery Feedstocka/ha
Disturbed) of Conventional Oil Production in California and
Alberta and Oil Sands Productionb
energy source
California oil
Alberta oil
oil sands - surface
mining
oil sands - in situ

energy yield (PJ/ha)
historical impacts
marginal impacts
historical impacts
marginal impacts

0.79 (0.48-2.6)
0.55 (0.33-1.8)
0.33 (0.16-0.69)
0.20 (0.092-0.40)
0.92 (0.61-1.2)
3.3 (2.2-5.1)

a

Crude refinery feedstock refers to conventional oil or
synthetic crude oil (SCO) in high heating values (HHV).
b
Values shown are averages and the upper-bound and
lower-bound estimates are reported in the parentheses. The
summary statistics for California and Alberta oil fields
(numbers of wells drilled, area disturbed), oil production, and
land disturbance intensity (in m2/m3 SCO or m2/MJ crude oil)
are shown in Tables S1-S4 in the SI.

2007 and the historical impact from 1948-2007 (see Section
2 of the Supporting Information, SI).
Land use intensity estimates for oil sands surface mining
and in situ are based on Jordaan et al. (3), which reviewed
data that characterizes the land area disturbed by oil sands
projects in Alberta (see SI Section 3). The authors reported
land use intensity of 0.33-0.63 m2/m3 synthetic crude oil
(SCO) and 0.07-0.16 m2/m3 for mining and in situ production,
respectively (excluding land use from upstream natural gas
production). The results in energy production per disturbed
area are summarized in Table 1.

3. Changes in Carbon Stock, Carbon and CH4 Emissions
and Uptake
Natural carbon stocks increase and decrease as a result of
land disturbance through a variety of mechanisms. The
mechanisms we examined include clearing of vegetation,
loss of soil carbon, forgone sequestration, and resequestration
due to reclamation and forest regrowth. Foregone sequestration refers to the carbon that would have been sequestered
had a GHG sink not been cleared for development (17). We
also assess CH4 emissions from tailings ponds and peat
stockpiled during oil sands surface mining operations.
Though CH4 emissions from tailings ponds are different from
biological carbon typically included in land use analysis, their
emissions are included due to the large land areas covered
by tailings ponds, high CH4 emissions, and the extent that
emissions can be affected by mitigation decisions related to
land use management.
3.1. Carbon Stocks in Natural Regions Where Oil is
Produced. Given that nearly all California oil fields are in the
southern half of the state, it was assumed that the land
containing California fields is 25% chaparral and 75% grassland.
Chaparral has carbon stocks in soil and biomass of 80 and 40 t
C/ha (8000 and 4000 g C/m2), respectively. For grassland, these
figures are 80 and 10 t C/ha, respectively (17).
In the Alberta case, to estimate the distribution of
conventional oil wells across the natural regions, wells
were mapped using ArcGIS. Oil wells in Alberta are found
in all but one natural region (the Canadian Shield). Within
the boreal region, 68% of the oil wells are located within
the dry-mixedwood subregion, where peatland coverage
(9.3%) (18) is smaller than the rest of the boreal subregions,
including Central and Northern mixedwood (31 and 38%,
respectively) and highlands (23%) (18). We estimated that
15% of conventional oil development areas occur in
peatland (15). Oil sands developments occur in the boreal
forest natural region, and, consistent with other analyses,
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TABLE 2. Changes in Carbon Stock and CH4 Emissions Per Unit Area Disturbed by Conventional and Unconventional Oil
Production in California and Alberta over a Modeling Period of 150 Years, Assuming 100% Reclamationh
initial C loss (year 1 to 20)
energy source

soil C (t C/ha)

biomass C
(t C/ha)

California oila,g
Alberta oila,b,f
oil sands - miningc,d,e,f
oil sands - in situa,c,f

20 (16-32)
55 (44-88)
350 (306-394)
109 (88-175)

18
70 (67-74)
71 (65-78)
71 (65-78)

net carbon/GHG changes (year 1 to 150)
soil C
(t C/ha)

biomass C
(t C/ha)

foregone seq.
(t C/ha)

tailings
(t CH4/ha)

total
(t CO2e/ha)

20 (16-32)
31 (17-67)
312 (246-357)
59 (6.5-130)

0
9.2 (1.9-16)
19 (10-21)
-0.8 (-12 -2.0)

0
2.6 (2.2-3.1)
6.9 (5.9-8.3)
6.9 (5.9-8.3)

96 (0-192)
-

73 (59-117)
157 (81-313)
3596 (953-6201)
205 (23-495)

a
Assumed 84-100% and 100% biomass lost at year 20 and 100, respectively, and 20-40% of soil carbon oxidation after
disturbance. b Assumed disturbance is 15% peatland and 85% upland. c Assumed disturbance is 23% peatland and 77%
upland. d Assumed 25% disturbance is tailings pond and the rest (75%) is reclaimed to forest after mining/extraction ends.
Assumed 84-100% and 100% biomass lost at year 20 and 150, respectively, and 70-90% of soil carbon oxidation after
disturbance (15). e Assumed that tailings pond starts to emit CH4 15 yrs after the project starts (15, 33) and ends at year 50
(continuous emissions for 35 years). Forest regrowth after reclamation does not include areas of tailings pond. f Assumed
disturbance is 30 yrs and reclamation starts at year 31. g Since grassland regrowth is faster and the baseline has faster
natural turnover (45), we assumed no net effect over modeled time period (foregone sequestration and net biomass loss is
negligible). h Positive values represent net sources of emissions or foregone sequestration, while negative values represent
net sinks compared to the reference case. Values shown are single estimates or the mid-range values (the upper-bound
and lower-bound estimates are reported in the parentheses) (15). CH4 emissions from stockpiled peat soil and from
peatland in the reference case were studied and found to be orders of magnitude smaller than other emissions and are
therefore omitted in this table.

it was assumed that roughly 23% of oil sands development
occurs in peatlands (15, 18, 19). The carbon stocks in soil
and above ground biomass in Alberta are estimated by
matching the available ecosystems in the Supporting
Online Material of Searchinger et al. (17) (temperate
evergreen forest, temperate deciduous forest, boreal forest,
and temperate grassland) with the qualitative description
of the natural regions as outlined by Alberta Sustainable
Resource Development (20). We then calculated the
weighted carbon in soil and vegetation and carbon uptake
for each of the six natural regions (Table S5 of the SI). Due
to the carbon-rich nature of boreal peatlands, we developed
a separate methodology to quantify the soil and biomass
carbon of peatlands (see SI Section 4).
3.2. Carbon Stock Changes, Foregone Sequestration,
Reclamation, and CH4 Emissions. The evolution of carbon
stocks over time was modeled for a reference scenario with
no land disturbance for fossil fuel production and a land
disturbance scenario over 150 years. Key assumptions of
carbon stock changes and CH4 emissions are briefly summarized below, and detailed descriptions of data sources,
assumptions, and calculations are offered in the SI Section
4.
3.2.1. Carbon Stock Loss. We assumed a 20-40% soil
carbon loss from infrastructure activities to support conventional oil and gas extraction and in situ production (e.g.,
scraping of soil at surface for roads, drainage, drill pads,
drilling wells, etc.) (21) and a 70-90% soil C loss for surface
mining accounting for higher disturbance in mining sites
(19) and other facilities. Since current seismic practices only
remove above-ground biomass and not soil carbon, we
assumed that seismic will remove 100% biomass but will
result in negligible soil carbon loss. Our study uses two
approaches to account for biomass carbon loss after conversion: (1) a complete loss after conversion and (2) accounting
for carbon storage in harvested wood products (HWP). Based
on these two approaches we estimate 63-100%, 84-100%,
and 100% of total (including aboveground and belowground) forest biomass loss at 0, 20, and 150 years after
disturbance, respectively (see calculations in the SI Section
4 and Table S8).
3.2.2. Foregone Sequestration. Southern California ecosystems (chaparral and grasslands) are characterized by
growth and cycling of vegetation due to frequent fires. Thus,
biomass in these ecosystems is not considered a net source
or sink of carbon over our modeled time period (150 years),

and all long-term effects are due to soil disturbance.
Therefore, all impacts to vegetation changes due to oil field
development are assumed to be mitigated over modeled time
period (see Table 2 for biomass and foregone sequestration
values).
Canadian forests have been shown to provide a net sink
for carbon through much of this century, but there has been
a decrease in this sink since late 1990 due to increased
disturbance such as fire and disease outbreak such that
Canadian forests may now be a net source of carbon or a
very small sink (22). Thus we assume in this paper that
Canadian boreal forests are carbon neutral, i.e. the boreal
forest system in Alberta is neither a C sink nor a source and
the long-term C sequestration rate is zero after disturbances
(natural and anthropogenic other than oil sands extraction)
are taken into account. Peatlands, however, still remain a
long-term carbon sink with annual carbon accumulation rate
(accounting for historical fires) of 0.24 t C/ha/yr across
continental, western Canada (19). The small foregone
sequestration in Table 2 reflects the loss of carbon accumulation from peatlands.
3.2.3. Reclamation. Regrowing forests accumulate carbon
in aboveground, underground biomass, and soil organic
matter at various rates depending on the type of vegetation,
climate condition, and other complex factors (23-26). To
better understand the change of carbon stock when land has
been disturbed, we selected a modeling period of 150 years
to capture the assumed conventional oil and oil sands
production period and reclamation. Peatland restoration has
been successful following peat extraction for horticultural
products in eastern Canada (27). Research is ongoing to test
the feasibility of restoring peatlands in the oil sands region
of Alberta (13). Given the difficulty of restoring peatland
hydrology and the long periods of time needed to restore
vegetation, peatlands disturbed by both surface mining and
in situ recovery predominantly are expected to be reclaimed
to a mixture of upland forest and wetlands.
Depending on the type of technology employed (e.g.,
surface mining or in situ) and the assumptions about forest
regrowth rates, most biomass carbon loss and some soil
carbon loss in forests can be eventually resequestered within
our modeling period if reclamation was successful (Table 2).
However, only a small portion of soil carbon can be recovered
for areas where peatlands have been converted and reclaimed
to upland. Disturbed peatlands will have a much smaller soil
carbon stock after it is reclaimed to upland (Figure S3).
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The energy unit is MJ of refinery feedstock (HHV), including synthetic crude oil (SCO) or crude oil. b Source: GHGenius 2008 Version 3.13a Natural Resources Canada available
from http://www.ghgenius.ca. c The energy unit is MJ pf refined gasoline (HHV). d The crude that we compare here is a generic mix of crude for Canada West from GHGenius. Ideally
we would like to compare California LU emissions with California crude oil lifecycle emissions, and Alberta LU with Alberta crude oil lifecycle emissions. California crude oil is likely
to have higher lifecycle emissions than the average crude (46) due to its lower average API values. e Source: Charpentier et al. (43) minus the GHGenius’ default land use and fugitive
emissions to avoid double counting. f The comparison here is only approximate as the energy units in the previous two columns are not exactly the same (MJ refinery feedstock vs
MJ refined gasoline). To make consistent comparison, additional steps to take into account refinery efficiency loss and allocation of refinery emissions to products (e.g., gasoline and
diesel) need to be considered. See Charpentier et al. (43) for examples for calculation. g Values shown are single estimates or the mid-range values (the upper-bound and
lower-bound estimates are reported in the parentheses) (15). Positive values represent net carbon emissions, while negative values represent net carbon gain compared to the
reference case. The comparison with LU emissions with lifecycle emissions is only approximate for reasons noted in footnote f.

oil sands - mining
oil sands - in situ

Alberta oil

a

85.4d
85.4
85.4
85.4
94.8e
105.3e
0.09 (0.02-0.25)
0.13 (0.03-0.35)
0.47 (0.12-1.98)
0.78 (0.20-3.39)
3.9 (0.83-10.24)
0.07 (0.0-0.23)
2.61 (0-7.91)
California oil

historical
marginal
historical
marginal

0.09 (0.02-0.25)
0.13 (0.03-0.35)
0.34 (0.09-1.55)
0.57 (0.16-2.65)
1.21 (0.77-2.16)
0.07 (0.0-0.21)

0
0
0.10 (0.01-0.38)
0.17 (0.02-0.65)
0.04 (0.03-0.13)
0.0 (-0.01-0)

0
0
0.03 (0.017-0.05)
0.05 (0.03-0.09)
0.03 (0.03-0.04)
0.008 (0.006-0.01)

total (g CO2e/MJ)a
soil CO2

biomass CO2

foregone seq. CO2

tailing CH4

lifecycle GHG
emissions (g CO2e/MJ)b,c

0.1 (0.0-0.3)
0.2 (0.0-0.4)
0.6 (0.1-2)
0.9 (0.2-4)
4 (0.9-11)
0.04 (0-0.2)

% of total lifecyclef
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TABLE 3. Net Land Use GHG Intensity of Conventional and Unconventional Oil Production in California and Alberta over a 150 Year Modeling Periodg

3.2.4. Tailings Pond CH4 Emissions. Bitumen is recovered
from mined oil sands by a caustic hot-water extraction
process. Waste water, which includes clay, sand, silt, organics,
and residual bitumen, is sent to tailings facilities for containment. After tailings water is delivered to a tailings pond, sand
particles rapidly settle. Once separated, water is recycled
into the extraction process, and the remaining fine suspended
particles and water form mature fine tailings (MFT). Earlier
studies suggest that MFT may take decades (28) or even a
century to settle (28-30); however, new treatment technologies may significantly reduce the settling time. Tailings pond
CH4 emissions have been reported in many major MFT sites
in Northern Alberta (31-34). One of the most studied MFT
is the Mildred Lake Settling Basin (MLSB) operated by
Syncrude, which started operation in 1978. By 1999, methane
bubbles were found on 40-60% of the 12 km2 pond with an
estimated daily flux of 12 g CH4/m2/d (44 t CH4/ha/yr or
1100 t CO2e/ha/yr) in the most active areas (33). Suncor
Energy Inc.’s MFT site, operational in 1968, started to release
methane gas after 15 years (33). In addition to being a GHG
that has 25 times the potency of CO2 (35), the presence of
methane gas may provide faster transport of toxic compounds
to the capping water, reduce the oxygen level of the lake, and
produce a toxic compound, ethylene, that also affects plant
growth (31, 32). Each of these factors may reduce reclaimed
ecosystem function and hinder remediation effort when the
wet landscape approach is used (33). Our analysis assumes
tailings ponds emit CH4 at 0-12 g CH4/m2/d fifteen yrs after
sites begin operating until the end of year 50 (i.e., constant
emissions for 35 yrs), and half of the tailings surface will emit
methane emissions (15).
Gupta et al. (30) hypothesized that naphtha diluents, used
for oil sands processing, and citrate, used as a water softening
agent (34), both support methane (CH4) biogenesis in large
anaerobic settling basins. Tailings reclamation management
is an actively researched area, thus it is challenging, if not
impossible, to predict the evolution of tailings pond management and the associated land disturbance as new
reclamation management practices are developed and
become less expensive (13). There are currently two primary
approaches that have been used in large scale reclamation,
wet or dry landscape. In the former, the MFT would be
transferred to an abandoned mine pit and then capped with
water to form a “lake” (28, 31). In the latter approach, fine
tailings are dewatered and capped with soil, allowing
revegetation of the dried landscape. Due to the uncertainty
in future reclamation technologies and tailings ponds
management practices, our analysis of the tailings sites
emission factors assumes no change in management practice,
and the emission rate is based on the literature published
before 2009 (30-33, 36). Detailed assumptions and calculation of tailing emissions can be found in the SI Section 4. We
also determine the effects of using dry landscape reclamation
by examining the impacts of carbon resequestration if tailings
pond areas are capped and revegetated (Section 3.4).
We found that the greatest changes in GHG stock are due
to soil carbon loss, notably from surface mining, and CH4
emissions from tailings ponds (Table 2). Surface mining has
the largest soil carbon loss per unit disturbed area due to the
amount of soil and peat displaced in these operations.
3.3. Land Use GHG Emission Intensity. Land use GHG
intensity (g CO2equivalent/MJ crude refinery feedstock,
including SCO or crude oil) of Alberta conventional oil
production is found to be 5-10 times greater than that of
California conventional oil production. This is due to the
low density of wells in the images analyzed for Alberta which
results in high disturbance per unit energy output (energy
yield in PJ/ha ratio California (CA)/Alberta (AB) ≈ 2-5 (Table
1)) and higher net carbon loss in Alberta (AB/CA ≈ 1-3) due
to the carbon richness of Alberta landscapes compared to
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TABLE 4. Comparison of Direct Land Use Impact of Biofuel vs Fossil Fuels Production

energy source
Fossil Fuel
California oil
Alberta oil

energy yield (PJ/ha)
historical impacts
marginal impacts
historical impacts
marginal impacts

oil sands - surface mining
oil sands - in situ
Biofuel
palm biodiesel (Indonesia/Malaysia)a
palm biodiesel (Indonesia/Malaysia)a
soybean biodiesel (Brazil)a
sugar cane (Brazil)a
soybean biodiesel (Brazil)a
corn ethanol (US)a
corn ethanol (US)a

tropical rainforest
peatland rainforest
tropical rainforest
cerrado wooded
cerrado grassland
central grassland
abandoned cropland

GHG emissions
per disturbed
area (t CO2e/ha)
73 (59-117)

GHG emissions
per energy
output (g CO2e/MJ)

0.79 (0.48-2.6)
0.55 (0.33-1.8)
0.33 (0.16-0.69)
0.20 (0.092-0.40)
0.92 (0.61-1.2)
3.3 (2.2-5.1)

3596 (953-6201)
205 (23-495)

0.09 (0.02-0.25)
0.13 (0.03-0.35)
0.47 (0.12-1.98)
0.78 (0.20-3.39)
3.9 (0.83-10.24)
0.04 (0.0-0.23)

0.0062
0.0062
0.0009
0.0059
0.0009
0.0038
0.0038

702 ( 183
3452 ( 1294
737 ( 75
165 ( 58
85 ( 42
134 ( 33
69 ( 24

113 ( 30
557 ( 209
819 ( 83
28 ( 10
94 ( 47
35 ( 9
18 ( 6

157 (74-313)

a
Based on data from Fargoine et al. (47) Supporting Online Material. Assume 50 years biofuel production period.
Values for fossil fuel are single estimates or the mid-range values and the upper-bound and lower-bound estimates are
reported in the parentheses. Values for biofuels include standard deviations.

b

California (Table 2). The land use GHG intensities of surface
mining and in situ are 3.88 (0.83-10.24) gCO2e/MJ SCO and
0.04 (0.00-0.23) gCO2e/MJ SCO, respectively.
3.4. Sensitivity Analysis. We also examine the sensitivity
of GHG emissions to the following cases: (1) 0-100% of oil
sands development occurs on peatlands, (2) the land use
impacts of upstream natural gas extraction for use in oil
sands production is included, and (3) dry landscape reclamation is employed. The results are summarized in Section
6 of the SI and Table S9.
There are several aspects that are not considered in our
model, most notably regarding the dynamic nature of the
climate system and time horizons within land use change
models. We have assumed a constant climate and do not
consider factors such as CO2 fertilization, inactive soil carbon,
changes in albedo, and climate-ecosystem interactions.
Climate change already has initiated changes in the boreal
fire regime (37) and has triggered widespread permafrost

thaw (38), both of which impact carbon cycling. In undisturbed peatlands, research has shown that 40% and 86% of
the carbon held in shallow and deep peat, respectively, may
be lost due to warming of 4 °C over 500 years (39). On the
other hand, there is also evidence suggesting that long-term
drying via drainage can lead to increased soil carbon storage
in peatlands through afforestation (40), though this would
have consequences for fire activity in Canada. Short-term
warming and drying reduced plant productivity but increased
soil respiration, with no net effects on net ecosystem exchange
of CO2 (41). Due to the uncertainty in ecosystem vulnerability
over long time scales, LUC and fossil combustion may not
be directly compatible (42), bringing to question whether or
not they should be combined within a single lifecycle matrix.
Alternative methodologies, such as ton-year accounting, may
be one way to address one of the concerns, particularly on
the inconsistency of time scale of emissions (see Section 6
in the SI).

FIGURE 1. Changes in carbon stock and CH4 emissions per unit area disturbed by conventional oil production and oil sands over a
modeling period of 150 years, assuming reclamation back to natural state after projects complete.
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4. Discussion
Our results highlight the importance of the GHG emissions
associated with soil carbon emissions from peatland conversion and tailings ponds methane emissions, because both
can potentially cover large tracts of land. Three important
variables determine the direct GHG intensity of land disturbance on liquid transportation fuels: energy yield per
disturbed land, GHG emissions per disturbed land, and GHG
emissions per energy output (Table 4). When contrasting
land disturbance from fossil fuel and biofuel production, it
is the energy yield that greatly distinguishes the two. Although
compared with biofuels, LU GHG emissions (per disturbed
land area) from fossil fuel development can be comparable
or higher than biofuels (Figure 1); biofuels, however, have
a very low spatial energy density compared to conventional
and unconventional oil production. Since fossil fuel extraction
has significantly higher energy yield, the land use emission
per unit energy output are thus significantly lower than
biofuels.
It is, however, important to note that CO2 emissions
derived from the use of oil (43) are orders of magnitude higher
compared to land use emissions (Table 3). As Canadian oil
sands production may reach 1.5 billion barrels per year in
2030 (44), this may result in additional 50-96 and 9.1-21
thousand ha of cumulative land disturbance and 47-580
and 0.1-10 Mt CO2e LU GHG emissions between 2010 and
2025 from surface mining and in situ production (not
including upstream disturbance from the use of natural gas),
respectively. These numbers, though large, are orders of
magnitude smaller compared with 5400 and 4800 Mt lifecycle
CO2e emissions from surface mining and in situ production,
respectively, and use.
Our study estimates are based on assumptions aggregated
over large spatial and temporal scales. Values on finer spatial
and temporal scales that are relevant to policy targets need
to be dedicatedly balanced against site-specific information,
the baseline natural and anthropogenic disturbance, and
the annual variations in carbon storage due to climate and
natural disturbance such as fires or pest outbreaks. Our largest
uncertainties are the assumptions regarding the proportion
of soil carbon loss on mining sites, CH4 emissions from tailings
ponds, and the success rate of reclamation. Local measurements, monitoring, and model simulations to estimate
project-level land disturbance GHG emissions can significantly reduce many of the key uncertainties that we attempt
to capture in this paper and improve the accuracy of the
estimates. Postmining reclamation such as the restoration
of habitat can reduce land-related CO2 emissions from oil
sands development, but more importantly they serve a critical
purpose to recover ecological landscapes, sustain high
biodiversity, hydrologic cycles, and forest ecosystems from
heavily mined areas after oil sands production has been
completed (13).
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1. Formula for Estimating Land Use Greenhouse Gas (GHG) Intensity
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The land disturbance intensity I for conventional oil production and in situ bitumen production can be
calculated as:
(Equation S1)
where A is the total disturbed area by the fuel production, AW is the area of land disturbed for each
production well. W is the total number of wells and E is the total energy of fuel produced in MJ. The
methods for estimating A are described in Sections 2 and 3. For the case of surface mining of petroleum
resources, the land disturbance intensity is calculated by the disturbed area divided by the energy in the
petroleum produced in that area.
We calculated both historical and marginal land disturbance intensity for conventional oil. Historical well
productivity was found to be higher for both California and Alberta. As reserves decline, wells produce
less oil on average. For the historical case we use the total land disturbance over the history of oil
production in a region, as well as the total cumulative MJ of oil produced. The marginal land intensity
represents the land disturbance associated with the production of the marginal MJ of petroleum. We
approximate marginal well production by taking the total number of wells drilled from the year of
analysis and divide them by MJ of crude oil produced in that year. We then use the disturbance per well
to calculate the land disturbance intensity. This approach assumes a relatively “steady state” production
pattern, such that drilling in the current year is approximately equal to the drilling that was required for
the current year’s production.

The inverse of Eq S1 can be interpreted as the energy yield per unit disturbed area (e.g., in PJ/ha). The
greenhouse gas emission intensity associated with land disturbance (CILU) in grams of CO2 equivalent per
MJ of energy in fuel can be expressed as follows:
(Equation S2)

CI LU = C LU I

CLU is the GHG emissions associated with land disturbance in grams or tons of CO2e per unit area.
Carbon stock and emission changes before and after the disturbance were estimated.
The total carbon stock in the reference case without land disturbance for oil development at the end of
modeling period can be represented as:
Cref = C soil + C bio + Cseq × T

(Equation S3)
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where,
Csoil
Cbio
Cseq
T

= Initial soil C stock (t CO2e/ha),
= Initial aboveground and underground biomass C stock (t CO2e/ha),
= long-term annual carbon/CH4 sequestration rate (positive value represents net
sequestration) (t CO2e/ha/yr),
= modeling period.

The total carbon stock and GHG missions in the land disturbance case at the end of modeling period:
Coil = (1 − Fs) × C soil + (1 − Fv) × C bio - Ctailings× (t − n) + Crec × (T − r)
where,
Fs
Fv
Ctailings
t
n
Crec
r

(Equation S4)

= the fraction of soil C loss due to land disturbance,
= the fraction of total biomass loss due to land disturbance,
= tailings pond emission rate, only applicable to oil sands surface mining (negative value
represents net emissions) (t CO2e/ha/yr),
= years that tailings emissions end.
= years that tailings emissions start,
= the annual net CO2 uptake after reclamation (positive value represents net
sequestration) (t CO2e/ha/yr),
= years that reclamation starts (yrs).

The total GHG changes due to land disturbance for oil development can be characterized by:
CLU = Cref – Coil = Fs × C soil + Fv × C bio + Cseq × T + Ctailings× (t − n) − Crec × (T − r)
Initial C loss

Foregone sequestration

(Equation S5)

C re-accumulation

The foregone sequestration is defined as the sequestration associated with forest clearing when this forest
would have continued to sequester carbon had it been left undisturbed (S1). Our modeling period is
assumed to be 150 years, which encompasses the assumed conventional oil and oil sands production
period of 30 years, and reclamation. Once CLU is known, GHG emissions of land disturbance associated
with crude and oil sands production can be calculated based on Equation S2.
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2. Land disturbance Intensity: Conventional Oil
We used two study areas, Alberta and California, to estimate the greenhouse gas emissions released from
land disturbance. We chose these regions due to data availability; however, other regions could also be
analyzed using similar methodology.

California Conventional Oil
Data for California conventional oil production was obtained from the California Department of Oil, Gas,
and Geothermal Resources (DOGGR) (S2).1 In 2007, California produced 0.22 billion barrels of oil (11
percent of US production). California oil production peaked in 1985 but has since declined steadily, and
production has fallen from 394 million barrels in 1985 to 215 million barrels in 2008 (S3). Fifty-one
percent of California is heavy crude, having API gravity2 of 18 degrees or less. Cumulative crude oil
produced to date is 25.1 billion bbl.
Our dataset contains 301 oil fields covering 3×109 m2 (1,180 square miles). As of 2005, these fields
contained at least 58,000 active production wells, 22,000 shut-in production wells, and 25,000 injection
wells, over 6,000 of which are shut-in. These figures do not include wells that are not in current DOGGR
field-level data tables, including: a) wells in abandoned fields, b) wells that were drilled before 1915
when oil and gas drilling records were first kept, c) exploratory wells that were abandoned before
successful production, and d) other wells of unknown origins. Using historical DOGGR reports from
1919 to 2005, we calculate that the total number of wells drilled in this time period was at least 188,000,
or approximately 80,000 more than are contained in current data tables.
To estimate the amount of land in California oil fields disturbed per well drilled, we used an image
analysis program (ImageJ) to convert satellite images of three oil fields (the Elk Hills, San Ardo, and Lost
Hills fields) into binary files (black and white). All images were taken at eye elevation of 2 km. The
binary conversion algorithm converts vegetation, which is darker than dirt roads and areas around wells,
to black. The software then performs pixel-based area counting, classifying as “disturbed” all light areas
larger than 1000 m2.
Ten images from these oil fields were analyzed. The percentage of land without vegetation (the disturbed
areas) range from 25–36% for the 3 fields analyzed. Figure S1A shows an example of our land
1
2

ftp://ftp.consrv.ca.gov/pub/oil/Data_Catalog/Oil_and_Gas/Oil_fields/
American Petroleum Institute (API) gravity standard, which measures the weight of crude oil in relation to water.
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disturbance analysis for California oil production. To determine the land disturbed per well, we divided
the total disturbed area by the number of well pads counted in each image. The number of distinguishable
well pads on each image ranged from 45 to 122. The land disturbed per well ranged from 0.33 to 1.8
ha/well, while the average of all 10 images was 1.1 ha/well (which includes all access roads and other
facilities included in each image). Our analysis assumes that land use practices do not change over time.
A

B

Figure S1. A. Image analysis of land disturbance for California Elk Hills oil field. Left: images extracted from
Google Earth and attributed to Telemetrics, TeleAtlas and Digital Globe 2009. Right: Converted black and white
image to estimate the percent of disturbance (white area). B. Illustrative image analysis of land disturbance for
Alberta oil field. Left: images extracted from Google Earth and attributed to Telemetrics, TeleAtlas and Digital
Globe 2009. Right: Converted black and white image to estimate the percent of disturbance (white area).

The average, low, and high disturbance per well was then used to calculate both historical and marginal
emissions intensities. For historical emissions, we multiply per-well disturbance by the number of active
and shut-in wells in each field, including both production and injection wells. We adjust for the missing
wells in current DOGGR data tables by multiplying known wells in each field by a scaling factor to
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account for missing wells. A number of oil fields are completely abandoned, with no well counts
available. In total, 210 of the 301 oil fields had all required data available, accounting for 97.4% of
cumulative oil production.
Many oil wells co-produce oil and gas. The gas to oil ratio (GOR, ft3/bbl) ranges from 0 (no gas coproduced with oil) to thousands (negligible oil co-produced with gas). California GORs at the county
level ranged from 15 to 2,100 in 2007, and the state average was 850 ft3/bbl (S4). Because oil and gas
today are co-produced, the carbon emissions associated with land use should be assigned proportionally
based on GOR. However, when most California fields were discovered and drilled (before the 1960s), gas
was considered a secondary byproduct of oil production. We therefore attribute land disturbance
occurring during field development solely to oil. More work in this area may show that a proportion of
the land disturbance should be attributed to co-produced natural gas.
The summary statistics for California oil fields, oil production, and land disturbance intensity are shown
in Table S1. The energy yields based on the average disturbance (1.1 ha/well) and the low and high
disturbance cases (0.33 ha/well and 1.8 ha/well respectively)) are 0.79 (0.48-2.6) PJ/ha disturbed and 0.55
(0.33-1.8) PJ/ha disturbed for historical and marginal impacts, respectively.

Table S1. Summary of California crude oil land disturbance intensity based on historical and marginal impact
analysis.
Wells Drilled
(no. of wells)
Historical impacts

> 188,508a

Area
Disturbed
(ha)
202,000

Oil Produced
(bbl)
(MJ)
2.6E+10

1.6E+14

Production:
Wells Drilled
(m3/well)
2.2E+04

Energy yield
(PJ/ha disturbed)
0.79 (0.48-2.6)

Marginal impacts
2,641
2,800
2.6E+08
1.6E+12
1.5E+04
0.55 (0.33-1.8)
a – This figure includes exploratory and development wells drilled from 1919-2005. Wells drilled before 1919 were
not available in dataset used, so it is a lower-bound estimate. Note that cumulative production includes oil produced
before 1919.

Alberta Conventional Oil
Data for Alberta conventional oil production was obtained from the Energy Resources Conservation
Board (S5). The province had 35,557 conventional oil wells in 2007, producing 515,000 barrels per day
(S5). Of this, 60% of production was light and medium crude, with the other 40% heavy. Alberta’s
conventional crude oil production peaked in 1973 at 1.4 million barrels per day and declined to 0.5
million barrels per day in 2007.
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The methodology used for estimating the land disturbance of conventional oil wells for California was
also used for Alberta. Using ImageJ software, 10 images from various oil and gas developments were
analyzed to determine the land disturbance per well. Figure S1B shows an example of our land
disturbance analysis for Alberta conventional oil production.
To determine the land disturbed per well, we divided the total disturbed area by the number of well pads
counted in each image. The elevation for the California analysis was 2 km, which was suitable for the
state’s well density of approximately 31 wells/km2. However, well density in Alberta was found to range
between 0.3 and 2.5 wells/km2 in the images analyzed. As a result, an image at an elevation of 2 km
generally captures only 1-3 wells and omits associated infrastructure (e.g., the full extent of the access
road). We ran the analysis at elevations of 2 km and 5 km on the same regions and verified that the latter
captured more of the infrastructure required for development. Running similar analyses at greater regional
scales would result in a larger land disturbance yet, capturing more of the required infrastructure (S6). The
disturbed land ranges from 1% to 10% for each of the 10 images analyzed at a 5 km elevation. The
images captured between 4 and 31 wells, disturbing 1.6 to 7.1 ha/well, while the average of all 10 images
was 3.3 ha/well. As with the case of California, we assume that the land use practices do not change over
time.
The Energy Resources Conservation Board (ERCB) provides historic well production and drilling from
1948-2007 (S5)(Figure S2).

Figure S2. Marginal production per well, 1948-2007. Wells included are exploratory and development wells as
reported by the ERCB (2008) (S5).

The historic production was calculated by dividing the total wells drilled by Alberta's total production.
The total conventional oil production from 1938-2007 was used as the historic production (17 Gbbls), so
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may slightly overestimate total well productivity. It is assumed that the number of wells drilled before this
time was not significant when compared to the number of wells drilled between 1948 and 2007. The
marginal production per well was determined as the production to drilling ratio for 2007. The summary
statistics for Alberta conventional oil fields, oil production, and land disturbance intensity are shown in
Table S2. The energy yields based on the average disturbance (3.3 ha/well) and the low and high
disturbance cases (1.6 ha/well and 7.1 ha/well respectively) are 0.34 (0.16−0.69) PJ/ha and 0.20
(0.092−0.40) PJ/ha for historical impacts and marginal impacts, respectively.
Table S2. Summary of Alberta conventional oil land disturbance intensity based on historical and marginal impact
analysis.
Wells Drilled
(no. of wells)

Area
Disturbed
(ha)

Oil Produced
(bbl)

(MJ)

Production:
Wells Drilled
(m3/well)

Energy yield
(PJ/ha disturbed)

Historical impacts

85,272

282,000

1.6E+10

9.6E+13

2.9E+04

0.33 (0.16−0.69)

Marginal impacts

1,769

5,800

1.9E+08

1.2E+12

1.7E+04

0.20 (0.092−0.40)

S8

0976
Land Use Greenhouse Gas Emissions from Conventional Oil Production and Oil Sands

3. Land Disturbance Intensity: Oil Sands Surface Mining and In Situ Production
Land use intensity estimates for oil sands surface mining were extracted from ERCB (S5) and compared
to CEMA-SEWG (S7) (Table S3). CEMA-SEWG developed modeling assumptions for ALCES
landscape simulations. These values were developed in a series of workshops with industry, government,
and environmental organizations.
Table S3. Land use intensities for surface mining.
Project

Project
area
(ha)

Initial mineable
volume in place
(106 m3)

Initial
established
reserves
(106 m3)

Cumulative
production
(106 m3)

Remaining
established
reserves
(106 m3)

Land use intensity
(m2/m3 SCO)

(m2/MJ)

Albian Sands
672
419
41
378
0.38
Forthills
18976
699
364
0
364
0.61
Horizon
28482
834
537
0
537
0.63
Jackpine
7958
361
222
0
222
0.42
Suncor
19155
990
687
235
687
0.33
Syncrude
44037
2071
1306
351
1306
0.40
CEMASEWG model
0.42
Total
132189
5627
3535
627
3494
0.44
** The project areas correspond to the areas defined in the project approval. This entire area will be disturbed.

9.6E-06
1.5E-05
1.6E-05
1.1E-05
8.3E-06
1.0E-05
1.1E-05
1.1E-05

The data used for in situ recovery was derived from CEMA-SEWG (S7), which provided a range of land
use intensities (shown in Table S4). Jordaan, Keith, and Stelfox (S8) reported land use intensity of 0.33–
0.63 m2/m3 SCO and 0.07–0.16 m2/m3 for mining and in situ production, respectively (excluding land
use from upstream natural gas production). We assumed the volumetric energy density of SCO is 39,536
MJ (HHV)/ m3 SCO (S9). Ranges for land disturbance from oil sands development are shown in Table
S4.
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Table S4. Ranges of land use intensities (m2/m3 SCO) for oil sands and upstream natural gas development. Adapted
from Jordaan, Keith, and Stelfox (S8).
Technology

Literature range
(m2/m3 SCO)

Estimate
(m2/m3 SCO)

Mining

0.33–0.63

0.42

In situ

0.070–0.16

0.11

Upgrading

Seismic activity
(biomass
disturbance only)

Other activity
(biomass + soil
disturbance)
0.42

0.066

0.044

0.0075–0.023

0.011

Natural gas (mining and upgrading)

0.030–0.11

0.11

0.010

0.011
0.11

Natural gas (in situ and upgrading)

0.070 – 0.26

0.26

0.010

0.24

Crude recovery, bitumen production, processing and upgrading to SCO uses natural gas, which is used to
heat water to extract the bitumen, and to generate heat and produce hydrogen for upgrading and refining.
Based on Dunbar (S10), Jordaan et al. (S8) report that 70, 220, and 50 m3/m3 SCO natural gas purchases
were required for surface mining, in situ extraction, and upgrading, respective, and that the extraction and
transport of natural gas has a land use footprint of 2.6×10-4–9.5×10-4 m2/m3 natural gas (S8). If upstream
natural gas mining and upgrading are included, the total land use footprint for surface mining is estimated
to be 0.37−0.76 m2/m3 SCO (best estimate 0.55 m2/m3 SCO or 0.73 PJ SCO/ha) and 0.15−0.44 m2/m3
SCO (best estimate 0.38 m2/m3 SCO or 1.0 PJ SCO/ha) for in situ production. The lower bound estimates
represent minimum accounting for natural gas land use and the upper bounds represent the inclusion of
natural gas land use via extensification (S8).
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4. Changes in Carbon Stock, Carbon and CH4 Emissions and Uptake
Carbon Stock
Alberta has six natural regions (Rocky Mountain, Foothills, Grassland, Parkland, Boreal Forest, and the
Canadian Shield), each with several subregions. Each of these natural regions has varying carbon stocks
and well productivities. The locations and production for all pumping, flowing, and producing oil wells in
Alberta were extracted using AccuMap software (excluding gas wells that produce some oil). In order to
understand the distribution of conventional oil wells across the natural regions, wells were mapped using
ArcGIS. Data for wells with the same surface hole locations were merged to account for wells that are
drilled from the same well site but produce from different pools. A well shapefile was created and
spatially joined with shapefiles for natural regions and subregions to determine which wells occurred in
each region and their daily oil productivity. For the Boreal Forest Natural Region, we subtracted the
number of bitumen-producing wells (8,900 wells in 2007, as reported by the ERCB). Oil wells in Alberta
are found in all but one natural region (the Canadian Shield). Within the boreal region, 68% of the oil
wells are located within the dry-mixedwood subregion, where peatland coverage (9.3%)(S11) is smaller
than the rest of the boreal subregions, including Central and Northen mixedwood (31 and 38%
respectively) and highlands (23%) (S11). We found that the average peatland coverage weighted by the
number of oil wells is 15% within the boreal region.
The carbon stocks in soil and biomass in Alberta are estimated by matching the available ecosystems in
the Supporting Online Material of Searchinger et al. (S12) (temperate evergreen forest, temperate
deciduous forest, boreal forest, and temperate grassland) with the qualitative description of the natural
regions as outlined by Alberta Sustainable Resource Development (S13). We then calculated the weighted
carbon in soil and in vegetation and carbon uptake for each of the six natural regions (Table S5).
Table S5. Summary of the estimated soil and biomass carbon content in natural regions of Alberta.
Natural
Region

% oil
well

Vegetation

Classification

Rocky
Mountain

0.01%

Mixed conifer where oil
development occurs

100% temperate
evergreen

Foothills

15%

Lower: Mixed conifer in closed
coniferous forests

100% temperate
evergreen

Upper: Mixedwood (assumed 50:50
evergreen:deciduous)

50% evergreen,
50% deciduous

S11

Weighted C stock*
(t C/ha)
vegetation
soil
160
134
147

134

Weighted C uptake*
(t C/ha/yr)
re-grow forest
2.4
2.0
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Grasslands

23%

Generally agricultural areas, some
natural grasslands (fescue, needle
and thread grass)

100% temperate
grassland

7

189

0

Parkland

32%

Primarily aspen (deciduous) forests,
grasslands, agriculture. Some
lodgepole pine stands on sands

45% deciduous,
45% grassland,
10% evergreen

80

159

1.0

Boreal
Forest

29%

Mixedwood forests (deciduous +
evergreen), peatland, cultivation.
Subregions described as having 1570% wetlands

85% boreal,
15% peatland

82**

357**

1.4

Mostly rock barrens with pockets of
mixedwood forests, some wetlands

No producing
oil wells

N/A

N/A

N/A

Canadian
Shield

Weighted
74
221
1.05
Average
Note: 1 hectare (ha) = 0.01 km2.
*
Estimated based on values reported in Searchinger et al. SOM (S12) .
**
Based on the weighted average of the boreal forest biomass of 90 t C/ha and boreal forest soil C storage of 206 t C/ha (S12)
(85%), and peatland biomass of 36 t C/ha (S14) and soil C storage of 1213 t C/ha (Table S6)(15%) to get the weighted average of
82 t C/ha for biomass and 357 t C/ha for soil C (206 × 85% + 1213 × 15%).

Peatlands Carbon Stock
To get a more accurate estimate of soil and biomass carbon in the boreal region in Alberta, we developed
a separate methodology for boreal peatlands. Table S6 summarizes the soil carbon (t C/ha) of various
peatland types in continental western Canada estimated by Vitt et al. (S15). We assumed the distribution
of peatland types in the Alberta boreal forest region is similar to that in the “mid boreal” in Table S6
below, yielding a weighted soil carbon of 1213 t C/ha. Peatland distribution is estimated to be 23% of the
Alberta boreal region based on Vitt et al. (S11). Our assumption is consistent with Turetsky et al.’s
estimate that 22% of current oil sands surface leases is covered by peatland (S16).
Table S6. Soil carbon (in t C/ha) of peatland of continental western Canada (Alberta, Saskatchewan, and Manitoba).
Based on Tables 1 and 3 of Vitt et al. (S15).

Permafrost frost bogs

Arctic
738

Subarctic
1261

Montane
0

High Boreal
1166

Mid Boreal
1295

Aspen
Parkland
and
Interlake
0

Nonpermafrost bogs

0

1692

0

1360

1236

1109

900

0.08

Treed fens

0

1317

675

1425

1347

1208

996

0.28

Shrubby fens

775

1353

667

1298

907

788

965

0.07

Open nonpatterned fens

787

1355

658

1275

910

788

962

0.20

0

1706

704

1668

1389

2244

1285

0.09

781

1315

676

1357

1213

1107

934

Peatland Type

Open patterned fens
Weighted average

S12

Average
743

% total
0.28
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Carbon Uptake in the Base Case and Carbon Uptake after Reclamation
Forest after disturbance (e.g. fire) can be reclaimed back to forested state after a long period of time (S14,
17-19). Forest re-growth accumulates C in aboveground, belowground biomass, and soil organic matter at
various rates depending on the type of vegetation, climate condition, and other complex factors (S14, 17,
18). To represent carbon sequestration rates after reclamation, based on available data we make the
assumption that primary succession (following reclamation) follows a similar recovery rate to secondary
succession (following wildfire). Based on Carrasco (S20) and Amiro (S21), the net primary productivity
(NPP) post-fire range from 1.35 –2.25 t C/ha/yr-1 in the boreal plain region. NPP is a good indicator of
forest recovery following fire and is the primary driver for potential carbon sequestration. Trajectories of
NPP for longer periods at the ecoregion level are difficult to assess. The observed NPP rates for boreal
forest were reported to be relatively stable (S20-23), though Luyssaert shows an increasing trend of NPP
with age and declining beyond 80 years of age (S23). In their simulation of soil C model, Carrasco (S20)
assume constant NPP between fire return interval of 150 and 200 years, though other studies suggests fire
cycles are 40-110 years through much of the boreal region (S22, 24). Thus we make a simple assumption
that reclaimed forest will sequester carbon at a constant NPP rate of 1.35 –2.25 t C/ha/yr-1 until the
aboveground biomass of the reclaimed forest reaches the pre-disturbance level or for 80 years (whichever
constraint is met first). We further assumed that roughly 30% of sequestered C is stored in soil C (S23)
and the soil carbon sequestration rate is constant throughout the modeling period. We assumed that after
150 years, the carbon uptakes and disturbances (natural and anthropogenic) are indistinguishable between
the reference case and the land disturbance case.

Tailings Pond CH4 Emissions
CH4 emissions from tailings ponds are also among the largest sources of uncertainty in our study. CH4
emissions from a tailings pond vary widely, and few measurement data have been collected. Siddique et
al. (S25) reported a range of 0.9–114.2 g CH4/m2/d based on measured and modeled estimates for Mildred
Lake Settling Basin (MLSB), and on average, 25% of the study site is thought to be methanogenic (S25).
Holowenko et. al. (S26) reported 12 yrs after the observation at MLSB, 40–60% of the surface has a daily
flux of 12 g CH4/m2/d. Holowenko et. al. (2000), however, also stated that “methanogenesis in the fine
tailings appears to be a finite process, slowing when usable substrate is depleted.”
We used the reported range of daily methane flux of 0 – 12 g CH4/m2/d (0 – 44 t CH4/ha/yr) to represent
methane emissions from tailings sites. Because only portions of the surface areas have been reported to
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emit methane gas, we assumed half of the tailings surface will emit methane gases (S25, 27). Though
tailings pond CH4 emissions have been reported for many major mature fine tailings (MFT) sites in
Northern Alberta (S26, 28, 29), we do not know whether CH4 emissions will occur in all tailings and
whether the assumed rate will sustain.
Consistent with actual observations mentioned above, we assumed CH4 emissions begin 15 yrs after the
site begins operating (S26). For the upper bound assessment, we further assume that the emission rate is
constant until the end of year 50 (i.e. constant emissions for 35 yrs). There is currently no better study to
guide this assumption and it may need to be revised when more empirical or modeling studies are
published in the future.
The total reported oil sands disturbed area is 460-530 km2 (S30, 31), of which 70-130 km2 is tailings
pond. As such, tailings ponds are about 13-28% of the total disturbed area.
Oil sands producers and the Government of Alberta are making efforts to improve water use efficiency
and reclamation management to “minimize and eventually eliminate long-term storage of fluid tailings in
the reclamation landscape” (S32, 33). One reclamation plan for fine tailings waste is the “wet landscape”
approach in which the MFT would be transferred to an abandoned mine pit and then capped with water to
form a “lake” (S28, 33). Alternatively, some “dry landscape” reclamation experiments such as composite
tailings (CT) by adding calcium sulfate to MFT to quickly release most of water within hours and tailings
reduction operations (TRO) allow re-vegetation on the dried landscape. Studies suggest methane was not
detected in CT when sulfate was added to tailings samples (S26, 34). However, Fedorak et al. (S28, 29)
suggested that some methanogenic activities may be present in CT samples after sulfate concentration is
sufficiently decreased.

Assumptions of Carbon Lost
For conventional oil and gas extraction and in situ production, we assumed that on average 20–40% of
soil carbon (e.g. scraping of soil at surface for roads, drainage, drill pads, drilling wells, etc.) is oxidized
once the lands are disturbed. The assumption is based on the IPCC guideline (S35) on the calculation of
soil C loss after land use conversion, which recommends a 20 – 40% soil C loss factor from the
conversion of grassland and forest land to crop land, and 20% from disturbance from settlement activities
such as infrastructure (e.g. roadways, houses, and buildings). Since there is limited data on soil C loss due
to settlement activities such as infrastructure and it is highly uncertain (S36), we use 20 – 40% to
represent the range uncertainties for average land use disturbance associated with conventional oil and gas
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extraction and in situ production. Surface mining involves complete removal of surface soil and transport
to offsite facilities for processing, thus we assume a complete loss of soil carbon over a 50-yr time
interval for soil and peat disturbance due to oil sands mining (S16). Since our total land disturbance
estimates includes mine sites and other facilities, 70–90% range is selected for surface mining sites. It is
unclear to us how soil (and peat) is treated after project completes. If soil overburden is used as
amendment for reclamation, then most of the soil (peat) carbon is decomposed under aerobic condition
assuming an exponential decay function (S37). If however, most of the soil (and peat) is stored as
overburden and later put back onsite for peatland restoration, then soil (and peat) carbon loss rate could be
lower than what we assumed here. However, methane emissions could increase as a result of stockpiling
(S37, 38) or flooding to maintain waterlogged peatland conditions during restoration. We also note that
our assumptions err on the conservative side because we only consider the direct footprint, and not
additional areas impacted by land-use impacts (which vary from 50% to 130% (S39) or 200% (S40) of the
affected area) or increased fires associated with peatland drainage and degradation (S41).
Estimates for land disturbance intensity of oil sands production included seismic activity (S8). Since
current seismic practices only remove above-ground biomass and not soil carbon, we assumed that it will
result in 100% biomass but negligible soil carbon loss.
Table S7 summarizes the assumptions of the parameters defined in Equation S5, including initial carbon
stocks, emission factors, rates of carbon loss, and time durations of the activities.
Table S7. Summary of parameters and emission factors for estimating GHG balance in Equation S5. Values include
single estimates or the mid-range estimates (the lower- and upper-bound estimates are reported in the parenthesis).
Positive values represent carbon loss or net emissions, while negative values represent avoided emissions or net
uptake.

C soil (t C/ha)
Fs
Cbio (t C/ha)
Fv
Cseq (t C/ha/yr)
Crec (t
C/ha/yr)
Ctailing (t
CH4/ha/yr)
R
N

Soil carbon
Fraction of soil C
loss
Biomass carbon
Fraction of
biomass C loss
Long-term carbon
uptake
Carbon uptake of
regrowing forest
Emissions from
tailings ponds
Year when
reclamation starts
Years that tailings

Year 20
Year 150
Forest
Peatland
Forest/
Peatland6

Calfiornia
Crude Oil
80
25% (20–
40%)
18

Alberta Crude
Oil1
221
25% (20– 40%)

Oil sands –
mining2
438
80% (70– 90%)

Oil sands –
in situ2
438
25% (20– 40%)

74

78

78

100%
100%

95% (90-100%)3
100%
04
0.2 (0.17−0.24) 5
1.4 (1.35–2.25)7

92% (84-100%)
100%
0
0.2 (0.17−0.24)
1.4 (1.35–2.25)

92% (84-100%)
100%
0
0.2 (0.17−0.24)
1.4 (1.35–2.25)

0–448
30

30
15
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pond starts to emit
CH4
Years that tailings
50
T
emissions end
Modeling period
150
150
150
150
T
1
Weighted avg across Alberta oil producing regions. See Table S5; 2 Assumed 23% peatland and 77% boreal forests; 3 Weighted
by total forested area calculated from Table S5; 4 Assumed the long-term net carbon accumulation rates (including natural and
human disturbances) are zero for all ecoregions except peatlands. 5 based on (S16). 6 Reclaimed to upland after disturbance. 7
Based on Carrasco (S20) and Amiro (S21). 8 Applied only to 50% of the tailings area (based on (S26)).

A conceptual illustration of the dynamics of carbon stock changes after land disturbance and reclamation
is presented in Figure S3. Tailings emissions are ignored in this illustrative example. Reclaimed peatlands
will have a much lower soil carbon after it is reclaimed to upland.
1400
C (soil + biomass) in peatland

Carbon Stock (t C/ha)

1200

C (soil + biomass) in forest land

Soil and biomass
carbon loss

1000
800

Base case average C stock in the ecoregions

Steady-state
Carbon re-sequestration

600
400
200
0
0

20

40

60

80

100

120

140

Year

Figure S3. Conceptual illustration of carbon stock changes for the case of surface mining. Parameters are defined in
Table S7 and the results for soil and biomass carbon are summarized in Table 1 for the surface mining scenario
(using the single/mid-range values).

Assumptions of Carbon Lost – Forest Biomass
Our study assumes removals of biomass as instantaneous emission to the atmosphere (i.e. 100% biomass
C loss) based on the IPCC guidelines (S35). Alternatively, methods that account for the long-term storage
of carbon in harvested wood and in landfills can also be considered (S42, 43). Harvested wood products
have different lifespans that range from 2–100 years, with longer lifespan for lumber and shortest for
paper. We estimate that the fractions of above-ground biomass carbon remaining in end- uses and
landfills (i.e. not emitted to the atmosphere) after 0, 20 and 100 years are 45.7%, 19.6% and 14.4%,
respectively (Table S8). The C storage factors in end-uses after 150 years could not be obtained but
should be very close to zero. Based on these two methods, we estimate 54–100%, 80–100% and 100%
carbon loss of above-ground forest biomass at 0, 20 and 150 years after disturbance, respectively.
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Assuming a root to shoot ratio of 20% (S44), this results in 63–100%, 84–100% and 100% carbon loss of
total forest biomass at 0, 20 and 150 years after disturbance, respectively.

Table S8. Estimates of the disposition of above-ground forest biomass carbon at 20 and 100 years after disturbance.
Fraction of biomass in
end-use

Non-merchantable biomassa
Merchantable biomass

46%
Softwoods
Hardwoods

Pulpwood

Fraction of carbon
remaining in end-uses and
landfills after 100 years d

54%

b

Logs and bolts

Fraction of carbon
remaining in end-uses
and landfills after 20
years d

Hardwoods

28%c

47%

35%

c

41%

30%

c

32%

23%

7%
10%

Others
<1%c
Weighted Average of total biomass (merchantable and
non-merchantable)
20%
14%
a. These are nonstemwood, above-ground tissues including the bark, branches and leaves. These biomass are mostly left onsite to provide
ecological service (including conservation and protecting soil health). We assume 100% biomass loss for non-merchantable biomass once it
is removed from the forestry system.
b. The fraction of carbon remaining in end-uses immediately after disturbance is assumed to be 1 for merchantable biomass. Source: Wood
and Layzell (S45).
c. Source: Canadian Council of Forest Ministers (S46).
d. Other categories of carbon disposition include energy use and emissions to the atmosphere. We assume biomass C loss = 100% if it is not in
the end-use or landfill categories. Source: Table 1.6 in U.S. Department of Energy (S43). We assumed the end-use patterns of wood
products in Canada is similar to those in the US.
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5. Land Use GHG Intensity
We combine land disturbance intensity I (Sections 2 and 3) with the carbon change from land disturbance
CLU (Section 4) to get the GHG intensity associated with land disturbance (CILU). We examine both
historical and marginal production of conventional oil in our analyses. The production from oil sands
surface mining and in situ recovery can be considered marginal as the technologies and reserves are
relatively young when compared with conventional production.
Figure S4 illustrates the distribution of historical GHG emission intensity by oil field in California,
calculated by multiplying the number of wells per field and the average GHG emissions from land
disturbance per well, plotted both by number of fields and by amount of oil production.

Figure S4. Distribution of historical land use GHG emissions for California oil production. Two bin types are used
in histogram: number of fields with a given amount of emissions, and quantity of oil produced with the given
amount of emissions.
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6. Sensitivity Analysis
We examine sensitivity analysis of the following cases: 1) 0 – 100% of oil sands development occurs on
peatlands, (2) the land use impacts of upstream natural gas extraction for use in oil sands production is
included, and (3) dry landscape reclamation is employed. Table S9 shows results of land use GHG
intensity from oil sands mining (Cases (1) and (3)).
Table S9. Sensitivity analysis of land use GHG intensity and net soil C loss from oil sands mining.
Land Use GHG Intensity
Net Soil C Loss
(g CO2e/MJ crude oil)
(t C/ha)
Best
Low
High
Base Case
4.0
0.8
10.2
312 (246-357)
100% Peatland
6.4
2.5
14.4
933 (788-1055)
0% Peatland
3.2
0.3
9.0
127 (83-149)
No CH4 emissions and dry landscape reclamation
1.2
0.7
2.1
300 (225-345)

Upstream natural gas use can also increase land-related greenhouse gas emissions for some technologies.
Crude recovery, bitumen production, processing and upgrading to SCO all use natural gas for heating
water to extract the bitumen, generating heat and producing hydrogen for upgrading and refining. When
the land disturbance of upstream natural gas production is included, total disturbance of unconventional
oil extraction and production can increase by 26 percent and 210 percent for surface mining and in situ
production respectively (S8, 47). This increases the land use GHG emissions of in situ recovery by up to
145% (to a total of 0.18 (0.02−0.40) g CO2e/MJ SCO) if we assume a grassland landscape where the
highest number of natural gas wells in Alberta are found (S8). Depending on the design flexibility of a
syncrude facility, natural gas consumption for syncrude production may be reduced by replacing natural
gas with produced bitumen or petroleum coke (S48). Although this displacement would reduce the land
use intensity of in situ production (less natural gas used), the CO2 emissions are likely to increase
(increased use of bitumen or petroleum coke). In California, ≈40 percent of crude is produced using
thermal enhanced oil recovery (TEOR) methods, which use steam injection to recover heavier oil
products. The amount of natural gas used for TEOR is similar to that for in situ production.

Net Emission versus Ton-Years Calculation
Net emissions are calculated by summing carbon release and sequestration activities over time within the
modeling period of 150 years. If we would like to capture a plausible proxy for the total damage to the
planet from the CO2 emissions stream over a finite analytic/policy horizon, ta, we can use a tonne-year
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approach to determine the relative climate effect of different emissions profiles over time as suggested by
the IPCC (S49, 50). One method is to calculate the net effect of carbon released based on a reduced form
of the carbon cycle model used to calculate Global Warming Potentials in the Second Assessment Report
(S19). Physically speaking, once carbon is released to the atmosphere, it is subject to removal through
natural processes. Carbon can be transferred to sinks such as oceans and the biosphere but it can remain in
the atmosphere for a very long period of time. As illustrated in the IPCC LULUCF, 1 t CO2 released to
the atmosphere will result in atmospheric burden of 46 tonne-years within the 100-year time horizon.3
Thus the climate burden (cumulative CO2-C loading) of 1 t C release in year 1 will have a cumulative C
loading of 61 tonne-years over a 150 analytic year compared to -46 tonne-years for 1 t C re-sequestered in
year 50. Thus instead of a net impact of zero (1 t C + (-1 t C), 100% removal), the result is an increase in
atmospheric burden of 15 tonne-years (61 + (-46) tonne-years, 75% removal) (S19). Using this approach,
carbon emissions and removals in earlier time period are assigned higher “weights” when compared with
emissions/removals that occur at later time period. Using this tonne-year approach, we recalculate the
“net atmospheric burdens” of the different streams of emissions and removals occurring at different time
during the modeling period in the surface mining case shown in Table 2 of the main text, and found a
higher net atmospheric burden of 87.2% by the end of 150-years (Figure S5b) compared with 79.6%
using a straight forward approach that does not take tonne-year into account (Figure S3a).

3

This method is discussed in detail in the IPCC LULUC Special Report Chapter 2.3.6.3 Equivalence Time and TonYears. The decay function is the approximation of the output of the Bern model version used (but not published) in
the SAR is given by:
F[CO2(t)] = 0.175602 + 0.137467 exp(-t/421.093) + 0.185762 exp(-t/70.5965) + 0.242302 exp(-t/21.42165) +
0.258868 exp(-t/3.41537)
where F is the fraction of CO2 remaining in the atmosphere and t is the time after emission in years.
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Soil/Biomass Loss and Resequestration
(t C/ha)

1000

Loss through innitial release
Regain through sequestration
Net burden

800

a)

600
400
200
0
-200

Soil/Biomass Loss and Resequestration
(ton-years/ha)

Csoil in peat

Csoil in forest

Cbio in peat

Cbio in forest

b)
Loss through innitial release
Regain through sequestration
Net burden

55000
45000
35000
25000
15000
5000
-5000

Csoil in peat

Csoil in forest

Cbio in peat

Cbio in forest

Figure S5. Comparison of calculations capturing the net effect from activities that release and sequester carbon at
different time period using a net emission accounting system (a) versus a tonne-year system (b) (S19) converting Cfluxes to concentrations using Bern impulse-response model, integrated without discounting over 150 years with
infinite discounting after that. The example shown here is oil sands surface mining scenario using median values
shown in Table 2 (foregone sequestration and tailings emissions are ignored here. Carbon sequestration in HWP is
not considered in this example).
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7. Comparison of Direct Land Use Emissions with Biofuels
To compare the direct land use emissions of biofuel with fossil fuels, we estimate the direct land use
emissions of biofuel for continuous cultivation over 50 years:

Table S10. Carbon stock changes and emissions from land conversion for biofuel production. Data based on
Fargoine et al. (2008) SOM.
Biofuel

Former Ecosystem

Location

Carbon
debt

Yield

(t CO2e/ha)

(MJ/ha/yr)

Yield , 50
yrs
production
(PJ/ha)

LU
emissions
(50 years)
g CO2e/MJ

Palm biodeisel

Tropical rainforest

Indonesia/Malaysia

702

124500

0.0062

112.8

Palm biodeisel

Peatland rainforest

Indonesia/Malaysia

3452

124500

0.0062

554.5

Soybean biodiesel

Tropical rainforest

Brazil

737

17770

0.0009

829.4

Sugarcane

Cerrado wooded

Brazil

165

118200

0.0059

27.9

Soybean biodiesel

Cerrado grassland

Brazil

85

17770

0.0009

95.7

Corn ethanol

Central grassland

US

134

76360

0.0038

35.1

Corn ethanol

Abandoned cropland

US

69

76360

0.0038

18.1

Based on Fargione et al, (2008), converting tropical peatland rainforest to palm production causes an
additional sustained emission of ~55 Mg of CO2 /ha/yr from oxidative peat decomposition, resulting
biofuel carbon debt of ~3000 Mg of CO2/ha after 50 years.
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Report on Energy Supply and Demand in Canada
Highlights
Primary energy production in Canada increased 2.9% in 2016 to 19,709 petajoules. This followed a 1.2%
increase in 2015.

Analysis
Energy supply and demand, 2016
Primary energy production in Canada increased 2.9% in 2016 to 19,709 petajoules. This followed a 1.2% increase
in 2015.
Crude oil accounted for the largest proportion of primary energy production in Canada in 2016 at 45.1%, followed
by natural gas (35.0%), primary electricity (9.3%), total coal (6.8%) and gas plant natural gas liquids (3.9%).
It was the seventh consecutive year in which crude oil accounted for the largest share of primary energy
production.

Exports and imports increase
Exports of Canadian energy and energy products increased 2.4% in 2016 to 12,507 petajoules.
Canada exported 80.4% of its crude oil production in 2016, and 46.4% of its marketable natural gas.
Imports of energy increased 6.1% in 2016 to 3,659 petajoules. Crude oil accounted for 50.8% of imports, followed
by natural gas (21.6%).

Energy consumption decreases
Canada’s energy consumption decreased 0.8% in 2016 to 7,953 petajoules, following a 0.8% decrease in 2015.
Energy use increased in three of six sectors including public administration (+3.1%), industrial (+1.9%), and
agriculture (+1.0%). Residential (-6.8%), commercial and other institutional (-1.3%), and transportation (-0.5%) saw
a decrease in energy use.
Within the industrial sector, energy consumption increased in forestry and logging and support activities (+17.1%),
construction (+10.5%), mining and oil and gas extraction (+2.3%), and manufacturing (+0.8%).
Retail pump sales continued to represent the largest proportion of energy consumption in the transportation
sector (63.2%), followed by road transport and urban transit (14.2%), airlines (9.6%), pipelines (7.1%), railways
(3.1%), and marine (2.8%).
Refined petroleum products (39.8%) were the main source of energy consumed in Canada in 2016, followed by
natural gas (33.8%) and electricity (22.7%).

Energy consumption trends across the country
Ontario, Alberta and Quebec continued to account for the majority of energy consumed in Canada. In 2016, their
combined share of total energy consumption was 73.4%.
Six provinces recorded increases in energy consumption in 2016 compared with 2015. British Columbia (+3.9%)
saw the greatest increase, followed by Prince Edward Island (+3.7%), New Brunswick (+2.9%), Manitoba (+0.8%),
Newfoundland and Labrador (+0.5%), and Alberta (+0.3%).
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Energy consumption decreased in 5 regions in 2016 compared to 2015. The largest decrease was in Nova Scotia
(-3.3%) followed by Ontario (-3.0%), Saskatchewan (-2.6%), the Territories (-2.5%), and Quebec (-1.1%).
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Statistical tables
Table 1-1
Primary and secondary energy, natural units — Canada
Total
coal, Crude oil, Natural gas,
primary
primary
primary
energy
energy
energy
kilotonnes megalitres
gigalitres
Supply and demand characteristics
Production
60,870.6 225,128.2
Exports
x 180,933.6
Imports
x 47,120.8
Inter-regional transfers
x
0.1
Stock variation
377.6
133.1
Inter-product transfers
.
..
Other adjustments
1,188.1 15,185.0
Availability
38,763.5 106,367.4
Stock change, utilities and industry
..
.
Transformed to other fuels
Electricity by utilities
34,377.2
.
Electricity by industry
0.0
.
Coke and manufactured gases
2,829.9
.
Refined petroleum products
. 107,521.7
Steam generation
0.0
.
Net supply
1,556.4
.
Producer consumption
..
.
Non-energy use
78.7
.
Energy use, final demand
1,366.0
.
Total industrial
1,321.3
.
Mining and oil and gas extraction
0.0
.
Total manufacturing
1,321.3
.
Pulp and paper manufacturing
0.0
.
Iron and steel manufacturing
x
.
Aluminum and non-ferrous metal
manufacturing
x
.
Cement manufacturing
577.6
.
Refined petroleum products
manufacturing
.
.
Chemicals and fertilizers manufacturing
0.0
.
All other manufacturing
x
.
Forestry and logging and support activities
for forestry
.
.
Construction
.
.
Total transportation
.
.
Railways
.
.
Total airlines
.
.
Canadian airlines
.
.
Foreign airlines
.
.
Total marine
.
.
Domestic marine
.
.
Foreign marine
.
.
Pipelines
.
.
Road transport and urban transit
.
.
Retail pump sales
.
.
Agriculture
.
.
Residential
x
.
Public administration
.
.
Commercial and other institutional
x
.
Statistical difference
x
.

176,691.6
81,964.1
20,254.9
0.0
1,341.8
-2,778.1
2,106.0
112,968.5
.

Gas plant
Primary
Total
natural electricity,
refined Secondary
gas liquids hydro and
Coke petroleum electricity,
(NGL’s),
nuclear,
Steam,
Coke, oven gas, products, thermal,
primary
primary
primary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
megalitres
GWH kilotonnes kilotonnes gigalitres megalitres
GWH
34,068.6 511,256.3
7,739.4 73,360.8
4,164.0
2,232.9
0.0
0.0
299.7
.
.
.
-5,322.5
.
x 440,128.3
.
.

.
.
.
.
.
.
.
..
.

2,194.1
..
595.8
.
-42.1
.
..
2,832.0
..

1,061.2 116,991.3 137,038.5
. 25,162.7
.
. 19,458.0
.
.
0.1
.
.
x
.
. -13,010.6
.
.
x
.
1,061.2 119,041.3 137,038.5
.
..
.
.
1,672.0
.
14.8
527.8
.
.
.
.
.
.
.
1.8
x
.
1,044.6 114,689.7 137,038.5
. 13,128.4
...
. 13,218.9
...
1,044.6 86,527.4
...
1,044.6
7,724.3
...
.
3,205.0
...
1,044.6
1,316.0
...
.
x
...
1,044.6
x
...

9,636.9
7,697.8
.
789.1
336.8
94,507.9
16,780.7
3,725.3
68,794.7
34,540.3
16,755.8
17,310.1
2,058.1
x

.
.
.
x
.
26,236.7
x
x
5,158.3
2,086.7
1,726.0
216.4
x
x

.
.
.
.
.
440,128.3
64,981.7
.
501,899.2
205,111.9
32,674.2
172,437.7
38,066.4
x

.
.
.
.
-9,889.9
9,889.9
.
.
9,889.9
9,178.6
.
9,178.6
x
.

.
.
.
.
.
2,832.0
.
33.7
2,779.0
2,779.0
x
x
.
2,737.7

x
235.9

x
0.4

x
2,095.5

.
.

x
x

.
.

x
x

...
...

x
4,817.5
5,848.2

..
5.1
x

5,097.8
21,394.6
40,231.6

.
3,988.7
x

.
.
x

.
.
.

x
42.8
454.8

...
...
...

.
.
144.3
.
477.1
6,909.7
.
.
.
.
.
.
.
.
.
.
..
.
.
.
.
6,076.1
477.1
833.5
.
.
406.5 10,023.9
674.4 164,165.5
.. 13,538.8
1,513.6 102,149.4
-25.6
..

.
.
.
.
.
.
.
.
.
.
.
.
.
0.5
0.0
0.0
710.7
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
x
68,155.9
2,191.8
6,881.1
6,136.4
744.7
x
x
x
31.4
9,619.4
47,585.4
5,722.6
1,635.6
x
x
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

0.0
474.4
4,380.1
.
.
.
.
.
.
.
4,276.4
46.7
57.1
978.4
15,729.4
627.1
12,539.5
..

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 1-2
Primary and secondary energy, natural units — Atlantic provinces
Total
coal, Crude oil, Natural gas,
primary
primary
primary
energy
energy
energy
kilotonnes megalitres
gigalitres
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Forestry and logging and support activities
for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant
Primary
Total
natural electricity,
refined Secondary
gas liquids hydro and
Coke petroleum electricity,
(NGL’s),
nuclear,
Steam,
Coke, oven gas, products, thermal,
primary
primary
primary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
megalitres
GWH kilotonnes kilotonnes gigalitres megalitres
GWH

0.0
.
x
x
..
.
350.0
2,666.0
..

x
x
x
x
-157.6
..
..
21,711.7
.

x
678.4
198.4
.
0.0
.
0.0
x
.

x
58.3
x
x
x
.
..
203.4
.

50,683.0
4,899.7
147.6
-23,838.8
.
.
.
22,092.2
.

.
.
.
.
.
.
.
.
.

.
.
x
..
.
.
..
x
.

.
.
.
.
.
.
.
.
.

x
x
x
x
-177.5
x
1,685.0
10,771.3
..

16,681.7
.
.
.
.
.
.
16,681.7
.

2,618.0
.
.
.
0.0
48.0
..
x
x
x
0.0
x
.
.

.
.
.
x
.
.
.
.
.
.
.
.
.
.

802.6
85.8
.
0.0
0.0
x
x
.
668.9
x
0.0
x
x
0.0

.
.
.
..
.
710.0
x
x
x
68.5
9.1
x
x
x

.
.
.
.
.
22,092.2
2,836.3
.
35,494.0
10,713.3
2,271.4
8,441.9
x
x

.
.
.
.
x
x
.
.
x
x
.
x
x
.

.
.
.
.
.
x
.
x
x
x
x
0.0
.
.

.
.
.
.
.
0.0
.
.
0.0
0.0
.
.
.
.

1,423.2
51.3
.
.
11.8
9,121.9
1,112.0
376.5
7,579.6
632.3
203.0
126.4
x
x

.
.
.
.
.
16,681.7
...
...
...
...
...
...
...
...

x
x

.
.

.
.

x
0.0

x
x

.
.

0.0
.

.
.

x
x

...
...

.
.
.

.
.
.

x
0.9
137.7

..
0.7
34.5

x
x
x

.
0.0
x

.
.
.

.
.
.

.
x
x

...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
x
14.7
.
.
.
.
.
.
.
8.6
6.1
.
0.0
21.8
54.9
152.3
..

.
x
2.9
.
.
.
.
.
.
.
.
2.9
.
3.2
50.9
..
136.7
0.1

.
.
0.4
.
.
.
.
.
.
.
.
0.4
.
545.5
14,595.1
695.6
8,944.0
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
0.0
0.0
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

96.4
206.6
5,358.7
93.3
429.1
252.5
176.6
312.8
303.2
9.6
0.0
466.8
4,056.9
119.0
717.0
310.0
442.6
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 1-3
Primary and secondary energy, natural units — Newfoundland and Labrador
Total
coal, Crude oil, Natural gas,
primary
primary
primary
energy
energy
energy
kilotonnes megalitres
gigalitres
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Forestry and logging and support activities
for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant
Primary
Total
natural electricity,
refined Secondary
gas liquids hydro and
Coke petroleum electricity,
(NGL’s),
nuclear,
Steam,
Coke, oven gas, products, thermal,
primary
primary
primary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
megalitres
GWH kilotonnes kilotonnes gigalitres megalitres
GWH

.
.
x
.
.
.
..
x
..

12,205.6
9,887.5
5,225.7
x
-73.9
..
..
x
.

x
.
.
.
.
.
.
x
.

.
.
.
22.4
-1.7
.
..
24.0
.

39,672.8
.
.
-28,984.6
.
.
.
10,688.2
.

.
.
.
.
.
.
.
.
.

.
.
x
..
.
.
..
x
.

.
.
.
.
.
.
.
.
.

x
x
x
x
x
x
x
3,584.8
.

2,072.9
.
.
.
.
.
.
2,072.9
.

.
.
.
.
.
x
.
.
x
x
x
.
.
.

.
.
.
x
.
.
.
.
.
.
.
.
.
.

.
63.1
.
.
.
x
x
.
x
x
0.0
x
.
.

.
.
.
..
.
106.8
..
x
60.6
5.5
1.5
x
0.0
.

.
.
.
.
.
10,688.2
1,020.9
.
10,023.0
3,222.0
x
x
x
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
x
.
0.0
x
x
x
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

487.9
29.2
.
.
.
3,029.3
x
x
2,370.3
351.5
149.5
x
x
.

.
.
.
.
.
2,072.9
...
...
...
...
...
...
...
...

.
.

.
.

.
.

.
.

..
.

.
.

.
.

.
.

.
.

...
...

.
.
.

.
.
.

.
.
x

..
.
x

x
x
x

.
.
.

.
.
.

.
.
.

.
x
x

...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
..

..
x
0.5
.
.
.
.
.
.
.
.
0.5
.
0.2
14.7
..
39.6
-0.1

.
.
0.4
.
.
.
.
.
.
.
.
0.4
.
34.2
4,309.5
166.7
2,290.2
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
147.5
1,486.6
0.0
258.1
88.7
169.5
123.0
117.8
5.2
0.0
70.1
1,035.3
6.2
107.0
91.9
327.2
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 1-4
Primary and secondary energy, natural units — Prince Edward Island
Total
coal, Crude oil, Natural gas,
primary
primary
primary
energy
energy
energy
kilotonnes megalitres
gigalitres
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Forestry and logging and support activities
for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant
Primary
Total
natural electricity,
refined Secondary
gas liquids hydro and
Coke petroleum electricity,
(NGL’s),
nuclear,
Steam,
Coke, oven gas, products, thermal,
primary
primary
primary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
megalitres
GWH kilotonnes kilotonnes gigalitres megalitres
GWH

.
.
.
.
.
.
.
0.0
.

.
.
.
.
.
.
.
.
.

.
.
.
35.6
.
.
.
35.6
.

.
..
.
7.8
x
.
..
x
.

565.1
.
.
708.4
.
.
.
1,273.5
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

..
..
..
x
x
0.0
x
471.2
.

9.1
.
.
.
.
.
.
9.1
.

.
.
.
.
.
0.0
.
.
0.0
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
35.6
.
.
x
x
.
x
x
.

.
.
.
..
.
7.7
..
.
x
2.0
..
x
x
.

.
.
.
.
.
1,273.5
5.4
.
2,090.3
x
0.0
x
x
..

.
.
.
.
0.0
0.0
.
.
0.0
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

4.6
.
.
.
x
457.4
..
x
454.0
12.4
0.0
x
x
.

.
.
.
.
.
9.1
...
...
...
...
...
...
...
...

.
.

.
.

.
.

.
.

..
.

.
.

.
.

.
.

..
.

...
...

.
.
.

.
.
.

.
0.0
x

..
x
1.3

.
19.7
x

.
.
.

.
.
.

.
.
.

.
x
x

...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
..

.
..
..
.
.
.
.
.
.
.
.
..
.
0.2
2.1
..
3.4
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
369.2
224.2
x
707.9
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
0.0
0.0
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
8.1
323.6
0.0
6.7
6.7
0.0
53.2
53.2
0.0
.
8.2
255.5
25.1
72.4
13.4
7.1
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 1-5
Primary and secondary energy, natural units — Nova Scotia
Total
coal, Crude oil, Natural gas,
primary
primary
primary
energy
energy
energy
kilotonnes megalitres
gigalitres
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Forestry and logging and support activities
for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant
Primary
Total
natural electricity,
refined Secondary
gas liquids hydro and
Coke petroleum electricity,
(NGL’s),
nuclear,
Steam,
Coke, oven gas, products, thermal,
primary
primary
primary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
megalitres
GWH kilotonnes kilotonnes gigalitres megalitres
GWH

0.0
.
x
x
.
.
350.0
1,811.3
..

x
x
..
0.0
0.0
..
..
x
.

1,868.3
.
.
-1,085.7
0.0
.
0.0
782.6
.

x
x
x
-46.0
26.5
.
..
93.0
.

1,909.9
0.0
0.0
394.4
.
.
.
2,304.3
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

..
7.7
x
x
x
0.0
x
3,184.3
.

8,007.8
.
.
.
.
.
.
8,007.8
.

1,763.3
.
.
.
0.0
48.0
..
.
x
x
.
x
.
.

.
.
.
..
.
.
.
.
.
.
.
.
.
.

283.8
10.1
.
.
.
488.8
158.8
.
x
x
.
x
x
.

.
.
.
..
.
93.0
0.6
..
92.3
17.6
0.8
x
0.2
x

.
.
.
.
.
2,304.3
204.5
.
10,173.5
2,164.4
54.3
2,110.1
x
x

.
.
.
.
x
x
.
.
x
x
.
x
x
.

.
.
.
.
.
0.0
.
0.0
0.0
0.0
.
.
.
.

.
.
.
.
.
0.0
.
.
0.0
0.0
.
.
.
.

449.3
3.1
.
.
x
2,713.5
..
x
2,593.5
135.5
22.2
x
x
x

.
.
.
.
.
8,007.8
...
...
...
...
...
...
...
...

.
x

.
.

.
.

.
0.0

.
x

.
.

.
.

.
.

.
x

...
...

.
.
.

.
.
.

..
0.9
33.5

..
0.0
x

..
x
x

.
0.0
x

.
.
.

.
.
.

.
x
26.2

...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
x
.
.
.
.
.
.
.
x
6.1
.
.
6.1
54.9
82.3
..

.
x
1.8
.
.
.
.
.
.
.
.
1.8
.
1.5
22.2
..
49.2
0.1

.
.
0.0
.
.
.
.
.
.
.
.
0.0
.
66.9
4,451.6
121.7
3,369.0
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
0.0
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

43.4
x
1,871.3
39.9
134.5
127.5
7.0
64.6
61.4
3.2
.
172.4
1,459.9
x
356.3
131.6
61.5
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 1-6
Primary and secondary energy, natural units — New Brunswick
Total
coal, Crude oil, Natural gas,
primary
primary
primary
energy
energy
energy
kilotonnes megalitres
gigalitres
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Forestry and logging and support activities
for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant
Primary
Total
natural electricity,
refined Secondary
gas liquids hydro and
Coke petroleum electricity,
(NGL’s),
nuclear,
Steam,
Coke, oven gas, products, thermal,
primary
primary
primary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
megalitres
GWH kilotonnes kilotonnes gigalitres megalitres
GWH

0.0
.
x
..
..
.
..
x
..

.
.
x
x
-83.7
..
..
x
.

74.2
678.4
198.4
1,050.0
0.0
.
0.0
644.2
.

.
x
x
128.3
x
.
..
78.7
.

8,535.2
4,899.7
147.6
4,043.1
.
.
.
7,826.2
.

.
.
.
.
.
.
.
.
.

.
.
x
.
.
.
.
x
.

.
.
.
.
.
.
.
.
.

x
x
x
x
x
0.0
x
3,531.0
..

6,591.8
.
.
.
.
.
.
6,591.8
.

x
.
.
.
.
x
.
x
x
x
.
x
.
.

.
.
.
x
.
.
.
.
.
.
.
.
.
.

518.9
12.7
.
0.0
0.0
112.7
.
.
407.3
x
0.0
x
x
0.0

.
.
.
..
.
502.5
x
x
101.4
43.3
6.9
x
1.0
.

.
.
.
.
.
7,826.2
1,605.5
.
13,207.2
x
x
4,360.2
x
x

.
.
.
.
x
x
.
.
x
x
.
x
x
.

.
.
.
.
.
x
.
x
x
x
.
0.0
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

481.3
19.0
.
.
x
2,921.7
x
x
2,161.8
133.0
x
x
x
.

.
.
.
.
.
6,591.8
...
...
...
...
...
...
...
...

x
.

.
.

.
.

x
.

x
.

.
.

0.0
.

.
.

x
.

...
...

.
.
.

.
.
.

x
0.0
63.1

..
x
13.2

x
14.8
x

.
.
.

.
.
.

.
.
.

.
x
20.4

...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
0.3
x
.
.
.
.
.
.
.
x
.
.
0.0
15.7
.
70.0
..

.
x
0.6
.
.
.
.
.
.
.
.
0.6
.
1.2
11.8
..
44.5
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
75.2
5,609.8
x
2,576.9
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

19.5
25.4
1,677.4
53.4
29.8
29.6
0.1
72.0
70.8
1.2
.
216.0
1,306.2
50.5
181.3
72.9
46.7
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 1-7
Primary and secondary energy, natural units — Quebec
Total
coal, Crude oil, Natural gas,
primary
primary
primary
energy
energy
energy
kilotonnes megalitres
gigalitres
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Forestry and logging and support activities
for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant
Primary
Total
natural electricity,
refined Secondary
gas liquids hydro and
Coke petroleum electricity,
(NGL’s),
nuclear,
Steam,
Coke, oven gas, products, thermal,
primary
primary
primary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
megalitres
GWH kilotonnes kilotonnes gigalitres megalitres
GWH

.
.
480.5
5.9
.
.
..
486.4
.

.
.
x
x
-38.9
..
1,589.8
21,826.2
.

60.2
2,347.0
.
8,324.5
-8.6
.
0.0
6,046.2
.

. 204,604.3
378.2 31,381.6
x
12.7
567.9 18,782.8
-6.4
.
.
.
..
.
251.2 192,018.2
.
.

.
.
.
.
.
.
.
.
.

.
.
x
..
.
.
..
x
..

.
.
.
.
.
.
.
.
.

22,114.6
x
x
x
-252.2
-1,984.1
-1,277.7
20,644.4
..

2,064.8
.
.
.
.
.
.
2,064.8
.

.
.
.
.
.
486.4
.
x
417.9
417.9
0.0
417.9
.
0.0

.
.
.
x
.
.
.
.
.
.
.
.
.
.

0.4
39.1
.
2.0
10.6
5,994.2
0.0
0.0
6,489.5
3,665.3
8.6
3,509.7
532.3
x

.
.
.
.
.
.
x
.
.
.
839.9 192,018.2
x 20,752.0
x
.
682.1 173,405.5
77.1 82,862.7
1.4
3,575.5
x 79,287.2
2.4 13,665.1
x
x

.
.
.
.
-1,267.4
1,267.4
.
.
1,267.4
1,267.4
.
1,267.4
280.7
.

.
.
.
.
.
x
.
x
x
x
x
x
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.

78.5
1.4
.
.
x
20,205.8
548.6
1,630.6
16,889.7
1,255.5
498.7
293.0
48.5
1.9

.
.
.
.
.
2,064.8
...
...
...
...
...
...
...
...

x
x

.
.

617.6
13.7

x
0.0

46,575.3
x

.
.

.
x

.
.

x
x

...
...

.
.
x

.
.
.

x
x
1,298.7

..
1.3
x

x
4,809.7
10,085.6

.
x
x

.
.
0.0

.
.
.

x
x
x

...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
146.9
133.0
.
.
.
.
.
.
.
97.0
5.8
30.2
29.4
660.4
123.5
1,877.9
..

.
x
31.5
.
.
.
.
.
.
.
.
31.5
.
199.8
65.4
..
308.2
-0.1

.
.
238.3
.
.
.
.
.
.
.
0.0
238.3
.
1,739.3
65,643.8
7,611.5
15,309.9
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
0.0
.
0.0
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

169.3
294.4
13,897.9
225.6
2,121.3
2,120.1
1.2
x
x
x
0.0
1,557.9
9,667.4
556.7
x
149.4
470.5
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 1-8
Primary and secondary energy, natural units — Ontario
Total
coal, Crude oil, Natural gas,
primary
primary
primary
energy
energy
energy
kilotonnes megalitres
gigalitres
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Forestry and logging and support activities
for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant
Primary
Total
natural electricity,
refined Secondary
gas liquids hydro and
Coke petroleum electricity,
(NGL’s),
nuclear,
Steam,
Coke, oven gas, products, thermal,
primary
primary
primary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
megalitres
GWH kilotonnes kilotonnes gigalitres megalitres
GWH

.
.
3,252.3
138.0
..
.
..
3,390.3
..

x
..
3,125.9
x
122.6
..
7,104.2
25,321.9
.

73.3
5,943.6
19,880.0
10,683.3
339.6
0.0
0.0
24,353.4
.

5,272.5 140,263.2
1,797.5 19,328.4
2,694.3
705.7
-577.0
4,614.0
113.6
.
.
.
..
.
5,478.7 126,254.5
.
.

.
.
.
.
.
.
.
.
.

2,194.1
..
x
..
x
.
..
2,748.9
.

1,061.2
.
.
.
.
.
.
1,061.2
.

26,435.3
x
x
x
-52.0
-5,990.8
9,551.9
38,256.4
.

16,575.7
.
.
.
.
.
.
16,575.7
.

0.0
.
2,829.9
.
0.0
560.3
.
9.6
554.8
554.8
.
554.8
.
x

.
.
.
x
.
.
.
.
.
.
.
.
.
.

2,780.8
696.1
.
92.7
32.8
20,751.0
0.0
248.1
21,231.2
6,264.3
121.8
6,049.5
x
x

.
.
.
.
.
.
x
.
.
.
5,185.1 126,254.5
x 10,065.2
x
.
1,913.6 134,784.7
371.5 39,931.7
239.8
4,938.5
59.6 34,993.1
5.0
5,023.2
4.0
4,969.3

.
.
.
.
-1,971.6
1,971.6
.
.
1,971.6
1,260.3
.
1,260.3
x
.

.
.
.
.
.
2,748.9
.
0.0
2,729.6
2,729.6
.
2,729.6
.
2,729.6

.
14.8
.
.
.
1,044.6
.
.
1,044.6
1,044.6
.
1,044.6
.
1,044.6

39.4
18.5
.
.
x
37,743.3
2,884.9
6,815.6
26,811.2
1,841.1
317.3
537.5
x
x

.
.
.
.
.
16,575.7
...
...
...
...
...
...
...
...

x
x

.
.

x
x

1.2
x

935.2
897.0

.
.

.
0.0

.
.

x
x

...
...

.
.
x

.
.
.

x
x
2,372.2

..
1.7
x

1,366.1
5,225.8
16,576.6

.
x
x

.
.
0.0

.
.
.

x
x
x

...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0.0
93.1
615.6
.
.
.
.
.
.
.
601.3
10.7
3.6
566.3
8,251.4
109.7
5,423.8
..

.
x
285.6
.
.
.
.
.
.
.
.
285.6
.
171.4
446.1
..
638.8
0.0

.
.
468.9
.
.
.
.
.
.
.
117.9
351.0
.
2,579.9
45,673.3
2,294.8
43,836.1
..

.
.
.
.
.
.
.
.
.
.
.
.
.
0.5
0.0
x
710.7
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

112.0
874.4
23,169.1
484.8
1,997.0
1,874.9
122.1
400.1
399.9
0.2
11.6
3,590.7
16,684.9
704.7
320.8
370.3
405.1
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 1-9
Primary and secondary energy, natural units — Manitoba
Total
coal, Crude oil, Natural gas,
primary
primary
primary
energy
energy
energy
kilotonnes megalitres
gigalitres
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Forestry and logging and support activities
for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant
Primary
Total
natural electricity,
refined Secondary
gas liquids hydro and
Coke petroleum electricity,
(NGL’s),
nuclear,
Steam,
Coke, oven gas, products, thermal,
primary
primary
primary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
megalitres
GWH kilotonnes kilotonnes gigalitres megalitres
GWH

.
.
17.8
13.8
..
.
0.1
31.7
..

2,332.6
1,017.4
x
x
-85.0
..
..
x
.

.
9,079.8
61.0
11,169.4
0.0
0.0
0.0
2,150.6
.

0.0
488.9
1.6
580.8
-3.9
.
..
97.4
.

36,462.4
10,655.3
66.8
223.1
.
.
.
26,097.0
.

.
.
.
.
.
.
.
.
.

.
.
0.0
.
.
.
.
0.0
.

.
.
.
.
.
.
.
.
.

..
x
x
x
x
0.0
x
3,635.4
.

223.8
.
.
.
.
.
.
223.8
.

17.8
.
.
.
0.0
13.9
.
0.0
x
x
.
x
0.0
0.0

.
.
.
..
.
.
.
.
.
.
.
.
.
.

3.9
11.2
.
.
.
2,135.5
.
172.1
2,031.8
769.0
0.0
709.6
4.5
x

.
.
.
..
.
97.4
..
x
x
47.5
35.0
x
x
0.1

.
.
.
.
.
26,097.0
290.7
.
22,003.6
6,450.2
392.4
6,057.8
x
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
0.0
.
.
0.0
0.0
.
0.0
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

11.4
8.3
.
.
8.3
3,607.3
x
x
3,312.6
327.7
142.6
x
x
0.8

.
.
.
.
.
223.8
...
...
...
...
...
...
...
...

.
.

.
.

x
.

x
.

x
x

.
.

.
.

.
.

x
.

...
...

.
.
x

.
.
.

.
x
x

.
0.0
1.1

.
x
1,645.6

.
.
.

.
.
0.0

.
.
.

.
x
x

...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
59.4
125.5
.
.
.
.
.
.
.
125.5
0.0
0.0
1.7
505.5
25.8
604.4
..

.
x
4.4
.
.
.
.
.
.
.
.
4.4
.
13.7
5.7
..
25.4
0.0

.
.
1,299.4
.
.
.
.
.
.
.
1,299.4
0.0
.
784.1
7,985.9
360.6
5,123.5
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
144.9
2,317.9
223.2
134.7
134.7
0.0
0.0
0.0
0.0
0.0
325.3
1,634.8
545.9
2.6
81.3
37.2
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 1-10
Primary and secondary energy, natural units — Saskatchewan
Total
coal, Crude oil, Natural gas,
primary
primary
primary
energy
energy
energy
kilotonnes megalitres
gigalitres
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Forestry and logging and support activities
for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant
Primary
Total
natural electricity,
refined Secondary
gas liquids hydro and
Coke petroleum electricity,
(NGL’s),
nuclear,
Steam,
Coke, oven gas, products, thermal,
primary
primary
primary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
megalitres
GWH kilotonnes kilotonnes gigalitres megalitres
GWH

x
..
0.0
..
x
.
..
8,945.6
..

26,856.1
18,003.3
4,950.2
x
117.5
..
..
x
.

5,149.4
31,165.6
0.0
35,105.6
4.6
-262.2
2,884.0
11,706.5
.

x
602.8
x
-433.7
x
.
..
252.7
.

4,015.1
196.5
17.6
393.9
.
.
.
4,230.0
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

x
x
x
x
x
x
x
7,330.7
.

20,739.2
.
.
.
.
.
.
20,739.2
.

8,857.7
.
.
.
.
87.9
.
x
x
0.0
.
0.0
.
.

.
.
.
x
.
.
.
.
.
.
.
.
.
.

1,945.6
275.7
.
149.7
94.7
9,240.9
2,232.2
617.3
4,587.2
2,015.9
1,331.4
x
x
x

.
.
.
..
.
631.2
x
x
241.5
188.2
185.5
x
0.0
x

.
.
.
.
.
4,230.0
438.7
.
21,962.5
10,473.6
x
3,777.8
x
x

.
.
.
.
x
x
.
.
x
x
.
x
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

21.4
0.2
.
.
.
7,081.3
x
x
6,159.4
477.6
163.9
x
0.0
x

.
.
.
.
.
20,739.2
...
...
...
...
...
...
...
...

.
.

.
.

.
.

x
.

.
0.0

.
.

.
.

.
.

.
.

...
...

.
.
0.0

.
.
.

x
x
x

..
0.0
0.7

x
x
x

.
x
x

.
.
.

.
.
.

.
x
x

...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
x
.
0.0
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
x
967.3
.
.
.
.
.
.
.
966.7
0.6
.
67.2
860.5
74.0
602.3
..

.
x
5.7
.
.
.
.
.
.
.
.
5.7
.
2.6
12.8
..
32.2
0.0

.
.
2,288.0
.
.
.
.
.
.
.
2,288.0
0.0
.
1,191.9
3,506.4
205.2
4,297.4
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
0.0
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
299.3
3,434.2
261.4
87.2
86.8
0.4
0.0
0.0
.
0.0
838.1
2,247.5
1,983.3
8.5
185.3
70.5
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 1-11
Primary and secondary energy, natural units — Alberta
Total
coal, Crude oil, Natural gas,
primary
primary
primary
energy
energy
energy
kilotonnes megalitres
gigalitres
Supply and demand characteristics
Production
x 179,200.3
Exports
x 150,262.1
Imports
x
494.3
Inter-regional transfers
x
x
Stock variation
x
183.0
Inter-product transfers
.
..
Other adjustments
838.0
6,491.0
Availability
22,987.1
x
Stock change, utilities and industry
..
.
Transformed to other fuels
Electricity by utilities
22,883.6
.
Electricity by industry
0.0
.
Coke and manufactured gases
.
.
Refined petroleum products
.
x
Steam generation
.
.
Net supply
103.5
.
Producer consumption
..
.
Non-energy use
x
.
Energy use, final demand
96.7
.
Total industrial
x
.
Mining and oil and gas extraction
x
.
Total manufacturing
x
.
Pulp and paper manufacturing
.
.
Iron and steel manufacturing
0.0
.
Aluminum and non-ferrous metal
manufacturing
.
.
Cement manufacturing
x
.
Refined petroleum products
manufacturing
.
.
Chemicals and fertilizers manufacturing
.
.
All other manufacturing
x
.
Forestry and logging and support activities
for forestry
.
.
Construction
.
.
Total transportation
.
.
Railways
.
.
Total airlines
.
.
Canadian airlines
.
.
Foreign airlines
.
.
Total marine
.
.
Domestic marine
.
.
Foreign marine
.
.
Pipelines
.
.
Road transport and urban transit
.
.
Retail pump sales
.
.
Agriculture
.
.
Residential
x
.
Public administration
.
.
Commercial and other institutional
x
.
Statistical difference
x
.

Gas plant
Primary
Total
natural electricity,
refined Secondary
gas liquids hydro and
Coke petroleum electricity,
(NGL’s),
nuclear,
Steam,
Coke, oven gas, products, thermal,
primary
primary
primary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
megalitres
GWH kilotonnes kilotonnes gigalitres megalitres
GWH

124,243.2
762.1
0.0
-62,616.2
694.9
-2,515.9
-2,601.0
55,053.1
.

24,704.3
3,292.2
1,347.3
371.1
475.3
.
-5,322.5
17,332.6
.

7,955.3
109.8
137.8
-448.9
.
.
.
7,534.4
.

.
.
.
.
.
.
.
.
.

.
.
x
.
.
.
..
x
.

.
.
.
.
.
.
.
.
.

34,213.8
x
x
-9,551.5
-230.2
-4,003.6
6,334.2
25,875.7
.

73,516.2
.
.
.
.
.
.
73,516.2
.

3,788.2
6,236.8
.
544.7
198.6
44,284.8
11,202.2
2,687.7
27,466.0
19,081.1
14,380.4
4,588.0
x
x

.
.
.
x
.
17,469.0
x
x
1,694.8
1,267.9
1,209.2
x
0.6
0.0

.
.
.
.
.
7,534.4
18,635.0
.
55,517.1
28,836.0
13,246.7
15,589.3
3,454.8
270.9

.
.
.
.
-4,163.6
4,163.6
.
.
4,163.6
4,163.6
.
4,163.6
0.0
.

.
.
.
.
.
x
.
0.0
x
x
.
x
.
x

.
.
.
.
.
0.0
.
.
0.0
0.0
.
.
.
.

7.4
371.0
.
.
.
24,742.0
7,764.1
3,309.9
14,266.0
1,529.3
1,122.2
x
x
x

.
.
.
.
.
73,516.2
...
...
...
...
...
...
...
...

x
x

0.1
x

x
x

.
.

.
.

.
.

.
x

...
...

382.3
2,890.2
x

..
0.8
5.7

1,216.7
6,031.2
4,219.1

.
x
x

.
.
.

.
.
.

.
1.4
25.6

...
...
...

.
112.7
1,785.6
.
.
.
.
.
.
.
1,753.6
8.8
23.3
113.0
3,548.8
178.5
2,759.0
..

.
x
51.6
.
.
.
.
.
.
.
.
51.6
.
11.3
58.4
..
305.7
0.0

.
.
2,030.8
.
.
.
.
.
.
.
1,926.5
104.3
.
2,282.7
7,803.6
1,216.0
13,348.0
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
316.8
10,882.9
634.0
915.4
886.5
28.9
2.1
2.1
0.0
17.5
1,871.5
7,442.4
1,391.8
0.1
191.7
270.2
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 1-12
Primary and secondary energy, natural units — British Columbia
Total
coal, Crude oil, Natural gas,
primary
primary
primary
energy
energy
energy
kilotonnes megalitres
gigalitres
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Forestry and logging and support activities
for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant
Primary
Total
natural electricity,
refined Secondary
gas liquids hydro and
Coke petroleum electricity,
(NGL’s),
nuclear,
Steam,
Coke, oven gas, products, thermal,
primary
primary
primary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
megalitres
GWH kilotonnes kilotonnes gigalitres megalitres
GWH

x
x
x
x
x
.
..
256.4
.

3,537.3
x
0.0
x
-20.5
..
..
x
.

44,530.5
31,987.7
115.6
-2,670.8
311.2
0.0
1,823.0
11,499.4
.

x
1,121.1
x
-652.8
1.1
.
..
1,223.5
.

66,583.3
6,789.5
1,144.7
273.9
.
.
.
61,212.4
.

.
.
.
.
.
.
.
.
.

.
.
x
.
.
.
.
x
.

.
.
.
.
.
.
.
.
.

3,997.5
x
x
x
x
x
x
11,753.7
.

6,504.7
.
.
.
.
.
.
6,504.7
.

.
0.0
.
.
0.0
256.4
..
0.0
x
x
x
x
0.0
.

.
.
.
x
.
.
.
.
.
.
.
.
.
.

310.5
353.1
.
0.0
0.2
10,835.6
2,672.9
0.1
6,220.7
2,253.2
847.4
1,359.3
545.5
9.0

.
.
.
..
.
1,272.7
x
x
236.1
55.6
35.9
x
1.8
0.5

.
.
.
.
.
61,212.4
11,537.2
.
57,891.1
25,797.2
1,507.4
24,289.8
10,007.2
x

.
.
.
.
x
x
.
.
x
x
.
x
0.0
.

.
.
.
.
.
x
.
0.0
x
x
.
x
.
.

.
.
.
.
.
0.0
.
.
0.0
0.0
.
.
.
.

15.5
0.4
.
.
0.0
11,566.2
x
x
10,782.1
1,417.9
533.5
x
23.9
x

.
.
.
.
.
6,504.7
...
...
...
...
...
...
...
...

x
x

.
.

x
x

.
0.0

x
x

.
.

x
.

.
.

x
x

...
...

.
0.0
x

.
.
.

x
x
x

..
0.5
x

x
1,705.8
4,335.9

.
x
x

.
.
x

.
.
.

x
0.4
x

...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
..
.
x
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0.0
46.5
738.4
.
.
.
.
.
.
.
723.7
14.7
0.0
200.7
1,876.1
60.6
1,091.7
..

.
x
94.2
.
.
.
.
.
.
.
.
94.2
.
4.5
28.0
..
53.9
-25.5

.
.
583.8
.
.
.
.
.
.
.
444.3
139.5
.
900.5
18,604.6
1,111.3
10,893.7
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
270.9
8,700.6
265.1
1,104.2
689.5
414.7
759.3
356.0
403.3
2.1
891.9
5,677.9
416.0
7.7
78.1
161.8
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 1-13
Primary and secondary energy, natural units — Yukon, Northwest Territories and Nunavut
Total
coal, Crude oil, Natural gas,
primary
primary
primary
energy
energy
energy
kilotonnes megalitres
gigalitres
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Forestry and logging and support activities
for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant
Primary
Total
natural electricity,
refined Secondary
gas liquids hydro and
Coke petroleum electricity,
(NGL’s),
nuclear,
Steam,
Coke, oven gas, products, thermal,
primary
primary
primary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
megalitres
GWH kilotonnes kilotonnes gigalitres megalitres
GWH

.
.
.
.
.
.
.
.
.

x
.
.
x
12.1
.
.
-77.3
.

x
.
.
4.4
.
.
0.0
x
.

0.0
x
.
x
x
.
..
31.4
.

689.7
.
.
.
.
.
.
689.7
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
x
x
x
x
0.0
x
773.7
.

732.4
.
.
.
.
.
.
732.4
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
..
.
.
.
.
.
.
.
.
.
.

5.0
0.0
.
.
.
x
x
.
99.3
x
66.2
0.0
.
.

.
.
.
..
.
31.4
..
.
31.4
10.4
10.0
x
.
.

.
.
.
.
.
689.7
426.7
.
840.6
47.3
x
0.8
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

75.2
76.6
.
.
.
622.0
..
x
726.7
243.0
223.9
x
.
.

.
.
.
.
.
732.4
...
...
...
...
...
...
...
...

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

...
...

.
.
.

.
.
.

.
.
0.0

.
.
x

.
x
x

.
.
.

.
.
.

.
.
.

.
.
x

...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
5.0
.
x
..

.
0.4
1.2
.
.
.
.
.
.
.
.
1.2
.
..
7.1
..
12.7
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
352.7
43.8
396.8
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0.0
x
394.6
4.5
92.2
91.6
0.6
47.0
47.0
.
0.2
77.2
173.5
5.0
19.1
28.1
36.9
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 1-14
Primary and secondary energy, natural units — Yukon
Total
coal, Crude oil, Natural gas,
primary
primary
primary
energy
energy
energy
kilotonnes megalitres
gigalitres
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Forestry and logging and support activities
for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant
Primary
Total
natural electricity,
refined Secondary
gas liquids hydro and
Coke petroleum electricity,
(NGL’s),
nuclear,
Steam,
Coke, oven gas, products, thermal,
primary
primary
primary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
megalitres
GWH kilotonnes kilotonnes gigalitres megalitres
GWH

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

0.0
.
.
0.9
.
.
0.0
x
.

.
x
.
x
..
.
.
9.9
.

420.0
.
.
.
.
.
.
420.0
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
x
x
x
x
0.0
x
189.3
.

27.0
.
.
.
.
.
.
27.0
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

0.9
.
.
.
.
x
x
.
0.0
0.0
.
0.0
.
.

.
.
.
.
.
9.9
..
.
9.9
2.7
2.4
x
.
.

.
.
.
.
.
420.0
0.0
.
399.3
41.7
x
x
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

6.5
.
.
.
.
182.8
..
x
138.2
16.8
10.5
x
.
.

.
.
.
.
.
27.0
...
...
...
...
...
...
...
...

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

...
...

.
.
.

.
.
.

.
.
0.0

.
.
x

.
x
x

.
.
.

.
.
.

.
.
.

.
.
x

...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
0.0

.
x
1.0
.
.
.
.
.
.
.
.
1.0
.
.
2.0
..
4.2
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
164.8
4.7
188.1
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0.0
x
113.3
.
11.1
11.1
0.0
.
.
.
.
41.8
60.4
0.0
0.4
0.8
7.0
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 1-15
Primary and secondary energy, natural units — Northwest Territories
Total
coal, Crude oil, Natural gas,
primary
primary
primary
energy
energy
energy
kilotonnes megalitres
gigalitres
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Forestry and logging and support activities
for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant
Primary
Total
natural electricity,
refined Secondary
gas liquids hydro and
Coke petroleum electricity,
(NGL’s),
nuclear,
Steam,
Coke, oven gas, products, thermal,
primary
primary
primary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
megalitres
GWH kilotonnes kilotonnes gigalitres megalitres
GWH

.
.
.
.
.
.
.
.
.

x
.
.
x
12.1
.
.
-77.3
.

x
.
.
3.5
.
.
0.0
x
.

.
.
.
x
x
.
.
21.5
.

269.7
.
.
.
.
.
.
269.7
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
8.9
x
x
0.0
x
286.3
.

518.9
.
.
.
.
.
.
518.9
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

4.0
0.0
.
.
.
103.1
x
.
99.3
x
66.2
0.0
.
.

.
.
.
.
.
21.5
..
.
21.5
7.7
7.6
.
.
.

.
.
.
.
.
269.7
419.7
.
335.4
5.6
x
x
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

22.6
76.6
.
.
.
187.1
.
x
377.3
169.7
157.5
x
.
.

.
.
.
.
.
518.9
...
...
...
...
...
...
...
...

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

...
...

.
.
.

.
.
.

.
.
0.0

.
.
.

.
..
x

.
.
.

.
.
.

.
.
.

.
.
x

...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
5.0
.
28.1
..

.
0.1
0.2
.
.
.
.
.
.
.
.
0.2
.
.
5.1
..
8.5
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
121.5
36.8
171.6
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
x
160.7
4.5
38.0
37.9
0.1
1.5
1.5
.
0.2
21.1
95.5
0.0
18.7
15.1
13.2
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 1-16
Primary and secondary energy, natural units — Nunavut
Total
coal, Crude oil, Natural gas,
primary
primary
primary
energy
energy
energy
kilotonnes megalitres
gigalitres
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Forestry and logging and support activities
for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant
Primary
Total
natural electricity,
refined Secondary
gas liquids hydro and
Coke petroleum electricity,
(NGL’s),
nuclear,
Steam,
Coke, oven gas, products, thermal,
primary
primary
primary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
megalitres
GWH kilotonnes kilotonnes gigalitres megalitres
GWH

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
x
x
x
.
x
298.1
.

186.5
.
.
.
.
.
.
186.5
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
7.0
.
105.9
0.0
0.0
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

46.1
..
.
.
.
252.0
.
.
211.1
56.5
56.0
0.0
.
.

.
.
.
.
.
186.5
...
...
...
...
...
...
...
...

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

...
...

.
.
.

.
.
.

.
.
.

.
.
.

.
.
.

.
.
.

.
.
.

.
.
.

.
.
0.0

...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
66.5
2.3
37.1
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
x
120.6
.
43.1
42.6
0.5
45.5
45.5
.
.
14.3
17.7
5.0
0.0
12.2
16.8
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 2-1
Primary and secondary energy, terajoules — Canada

Total coal Crude oil
Supply and demand characteristics
Production
1,331,326
Exports
x
Imports
x
Inter-regional transfers
x
Stock variation
10,775
Inter-product transfers
.
Other adjustments
27,027
Availability
774,168
Stock change, utilities and industry
..
Transformed to other fuels
Electricity by utilities
649,407
Electricity by industry
0
Coke and manufactured gases
83,783
Refined petroleum products
.
Steam generation
0
Net supply
40,978
Producer consumption
..
Non-energy use
2,280
Energy use, final demand
36,509
Total industrial
35,702
Mining and oil and gas extraction
0
Total manufacturing
35,702
Pulp and paper manufacturing
0
Iron and steel manufacturing
x
Aluminum and non-ferrous metal
manufacturing
x
Cement manufacturing
14,514
Refined petroleum products
manufacturing
.
Chemicals and fertilizers
manufacturing
0
All other manufacturing
x
Forestry and logging and support
activities for forestry
.
Construction
.
Total transportation
.
Railways
.
Total airlines
.
Canadian airlines
.
Foreign airlines
.
Total marine
.
Domestic marine
.
Foreign marine
.
Pipelines
.
Road transport and urban transit
.
Retail pump sales
.
Agriculture
.
Residential
x
Public administration
.
Commercial and other institutional
x
Statistical difference
x

8,879,057
7,136,022
1,858,446
4
5,250
..
598,896
4,195,132
.

Gas plant Primary
natural electricity,
Natural gas liquids hydro and
Primary
gas
(NGL’s) nuclear Steam
energy
terajoules
6,896,273
3,199,060
790,551
0
52,370
-108,429
82,197
4,409,161
.

. 376,128
. 300,446
.
.
4,240,656
30,799
.
13,147
. 3,688,642
. 654,949
. 145,400
. 2,685,057
. 1,348,107
. 653,979
. 675,613
.
80,326
.
x

761,776 1,840,523
199,266 264,099
79,637
8,038
1
0
7,927
.
.
.
-151,286
.
482,934 1,584,462
.
.

.19,708,955
.
x
.
x
.
.
.
76,322
. -108,429
. 556,834
..11,445,857
.
.

Coke

Total
Total
Coke
refined Secondary primary and
oven petroleum electricity, secondary
gas products thermal
energy

63,256 20,312 4,368,983
..
. 953,638
17,177
. 723,985
.
.
4
-1,213
.
x
.
. -503,109
..
.
x
81,646 20,312 4,431,773
..
.
..

493,339
...
. 12,506,596
. 3,658,613
.
..
.
49,129
.
-611,538
. 1,326,403
493,339
.
.
..

.
.
. 1,025,535
.
.
70,777
.
.
. 300,446
.
283
21,142
.
.
.
83,783
.
.
.
x
.
. 4,301,678
.
.
.
.
. -27,197 -14,050
.
34
x
518,679 1,584,462 27,197 5,814,434 81,646 19,994 4,281,834
x 233,934
.
...
.
. 526,779
x
.
.
...
971
. 516,408
130,556 1,806,837 27,197
... 80,119 19,994 3,166,379
52,814 738,403 25,241
... 80,119 19,994 298,218
43,685 117,627
.
...
x
. 122,116
5,478 620,776 25,241
...
x 19,994
54,428
x 137,039
x
...
.
.
x
x
x
.
... 78,927 19,994
x

. 1,096,312
.
321,871
.
83,783
. 4,301,678
.
-12,230
493,339 10,691,247
... 1,430,869
... 1,038,699
... 7,952,649
... 2,598,598
...
937,553
... 1,517,205
...
230,822
...
221,124

.
.

x
9,206

x
11

x
7,544

.
.

...
...

x
x

.
.

x
x

...
...

248,825
53,009

.

x

..

18,352

.

...

.

.

x

...

76,396

.
.

188,029
228,255

128
x

77,021 10,969
144,834
x

...
...

.
x

.
.

1,760
17,969

...
...

277,907
409,120

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0
18,515
170,957
.
.
.
.
.
.
.
166,907
1,822
2,227
38,185
613,918
24,475
489,415
..

.
3,652
12,075
.
.
.
.
.
.
.
.
12,075
.
10,288
17,070
..
38,309
-723

.
.
.
.
24,875
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
21,874
.
3,001
.
.
.
36,086
1
590,996
0
48,740
0
367,738 1,954
..
0

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
x
.
x
. 2,466,539
.
83,905
. 257,153
. 229,302
.
27,851
.
x
.
x
.
x
.
1,177
. 362,141
. 1,688,381
. 214,489
.
63,408
.
x
.
x
.
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

29,856
113,985
2,674,445
83,905
257,153
229,302
27,851
73,782
x
x
189,958
379,039
1,690,609
299,050
1,285,583
125,574
969,399
323,868

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 2-2
Primary and secondary energy, terajoules — Atlantic provinces

Total coal Crude oil
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant Primary
natural electricity,
Natural gas liquids hydro and
Primary
gas
(NGL’s) nuclear Steam
energy
terajoules

Coke

Total
Total
Coke
refined Secondary primary and
oven petroleum electricity, secondary
gas products thermal
energy

0
.
x
x
..
.
10,136
78,671
..

x
x
x
x
-6,217
..
..
856,309
.

x
26,476
7,743
.
0
.
0
x
.

x
1,481
x
x
x
.
..
5,348
.

182,459
17,639
531
-85,820
.
.
.
79,532
.

. 772,929
.
x
. 748,332
.
3,367
.
-5,599
.
0
.
10,136
. 1,099,921
.
.

.
.
x
..
.
.
..
x
.

.
.
.
.
.
.
.
.
.

x
x
x
x
-7,099
x
61,204
407,815
..

60,054
.
.
.
.
.
.
60,054
.

...
1,068,546
894,766
-1,944
-12,697
x
71,340
x
..

77,281
.
.
.
0
1,390
..
x
x
x
0
x
.
.

.
.
.
x
.
.
.
.
.
.
.
.
.
.

31,327
3,351
.
0
0
x
x
.
26,107
x
0
x
x
0

.
.
.
..
.
19,321
x
x
x
1,733
231
x
x
x

.
.
.
.
.
79,532
10,211
.
127,778
38,568
8,177
30,391
x
x

.
.
.
.
x
x
.
.
x
x
.
x
x
.

x
x
.
850,440
-3,042
154,538
...
...
...
...
...
...
...
...

.
.
.
.
.
x
.
x
x
x
x
0
.
.

.
.
.
.
.
0
.
.
0
0
.
.
.
.

61,100
2,058
.
.
502
339,957
45,651
16,596
278,932
25,020
8,255
5,190
x
x

.
.
.
.
.
60,054
...
...
...
...
...
...
...
...

x
x
.
850,440
-2,540
555,422
82,736
29,343
443,102
85,568
16,809
57,147
26,581
4

x
x

.
.

.
.

x
0

x
x

.
.

...
...

0
.

.
.

x
x

...
...

x
x

.

.

x

..

x

.

...

.

.

.

...

x

.
.

.
.

36
5,374

18
874

x
x

0
x

...
...

.
.

.
.

x
x

...
...

x
18,002

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
12
574
.
.
.
.
.
.
.
335
237
2
0
849
2,143
5,945
..

.
x
73
.
.
.
.
.
.
.
.
73
.
80
1,287
..
3,459
1

.
.
2
.
.
.
.
.
.
.
.
2
.
1,964
52,542
2,504
32,199
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
0
0
0

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

3,688
7,888
192,978
3,572
16,046
9,442
6,605
12,074
11,707
366
0
17,679
143,607
4,473
27,845
11,799
16,817
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

3,688
7,925
193,626
3,572
16,046
9,442
6,605
12,074
11,707
366
335
17,991
143,608
6,517
82,524
16,447
58,419
-5,399

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 2-3
Primary and secondary energy, terajoules — Newfoundland and Labrador

Total coal Crude oil
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant Primary
natural electricity,
Natural gas liquids hydro and
Primary
gas
(NGL’s) nuclear Steam
energy
terajoules

.
.
x
.
.
.
..
x
..

481,389
389,963
206,102
x
-2,916
..
..
x
.

x
.
.
.
.
.
.
x
.

. 142,822
.
.
.
.
566 -104,345
-47
.
.
.
..
.
613
38,477
.
.

.
.
.
.
.
x
.
.
x
x
x
.
.
.

.
.
.
x
.
.
.
.
.
.
.
.
.
.

.
2,462
.
.
.
x
x
.
277
277
0
x
.
.

.
.
.
..
.
2,849
..
x
1,535
140
37
x
0
.

.
.

.
.

.
.

.

.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

Coke

Total
Total
Coke
refined Secondary primary and
oven petroleum electricity, secondary
gas products thermal
energy

. 647,191
. 389,963
. 206,102
. -169,060
.
x
.
0
.
x
.
x
.
.

.
.
x
..
.
.
..
x
.

.
.
.
.
.
.
.
.
.

x
x
x
x
x
x
x
135,140
.

7,463
.
.
.
.
.
.
7,463
.

...
x
x
x
x
x
x
x
..

.
.
.
.
.
38,477
3,675
.
36,083
11,599
x
x
x
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
..
.
x
.
66,718
...
...
...
...
...
...
...
...

.
.
.
.
.
x
.
0
x
x
x
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

20,499
1,120
.
.
.
112,552
x
x
87,943
13,890
6,181
x
x
.

.
.
.
.
.
7,463
...
...
...
...
...
...
...
...

20,499
x
.
x
.
186,878
x
x
125,984
26,052
13,680
5,527
x
x

.
.

..
.

.
.

...
...

.
.

.
.

.
.

...
...

..
.

.

..

x

.

...

.

.

.

...

x

.
.

0
x

.
x

x
x

.
.

...
...

.
.

.
.

x
x

...
...

x
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
x
13
.
.
.
.
.
.
.
.
13
.
6
373
..
1,003
-3

.
.
2
.
.
.
.
.
.
.
.
2
.
123
15,514
600
8,245
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
5,629
53,819
0
9,653
3,315
6,338
4,806
4,607
199
0
2,649
36,711
237
4,151
3,510
12,336
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

x
5,634
53,833
0
9,653
3,315
6,338
4,806
4,607
199
0
2,663
36,711
366
20,038
4,110
21,584
..

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 2-4
Primary and secondary energy, terajoules — Prince Edward Island

Total coal Crude oil
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant Primary
natural electricity,
Natural gas liquids hydro and
Primary
gas
(NGL’s) nuclear Steam
energy
terajoules

Coke

Total
Total
Coke
refined Secondary primary and
oven petroleum electricity, secondary
gas products thermal
energy

.
.
.
.
.
.
.
0
.

.
.
.
.
.
.
.
.
.

.
.
.
1,391
.
.
.
1,391
.

.
..
.
x
x
.
..
x
.

2,035
.
.
2,550
.
.
.
4,585
.

.
.
.
.
.
.
.
.
.

2,035
..
.
4,138
x
.
.
x
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

..
..
..
x
x
-51
x
17,258
.

33
.
.
.
.
.
.
33
.

...
.
.
x
x
-51
x
x
.

.
.
.
.
.
0
.
.
0
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
1,391
.
.
x
x
.
x
x
.

.
.
.
..
.
195
..
.
194
50
..
x
x
.

.
.
.
.
.
4,585
19
.
7,525
x
0
x
x
.

.
.
.
.
0
0
.
.
0
.
.
.
.
.

.
.
.
.
x
6,171
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

195
.
.
.
x
16,831
..
x
16,681
477
0
x
x
.

.
.
.
.
.
33
...
...
...
...
...
...
...
...

..
.
.
.
0
23,035
x
x
25,792
4,732
0
4,351
x
.

.
.

.
.

.
.

.
.

..
.

.
.

...
...

.
.

.
.

..
.

...
...

..
.

.

.

.

.

.

.

...

.

.

.

...

.

.
.

.
.

0
x

x
34

71
x

.
.

...
...

.
.

.
.

x
x

...
...

x
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
..
..
.
.
.
.
.
.
.
.
..
.
6
54
..
85
1

.
.
.
.
.
.
.
.
.
.
.
.
.
1,329
807
x
2,548
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
0
0
0

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
311
11,658
0
250
250
0
2,036
2,036
0
.
310
9,062
952
2,810
513
270
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

x
311
11,658
0
250
250
0
2,036
2,036
0
.
310
9,062
2,287
3,671
538
2,904
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 2-5
Primary and secondary energy, terajoules — Nova Scotia

Total coal Crude oil
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant Primary
natural electricity,
Natural gas liquids hydro and
Primary
gas
(NGL’s) nuclear Steam
energy
terajoules

Coke

Total
Total
Coke
refined Secondary primary and
oven petroleum electricity, secondary
gas products thermal
energy

0
.
x
x
.
.
10,136
53,183
..

x
x
..
x
0
..
..
1,000
.

72,920
.
.
-42,374
0
.
0
30,546
.

x
x
x
-1,356
670
.
..
2,356
.

6,876
0
0
1,420
.
.
.
8,295
.

.
.
.
.
.
.
.
.
.

90,082
4,937
42,905
-42,136
x
0
x
x
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

..
218
x
x
x
-103
x
120,325
.

28,828
.
.
.
.
.
.
28,828
.

...
x
x
x
x
-103
x
x
..

51,793
.
.
.
0
1,390
..
.
x
x
.
x
.
.

.
.
.
..
.
.
.
.
.
.
.
.
.
.

11,075
394
.
.
.
19,077
6,198
.
x
x
.
x
x
.

.
.
.
..
.
2,356
17
..
2,337
447
19
x
5
x

.
.
.
.
.
8,295
736
.
36,625
7,792
196
7,596
x
x

.
.
.
.
x
x
.
.
x
x
.
x
x
.

..
..
.
..
-51
32,169
...
...
...
...
...
...
...
...

.
.
.
.
.
0
.
0
0
0
.
.
.
.

.
.
.
.
.
0
.
.
0
0
.
.
.
.

19,560
131
.
.
x
100,123
..
x
95,162
5,350
850
x
x
x

.
.
.
.
.
28,828
...
...
...
...
...
...
...
...

x
x
.
..
60
161,120
x
x
143,150
16,701
1,065
12,984
x
x

.
x

.
.

.
.

.
0

.
x

.
.

...
...

.
.

.
.

.
x

...
...

x
x

.

.

.

..

..

.

...

.

.

.

...

0

.
.

.
.

36
1,306

1
x

x
x

0
x

...
...

.
.

.
.

x
1,078

...
...

x
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
x
.
.
.
.
.
.
.
x
237
.
.
238
2,143
3,211
.

.
x
45
.
.
.
.
.
.
.
.
45
.
39
561
..
1,245
2

.
.
0
.
.
.
.
.
.
.
.
0
.
241
16,026
438
12,128
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
0
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

1,661
x
67,275
1,527
5,030
4,768
261
2,474
2,352
122
.
6,484
51,761
x
13,825
4,968
2,348
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

x
991
67,641
1,527
5,030
4,768
261
2,474
2,352
122
84
6,766
51,761
1,675
30,650
7,550
18,932
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 2-6
Primary and secondary energy, terajoules — New Brunswick

Total coal Crude oil
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant Primary
natural electricity,
Natural gas liquids hydro and
Primary
gas
(NGL’s) nuclear Steam
energy
terajoules

Coke

Total
Total
Coke
refined Secondary primary and
oven petroleum electricity, secondary
gas products thermal
energy

0
.
x
..
..
.
..
x
..

.
.
x
x
-3,301
..
..
x
.

2,894
26,476
7,743
40,983
0
.
0
25,144
.

.
x
x
3,437
x
.
..
2,184
.

30,727
17,639
531
14,555
.
.
.
28,174
.

.
.
.
.
.
.
.
.
.

33,621
45,542
499,325
210,425
x
0
x
x
.

.
.
x
.
.
.
.
x
.

.
.
.
.
.
.
.
.
.

x
x
x
x
x
3,318
x
135,093
..

23,731
.
.
.
.
.
.
23,731
.

...
x
x
x
x
3,318
x
x
..

x
.
.
.
.
x
.
x
x
x
.
x
.
.

.
.
.
x
.
.
.
.
.
.
.
.
.
.

20,252
494
.
0
0
4,399
.
0
15,899
x
0
x
x
0

.
.
.
..
.
13,921
x
x
2,567
1,096
175
x
26
.

.
.
.
.
.
28,174
5,780
.
47,546
x
x
15,697
x
x

.
.
.
.
x
x
.
.
x
x
.
x
x
.

..
..
.
x
-2,991
49,479
...
...
...
...
...
...
...
...

.
.
.
.
.
x
.
x
x
x
.
0
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

20,847
807
.
.
x
110,452
x
x
79,146
5,303
x
x
x
.

.
.
.
.
.
23,731
...
...
...
...
...
...
...
...

x
x
.
x
-2,600
184,388
x
x
148,177
38,083
2,064
34,285
17,620
x

x
.

.
.

.
.

x
.

x
.

.
.

...
...

0
.

.
.

x
.

...
...

x
x

.

.

x

..

x

.

...

.

.

.

...

x

.
.

.
.

0
2,464

x
334

53
x

.
.

...
...

.
.

.
.

x
850

...
...

105
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
12
x
.
.
.
.
.
.
.
x
.
2
0
611
.
2,733
..

.
x
15
.
.
.
.
.
.
.
.
15
.
30
299
..
1,126
1

.
.
.
.
.
.
.
.
.
.
.
.
.
271
20,195
x
9,277
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
0

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

746
969
60,225
2,045
1,113
1,108
6
2,758
2,712
45
.
8,236
46,073
1,888
7,059
2,808
1,863
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

746
988
60,494
2,045
1,113
1,108
6
2,758
2,712
45
252
8,251
46,074
2,189
28,164
4,248
14,999
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 2-7
Primary and secondary energy, terajoules — Quebec

Total coal Crude oil
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant Primary
natural electricity,
Natural gas liquids hydro and
Primary
gas
(NGL’s) nuclear Steam
energy
terajoules

.
.
12,884
171
.
.
..
13,055
.

.
.
x
x
-1,533
..
62,702
860,824
.

2,351
91,605
.
324,903
-336
.
0
235,985
.

.
9,909
x
14,101
-171
.
..
5,763
.

736,575
112,974
46
67,618
.
.
.
691,266
.

. 738,926
.
x
. 551,600
. 666,112
.
-2,040
.
0
.
62,702
. 1,806,892
.
.

.
.
.
.
.
13,055
.
x
11,048
11,048
0
11,048
.
0

.
.
.
x
.
.
.
.
.
.
.
.
.
.

14
1,525
.
80
412
233,953
0
0
253,286
143,055
337
136,985
20,776
x

.
.
.
x
.
21,665
x
x
17,263
1,952
36
x
61
x

.
.
.
.
.
691,266
74,707
.
624,260
298,306
12,872
285,434
49,194
x

.
.
.
.
-3,485
3,485
.
.
3,485
3,485
.
3,485
772
.

x
x

.
.

24,105
533

x
0

167,671
x

.

.

x

..

.
x

.
.

x
50,687

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
5,733
5,191
.
.
.
.
.
.
.
3,786
228
1,178
1,149
25,775
4,821
73,294
..

Coke

Total
Total
Coke
refined Secondary primary and
oven petroleum electricity, secondary
gas products thermal
energy

.
.
x
..
.
.
..
x
..

.
.
.
.
.
.
.
.
.

818,499
x
x
x
-9,415
-74,526
-41,194
766,652
..

7,433
.
.
.
.
.
.
7,433
.

...
329,527
883,778
504,566
-11,455
-74,526
21,507
x
..

..
..
.
865,557
-3,073
960,123
...
...
...
...
...
...
...
...

.
.
.
.
.
x
.
x
x
x
x
x
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.

3,186
59
.
.
x
753,495
22,227
68,903
618,094
49,659
19,848
12,063
2,035
74

.
.
.
.
.
7,433
...
...
...
...
...
...
...
...

x
x
.
865,557
-2,146
1,722,186
97,762
74,558
1,528,327
508,397
33,092
451,453
72,838
x

.
.

...
...

.
x

.
.

x
x

...
...

199,788
x

x

.

...

.

.

x

...

x

32
x

17,315
36,308

x
x

...
...

.
0

.
.

x
x

...
...

28,617
96,562

.
x
798
.
.
.
.
.
.
.
.
798
.
5,058
1,656
..
7,800
-1

.
.
858
.
.
.
.
.
.
.
0
858
.
6,261
236,318
27,401
55,116
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
0
.
0
0

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

6,541
11,208
502,532
8,637
79,282
79,237
46
x
x
x
0
59,395
342,172
20,903
x
5,568
17,782
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

6,541
17,312
509,379
8,637
79,282
79,237
46
13,045
x
x
3,786
61,278
343,350
33,371
285,398
37,791
153,992
24,810

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 2-8
Primary and secondary energy, terajoules — Ontario

Total coal Crude oil
Supply and demand characteristics
Production
.
Exports
.
Imports
96,963
Inter-regional transfers
3,509
Stock variation
..
Inter-product transfers
.
Other adjustments
..
Availability
100,472
Stock change, utilities and industry
..
Transformed to other fuels
Electricity by utilities
0
Electricity by industry
.
Coke and manufactured gases
83,783
Refined petroleum products
.
Steam generation
0
Net supply
16,689
Producer consumption
.
Non-energy use
266
Energy use, final demand
16,525
Total industrial
16,525
Mining and oil and gas extraction
.
Total manufacturing
16,525
Pulp and paper manufacturing
.
Iron and steel manufacturing
x
Aluminum and non-ferrous metal
manufacturing
x
Cement manufacturing
x
Refined petroleum products
manufacturing
.
Chemicals and fertilizers
manufacturing
.
All other manufacturing
x
Forestry and logging and support
activities for forestry
.
Construction
.
Total transportation
.
Railways
.
Total airlines
.
Canadian airlines
.
Foreign airlines
.
Total marine
.
Domestic marine
.
Foreign marine
.
Pipelines
.
Road transport and urban transit
.
Retail pump sales
.
Agriculture
.
Residential
.
Public administration
.
Commercial and other institutional
.
Statistical difference
x

Gas plant Primary
natural electricity,
Natural gas liquids hydro and
Primary
gas
(NGL’s) nuclear Steam
energy
terajoules

Coke

Total
Total
Coke
refined Secondary primary and
oven petroleum electricity, secondary
gas products thermal
energy

x
..
123,284
x
4,836
..
280,190
998,697
.

2,863
231,979
775,915
416,968
13,257
0
0
950,511
.

138,420
47,128
52,143
-15,982
2,743
.
..
124,709
.

504,948
69,582
2,541
16,610
.
.
.
454,516
.

. 656,573 63,256 20,312 973,247
. 348,689
..
.
x
. 1,050,845
x
.
x
. 1,010,822
..
.
x
.
20,836
x
.
-1,053
.
0
.
. -237,349
. 280,190
..
. 368,194
. 2,628,905 79,251 20,312 1,405,695
.
..
.
.
.

59,673
.
.
.
.
.
.
59,673
.

...
392,424
1,192,972
1,227,762
18,569
-237,349
648,384
x
..

.
.
.
x
.
.
.
.
.
.
.
.
.
.

108,535
27,168
.
3,616
1,279
809,913
0
9,684
828,653
244,497
4,752
236,112
x
x

.
.
.
x
.
115,793
x
x
48,432
9,403
6,069
1,509
126
100

.
.
.
.
.
454,516
36,235
.
485,225
143,754
17,779
125,975
18,083
17,889

.
..
.
.
1,592
.
..
.
283
758
.
83,783
.
.
.
. 1,037,214
.
.
.
-5,422
-4,142
.
..
x
5,422 1,387,583 79,251 19,994 1,391,236
.
...
.
. 115,182
.
...
0
. 250,277
5,422
... 78,695 19,994 973,786
3,466
... 78,695 19,994
71,876
.
...
.
.
12,114
3,466
... 78,695 19,994
22,251
x
...
.
.
x
.
... 78,695 19,994
x

.
.
.
.
.
59,673
...
...
...
...
...
...
...
...

x
x
83,783
1,037,214
-4,106
2,937,736
151,833
327,171
2,456,732
588,209
40,714
504,526
45,835
180,891

.
.

x
x

29
x

3,367
3,229

.
.

...
...

.
0

.
.

x
x

...
...

8,650
19,720

.

x

..

4,918

.

...

.

.

x

...

17,529

.
.

x
92,587

42
x

18,813
59,676

x
x

...
...

.
0

.
.

x
x

...
...

70,615
161,287

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0
3,633
24,026
.
.
.
.
.
.
.
23,469
418
139
22,103
322,051
4,284
211,692
..

.
x
7,229
.
.
.
.
.
.
.
.
7,229
.
4,339
11,292
..
16,169
1

.
.
.
.
1,688
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
425
.
1,264
.
.
.
9,288
1
164,424
0
8,261
x
157,810 1,954
..
0

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

4,258
33,253
834,171
18,565
74,651
70,084
4,567
16,728
16,722
6
425
133,362
590,440
26,171
12,446
13,963
15,160
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

4,258
38,710
867,114
18,565
74,651
70,084
4,567
16,728
16,722
6
24,318
142,273
590,579
61,902
510,213
26,508
402,786
21,914

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 2-9
Primary and secondary energy, terajoules — Manitoba

Total coal Crude oil
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant Primary
natural electricity,
Natural gas liquids hydro and
Primary
gas
(NGL’s) nuclear Steam
energy
terajoules

Coke

Total
Total
Coke
refined Secondary primary and
oven petroleum electricity, secondary
gas products thermal
energy

.
.
341
359
..
.
1
701
..

91,997
40,128
x
x
-3,354
.
..
x
.

.
354,383
2,380
435,940
0
0
0
83,938
.

0
12,574
37
14,898
-99
.
..
2,459
.

131,265
38,359
241
803
.
.
.
93,949
.

.
.
.
.
.
.
.
.
.

223,261
445,443
314,661
84,412
x
..
x
x
.

.
.
0
.
.
.
.
0
.

.
.
.
.
.
.
.
.
.

..
x
x
x
x
30
x
135,131
.

806
.
.
.
.
.
.
806
.

...
x
x
x
x
30
x
x
..

341
.
.
.
0
360
.
0
x
x
.
x
0
0

.
.
.
..
.
.
.
.
.
.
.
.
.
.

152
438
.
.
.
83,347
.
6,716
79,302
30,013
0
27,697
174
x

.
.
.
..
.
2,459
..
x
x
1,203
886
x
x
2

.
.
.
.
.
93,949
1,046
.
79,213
23,221
1,413
21,808
x
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
.
.
.
.
179,414
...
...
...
...
...
...
...
...

.
.
.
.
.
0
.
.
0
0
.
0
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

414
344
.
.
355
134,018
x
x
120,539
12,132
5,063
x
x
35

.
.
.
.
.
806
...
...
...
...
...
...
...
...

x
x
.
x
355
314,238
x
x
281,863
66,930
7,361
51,440
x
2,249

.
.

.
.

x
1

x
.

x
x

.
.

...
...

.
.

.
.

x
.

...
...

x
x

.

.

.

.

.

.

...

.

.

.

...

x

.
x

.
.

x
x

1
27

x
5,924

.
.

...
...

.
0

.
.

x
x

...
...

20,865
21,308

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
2,317
4,897
.
.
.
.
.
.
.
4,897
0
0
65
19,731
1,008
23,588
..

.
x
111
.
.
.
.
.
.
.
.
111
.
348
145
..
642
0

.
.
4,678
.
.
.
.
.
.
.
4,678
0
.
2,823
28,749
1,298
18,444
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
5,449
83,620
8,538
4,990
4,990
0
0
0
0
0
12,320
57,772
20,269
100
3,022
1,396
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

341
7,788
93,306
8,538
4,990
4,990
0
0
0
0
9,575
12,431
57,772
23,504
48,725
5,328
44,070
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 2-10
Primary and secondary energy, terajoules — Saskatchewan

Total coal Crude oil

Gas plant Primary
natural electricity,
Natural gas liquids hydro and
Primary
gas
(NGL’s) nuclear Steam
energy
terajoules

Supply and demand characteristics
Production
x 1,059,203 200,981
Exports
.. 710,050 1,216,392
Imports
0 195,236
0
Inter-regional transfers
..
x 1,370,170
Stock variation
x
4,633
181
Inter-product transfers
.
.. -10,234
Other adjustments
..
.. 112,563
Availability
134,184
x 456,906
Stock change, utilities and industry
..
.
.
Transformed to other fuels
Electricity by utilities
132,866
.
75,935
Electricity by industry
.
.
10,762
Coke and manufactured gases
.
.
.
Refined petroleum products
.
x
5,843
Steam generation
.
.
3,695
Net supply
1,319
. 360,671
Producer consumption
.
.
87,123
Non-energy use
x
.
24,093
Energy use, final demand
x
. 179,039
Total industrial
0
.
78,682
Mining and oil and gas extraction
.
.
51,965
Total manufacturing
0
.
x
Pulp and paper manufacturing
..
.
x
Iron and steel manufacturing
..
.
x
Aluminum and non-ferrous metal
manufacturing
..
.
.
Cement manufacturing
..
.
0
Refined petroleum products
manufacturing
..
.
x
Chemicals and fertilizers
manufacturing
..
.
x
All other manufacturing
0
.
x
Forestry and logging and support
activities for forestry
.
.
.
Construction
.
.
606
Total transportation
.
.
37,755
Railways
.
.
.
Total airlines
.
.
.
Canadian airlines
.
.
.
Foreign airlines
.
.
.
Total marine
.
.
.
Domestic marine
.
.
.
Foreign marine
.
.
.
Pipelines
.
.
37,730
Road transport and urban transit
.
.
25
Retail pump sales
.
.
.
Agriculture
.
.
2,624
Residential
x
.
33,584
Public administration
.
.
2,888
Commercial and other institutional
0
.
23,506
Statistical difference
x
.
..

Coke

Total
Total
Coke
refined Secondary primary and
oven petroleum electricity, secondary
gas products thermal
energy

x
15,589
x
-11,806
x
.
..
4,338
.

14,454
707
63
1,418
.
.
.
15,228
.

. 1,430,356
. 1,942,738
. 196,314
. 1,122,866
.
x
. -10,234
.
x
.
x
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

x
x
x
x
x
x
x
272,524
.

74,661
.
.
.
.
.
.
74,661
.

...
x
x
x
x
x
x
.
..

.
.
.
..
.
14,815
x
x
6,112
4,763
4,695
x
0
x

.
.
.
.
.
15,228
1,579
.
79,065
37,705
x
13,600
x
x

.
.
.
.
x
x
.
.
x
x
.
x
.
.

..
..
.
x
0
394,321
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

763
7
.
.
.
265,580
x
x
227,353
17,803
5,993
x
0
x

.
.
.
.
.
74,661
...
...
...
...
...
...
...
...

x
x
.
x
0
734,562
x
x
495,455
142,648
86,758
x
x
x

x
.

.
0

.
.

...
...

.
.

.
.

.
.

...
...

x
0

..

x

.

...

.

.

.

...

x

1
17

x
x

x
x

...
...

.
.

.
.

x
x

...
...

7,820
x

.
x
144
.
.
.
.
.
.
.
.
144
.
65
324
..
816
0

.
.
8,237
.
.
.
.
.
.
.
8,237
0
.
4,291
12,623
739
15,471
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
0
.

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
11,270
124,486
10,008
3,262
3,246
16
0
0
..
1
31,866
79,350
75,225
321
6,894
2,624
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

177
11,923
170,622
10,008
3,262
3,246
16
0
0
..
45,968
32,034
79,350
82,205
47,044
10,521
42,416
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 2-11
Primary and secondary energy, terajoules — Alberta

Total coal Crude oil

Gas plant Primary
natural electricity,
Natural gas liquids hydro and
Primary
gas
(NGL’s) nuclear Steam
energy
terajoules

Supply and demand characteristics
Production
x 7,067,661 4,849,212
Exports
x 5,926,336
29,746
Imports
x
19,495
0
Inter-regional transfers
x
x-2,443,910
Stock variation
x
7,216
27,122
Inter-product transfers
.
.. -98,196
Other adjustments
16,889
x -101,517
Availability
441,026 1,044,414 2,148,721
Stock change, utilities and industry
..
.
.
Transformed to other fuels
Electricity by utilities
438,919
. 147,852
Electricity by industry
0
. 243,422
Coke and manufactured gases
.
.
.
Refined petroleum products
.
x
21,260
Steam generation
.
.
7,753
Net supply
2,107
. 1,728,435
Producer consumption
..
. 437,222
Non-energy use
x
. 104,902
Energy use, final demand
1,915
. 1,071,999
Total industrial
x
. 744,736
Mining and oil and gas extraction
x
. 561,267
Total manufacturing
x
. 179,071
Pulp and paper manufacturing
.
.
x
Iron and steel manufacturing
0
.
x
Aluminum and non-ferrous metal
manufacturing
.
.
x
Cement manufacturing
x
.
x
Refined petroleum products
manufacturing
.
.
14,920
Chemicals and fertilizers
manufacturing
.
. 112,805
All other manufacturing
x
.
x
Forestry and logging and support
activities for forestry
.
.
.
Construction
.
.
4,398
Total transportation
.
.
69,693
Railways
.
.
.
Total airlines
.
.
.
Canadian airlines
.
.
.
Foreign airlines
.
.
.
Total marine
.
.
.
Domestic marine
.
.
.
Foreign marine
.
.
.
Pipelines
.
.
68,443
Road transport and urban transit
.
.
342
Retail pump sales
.
.
909
Agriculture
.
.
4,411
Residential
x
. 138,510
Public administration
.
.
6,966
Commercial and other institutional
x
. 107,682
Statistical difference
x
.
..

526,398
83,536
24,279
13,812
12,693
.
-151,286
316,973
.
.
.
.
x
.
319,976
x
x
42,896
32,089
30,606
x
16
1

28,639
395
496
-1,616
.
.
.
27,124
.

Coke

Total
Total
Coke
refined Secondary primary and
oven petroleum electricity, secondary
gas products thermal
energy

.12,993,189
.
x
.
44,449
. -2,812,795
.
27,890
. -98,196
.
20,091
. 3,978,258
.
.

.
.
x
.
.
.
..
x
.

. 1,295,798
.
x
.
x
. -356,817
.
-8,592
. -151,758
. 240,181
. 982,301
.
.

264,658
.
.
.
.
.
.
264,658
.

...
6,202,953
53,122
-3,169,612
19,298
-249,954
260,272
.
..

.
.
x
.
.
x
.
.
.
.
. 1,087,863
. -11,450
-3,697
27,124 11,450 2,075,622
67,086
.
...
.
.
...
199,862 11,450
...
103,810 11,450
...
47,688
.
...
56,121 11,450
...
12,437
0
...
975
.
...

.
.
.
.
.
x
.
0
x
x
.
x
.
x

.
.
.
.
.
0
.
.
0
0
.
.
.
.

258
14,963
.
.
.
946,650
311,988
133,512
524,146
57,626
42,208
x
x
x

.
.
.
.
.
264,658
...
...
...
...
...
...
...
...

x
x
.
1,087,863
-3,697
3,286,934
828,325
503,644
1,852,272
951,014
681,769
249,393
x
2,174

2
x

x
x

.
.

...
...

.
.

.
.

.
x

...
...

x
x

.

4,380

.

...

.

.

.

...

19,300

21
145

21,712
15,189

x
x

...
...

.
.

.
.

53
1,004

...
...

141,916
55,941

.
x
1,306
.
.
.
.
.
.
.
.
1,306
.
285
1,477
..
7,738
-1

.
.
7,311
.
.
.
.
.
.
.
6,935
375
.
8,218
28,093
4,378
48,053
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
0

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
11,966
397,547
24,270
34,194
33,111
1,082
75
75
0
664
70,875
267,470
51,661
5
7,164
10,144
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

2,195
17,656
475,857
24,270
34,194
33,111
1,082
75
75
0
76,042
72,899
268,379
64,575
168,085
18,507
174,233
118,095

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 2-12
Primary and secondary energy, terajoules — British Columbia

Total coal Crude oil
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

x
x
x
x
x
.
..
6,058
.

Gas plant Primary
natural electricity,
Natural gas liquids hydro and
Primary
gas
(NGL’s) nuclear Steam
energy
terajoules

139,512 1,738,025
64,662 1,248,479
0
4,512
x -104,243
-809
12,146
..
0
..
71,152
x 448,821
.
.

Coke

Total
Total
Coke
refined Secondary primary and
oven petroleum electricity, secondary
gas products thermal
energy

x
29,040
x
-18,661
28
.
..
22,549
.

239,700
24,442
4,121
986
.
.
.
220,365
.

. 2,864,121
. 2,020,558
.
11,248
. -49,782
.
..
.
0
.
..
.
..
.
.

.
.
x
.
.
.
.
x
.

.
.
.
.
.
.
.
.
.

x
x
x
x
x
x
x
432,621
.

23,417
.
.
.
.
.
.
23,417
.

...
x
x
x
x
x
x
.
.

.
0
.
.
0
6,058
..
0
x
x
x
x
0
.

.
.
.
x
.
.
.
.
.
.
.
.
.
.

12,120
13,780
.
0
7
422,914
104,324
4
242,795
87,943
33,074
53,052
21,292
351

.
.
.
..
.
23,855
x
x
5,975
1,408
910
x
46
12

.
.
.
.
.
220,365
41,534
.
208,408
92,870
5,427
87,443
36,026
x

.
.
.
.
x
x
.
.
x
x
.
x
0
.

x
x
.
..
-96
658,579
...
...
...
...
...
...
...
...

.
.
.
.
.
x
.
0
x
x
.
x
.
.

.
.
.
.
.
0
.
.
0
0
.
.
.
.

584
19
.
.
0
427,677
x
x
396,208
54,798
20,059
x
976
x

.
.
.
.
.
23,417
...
...
...
...
...
...
...
...

x
x
.
x
-96
1,110,057
x
x
859,879
243,511
59,469
159,236
58,340
1,448

x
x

.
.

x
x

.
0

x
x

.
.

...
...

x
.

.
.

x
x

...
...

x
x

..

.

x

..

x

.

...

.

.

x

...

x

0
x

.
.

x
x

13
x

6,141
15,609

x
x

...
...

.
x

.
.

14
x

...
...

7,685
42,091

.
.
.
.
.
.
.
.
.
.
.
.
.
.
..
.
x
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0
1,816
28,820
.
.
.
.
.
.
.
28,248
573
0
7,833
73,223
2,365
42,611
..

.
x
2,383
.
.
.
.
.
.
.
.
2,383
.
113
708
..
1,364
-722

.
.
2,102
.
.
.
.
.
.
.
1,599
502
.
3,242
66,977
4,001
39,217
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
0

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
10,276
316,562
10,143
41,280
25,770
15,511
30,089
13,585
16,504
80
33,723
201,246
15,596
301
2,892
6,060
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

12,655
12,151
349,867
10,143
41,280
25,770
15,511
30,089
13,585
16,504
29,928
37,181
201,246
26,784
141,208
9,257
89,251
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 2-13
Primary and secondary energy, terajoules — Yukon, Northwest Territories and Nunavut

Total coal Crude oil
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant Primary
natural electricity,
Natural gas liquids hydro and
Primary
gas
(NGL’s) nuclear Steam
energy
terajoules

Coke

Total
Total
Coke
refined Secondary primary and
oven petroleum electricity, secondary
gas products thermal
energy

.
.
.
.
.
.
.
.
.

x
.
.
x
478
.
.
-3,048
.

x
.
.
171
.
.
0
x
.

0
x
.
x
x
.
..
795
.

2,483
.
.
.
.
.
.
2,483
.

.
.
.
.
.
.
.
.
.

29,600
..
.
-24,675
x
.
x
x
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
x
x
x
x
18
x
29,034
.

2,637
.
.
.
.
.
.
2,637
.

...
x
x
x
x
18
x
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
..
.
.
.
.
.
.
.
.
.
.

193
0
.
.
.
x
x
.
3,876
x
2,584
0
.
.

.
.
.
..
.
795
..
.
795
263
252
x
.
.

.
.
.
.
.
2,483
1,536
.
3,026
170
x
3
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
..
.
.
.
4,255
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

2,880
2,933
.
.
.
23,221
..
x
27,320
9,304
8,577
x
.
.

.
.
.
.
.
2,637
...
...
...
...
...
...
...
...

x
x
.
.
.
30,113
x
x
35,017
12,321
11,580
x
.
.

.
.

.
.

.
.

.
.

.
.

.
.

...
...

.
.

.
.

.
.

...
...

.
.

.

.

.

.

.

.

...

.

.

.

...

.

.
.

.
.

.
0

.
x

x
x

.
.

...
...

.
.

.
.

.
x

...
...

x
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
195
.
x
..

.
10
32
.
.
.
.
.
.
.
.
32
.
..
180
..
321
-1

.
.
.
.
.
.
.
.
.
.
.
.
.
.
1,270
158
1,429
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0
x
14,642
172
3,447
3,423
24
1,770
1,770
.
7
2,921
6,325
192
741
1,056
1,385
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

0
520
14,674
172
3,447
3,423
24
1,770
1,770
.
7
2,953
6,325
192
2,386
1,214
4,231
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 2-14
Primary and secondary energy, terajoules — Yukon

Total coal Crude oil
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant Primary
natural electricity,
Natural gas liquids hydro and
Primary
gas
(NGL’s) nuclear Steam
energy
terajoules

Coke

Total
Total
Coke
refined Secondary primary and
oven petroleum electricity, secondary
gas products thermal
energy

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

0
.
.
36
.
.
0
x
.

.
x
.
x
..
.
.
251
.

1,512
.
.
.
.
.
.
1,512
.

.
.
.
.
.
.
.
.
.

1,512
.
.
296
..
.
.
x
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
x
x
x
x
4
x
6,967
.

97
.
.
.
.
.
.
97
.

...
x
x
x
x
4
x
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

36
.
.
.
.
x
x
.
0
0
.
0
.
.

.
.
.
.
.
251
..
.
252
69
60
x
.
.

.
.
.
.
.
1,512
0
.
1,437
150
x
x
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
1,763
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

247
.
.
.
.
6,720
..
x
5,101
646
404
x
.
.

.
.
.
.
.
97
...
...
...
...
...
...
...
...

x
.
.
.
.
8,580
x
x
6,790
866
612
x
.
.

.
.

.
.

.
.

.
.

.
.

.
.

...
...

.
.

.
.

.
.

...
...

.
.

.

.

.

.

.

.

...

.

.

.

...

.

.
.

.
.

..
0

.
x

x
x

.
.

...
...

.
.

.
.

.
x

...
...

.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
0

.
x
26
.
.
.
.
.
.
.
.
26
.
.
50
..
106
-1

.
.
.
.
.
.
.
.
.
.
.
.
.
.
593
17
677
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0
x
4,152
.
414
414
0
.
.
.
.
1,584
2,153
0
14
28
261
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

0
36
4,178
.
414
414
0
0
.
.
.
1,610
2,153
0
657
45
1,045
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 2-15
Primary and secondary energy, terajoules — Northwest Territories

Total coal Crude oil
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant Primary
natural electricity,
Natural gas liquids hydro and
Primary
gas
(NGL’s) nuclear Steam
energy
terajoules

Coke

Total
Total
Coke
refined Secondary primary and
oven petroleum electricity, secondary
gas products thermal
energy

.
.
.
.
.
.
.
.
.

x
.
.
x
478
.
.
-3,048
.

x
.
.
135
.
.
0
x
.

.
.
.
x
x
.
.
544
.

971
.
.
.
.
.
.
971
.

.
.
.
.
.
.
.
.
.

28,088
.
.
-24,970
x
.
x
x
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
334
x
x
14
x
10,806
.

1,868
.
.
.
.
.
.
1,868
.

...
.
x
x
x
14
x
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

157
0
.
.
.
4,025
x
.
3,876
x
2,584
0
.
.

.
.
.
.
.
544
..
.
544
194
192
.
.
.

.
.
.
.
.
971
1,511
.
1,207
20
x
x
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
..
.
.
.
2,492
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

866
2,933
.
.
.
7,007
.
x
14,289
6,493
6,030
x
.
.

.
.
.
.
.
1,868
...
...
...
...
...
...
...
...

x
x
.
.
.
11,367
x
x
19,916
9,290
8,825
x
.
.

.
.

.
.

.
.

.
.

.
.

.
.

...
...

.
.

.
.

.
.

...
...

.
.

.

.

.

.

.

.

...

.

.

.

...

.

.
.

.
.

.
0

.
.

..
x

.
.

...
...

.
.

.
.

.
x

...
...

.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
195
.
1,097
.

.
2
6
.
.
.
.
.
.
.
.
6
.
.
130
..
215
0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
437
132
618
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
x
6,000
172
1,421
1,416
5
56
56
.
7
799
3,546
0
727
573
496
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
461
6,006
172
1,421
1,416
5
56
56
.
7
805
3,546
0
1,489
705
2,426
-7,160

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 2-16
Primary and secondary energy, terajoules — Nunavut

Total coal Crude oil
Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant Primary
natural electricity,
Natural gas liquids hydro and
Primary
gas
(NGL’s) nuclear Steam
energy
terajoules

Coke

Total
Total
Coke
refined Secondary primary and
oven petroleum electricity, secondary
gas products thermal
energy

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
x
x
x
.
x
11,261
.

672
.
.
.
.
.
.
672
.

...
x
.
x
.
.
x
x
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
25
.
381
0
0
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

1,767
..
.
.
.
9,494
.
.
7,929
2,165
2,143
0
.
.

.
.
.
.
.
672
...
...
...
...
...
...
...
...

.
..
.
.
.
10,166
.
..
8,311
2,165
2,143
0
.
.

.
.

.
.

.
.

.
.

.
.

.
.

...
...

.
.

.
.

.
.

...
...

.
.

.

.

.

.

.

.

...

.

.

.

...

.

.
.

.
.

.
.

.
.

.
.

.
.

...
...

.
.

.
.

.
0

...
...

.
0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
239
8
134
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
x
4,490
.
1,612
1,593
19
1,715
1,715
.
.
537
626
192
0
455
628
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
22
4,490
.
1,612
1,593
19
1,715
1,715
.
.
537
626
192
239
463
761
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 3-1
Refined petroleum products, natural units — Canada
Refinery
liquefied
Total
petroleum
Kerosene
Non- refined
gases
Motor
and
Diesel
Light
Heavy Petroleum Aviation Aviation
energy petroleum
(LPG’s), Still gas, gasoline, stove oil, fuel oil, fuel oil, fuel oil,
coke, gasoline, turbo fuel, products, products,
secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
megalitres
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and
industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous
metal manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other
institutional
Statistical difference

2,459.7
..
..
.
..
..
..
..
.
.
.
.
.
.
..
..
...
...
...
...
...
...
...

8,822.8 43,226.6
. 9,933.5
.
x
.
0.0
..
-109.7
..
-789.7
310.4
x
9,133.2 46,445.5
.

.

0.0
34.7
310.4
.
.
.
.
.
..
.
8,822.8 46,410.9
8,822.8
x
.
.
. 45,829.2
. 1,011.4
.
x
.
x
.
x
.
x

x 28,526.1
x
x
x
x
0.0
0.1
x
-236.9
x
-573.1
75.1
x
793.8 29,703.4

x
x
x
0.0
x
x
-58.3
2,105.5

4,316.3
x
x
x
-158.8
x
833.5
2,802.1

2,515.1
x
x
0.0
9.6
..
9.3
4,614.2

x
x
..
0.0
3.7
x
-10.4
67.1

.

.

..

..

.

.
148.1
.
113.1
.
.
.
.
x
.
793.8 29,442.2
x
x
.
.
473.3 28,304.6
17.3 5,255.0
x 2,271.8
x
231.3
x
x
.
x

79.1
0.1
.
.
x
2,025.7
x
.
2,168.0
246.7
21.1
183.0
x
x

690.0
55.5
.
.
41.6
2,015.0
x
..
1,619.2
601.2
x
252.5
130.5
x

720.1
48.6
.
.
.
3,845.4
1,954.7
927.2
569.4
569.4
0.0
569.4
.
x

.
.
.
.
.
67.1
..
.
68.2
x
..
x
.
.

.

5,635.3 13,998.4 116,991.3
x
x 25,162.7
x 1,216.5 19,458.0
0.0
0.0
0.1
x
x
x
x
x -13,010.6
89.7 11,286.3
x
7,528.3 13,738.4 119,041.3
.

.

..

.
. 1,672.0
.
.
527.8
.
.
.
.
.
.
.
.
x
7,528.3 13,738.4 114,689.7
x 1,322.8 13,128.4
. 12,290.8 13,218.9
7,495.5
... 86,527.4
x
... 7,724.3
x
... 3,205.0
x
... 1,316.0
..
...
x
.
...
x

...
...

.
.

..
.

x
0.0

x
x

x
x

x
0.4

x
x

.
.

.
.

...
...

x
x

...

.

.

.

.

.

.

.

x

x

...

x

...
...

.
.

..
x

x
3.7

x
x

x
x

x
67.1

0.0
x

.
..

.
x

...
...

42.8
454.8

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
x
.
x
. 42,590.1
.
x
.
x
.
x
.
.
.
x
.
x
.
..
.
7.8
. 1,901.7
. 40,651.4
. 1,696.1
.
0.0
.
301.9

x
680.6
x 2,071.3
x 17,805.7
. 2,179.6
.
..
.
..
.
.
x
976.8
x
767.9
.
208.9
.
23.6
. 7,710.1
. 6,913.5
x 3,721.9
x
0.0
5.2
768.7

x
x
x
..
..
..
.
x
x
.
.
.
x
x
1,560.6
133.7

x
x
756.4
0.0
.
.
.
x
x
x
.
.
.
x
x
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
..
51.8
..
51.8
51.8
.
.
.
.
.
..
..
..
.
0.6

x
..
6,885.0
x
6,826.2
6,081.6
744.6
x
x
.
.
x
.
..
.
171.5

...
...

.
.

125.4
x

x
x

..
x

15.7
x

415.6
x

229.7
x

322.4
x

753.4
x

...
x
...
x
... 68,155.9
... 2,191.8
... 6,881.1
... 6,136.4
...
744.7
...
x
...
x
...
x
...
31.4
... 9,619.4
... 47,585.4
... 5,722.6
... 1,635.6
...
x
...
...

x
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 3-2
Refined petroleum products, natural units — Atlantic provinces
Refinery
liquefied
Total
petroleum
Kerosene
Non- refined
gases
Motor
and
Diesel
Light
Heavy Petroleum Aviation Aviation
energy petroleum
(LPG’s), Still gas, gasoline, stove oil, fuel oil, fuel oil, fuel oil,
coke, gasoline, turbo fuel, products, products,
secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
megalitres
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and
industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous
metal manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other
institutional
Statistical difference

x
..
..
..
..
..
..
..

x
.
.
.
..
..
0.0
x

x
x
x
x
x
x
x
3,873.0

x
x
x
x
-7.2
x
x
265.1

x
x
x
x
x
x
130.3
2,380.4

x
x
x
x
x
x
92.0
947.5

x
x
x
x
x
x
245.3
745.2

x
.
x
..
..
.
.
x

..
..
.
..
..
..
..
..

x
x
x
x
x
x
132.1
632.7

1,171.9
x
671.0
x
27.6
x
52.0
x
10.6
-177.5
-163.5
x
19.6 1,685.0
426.0 10,771.3

.

.

.

.

.

.

..

.

.

.

.

..

.
.
.
.
.
..
..
...
...
...
...
...
...
...

.
.
.
.
.
x
x
.
.
.
.
.
.
.

0.0
.
.
.
.
3,873.0
x
.
3,712.3
21.9
x
x
x
.

.
.
.
.
.
265.1
x
.
159.6
3.5
x
0.0
.
.

2.5
29.2
.
.
.
2,348.6
0.1
.
1,889.4
369.5
76.6
x
2.4
.

72.8
0.0
.
.
0.0
874.7
0.0
.
931.6
36.7
x
x
0.4
x

627.8
22.1
.
.
x
83.5
x
x
240.5
x
116.6
x
x
.

720.1
.
.
.
.
x
x
x
x
x
x
x
.
.

.
.
.
.
.
..
.
.
0.0
.
.
.
.
.

.
.
.
.
.
632.7
x
.
632.5
0.2
.
0.2
.
.

.
.
.
.
.
426.0
x
x
...
...
...
...
...
...

1,423.2
51.3
.
.
11.8
9,121.9
1,112.0
376.5
7,579.6
632.3
203.0
126.4
x
x

...
...

.
.

.
.

0.0
.

x
x

x
x

0.0
x

.
.

.
.

.
.

...
...

x
x

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
x

.
0.0

1.1
8.0

x
14.8

.
x

.
0.0

.
.

.
0.0

...
...

x
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
x
3,627.7
.
x
x
.
x
x
.
.
x
3,567.9
29.8
0.0
30.1

0.0
0.0
.
.
.
.
.
.
.
.
.
.
.
0.1
0.0
3.6

93.8
x
1,270.5
93.3
..
..
.
289.6
280.1
9.5
0.0
404.8
482.7
x
0.0
x

0.9
x
x
.
.
.
.
0.1
0.1
.
.
..
6.2
25.1
710.5
107.0

x
0.0
22.6
..
.
.
.
22.6
22.5
0.1
.
.
.
0.0
x
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
0.0
.
0.0
0.0
.
.
.
.
.
.
.
.
.
0.0

.
.
431.7
.
x
x
.
x
x
.
.
2.6
.
.
.
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

96.4
206.6
5,358.7
93.3
429.1
252.5
176.6
312.8
303.2
9.6
0.0
466.8
4,056.9
119.0
717.0
310.0

...
...

.
.

2.8
x

152.5
x

x
x

46.0
x

18.0
x

.
x

0.0
x

x
x

...
...

442.6
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 3-3
Refined petroleum products, natural units — Newfoundland and Labrador
Refinery
liquefied
Total
petroleum
Kerosene
Non- refined
gases
Motor
and
Diesel
Light
Heavy Petroleum Aviation Aviation
energy petroleum
(LPG’s), Still gas, gasoline, stove oil, fuel oil, fuel oil, fuel oil,
coke, gasoline, turbo fuel, products, products,
secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
megalitres
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and
industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous
metal manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other
institutional
Statistical difference

x
..
..
..
..
..
..
..

x
..
..
..
..
..
0.0
x

x
x
x
x
x
x
x
1,088.9

x
..
x
x
x
..
x
257.8

x
x
..
x
x
x
x
1,011.5

..
..
..
x
x
x
x
163.2

x
x
x
0.0
x
..
0.0
448.9

..
..
..
..
..
..
..
..

.
.
.
..
..
..
..
..

x
x
60.4
x
x
-4.5
x
378.0

x
x
x
x
x
x
x
45.2

x
x
x
x
x
x
x
3,584.8

.

.

.

.

.

.

.

.

.

.

.

.

.
.
.
.
.
..
..
...
...
...
...
...
...
...

.
.
.
.
.
x
x
.
.
.
.
.
.
.

.
.
.
.
.
1,088.9
..
.
928.8
18.1
x
x
.
.

.
.
.
.
.
257.8
.
.
152.4
x
0.0
0.0
.
.

0.0
29.2
.
.
.
982.2
x
.
610.6
208.5
35.2
x
0.0
.

64.6
.
.
.
.
98.6
x
.
163.2
9.7
x
x
x
.

423.3
.
.
.
.
25.5
x
.
137.4
114.9
x
x
x
.

.
.
.
.
.
0.0
..
.
0.0
0.0
0.0
.
.
.

.
.
.
.
.
..
..
.
0.0
.
.
.
.
.

.
.
.
.
.
378.0
..
.
378.0
0.2
.
0.2
.
.

.
.
.
.
.
45.2
x
x
...
...
...
...
...
...

487.9
29.2
.
.
.
3,029.3
x
x
2,370.3
351.5
149.5
x
x
.

...
...

.
.

.
.

.
.

..
0.0

.
.

.
.

.
.

.
.

.
.

...
...

.
.

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
x

.
0.0

x
3.1

x
5.5

.
x

.
.

.
.

.
0.0

...
...

x
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0.6
6.5
902.1
.
0.2
0.2
.
0.1
0.1
.
.
x
891.1
0.1
0.0
8.1

0.0
0.0
.
.
.
.
.
.
.
.
.
.
.
0.0
0.0
x

x
139.2
300.2
0.0
0.1
0.1
.
x
x
x
x
56.9
142.9
x
0.0
42.6

0.1
1.8
x
.
.
.
.
0.1
0.1
.
.
.
.
x
107.0
37.0

0.0
0.0
22.5
.
.
.
.
22.5
22.5
0.0
.
.
.
.
0.0
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
0.0
.
0.0
0.0
.
.
.
.
.
.
.
.
.
0.0

.
.
260.4
.
x
x
.
x
x
.
.
2.5
.
.
.
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

x
147.5
1,486.6
0.0
258.1
88.7
169.5
123.0
117.8
5.2
0.0
70.1
1,035.3
6.2
107.0
91.9

...
...

.
.

0.4
160.1

148.8
x

56.7
x

4.7
x

0.0
x

.
0.0

0.0
x

x
0.0

...
...

327.2
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 3-4
Refined petroleum products, natural units — Prince Edward Island
Refinery
liquefied
Total
petroleum
Kerosene
Non- refined
gases
Motor
and
Diesel
Light
Heavy Petroleum Aviation Aviation
energy petroleum
(LPG’s), Still gas, gasoline, stove oil, fuel oil, fuel oil, fuel oil,
coke, gasoline, turbo fuel, products, products,
secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
megalitres
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and
industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous
metal manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other
institutional
Statistical difference

..
..
..
..
..
..
..
..

..
..
..
..
..
..
0.0
.

..
..
..
x
x
..
x
225.8

.
.
.
x
x
..
x
0.4

..
..
..
0.3
0.0
x
x
133.4

..
..
..
x
x
x
x
84.8

.
..
..
0.0
..
..
x
x

..
..
..
..
..
..
..
.

.
.
.
..
.
.
.
..

.
.
.
x
x
..
.
9.5

..
..
..
x
..
x
..
3.2

..
..
..
x
x
0.0
x
471.2

.

.

.

.

.

.

.

.

.

.

.

.

.
.
.
.
.
..
..
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
225.8
..
.
225.7
0.1
.
.
.
.

.
.
.
.
.
0.4
.
.
x
x
.
0.0
.
.

0.0
.
.
.
.
133.4
.
.
132.5
8.8
.
x
.
.

0.7
..
.
.
.
84.1
.
.
85.2
2.7
x
x
x
.

4.0
..
.
.
0.0
x
.
.
0.7
x
.
x
x
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
..
.
.
0.0
.
.
.
.
.

.
.
.
.
.
9.5
.
.
9.5
.
.
.
.
.

.
.
.
.
.
3.2
..
x
...
...
...
...
...
...

4.6
.
.
.
x
457.4
..
x
454.0
12.4
0.0
x
x
.

...
...

.
.

.
.

.
.

.
.

.
.

..
.

.
.

.
.

.
.

...
...

..
.

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
.

.
0.0

x
0.1

0.8
0.6

.
x

.
.

.
.

.
.

...
...

x
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0.0
0.1
220.8
.
.
.
.
0.0
0.0
.
.
x
x
3.4
0.0
x

.
0.0
.
.
.
.
.
.
.
.
.
.
.
0.0
0.0
x

x
6.8
95.3
0.0
.
.
.
x
x
x
.
x
35.3
x
0.0
x

0.0
x
x
.
.
.
.
0.0
0.0
.
.
.
.
x
72.4
x

.
0.0
0.0
.
.
.
.
0.0
0.0
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
0.0
.
0.0
0.0
.
.
.
.
.
.
.
.
.
.

.
.
x
.
x
x
.
.
.
.
.
.
.
.
.
0.0

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

x
8.1
323.6
0.0
6.7
6.7
0.0
53.2
53.2
0.0
.
8.2
255.5
25.1
72.4
13.4

...
...

.
.

0.0
x

x
x

x
x

0.2
x

..
x

.
0.0

0.0
x

x
0.0

...
...

7.1
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 3-5
Refined petroleum products, natural units — Nova Scotia
Refinery
liquefied
Total
petroleum
Kerosene
Non- refined
gases
Motor
and
Diesel
Light
Heavy Petroleum Aviation Aviation
energy petroleum
(LPG’s), Still gas, gasoline, stove oil, fuel oil, fuel oil, fuel oil,
coke, gasoline, turbo fuel, products, products,
secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
megalitres
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and
industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous
metal manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other
institutional
Statistical difference

..
..
..
..
..
..
..
..

..
..
..
..
..
..
0.0
0.0

..
..
x
x
x
x
x
1,322.7

..
.
..
x
x
x
x
2.7

..
..
x
x
x
x
x
637.5

..
..
x
x
x
x
x
455.2

..
..
x
4.0
x
..
x
x

..
..
x
..
..
..
..
x

.
.
.
..
..
.
.
..

..
..
x
x
x
x
x
205.6

..
..
12.2
x
x
x
x
75.3

..
7.7
x
x
x
0.0
x
3,184.3

.

.

.

.

.

.

.

.

.

.

.

.

.
.
.
.
.
..
..
...
...
...
...
...
...
...

.
.
.
.
.
0.0
..
.
.
.
.
.
.
.

0.0
.
.
.
.
1,322.7
..
.
1,322.6
1.1
0.2
0.0
0.0
.

.
.
.
.
.
2.7
.
.
2.7
0.0
.
0.0
0.0
.

2.5
.
.
.
.
635.0
..
.
581.4
90.0
x
x
0.0
.

2.5
.
.
.
0.0
452.7
..
.
447.3
10.5
x
x
x
0.0

54.3
3.1
.
.
x
x
..
.
20.2
20.1
x
x
x
.

390.0
.
.
.
.
x
..
0.0
13.8
13.8
.
.
.
.

.
.
.
.
.
..
.
.
0.0
.
.
.
.
.

.
.
.
.
.
205.6
.
.
205.6
0.0
.
0.0
.
.

.
.
.
.
.
75.3
..
x
...
...
...
...
...
...

449.3
3.1
.
.
x
2,713.5
..
x
2,593.5
135.5
22.2
x
x
x

...
...

.
.

.
.

.
.

.
x

.
x

.
x

.
.

.
.

.
.

...
...

.
x

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
0.0

.
0.0

x
2.9

0.0
6.5

.
16.8

.
.

.
.

.
0.0

...
...

x
26.2

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0.4
0.5
1,295.2
.
.
.
.
x
x
.
.
x
1,258.9
x
0.0
x

.
0.0
.
.
.
.
.
.
.
.
.
.
.
0.1
0.0
0.0

42.4
22.7
437.8
x
.
.
.
x
x
x
.
136.0
197.7
x
0.0
x

0.5
2.4
x
.
.
.
.
0.0
0.0
.
.
.
.
7.2
356.3
43.8

0.1
0.0
0.1
..
.
.
.
0.1
0.0
0.1
.
.
.
0.0
0.0
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
0.0
.
0.0
0.0
.
.
.
.
.
.
.
.
.
0.0

.
.
134.9
.
x
x
.
x
x
.
.
0.1
.
.
.
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

43.4
x
1,871.3
39.9
134.5
127.5
7.0
64.6
61.4
3.2
.
172.4
1,459.9
x
356.3
131.6

...
...

.
.

1.1
0.1

2.7
x

13.6
x

26.2
x

0.0
x

.
x

0.0
0.0

x
0.0

...
...

61.5
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 3-6
Refined petroleum products, natural units — New Brunswick
Refinery
liquefied
Total
petroleum
Kerosene
Non- refined
gases
Motor
and
Diesel
Light
Heavy Petroleum Aviation Aviation
energy petroleum
(LPG’s), Still gas, gasoline, stove oil, fuel oil, fuel oil, fuel oil,
coke, gasoline, turbo fuel, products, products,
secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
megalitres
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and
industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous
metal manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other
institutional
Statistical difference

x
..
..
..
..
..
..
..

x
..
..
..
..
..
0.0
x

x
x
x
x
x
x
x
1,235.7

x
x
x
x
x
x
x
x

..
..
0.0
x
-6.8
x
x
598.0

x
x
x
x
x
x
x
244.3

x
x
x
0.8
x
x
x
211.9

x
..
x
..
..
..
..
x

.
..
.
..
..
.
..
..

x
x
x
x
x
x
x
39.6

x
x
x
x
x
x
x
302.2

x
x
x
x
x
0.0
x
3,531.0

.

.

.

.

.

.

..

.

.

.

.

..

.
.
.
.
.
..
..
...
...
...
...
...
...
...

.
.
.
.
.
x
x
.
.
.
.
.
.
.

.
.
.
.
.
1,235.7
x
.
1,235.2
2.5
0.1
0.0
0.0
.

.
.
.
.
.
4.2
x
.
x
x
x
0.0
0.0
.

0.0
.
.
.
.
598.0
..
.
564.9
62.2
x
x
2.4
0.0

5.0
.
.
.
.
239.3
x
.
236.0
13.7
x
x
x
.

146.2
19.0
.
.
x
37.5
x
x
82.2
51.0
x
x
x
.

330.1
.
.
.
.
x
x
0.0
0.0
x
.
x
.
.

.
.
.
.
.
..
.
.
0.0
.
.
.
.
.

.
.
.
.
.
39.6
x
.
39.4
.
.
.
.
.

.
.
.
.
.
302.2
x
x
...
...
...
...
...
...

481.3
19.0
.
.
x
2,921.7
x
x
2,161.8
133.0
x
x
x
.

...
...

.
.

.
.

0.0
.

x
.

x
.

.
.

.
.

.
.

.
.

...
...

x
.

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
0.0

.
0.0

x
1.8

.
2.2

.
16.3

.
0.0

.
.

.
.

...
...

x
20.4

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0.5
2.0
1,209.6
.
0.0
0.0
.
0.0
0.0
.
.
11.0
1,198.5
x
.
x

0.0
0.0
.
.
.
.
.
.
.
.
.
.
.
0.0
0.0
x

18.7
17.8
437.2
x
0.1
0.1
.
x
x
1.2
.
205.0
106.8
24.3
.
x

0.3
5.6
x
.
.
.
.
0.0
0.0
.
.
.
.
x
174.8
x

x
0.0
0.0
..
.
.
.
0.0
0.0
0.0
.
.
.
0.0
x
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
0.0
.
0.0
0.0
.
.
.
.
.
.
.
.
.
0.0

.
.
x
.
x
x
.
0.0
0.0
.
.
.
.
.
.
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

19.5
25.4
1,677.4
53.4
29.8
29.6
0.1
72.0
70.8
1.2
.
216.0
1,306.2
50.5
181.3
72.9

...
...

.
.

1.2
x

x
x

6.9
x

14.9
x

x
x

.
..

0.0
x

x
0.0

...
...

46.7
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 3-7
Refined petroleum products, natural units — Quebec
Refinery
liquefied
Total
petroleum
Kerosene
Non- refined
gases
Motor
and
Diesel
Light
Heavy Petroleum Aviation Aviation
energy petroleum
(LPG’s), Still gas, gasoline, stove oil, fuel oil, fuel oil, fuel oil,
coke, gasoline, turbo fuel, products, products,
secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
megalitres
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and
industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous
metal manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other
institutional
Statistical difference

x
..
..
..
..
..
..
..

x
.
.
.
..
..
0.0
x

x
x
x
x
-34.6
x
x
9,107.9

x
..
x
x
x
x
x
255.6

x
x
x
x
x
x
-213.5
4,871.2

x
x
x
x
x
x
x
653.3

x
x
x
x
x
x
x
890.8

x
.
x
x
..
..
x
x

..
..
..
x
x
0.0
2.6
15.9

x
31.5
x
x
x
x
-4.9
2,169.4

1,758.9
583.4
103.7
146.2
-101.0
-845.5
449.0
1,129.8

22,114.6
x
x
x
-252.2
-1,984.1
-1,277.7
20,644.4

.

.

.

.

.

.

..

.

.

.

.

..

.
.
.
.
.
..
..
...
...
...
...
...
...
...

.
.
.
.
.
x
x
.
.
.
.
.
.
.

0.0
.
.
.
.
9,107.9
..
.
8,901.7
61.6
16.3
x
x
.

.
.
.
.
.
255.6
x
.
135.6
7.8
4.0
x
0.0
.

35.3
.
.
.
.
4,835.9
x
.
4,489.3
731.2
282.2
68.2
3.7
x

x
x
.
.
x
652.1
0.0
.
637.7
53.0
4.7
x
x
x

42.5
1.4
.
.
21.4
825.5
x
x
444.3
296.3
190.9
x
x
0.0

.
.
.
.
.
x
x
x
x
x
0.0
x
.
.

.
.
.
.
.
15.9
..
.
15.9
.
.
.
.
.

.
.
.
.
.
2,169.4
..
.
2,169.3
9.8
x
x
..
.

...
...

.
.

..
.

x
.

x
2.6

x
x

x
0.0

x
x

.
.

.
.

...
...

x
x

...

.

.

.

.

.

.

.

.

0.0

...

x

...
...

.
.

.
x

0.0
x

1.4
x

0.8
17.7

x
9.0

0.0
x

.
.

.
x

...
...

x
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
32.5
8,595.5
1.0
0.0
0.0
.
0.0
0.0
.
.
81.8
8,512.6
133.7
0.0
50.8

x
1.0
.
.
.
.
.
x
x
.
.
.
.
x
x
0.0

133.3
247.5
3,037.9
224.4
..
..
.
x
x
x
0.0
1,473.2
1,151.8
406.8
0.0
60.1

x
4.8
x
..
.
.
.
x
x
.
.
.
.
x
498.5
17.8

x
8.6
136.6
..
.
.
.
136.6
112.3
24.3
.
.
.
4.3
0.0
4.6

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
14.2
.
14.2
14.2
.
.
.
.
.
.
..
.
.
0.0

.
..
2,110.2
x
x
x
.
x
x
.
.
.
.
.
.
16.1

...
...

.
.

60.2
206.2

63.3
x

253.3
x

56.2
x

2.5
x

.
x

1.8
x

33.1
0.1

.
78.5
.
1.4
.
.
.
.
.
x
1,129.8 20,205.8
..
548.6
1,025.2 1,630.6
... 16,889.7
... 1,255.5
...
498.7
...
293.0
...
48.5
...
1.9

...
169.3
...
294.4
... 13,897.9
...
225.6
... 2,121.3
... 2,120.1
...
1.2
...
x
...
x
...
x
...
0.0
... 1,557.9
... 9,667.4
...
556.7
...
x
...
149.4
...
...

470.5
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 3-8
Refined petroleum products, natural units — Ontario
Refinery
liquefied
Total
petroleum
Kerosene
Non- refined
gases
Motor
and
Diesel
Light
Heavy Petroleum Aviation Aviation
energy petroleum
(LPG’s), Still gas, gasoline, stove oil, fuel oil, fuel oil, fuel oil,
coke, gasoline, turbo fuel, products, products,
secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
megalitres
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and
industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous
metal manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other
institutional
Statistical difference

x
..
..
..
..
..
..
..

x
x
.
x
.
x
.
x
..
-27.2
..
x
9.7
x
x 16,507.1

..
x
x
x
0.0
x
x
196.9

x
x
x
x
-97.8
x
714.3
7,289.9

x
x
5.7
x
x
x
x
437.0

x
x
x
x
21.9
x
62.4
471.9

x
x
x
x
x
..
0.0
1,305.9

.
..
..
5.3
x
x
x
10.5

.

.

.

.

.

.

.

.

.
0.0
9.7
.
.
.
.
.
..
.
x 16,507.1
x
0.4
.
.
. 16,536.4
.
140.5
.
11.6
.
x
.
x
.
x

.
.
.
.
.
196.9
..
.
111.4
4.7
0.0
x
0.0
x

17.4
0.1
.
.
.
7,272.4
x
.
6,823.7
1,230.6
304.3
42.0
1.3
20.0

2.3
0.1
.
.
x
434.6
x
.
513.3
122.6
0.9
x
x
x

19.7
8.6
.
.
0.0
443.6
x
x
423.8
x
0.0
x
x
x

0.0
.
.
.
.
1,305.9
x
x
271.6
271.6
0.0
271.6
.
.

.
.
.
.
.
10.5
..
.
10.5
.
.
.
.
.

.
.
.
.
.
2,121.0
..
.
2,120.6
x
x
x
.
.

.
.
.
.
.
.
..
..
...
...
...
...
...
...
...

.

x 6,521.0 26,435.3
0.8
468.6
x
x
844.6
x
x
103.5
x
-5.0
132.1
-52.0
x -6,015.7 -5,990.8
x 6,977.8 9,551.9
2,121.0 7,830.4 38,256.4
.

.

.
39.4
.
18.5
.
.
.
.
.
x
7,830.4 37,743.3
1,037.8 2,884.9
6,771.4 6,815.6
... 26,811.2
... 1,841.1
...
317.3
...
537.5
...
x
...
x

...
...

.
.

.
.

x
0.0

1.0
2.9

x
x

.
x

0.0
x

.
.

.
.

...
...

x
x

...

.

.

.

.

.

.

.

.

.

...

x

...
...

.
.

..
x

0.0
x

2.0
14.8

x
x

x
x

.
x

.
.

.
x

...
...

x
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
x
.
73.1
. 15,996.0
.
0.9
.
0.5
.
0.5
.
.
.
0.7
.
0.7
.
.
.
.
. 1,261.3
. 14,726.5
.
253.8
.
0.0
.
58.3

0.0
x
.
.
.
.
.
.
.
.
.
.
.
10.7
0.0
0.8

102.4
781.9
4,773.1
483.9
..
..
.
7.6
7.4
0.2
5.4
2,327.9
1,948.3
395.3
0.0
266.5

0.1
x
x
..
.
.
.
x
x
.
.
..
x
x
320.8
4.0

0.0
0.0
345.1
0.0
.
.
.
345.1
345.1
0.0
.
.
.
0.4
0.0
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
8.9
.
8.9
8.9
.
.
.
.
.
..
.
.
.
0.1

.
..
2,035.7
x
x
x
.
x
x
.
.
x
.
.
.
x

...
...

.
.

95.2
x

158.1
x

11.1
x

7.8
x

.
x

1.5
x

43.6
0.4

87.8
-29.7

...
112.0
...
874.4
... 23,169.1
...
484.8
... 1,997.0
... 1,874.9
...
122.1
...
400.1
...
399.9
...
0.2
...
11.6
... 3,590.7
... 16,684.9
...
704.7
...
320.8
...
370.3
...
...

405.1
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 3-9
Refined petroleum products, natural units — Manitoba
Refinery
liquefied
Total
petroleum
Kerosene
Non- refined
gases
Motor
and
Diesel
Light
Heavy Petroleum Aviation Aviation
energy petroleum
(LPG’s), Still gas, gasoline, stove oil, fuel oil, fuel oil, fuel oil,
coke, gasoline, turbo fuel, products, products,
secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
megalitres
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and
industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous
metal manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other
institutional
Statistical difference

..
.
.
..
..
.
..
..

..
.
.
.
.
.
.
0.0

..
..
x
x
-13.8
-4.0
x
1,769.2

.
..
x
..
..
0.3
0.0
x

..
x
x
x
x
-6.6
x
1,352.9

..
..
0.2
0.1
0.0
13.9
x
x

.
..
1.7
x
..
..
15.0
29.3

..
.
x
x
.
.
.
x

.
..
..
x
x
x
-3.3
11.8

.
x
x
x
x
x
x
149.4

..
x
x
x
x
x
x
279.1

..
x
x
x
x
0.0
x
3,635.4

.

.

.

.

.

.

.

.

.

.

.

.

.
.
.
.
.
..
..
...
...
...
...
...
...
...

.
.
.
.
.
0.0
..
.
.
.
.
.
.
.

6.5
.
.
.
.
1,762.7
..
.
1,900.5
157.8
121.0
0.8
.
.

.
.
.
.
.
1.4
.
.
1.4
0.1
x
x
.
.

4.9
2.4
.
.
.
1,345.6
..
.
1,233.4
x
19.7
x
0.0
x

0.0
.
.
.
0.0
x
x
.
16.7
5.3
1.9
x
x
.

.
5.9
.
.
8.3
15.1
.
x
15.6
x
0.0
x
x
.

.
.
.
.
.
x
..
x
x
x
.
x
.
x

.
.
.
.
.
11.8
.
.
11.8
0.0
.
0.0
.
.

.
.
.
.
.
149.4
.
.
127.0
x
0.0
x
.
.

.
.
.
.
.
279.1
..
x
...
...
...
...
...
...

11.4
8.3
.
.
8.3
3,607.3
x
x
3,312.6
327.7
142.6
x
x
0.8

...
...

.
.

.
.

.
.

x
0.0

x
.

0.0
.

0.0
.

.
.

.
.

...
...

x
.

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
0.8

x
x

x
1.7

.
0.2

.
x

.
x

.
..

.
x

...
...

x
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

3.5
32.4
1,511.9
3.0
x
x
.
x
x
.
.
42.0
1,467.0
194.3
.
27.6

0.0
0.0
.
.
.
.
.
.
.
.
.
.
.
0.0
0.0
0.0

5.7
109.8
671.3
220.2
..
..
.
0.0
0.0
0.0
0.0
283.3
167.8
350.9
.
49.8

x
1.3
.
..
.
.
.
.
.
.
.
.
.
0.7
2.6
2.5

0.0
1.3
0.0
..
.
.
.
0.0
0.0
.
.
0.0
.
0.0
..
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
.
11.8
.
11.8
11.8
.
.
.
.
.
.
.
..
.
0.0

0.0
.
x
.
x
x
.
0.0
0.0
.
.
x
.
..
.
1.3

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

x
144.9
2,317.9
223.2
134.7
134.7
0.0
0.0
0.0
0.0
0.0
325.3
1,634.8
545.9
2.6
81.3

...
...

.
.

x
-137.7

1.4
x

18.6
x

5.6
x

0.0
x

.
x

0.0
x

2.8
22.4

...
...

37.2
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 3-10
Refined petroleum products, natural units — Saskatchewan
Refinery
liquefied
Total
petroleum
Kerosene
Non- refined
gases
Motor
and
Diesel
Light
Heavy Petroleum Aviation Aviation
energy petroleum
(LPG’s), Still gas, gasoline, stove oil, fuel oil, fuel oil, fuel oil,
coke, gasoline, turbo fuel, products, products,
secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
megalitres
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and
industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous
metal manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other
institutional
Statistical difference

x
..
.
..
..
..
..
..

405.7
.
.
.
.
..
.
405.7

x
x
0.2
x
x
x
x
2,859.1

x
..
0.1
..
x
x
-0.3
8.5

x
x
1.1
x
x
x
x
3,031.6

.
..
..
x
..
4.5
x
5.5

x
x
.
8.1
x
x
x
305.8

x
x
1.9
..
x
..
x
106.5

.
.
.
x
x
.
x
2.5

.
..
0.4
x
x
x
x
103.4

x
x
x
x
x
x
x
274.2

x
x
x
x
x
x
x
7,330.7

.

.

.

.

.

.

.

.

.

.

.

.

.
.
.
.
.
..
..
...
...
...
...
...
...
...

.
.
.
.
.
405.7
405.7
.
.
.
.
.
.
.

18.0
.
.
.
.
2,841.1
..
.
2,822.6
152.1
86.4
3.6
0.0
.

.
.
.
.
.
8.5
.
.
8.4
0.1
0.0
0.0
.
.

0.1
0.2
.
.
.
3,031.3
..
.
3,009.3
319.5
74.1
5.9
0.0
x

3.3
.
.
.
.
2.2
.
.
5.5
3.5
3.2
x
.
.

0.0
0.0
.
.
.
x
0.0
.
207.5
2.4
0.0
0.0
.
.

.
.
.
.
.
106.5
x
x
0.0
0.0
.
.
.
.

.
.
.
.
.
2.5
.
.
2.5
.
.
.
.
.

.
.
.
.
.
103.4
.
.
103.4
.
x
0.0
.
.

.
.
.
.
.
274.2
x
x
...
...
...
...
...
...

21.4
0.2
.
.
.
7,081.3
x
x
6,159.4
477.6
163.9
x
0.0
x

...
...

.
.

.
.

.
.

0.0
0.0

.
.

.
.

.
.

.
.

.
.

...
...

.
.

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
3.6

.
0.0

x
4.1

.
x

.
0.0

.
.

.
.

.
0.0

...
...

x
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0.2
61.8
2,110.6
0.9
.
.
.
.
.
.
.
70.7
2,039.0
483.8
.
59.9

0.0
0.1
.
.
.
.
.
.
.
.
.
.
.
0.4
7.2
0.4

4.2
235.3
1,236.3
260.5
..
..
.
0.0
0.0
.
0.0
767.4
208.4
1,293.3
.
121.5

x
0.0
.
.
.
.
.
.
.
.
.
.
.
0.7
1.3
0.0

0.2
2.2
.
.
.
.
.
.
.
.
.
.
.
x
..
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
0.2
.
0.2
0.2
.
.
.
.
.
..
.
.
.
0.1

.
.
87.0
.
x
x
.
0.0
0.0
.
.
0.0
.
.
.
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

x
299.3
3,434.2
261.4
87.2
86.8
0.4
0.0
0.0
.
0.0
838.1
2,247.5
1,983.3
8.5
185.3

...
...

.
.

x
18.5

0.3
x

38.7
x

0.1
x

..
x

.
x

2.1
x

x
0.0

...
...

70.5
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 3-11
Refined petroleum products, natural units — Alberta
Refinery
liquefied
Total
petroleum
Kerosene
Non- refined
gases
Motor
and
Diesel
Light
Heavy Petroleum Aviation Aviation
energy petroleum
(LPG’s), Still gas, gasoline, stove oil, fuel oil, fuel oil, fuel oil,
coke, gasoline, turbo fuel, products, products,
secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
megalitres
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and
industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous
metal manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other
institutional
Statistical difference

x
..
..
..
..
..
..
..

5,719.1
x
.
x
.
x
. -3,974.7
.
-57.8
.
x
300.7
x
6,019.8 6,729.2

.. 10,189.0
..
x
0.0
x
-0.7 -4,495.0
0.0
-76.4
x
-617.4
-0.1
x
x 6,386.8

..
..
0.0
x
0.0
x
-0.8
7.5

x
x
x
x
-0.2
x
x
100.3

1,440.0
..
0.7
..
0.0
..
0.0
1,440.7

x
x
..
x
x
x
x
14.6

x 3,067.1 34,213.8
x
538.6
x
0.1
44.3
x
-338.1
-635.1 -9,551.5
x
-83.8
-230.2
x -1,517.4 -4,003.6
-52.5 2,867.9 6,334.2
1,048.4 3,372.1 25,875.7

.

.

.

.

.

.

.

.

.

.

.

.

.
.
.
.
.
..
..
...
...
...
...
...
...
...

.
300.7
.
.
.
5,719.1
5,719.1
.
.
.
.
.
.
.

7.4
.
.
.
.
6,721.8
..
.
6,450.7
300.3
236.2
0.5
x
.

.
.
.
.
.
1.0
..
.
1.2
0.5
0.1
x
0.0
.

0.0
4.6
.
.
.
6,382.2
653.0
.
6,725.2
1,204.2
871.5
24.2
x
x

.
.
.
.
.
7.5
.
.
8.2
6.5
5.8
x
x
0.0

0.0
17.1
.
.
.
83.2
0.0
x
15.8
11.5
2.8
x
0.0
.

0.0
48.6
.
.
.
1,392.1
1,162.9
138.6
0.0
0.0
0.0
.
.
.

.
.
.
.
.
14.6
..
.
16.6
x
..
0.0
.
.

.
.
.
.
.
1,048.4
..
.
1,048.2
x
x
x
.
.

...
...

.
.

.
.

.
.

0.0
x

.
.

.
0.0

.
.

.
.

.
.

...
...

.
x

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

..
x

0.0
x

1.4
x

0.0
0.4

0.0
x

.
.

.
..

.
x

...
...

1.4
25.6

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

9.1
54.5
5,575.7
3.3
0.2
0.2
.
1.2
1.2
.
1.6
243.2
5,326.2
498.3
0.0
43.4

0.0
x
.
.
.
.
.
.
.
.
.
.
.
0.0
0.0
0.0

49.0
259.5
4,392.2
630.6
2.0
2.0
.
0.3
0.3
0.0
15.9
1,628.0
2,115.4
893.1
.
109.7

x
0.1
.
.
.
.
.
.
.
.
.
.
0.9
0.3
0.1
0.0

x
2.8
0.0
..
.
.
.
.
.
.
.
.
.
0.0
.
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
11.6
.
11.6
11.6
.
.
.
.
.
.
.
.
.
0.0

x
..
902.4
x
x
x
.
x
x
.
.
x
.
..
.
x

...
x
...
316.8
... 10,882.9
...
634.0
...
915.4
...
886.5
...
28.9
...
2.1
...
2.1
...
0.0
...
17.5
... 1,871.5
... 7,442.4
... 1,391.8
...
0.1
...
191.7

...
...

.
.

x
271.1

0.7
x

126.1
x

0.3
-0.6

4.2
x

.
x

5.0
x

100.9
0.1

...
...

.
7.4
.
371.0
.
.
.
.
.
.
3,372.1 24,742.0
229.0 7,764.1
3,171.3 3,309.9
... 14,266.0
... 1,529.3
... 1,122.2
...
x
...
x
...
x

270.2
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 3-12
Refined petroleum products, natural units — British Columbia
Refinery
liquefied
Total
petroleum
Kerosene
Non- refined
gases
Motor
and
Diesel
Light
Heavy Petroleum Aviation Aviation
energy petroleum
(LPG’s), Still gas, gasoline, stove oil, fuel oil, fuel oil, fuel oil,
coke, gasoline, turbo fuel, products, products,
secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
megalitres
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and
industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous
metal manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other
institutional
Statistical difference

x
..
.
..
..
..
..
..

x
.
.
.
.
.
x
x

x
x
x
x
17.8
x
x
5,460.6

..
..
x
x
..
x
x
1.7

x
x
x
x
-19.7
x
x
3,974.6

..
..
..
x
0.0
1.2
x
5.8

x
x
x
x
x
x
x
258.8

x
..
x
..
..
..
..
106.5

.
..
..
x
x
0.0
-0.2
8.5

x
x
x
x
x
x
x
1,188.6

x 3,997.5
x
x
x
x
x
x
x
x
x
x
x
x
424.9 11,753.7

.

.

.

.

.

.

.

.

.

.

.
.
.
.
.
..
..
...
...
...
...
...
...
...

0.0
.
.
.
.
x
x
.
.
.
.
.
.
.

2.8
.
.
.
.
5,457.7
..
.
5,386.9
x
113.1
0.1
0.0
.

.
.
.
.
x
1.7
..
.
4.1
0.6
0.1
x
x
.

12.6
0.0
.
.
.
3,961.9
..
.
3,718.5
1,022.2
419.5
x
x
x

.
0.0
.
.
.
5.8
x
.
22.1
13.0
0.8
11.6
x
.

.
0.4
.
.
0.0
258.3
.
x
271.7
19.5
0.0
x
x
.

.
.
.
.
.
106.5
x
x
182.0
x
.
x
.
.

.
.
.
.
.
8.5
.
.
8.5
x
.
x
.
.

.
.
.
.
.
1,188.6
..
.
1,188.3
4.9
x
x
..
.

...
...

.
.

.
.

.
.

.
x

x
x

.
.

x
x

.
.

.
.

...
...

x
x

...

.

.

.

.

.

.

.

x

x

...

x

...
...

.
.

.
0.1

.
x

0.4
x

0.0
11.4

.
x

0.0
0.0

.
..

.
x

...
...

0.4
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

31.9
30.6
5,064.5
2.9
x
x
.
14.2
14.2
.
.
132.5
4,915.0
102.5
0.0
27.1

x
0.1
.
.
.
.
.
x
x
.
.
.
.
0.0
0.0
0.0

292.2
x
2,275.6
262.2
..
..
.
489.4
338.3
151.1
2.1
759.2
762.8
313.3
0.0
39.6

0.1
0.4
x
.
.
.
.
x
x
.
.
.
0.2
0.3
7.7
0.5

x
0.2
252.2
..
.
.
.
252.2
0.0
252.2
.
.
.
0.0
0.0
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
4.7
.
4.7
4.7
.
.
.
.
.
.
..
.
.
0.0

.
.
1,103.3
x
x
x
.
x
x
.
.
x
.
..
.
11.0

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

x
270.9
8,700.6
265.1
1,104.2
689.5
414.7
759.3
356.0
403.3
2.1
891.9
5,677.9
416.0
7.7
78.1

...
...

.
.

x
x

3.5
x

67.8
x

0.4
x

0.0
x

.
x

3.8
x

69.2
0.2

...
...

161.8
x

.

.

.
15.5
.
0.4
.
.
.
.
.
0.0
424.9 11,566.2
x
x
x
x
... 10,782.1
... 1,417.9
...
533.5
...
x
...
23.9
...
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 3-13
Refined petroleum products, natural units — Yukon, Northwest Territories and Nunavut
Refinery
liquefied
Total
petroleum
Kerosene
Non- refined
gases
Motor
and
Diesel
Light
Heavy Petroleum Aviation Aviation
energy petroleum
(LPG’s), Still gas, gasoline, stove oil, fuel oil, fuel oil, fuel oil,
coke, gasoline, turbo fuel, products, products,
secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
megalitres
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and
industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous
metal manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other
institutional
Statistical difference

.
.
.
.
.
.
.
..

..
.
.
.
.
.
.
0.0

..
x
x
x
x
x
x
139.5

.
..
x
x
x
x
x
x

..
..
x
x
x
x
x
415.9

..
x
..
..
x
x
x
34.1

.
.
.
.
..
..
..
..

.
.
.
.
.
.
.
..

.
x
..
x
x
..
x
3.2

.
x
x
x
x
x
x
115.5

..
..
0.0
x
..
0.0
..
2.0

.
x
x
x
x
0.0
x
773.7

.

.

.

.

.

.

.

.

.

.

.

.

.
.
.
.
.
..
.
...
...
...
...
...
...
...

.
0.0
.
.
.
x
.
.
.
.
.
.
.
.

0.0
.
.
.
.
139.5
..
.
118.0
x
x
.
.
.

.
.
.
.
.
63.5
.
.
51.5
0.1
0.0
0.0
.
.

75.2
76.6
.
.
.
264.2
..
.
415.8
235.1
223.8
x
.
.

.
.
.
.
.
34.1
.
.
32.9
6.2
x
x
.
.

.
.
.
.
.
0.0
.
.
0.0
0.0
0.0
.
.
.

.
.
.
.
.
0.0
.
0.0
.
.
.
.
.
.

.
.
.
.
.
3.2
.
.
2.2
0.0
.
.
.
.

.
.
.
.
.
115.5
..
.
106.1
x
x
x
.
.

.
.
.
.
.
2.0
..
x
...
...
...
...
...
...

75.2
76.6
.
.
.
622.0
..
x
726.7
243.0
223.9
x
.
.

...
...

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

...
...

.
.

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
.

.
0.0

0.0
x

.
x

.
.

.
.

.
.

.
x

...
...

.
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0.0
x
108.1
.
0.0
0.0
.
x
x
.
0.0
10.9
97.2
0.0
0.0
x

.
0.1
x
.
.
.
.
x
x
.
.
.
.
0.0
0.0
x

x
11.2
148.7
4.5
.
.
.
1.5
1.5
.
0.1
66.4
76.3
5.0
.
17.0

0.0
0.6
.
.
.
.
.
.
.
.
.
.
.
0.0
19.1
2.0

.
0.0
.
.
.
.
.
.
.
.
.
.
.
.
.
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
0.3
.
0.3
0.3
.
.
.
.
.
.
.
.
.
0.4

.
..
x
.
x
x
.
.
.
.
.
.
.
.
.
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

0.0
x
394.6
4.5
92.2
91.6
0.6
47.0
47.0
.
0.2
77.2
173.5
5.0
19.1
28.1

...
...

.
.

x
21.5

5.6
x

x
x

5.7
x

0.0
0.0

.
x

1.5
x

x
9.4

...
...

36.9
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 3-14
Refined petroleum products, natural units — Yukon
Refinery
liquefied
Total
petroleum
Kerosene
Non- refined
gases
Motor
and
Diesel
Light
Heavy Petroleum Aviation Aviation
energy petroleum
(LPG’s), Still gas, gasoline, stove oil, fuel oil, fuel oil, fuel oil,
coke, gasoline, turbo fuel, products, products,
secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
megalitres
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and
industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous
metal manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other
institutional
Statistical difference

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
x
x
x
x
.
x
x

.
..
x
x
x
x
x
17.4

.
..
1.9
x
1.2
x
0.1
x

.
x
..
..
x
x
x
5.4

.
.
.
.
.
.
.
..

.
.
.
.
.
.
.
.

.
x
..
x
x
.
x
2.0

.
x
x
..
x
x
x
21.0

.
.
.
x
.
0.0
..
0.1

.
x
x
x
x
0.0
x
189.3

.

.

.

.

.

.

.

.

.

.

.

.

.
.
.
.
.
.
.
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
x
.
.
x
x
x
.
.
.

.
.
.
.
.
17.4
.
.
x
0.1
0.0
.
.
.

6.5
.
.
.
.
x
.
.
x
11.2
10.5
x
.
.

.
.
.
.
.
5.4
.
.
6.4
5.5
x
x
.
.

.
.
.
.
.
0.0
.
.
0.0
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
2.0
.
.
1.0
0.0
.
.
.
.

.
.
.
.
.
21.0
.
.
11.7
x
x
.
.
.

.
.
.
.
.
0.1
.
0.2
...
...
...
...
...
...

6.5
.
.
.
.
182.8
..
x
138.2
16.8
10.5
x
.
.

...
...

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

...
...

.
.

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
.

.
.

.
x

.
x

.
.

.
.

.
.

.
.

...
...

.
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0.0
x
53.7
.
0.0
0.0
.
.
.
.
.
5.0
48.7
0.0
0.0
x

.
0.1
.
.
.
.
.
x
x
.
.
.
.
0.0
0.0
0.0

x
x
48.5
.
.
.
.
.
.
.
.
36.8
11.7
0.0
.
x

.
0.1
.
.
.
.
.
.
.
.
.
.
.
0.0
0.4
0.4

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
0.2
.
0.2
0.2
.
.
.
.
.
.
.
.
.
x

.
..
x
.
x
x
.
.
.
.
.
.
.
.
.
0.0

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

0.0
x
113.3
.
11.1
11.1
0.0
.
.
.
.
41.8
60.4
0.0
0.4
0.8

...
...

.
.

x
.

5.3
x

0.1
x

0.1
.

0.0
.

.
.

x
x

x
.

...
...

7.0
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 3-15
Refined petroleum products, natural units — Northwest Territories
Refinery
liquefied
Total
petroleum
Kerosene
Non- refined
gases
Motor
and
Diesel
Light
Heavy Petroleum Aviation Aviation
energy petroleum
(LPG’s), Still gas, gasoline, stove oil, fuel oil, fuel oil, fuel oil,
coke, gasoline, turbo fuel, products, products,
secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
megalitres
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and
industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous
metal manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other
institutional
Statistical difference

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
x
x
x
x
x
39.3

.
.
..
..
..
x
0.0
0.6

.
.
4.5
x
55.3
x
x
169.2

.
.
.
..
.
28.7
..
x

.
.
.
.
.
.
..
..

.
.
.
.
.
.
.
.

.
.
..
x
x
.
x
1.2

.
.
3.3
x
x
x
x
45.4

.
.
..
1.8
..
0.0
..
1.8

.
.
8.9
x
x
0.0
x
286.3

.

.

.

.

.

.

.

.

.

.

.

.

.
.
.
.
.
.
.
...
...
...
...
...
...
...

.
0.0
.
.
.
0.0
.
.
.
.
.
.
.
.

0.0
.
.
.
.
39.3
.
.
39.0
x
0.1
.
.
.

.
.
.
.
.
0.6
.
.
0.6
0.0
0.0
0.0
.
.

22.6
76.6
.
.
.
70.0
.
.
264.6
167.4
157.3
x
.
.

.
.
.
.
.
28.7
.
.
26.5
0.6
x
.
.
.

.
.
.
.
.
0.0
.
.
0.0
0.0
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
1.2
.
.
1.2
.
.
.
.
.

.
.
.
.
.
45.4
.
.
45.4
x
0.0
x
.
.

.
.
.
.
.
1.8
.
1.9
...
...
...
...
...
...

22.6
76.6
.
.
.
187.1
.
x
377.3
169.7
157.5
x
.
.

...
...

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

...
...

.
.

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
.

.
0.0

.
x

.
.

.
.

.
.

.
.

.
x

...
...

.
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
1.5
35.7
.
0.0
0.0
.
x
x
.
0.0
2.4
33.3
0.0
.
1.3

.
0.0
.
.
.
.
.
.
.
.
.
.
.
0.0
0.0
0.3

.
x
86.9
4.5
.
.
.
1.5
1.5
.
0.1
18.7
62.1
0.0
.
x

.
0.6
.
.
.
.
.
.
.
.
.
.
.
0.0
18.7
1.6

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
0.1
.
0.1
0.1
.
.
.
.
.
.
.
.
.
x

.
.
x
.
x
x
.
.
.
.
.
.
.
.
.
1.9

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
x
160.7
4.5
38.0
37.9
0.1
1.5
1.5
.
0.2
21.1
95.5
0.0
18.7
15.1

...
...

.
.

x
0.3

0.3
x

0.4
x

5.5
.

.
.

.
.

x
x

5.7
0.0

...
...

13.2
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 3-16
Refined petroleum products, natural units — Nunavut
Refinery
liquefied
Total
petroleum
Kerosene
Non- refined
gases
Motor
and
Diesel
Light
Heavy Petroleum Aviation Aviation
energy petroleum
(LPG’s), Still gas, gasoline, stove oil, fuel oil, fuel oil, fuel oil,
coke, gasoline, turbo fuel, products, products,
secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary secondary
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
energy
megalitres
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and
industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous
metal manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other
institutional
Statistical difference

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
x
x
..
.
x
x

.
.
x
..
.
.
.
x

.
..
x
x
x
.
x
x

.
.
.
.
.
.
.
..

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
..
.
.
.
..

.
.
x
..
..
.
.
x

.
.
.
.
.
.
.
..

.
.
x
x
x
.
x
298.1

.

.

.

.

.

.

.

.

.

.

.

.

.
.
.
.
.
.
.
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
x
.
.
x
.
.
.
.
.

.
.
.
.
.
x
.
.
x
0.0
0.0
.
.
.

46.1
..
.
.
.
x
.
.
x
56.5
56.0
..
.
.

.
.
.
.
.
0.0
.
.
0.0
0.0
0.0
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
..
.
.
0.0
.
.
.
.
.

.
.
.
.
.
x
.
.
x
.
.
.
.
.

.
.
.
.
.
..
.
0.0
...
...
...
...
...
...

46.1
..
.
.
.
252.0
.
.
211.1
56.5
56.0
0.0
.
.

...
...

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

...
...

.
.

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
.

.
.

.
..

.
.

.
.

.
.

.
.

.
.

...
...

.
0.0

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
18.7
.
.
.
.
.
.
.
.
3.5
15.2
0.0
.
3.3

.
.
x
.
.
.
.
x
x
.
.
.
.
.
0.0
0.0

.
x
13.3
.
.
.
.
x
x
.
.
x
2.5
5.0
.
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
0.0
.
0.0
0.0
.
.
.
.
.
.
.
.
.
.

.
.
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.
x
x
.
.
.
.
.
.
.
.
.
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
x
120.6
.
43.1
42.6
0.5
45.5
45.5
.
.
14.3
17.7
5.0
0.0
12.2

...
...

.
.

x
0.0

0.0
x

x
x

.
.

.
.

.
.

0.0
x

x
0.1

...
...

16.8
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.

Statistics Canada – Catalogue no. 57-003-X

57

Report on Energy Supply and Demand in Canada

1050

2016 Preliminary

Table 4-1
Refined petroleum products, terajoules — Canada
Refinery
liquefied
petroleum
gases
(LPG’s) Still gas
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Kerosene
NonMotor and stove Diesel fuel
Light Heavy Petroleum Aviation Aviation energy
Total
gasoline
oil
oil fuel oil fuel oil
coke gasoline turbo fuel products products
terajoules

66,867 350,178 1,512,930
..
. 347,672
..
.
x
.
.
0
..
..
-3,839
..
..
-27,640
.. 12,319
x
.. 362,497 1,625,593
.
.
.

x 1,092,551
x 183,445
x
x
x
x
x
x
x
x
0
4
0
x
x
-9,072
x -6,751
x
-21,950
x
x
2,830
x -2,262 35,424
29,909 1,137,640 81,693 119,090
.
.
.
..

110,012
x
x
0
419
..
405
201,824
..

x
x
..
0
125
x
-349
2,250
.

210,760 552,988 4,368,983
x
x 953,638
x 50,102 723,985
0
0
4
x
x
x
x
x -503,109
3,355 443,178
x
281,559 533,484 4,431,773
.
.
..

.
0
1,213
. 12,319
.
.
.
.
.
.
.
.
..
.
.. 350,178 1,624,380
.. 350,178
x
...
.
.
...
. 1,604,022
...
.
35,397
...
.
x
...
.
x
...
.
x
...
.
x

.
5,670 3,070 29,326
.
4,334
4 2,360
.
.
.
.
.
.
.
.
x
.
x 1,766
29,909 1,127,636 78,599 85,638
x
x
x
x
.
.
.
..
17,833 1,084,068 84,118 68,815
651 201,265 9,571 25,551
x
87,009
820
x
x
8,859 7,099 10,730
x
x
x 5,547
.
x
x
x

31,498
2,126
.
.
.
168,200
85,498
40,556
24,907
24,907
0
24,907
.
x

.
.
.
.
.
2,250
..
.
2,285
x
..
x
.
.

.
. 70,777
.
. 21,142
.
.
.
.
.
.
.
.
x
281,559 533,484 4,281,834
x 52,521 526,779
. 475,815 516,408
280,332
... 3,166,379
x
... 298,218
x
... 122,116
x
... 54,428
..
...
x
.
...
x

...
...

.
.

..
..

x
0

x
x

x
x

x
16

x
x

.
.

.
.

...
...

x
x

...

.

.

.

.

.

.

.

x

x

...

x

...
...

.
.

..
x

x
139

x
x

x
x

x
2,852

0
x

.
..

.
x

...
...

1,760
17,969

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
x
.
x
. 1,490,653
.
x
.
x
.
x
.
.
.
x
.
x
.
..
.
274
.
66,558
. 1,422,799
.
59,365
.
0
.
10,566
.
8,041
.
x

x
x
x
.
.
.
.
x
x
.
.
.
.
x
x
195
12,149
x

26,066
x
x
79,332
x
x
681,959
x 32,148
83,477
..
0
..
..
.
..
..
.
.
.
.
37,412
x
x
29,411
x
x
8,001
0
x
902
1
.
295,297
..
.
264,787
x
.
142,547
x
x
0 60,551
x
29,440 5,189
x
28,856 4,865
x
x
x
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
..
x

..
..
1,737
..
..
1,736
..
.
.
.
.
..
..
..
.
20
528
x

x
..
257,500
x
255,301
227,451
27,850
x
x
.
.
x
.
..
.
6,413
15,544
x

...
x
...
x
... 2,466,539
... 83,905
... 257,153
... 229,302
... 27,851
...
x
...
x
...
x
...
1,177
... 362,141
... 1,688,381
... 214,489
... 63,408
...
x
...
x
...
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 4-2
Refined petroleum products, terajoules — Atlantic provinces
Refinery
liquefied
petroleum
gases
(LPG’s) Still gas
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Kerosene
NonMotor and stove Diesel fuel
Light Heavy Petroleum Aviation Aviation energy
Total
gasoline
oil
oil fuel oil fuel oil
coke gasoline turbo fuel products products
terajoules

x
..
..
..
..
..
..
..
.

x
.
.
.
..
..
0
x
.

x
x
x
x
x
x
x
135,554
.

x
x
x
x
-270
x
x
9,991
.

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
4,990 3,568 10,425
91,168 36,764 31,671
.
.
..

x
.
x
..
..
.
.
x
.

..
..
.
..
..
..
..
..
.

x
x
x
x
x
x
4,940
23,662
.

50,659
x
29,302
x
1,216
x
2,260
x
480
-7,099
-6,520
x
740 61,204
18,573 407,815
.
..

.
.
.
.
.
..
..
...
...
...
...
...
...
...

.
.
.
.
.
x
x
.
.
.
.
.
.
.

0
.
.
.
.
135,554
x
.
129,930
767
x
x
x
.

.
.
.
.
.
9,991
x
.
6,014
131
x
0
..
.

96 2,824 26,682
1,120
0
938
.
.
.
.
.
.
.
0
x
89,952 33,939 3,549
4
0
x
.
.
x
72,364 36,147 10,222
14,152 1,423
x
2,934
x 4,956
x
x
x
92
17
x
.
x
.

31,498
.
.
.
.
x
x
x
x
x
x
x
.
.

.
.
.
.
.
..
.
.
0
.
.
.
.
.

.
.
.
.
.
23,662
x
.
23,654
9
.
9
.
.

. 61,100
.
2,058
.
.
.
.
.
502
18,573 339,957
x 45,651
x 16,596
... 278,932
... 25,020
...
8,255
...
5,190
...
x
...
x

...
...

.
.

.
.

0
.

x
x

x
x

0
x

.
.

.
.

.
.

...
...

x
x

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
x

.
0

40
305

x
576

.
x

.
0

.
.

.
0

...
...

x
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
x
126,968
0
x
x
.
x
x
.
.
x
124,876
1,043
0
1,055
97
x

0
0
.
.
.
.
.
.
.
.
.
.
.
4
0
135
5,744
x

3,594
36
x
x
48,660
x
3,572
..
..
..
..
..
.
.
11,091
5
10,727
5
364
0
0
.
15,503
..
18,489
242
x
972
0 27,569
x 4,151
x 1,784
x
x

x
0
959
..
.
.
.
959
956
3
.
.
.
0
x
x
765
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
0
.
0
0
.
.
.
.
.
..
.
.
.
0
0
x

.
.
16,144
.
x
x
..
x
x
.
.
98
.
.
.
x
x
x

...
3,688
...
7,888
... 192,978
...
3,572
... 16,047
...
9,442
...
6,605
... 12,073
... 11,707
...
366
...
0
... 17,679
... 143,607
...
4,473
... 27,845
... 11,799
... 16,817
...
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 4-3
Refined petroleum products, terajoules — Newfoundland and Labrador
Refinery
liquefied
petroleum
gases
(LPG’s) Still gas
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Kerosene
NonMotor and stove Diesel fuel
Light Heavy Petroleum Aviation Aviation energy
Total
gasoline
oil
oil fuel oil fuel oil
coke gasoline turbo fuel products products
terajoules

x
..
..
..
..
..
..
..
.

x
..
..
..
..
..
0
x
.

x
x
x
x
x
x
x
38,111
.

x
..
x
x
x
..
x
9,715
.

x
x
..
x
x
x
x
38,740
.

..
x
..
x
..
x
x
0
x
x
x
..
x
1
6,333 19,077
.
.

..
..
..
..
..
..
..
..
.

.
.
.
..
..
..
..
..
.

x
x
2,259
x
x
-167
x
14,136
.

x
x
x
x
x
x
x
x
x
x
x
x
x
x
1,987 135,140
.
.

.
.
.
.
.
..
..
...
...
...
...
...
...
...

.
.
.
.
.
x
x
.
.
.
.
.
.
.

.
.
.
.
.
38,111
..
.
32,508
634
x
x
.
.

.
.
.
.
.
9,715
x
.
5,742
x
0
0
.
.

0
1,120
.
.
.
37,620
x
.
23,386
7,985
1,348
x
0
.

2,507 17,992
.
.
.
.
.
.
.
.
3,826 1,086
x
x
.
.
6,331 5,840
378 4,883
x
x
x
x
x
x
.
.

.
.
.
.
.
0
..
.
0
0
0
.
.
.

.
.
.
.
.
..
.
.
0
.
.
.
.
.

.
.
.
.
.
14,136
..
.
14,136
9
.
9
.
.

. 20,499
.
1,120
.
.
.
.
.
.
1,987 112,552
x
x
x
x
... 87,943
... 13,890
...
6,181
...
x
...
x
...
.

...
...

.
.

.
.

.
.

..
0

.
.

.
.

.
.

.
.

.
.

...
...

.
.

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
x

.
0

x
118

x
212

.
x

.
.

.
.

.
0

...
...

x
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

22
228
31,574
.
7
7
.
3
3
.
.
x
31,189
3
0
284
14
5,603

0
0
.
.
.
.
.
.
.
.
.
.
.
0
0
x
5,607
x

x
5,331
11,496
0
2
2
.
x
x
x
x
2,179
5,473
x
0
1,632
2,170
x

5
70
x
.
.
.
.
5
5
.
.
.
.
x
4,151
1,435
181
x

0
0
956
.
.
.
.
956
956
0
.
.
.
.
0
0
0
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
0

.
.
0
.
0
0
.
.
.
.
.
.
.
.
.
0
0
x

.
.
9,738
.
x
x
.
x
x
.
.
95
.
.
.
x
x
0

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

x
5,629
53,819
0
9,653
3,315
6,338
4,806
4,607
199
0
2,649
36,711
237
4,151
3,510
12,336
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 4-4
Refined petroleum products, terajoules — Prince Edward Island
Refinery
liquefied
petroleum
gases
(LPG’s) Still gas
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Kerosene
NonMotor and stove Diesel fuel
Light Heavy Petroleum Aviation Aviation energy
Total
gasoline
oil
oil fuel oil fuel oil
coke gasoline turbo fuel products products
terajoules

..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
0
.
.

..
..
..
x
x
..
x
7,901
.

.
.
.
x
x
..
x
14
.

..
..
..
11
0
x
x
5,110
.

..
..
..
x
x
x
x
3,289
.

.
..
..
0
..
..
x
x
.

..
..
..
..
..
..
..
.
.

.
.
.
..
.
.
.
..
.

.
.
.
x
x
..
0
356
.

..
..
..
x
..
x
..
142
.

..
..
..
x
x
-51
x
17,258
.

.
.
.
.
.
..
..
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
7,901
..
.
7,900
5
.
.
.
.

.
.
.
.
.
14
.
.
x
x
.
0
.
.

0
.
.
.
.
5,110
.
.
5,076
337
.
x
.
.

26
..
.
.
.
3,263
.
.
3,305
106
x
x
x
.

168
..
.
.
0
x
.
.
29
x
.
x
x
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
..
.
.
0
.
.
.
.
.

.
.
.
.
.
356
.
.
356
.
.
.
.
.

.
.
.
.
.
142
..
x
...
...
...
...
...
...

195
.
.
.
x
16,831
..
x
16,681
477
0
x
x
.

...
...

.
.

.
.

.
.

.
.

.
.

..
.

.
.

.
.

.
.

...
...

..
.

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
.

.
0

x
5

31
23

.
x

.
.

.
.

.
.

...
...

x
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

1
4
7,728
.
.
.
.
1
1
.
.
x
x
119
0
x
0
x

.
0
.
.
.
.
.
.
.
.
.
.
.
0
0
x
x
x

x
260
3,649
0
.
.
.
x
x
x
.
x
1,352
x
0
x
x
x

0
x
x
.
.
.
.
0
0
.
.
.
.
x
2,810
x
8
x

.
0
0
.
.
.
.
0
0
.
.
.
.
.
.
.
..
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
0

.
.
0
.
0
0
.
.
.
.
.
..
.
.
.
.
0
x

.
.
x
.
x
x
.
.
.
.
.
.
.
.
.
0
x
0

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

x
311
11,658
0
250
250
0
2,036
2,036
0
.
310
9,062
952
2,810
513
270
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 4-5
Refined petroleum products, terajoules — Nova Scotia
Refinery
liquefied
petroleum
gases
(LPG’s) Still gas
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Kerosene
NonMotor and stove Diesel fuel
Light Heavy Petroleum Aviation Aviation energy
Total
gasoline
oil
oil fuel oil fuel oil
coke gasoline turbo fuel products products
terajoules

..
..
..
..
..
..
..
..
.

..
..
..
..
..
..
0
0
.

..
..
x
x
x
x
x
46,294
.

..
.
..
x
x
x
x
104
.

..
..
..
..
x
x
x
x
x
x
x
x
x
x
24,416 17,663
.
.

..
..
x
170
x
..
x
x
.

..
..
x
..
..
..
..
x
.

.
.
.
..
..
.
.
..
.

..
..
x
x
x
x
x
7,689
.

..
..
..
218
543
x
x
x
x
x
x
-103
x
x
3,325 120,325
.
.

.
.
.
.
.
..
..
...
...
...
...
...
...
...

.
.
.
.
.
0
..
.
.
.
.
.
.
.

0
.
.
.
.
46,294
..
.
46,291
40
7
0
0
.

.
.
.
.
.
104
.
.
104
0
0
0
0
.

96
97
.
.
.
.
.
.
.
0
24,320 17,566
..
..
.
.
22,266 17,353
3,448
405
x
x
x
x
0
x
.
0

2,309
131
.
.
x
x
..
.
858
855
x
x
x
.

17,059
.
.
.
.
x
..
0
602
602
.
.
.
.

.
.
.
.
.
..
.
.
0
.
.
.
.
.

.
.
.
.
.
7,689
.
.
7,689
0
.
0
.
.

. 19,560
.
131
.
.
.
.
.
x
3,325 100,123
..
..
x
x
... 95,162
...
5,350
...
850
...
x
...
x
...
x

...
...

.
.

.
.

.
.

..
x

.
x

.
x

.
.

.
.

.
.

...
...

.
x

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
0

.
0

x
112

1
254

.
712

.
.

.
.

.
0

...
...

x
1,078

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

15
17
45,332
.
.
.
.
x
x
..
.
x
44,062
x
0
x
40
3

.
0
.
.
.
.
.
.
.
.
.
.
.
3
0
0
100
x

1,624
18
869
92
16,769
x
x
..
.
.
.
.
.
.
x
0
x
0
x
0
.
.
5,210
.
7,573
.
x
281
0 13,825
x 1,700
521 1,015
x
x

4
0
3
..
.
.
.
3
0
3
.
.
.
0
0
0
0
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
0
.
0
0
.
.
.
.
.
.
.
.
.
0
0
0

.
.
5,045
.
x
x
.
x
x
.
.
4
.
.
.
x
x
0

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

1,661
x
67,275
1,527
5,029
4,768
261
2,474
2,352
122
.
6,484
51,761
x
13,825
4,968
2,348
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 4-6
Refined petroleum products, terajoules — New Brunswick
Refinery
liquefied
petroleum
gases
(LPG’s) Still gas
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Kerosene
NonMotor and stove Diesel fuel
Light Heavy Petroleum Aviation Aviation energy
Total
gasoline
oil
oil fuel oil fuel oil
coke gasoline turbo fuel products products
terajoules

x
..
..
..
..
..
..
..
.

x
..
..
..
..
..
0
x
.

x
x
x
x
x
x
x
43,248
.

x
x
x
x
x
x
x
x
.

..
..
2
x
-262
x
x
22,902
.

x
x
x
x
x
x
x
9,478
.

x
x
x
35
x
x
x
9,005
..

x
..
x
..
..
..
..
x
.

.
..
.
..
..
.
..
..
.

x
x
x
x
x
x
x
1,480
.

x
x
x
x
x
x
x
x
x
x
x
3,318
x
x
13,119 135,093
.
..

.
.
.
.
.
..
..
...
...
...
...
...
...
...

.
.
.
.
.
x
x
.
.
.
.
.
.
.

.
.
.
.
.
43,248
x
.
43,232
88
3
0
0
.

.
.
.
.
.
158
x
.
x
x
x
0
0
.

0
.
.
.
.
22,902
..
.
21,635
2,382
x
x
92
0

194
.
.
.
.
9,284
x
.
9,157
533
x
x
x
.

6,214
807
.
.
x
1,594
x
x
3,495
2,169
x
x
x
.

14,440
.
.
.
.
x
x
0
0
x
.
x
.
.

.
.
.
.
.
..
.
.
0
.
.
.
.
.

.
.
.
.
.
1,480
x
.
1,473
.
.
.
.
.

. 20,847
.
807
.
.
.
.
.
x
13,119 110,452
x
x
x
x
... 79,146
...
5,303
...
x
...
x
...
x
...
.

...
...

.
.

.
.

0
.

x
.

x
.

.
.

.
.

.
.

.
.

...
...

x
.

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
0

.
0

x
71

.
87

.
692

.
0

.
.

.
.

...
...

x
850

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

16
69
42,335
..
0
0
.
1
1
.
.
385
41,948
x
.
x
43
x

0
0
.
.
.
.
.
.
.
.
.
.
.
1
0
x
x
x

717
682
16,746
x
3
3
.
x
x
45
.
7,851
4,090
930
.
x
266
x

13
218
x
..
..
..
.
0
0
.
.
..
.
x
6,783
x
580
x

x
0
0
..
.
.
.
0
0
0
.
.
.
0
x
x
x
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
..

.
.
0
.
0
0
.
.
.
.
.
.
.
.
.
0
0
x

.
.
x
.
x
x
..
0
0
.
.
.
.
.
.
x
x
0

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

746
969
60,225
2,045
1,114
1,108
6
2,757
2,712
45
.
8,236
46,073
1,888
7,059
2,808
1,863
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 4-7
Refined petroleum products, terajoules — Quebec
Refinery
liquefied
petroleum
gases
(LPG’s) Still gas
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Kerosene
NonMotor and stove Diesel fuel
Light Heavy Petroleum Aviation Aviation energy
Total
gasoline
oil
oil fuel oil fuel oil
coke gasoline turbo fuel products products
terajoules

x
..
..
..
..
..
..
..
.

x
.
.
.
..
..
0
x
.

x
x
x
x
-1,212
x
x
318,777
.

x
..
x
x
x
x
x
9,632
.

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
-8,177
x
x
186,569 25,349 37,858
.
.
..

x
.
x
x
..
..
x
x
.

..
..
..
x
x
-2
89
534
.

x
1,178
x
x
x
x
-182
81,135
.

70,185 818,499
21,255
x
4,286
x
5,582
x
-3,603
-9,415
-33,782 -74,526
17,555 -41,194
46,174 766,652
.
..

.
.
.
.
.
..
..
...
...
...
...
...
...
...

.
.
.
.
.
x
x
.
.
.
.
.
.
.

0
.
.
.
.
318,777
..
.
311,561
2,155
569
x
x
.

.
.
.
.
.
9,632
x
.
5,108
293
152
x
0
.

1,353
x 1,805
.
x
59
.
.
.
.
.
.
.
x
909
185,215 25,303 35,085
x
0
x
.
.
x
171,939 24,742 18,884
28,003 2,055 12,593
10,808
182 8,115
2,611
x
x
141
x
x
x
x
0

.
.
.
.
.
x
x
x
x
x
0
x
.
.

.
.
.
.
.
534
..
.
534
.
.
.
.
.

.
.
.
.
.
81,135
..
.
81,133
368
x
x
..
.

.
3,186
.
59
.
.
.
.
.
x
46,174 753,495
.. 22,227
42,422 68,903
... 618,094
... 49,659
... 19,848
... 12,063
...
2,035
...
74

...
...

.
.

..
.

x
.

x
101

x
x

x
0

x
x

.
.

.
.

...
...

x
x

...

.

.

.

.

.

.

.

.

0

...

x

...
...

.
.

.
x

0
x

53
x

30
687

x
382

0
x

.
.

.
x

...
...

x
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
1,138
300,841
36
0
0
.
0
0
.
.
2,863
297,941
4,680
0
1,779
2,107
7,216

x
39
.
.
.
.
.
x
x
.
.
.
.
x
x
0
2,385
x

5,105
x
9,479
185
116,352
x
8,595
..
..
.
..
.
.
.
x
x
x
x
x
.
0
.
56,424
.
44,113
.
15,580
x
0 19,341
2,302
691
9,701 2,181
x
x

x
367
5,806
..
.
.
.
5,807
4,773
1,034
.
.
.
183
0
193
108
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
475
.
475
475
.
.
.
.
.
.
..
.
.
0
60
x

.
..
78,923
x
x
x
.
x
x
.
.
.
.
.
.
603
1,240
2

...
6,541
... 11,208
... 502,532
...
8,637
... 79,283
... 79,237
...
46
...
x
...
x
...
x
...
0
... 59,395
... 342,172
... 20,903
...
x
...
5,568
... 17,782
...
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 4-8
Refined petroleum products, terajoules — Ontario
Refinery
liquefied
petroleum
gases
(LPG’s) Still gas
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Kerosene
NonMotor and stove Diesel fuel
Light Heavy Petroleum Aviation Aviation energy
Total
gasoline
oil
oil fuel oil fuel oil
coke gasoline turbo fuel products products
terajoules

x
..
..
..
..
..
..
..
.

x
.
.
.
..
..
384
x
.

x
x
x
x
-953
x
x
577,747
.

..
x
x
x
0
x
x
7,419
.

x
x
x
x
x
x
x
219
x
x
x
x
-3,746
x
932
x
x
x
27,357
x 2,654
279,205 16,956 20,056
.
.
.

x
x
x
x
x
..
0
57,118
.

.
..
..
178
x
x
x
353
.

x
28
x
x
-185
x
x
79,324
.

242,314 973,247
18,933
x
34,483
x
4,743
x
5,152
-1,053
-238,549 -237,349
271,784 368,194
290,690 1,405,695
.
.

.
.
.
.
.
..
..
...
...
...
...
...
...
...

.
384
.
.
..
x
x
.
.
.
.
.
.
.

0
.
.
.
.
577,747
13
.
578,773
4,918
406
x
x
x

.
.
.
.
.
7,419
..
.
4,197
177
0
x
0
x

665
88
839
5
4
365
.
.
.
.
.
.
.
x
0
278,534 16,861 18,852
x
x
x
.
.
x
261,346 19,916 18,012
47,133 4,757
x
11,656
36
0
1,609
x
x
48
x
x
766
x
x

0
.
.
.
.
57,118
x
x
11,879
11,879
0
11,879
.
.

.
.
.
.
.
353
..
.
353
.
.
.
.
.

.
.
1,592
.
.
758
.
.
.
.
.
.
.
.
x
79,324 290,690 1,391,236
.. 41,323 115,182
. 248,342 250,277
79,309
... 973,786
x
... 71,876
x
... 12,114
x
... 22,251
.
...
x
.
...
x

...
...

.
.

.
.

x
0

38
113

x
x

.
x

0
x

.
.

.
.

...
...

x
x

...

.

.

.

.

.

.

.

.

.

...

x

...
...

.
.

..
x

0
x

77
567

x
x

x
x

.
x

.
.

.
x

...
...

x
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
2,558
559,861
32
18
18
.
24
24
.
.
44,144
515,428
8,883
0
2,039
3,073
-1,039

0
x
.
.
.
.
.
.
.
.
.
.
.
402
0
31
3,587
x

3,920
3
0
29,947
x
0
182,809
x 14,666
18,533
..
0
..
..
.
..
..
.
.
.
.
289
x 14,666
283
x 14,666
6
.
0
209
0
.
89,158
..
.
74,620
x
.
15,142
x
19
0 12,446
0
10,208
157
x
6,055
431
332
x
x
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
299
.
299
299
.
.
.
.
.
..
.
.
.
2
52
x

.
..
76,135
x
x
x
..
x
x
.
.
x
.
.
.
x
1,630
15

...
4,258
... 33,253
... 834,171
... 18,565
... 74,651
... 70,084
...
4,567
... 16,728
... 16,722
...
6
...
425
... 133,362
... 590,440
... 26,171
... 12,446
... 13,963
... 15,160
...
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 4-9
Refined petroleum products, terajoules — Manitoba
Refinery
liquefied
petroleum
gases
(LPG’s) Still gas
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Kerosene
NonMotor and stove Diesel fuel
Light Heavy Petroleum Aviation Aviation energy
Total
gasoline
oil
oil fuel oil fuel oil
coke gasoline turbo fuel products products
terajoules

..
.
.
..
..
.
..
..
.

..
.
.
.
.
.
.
0
.

..
..
x
x
-483
-138
x
61,921
.

.
..
x
..
..
11
1
x
.

..
x
x
x
x
-254
x
51,818
.

..
..
9
4
0
540
x
x
.

.
..
73
x
..
..
638
1,247
.

..
.
x
x
.
.
.
x
.

.
..
..
x
x
x
-110
396
.

.
x
x
x
x
x
x
5,589
.

..
..
x
x
x
x
x
x
x
x
x
30
x
x
12,336 135,131
.
.

.
.
.
.
.
..
..
...
...
...
...
...
...
...

.
.
.
.
.
0
..
.
.
.
.
.
.
.

227
.
.
.
.
61,695
..
.
66,516
5,521
4,235
28
.
.

.
.
.
.
.
51
.
.
54
3
x
x
.
.

188
92
.
.
.
51,538
..
.
47,239
x
756
x
0
x

0
.
.
.
0
x
x
.
648
207
72
x
x
.

.
252
.
.
355
640
.
x
664
x
0
x
x
.

.
.
.
.
.
x
..
x
x
x
.
x
.
x

.
.
.
.
.
396
.
.
396
0
.
0
.
.

.
.
.
.
.
5,589
.
.
4,750
x
0
x
.
.

.
414
.
344
.
.
.
.
.
355
12,336 134,018
..
x
x
x
... 120,539
... 12,132
...
5,063
...
x
...
x
...
35

...
...

.
.

.
.

.
.

x
0

x
.

0
.

0
.

.
.

.
.

...
...

x
.

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
28

x
x

x
64

.
7

.
x

.
x

.
..

.
x

...
...

x
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

123
1,135
52,918
104
x
x
.
x
x
.
.
1,469
51,345
6,800
.
967
x
-4,821

0
0
.
.
.
.
.
.
.
.
.
.
.
0
0
0
51
x

218
4,206
25,712
8,434
..
..
.
0
0
0
0
10,851
6,427
13,441
.
1,909
712
x

x
51
.
..
.
.
.
.
.
.
.
.
.
28
100
95
218
x

0
56
0
..
.
.
.
0
0
.
.
0
.
0
..
0
0
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

..
.
396
.
396
396
.
.
.
.
.
.
.
..
.
0
0
x

0
.
x
.
x
x
.
0
0
.
.
x
.
..
.
50
106
838

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

x
5,449
83,620
8,538
4,990
4,990
0
0
0
0
0
12,320
57,772
20,269
100
3,022
1,396
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 4-10
Refined petroleum products, terajoules — Saskatchewan
Refinery
liquefied
petroleum
gases
(LPG’s) Still gas
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Kerosene
NonMotor and stove Diesel fuel
Light Heavy Petroleum Aviation Aviation energy
Total
gasoline
oil
oil fuel oil fuel oil
coke gasoline turbo fuel products products
terajoules

x
..
.
..
..
..
..
..
.

16,101
.
.
.
.
..
.
16,101
.

x
x
8
x
x
x
x
100,069
.

x
..
2
..
x
x
-12
321
.

x
x
41
x
x
x
x
116,112
.

.
x
..
x
..
.
x
345
..
x
173
x
x
x
215 12,998
.
.

x
x
84
..
x
..
x
4,656
.

.
.
.
x
x
.
x
83
.

.
..
15
x
x
x
x
3,869
.

x
x
x
x
x
x
x
x
x
x
x
x
x
x
11,925 272,524
.
.

.
.
.
.
.
..
..
...
...
...
...
...
...
...

.
.
.
.
.
16,101
16,101
.
.
.
.
.
.
.

629
.
.
.
.
99,440
..
.
98,793
5,323
3,026
127
0
.

.
.
.
.
.
321
.
.
318
3
0
0
.
.

4
7
.
.
.
116,101
..
.
115,258
12,236
2,838
225
0
x

130
.
.
.
.
86
..
.
215
135
124
x
.
.

0
0
.
.
.
x
0
.
8,818
100
0
0
.
.

.
.
.
.
.
4,656
x
x
0
0
.
.
.
.

.
.
.
.
.
83
.
.
83
.
.
.
.
.

.
.
.
.
.
3,869
.
.
3,869
..
x
0
.
.

.
763
.
7
.
.
.
.
.
.
11,925 265,580
x
x
x
x
... 227,353
... 17,803
...
5,993
...
x
...
0
...
x

...
...

.
.

.
.

.
.

0
0

.
.

.
.

.
.

.
.

.
.

...
...

.
.

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
127

.
0

x
157

.
x

.
0

.
.

.
.

.
0

...
...

x
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

9
2,161
73,871
30
..
..
.
.
.
.
.
2,475
71,366
16,933
.
2,098
x
647

0
3
.
.
.
.
.
.
.
.
.
.
.
16
271
16
12
x

160
9,013
47,352
9,978
..
..
.
0
0
.
1
29,390
7,983
49,532
.
4,654
1,484
x

x
0
.
.
.
.
.
.
.
.
.
.
.
26
51
0
3
x

8
93
.
.
.
.
.
.
.
.
.
.
.
x
..
x
..
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
8
.
8
8
.
.
.
.
.
..
.
.
.
5
70
x

.
.
3,254
x
x
x
.
0
0
.
.
1
.
.
.
x
x
0

...
x
... 11,270
... 124,486
... 10,008
...
3,262
...
3,246
...
16
...
..
...
0
...
..
...
1
... 31,866
... 79,350
... 75,225
...
321
...
6,894
...
2,624
...
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 4-11
Refined petroleum products, terajoules — Alberta
Refinery
liquefied
petroleum
gases
(LPG’s) Still gas
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Kerosene
NonMotor and stove Diesel fuel
Light Heavy Petroleum Aviation Aviation energy
Total
gasoline
oil
oil fuel oil fuel oil
coke gasoline turbo fuel products products
terajoules

x 226,991
..
.
..
.
..
.
..
.
..
.
.. 11,935
.. 238,926
.
.

x
x
x
-139,115
-2,022
x
x
235,522
.

..
..
0
-25
0
x
-4
x
.

390,238
x
x
-172,159
-2,928
-23,646
x
244,613
.

..
..
0
x
0
x
-29
292
.

x
x
x
x
-10
x
x
4,262
.

62,986
..
33
..
0
..
0
63,018
.

x
x
..
x
x
x
x
491
.

x 128,159 1,295,798
x 23,878
x
3
1,813
x
-12,645 -28,014 -356,817
x
-3,328
-8,592
x -59,789 -151,758
-1,963 113,884 240,181
39,209 135,502 982,301
.
.
.

.
.
. 11,935
.
.
.
.
.
.
.. 226,991
.. 226,991
...
.
...
.
...
.
...
.
...
.
...
.
...
.

258
.
.
.
.
235,264
..
.
225,775
10,511
8,268
17
x
.

.
.
.
.
.
36
..
.
46
20
4
x
0
.

0
176
.
.
.
244,437
25,011
.
257,576
46,121
33,380
927
x
x

.
.
.
.
.
292
.
.
317
251
224
x
x
0

0
727
.
.
.
3,535
0
x
670
491
119
x
.
.

0
2,126
.
.
.
60,892
50,865
6,062
0
0
0
.
.
.

.
.
.
.
.
491
..
.
558
x
..
0
.
.

.
.
258
.
. 14,963
.
.
.
.
.
.
.
.
.
39,209 135,502 946,650
..
9,121 311,988
. 127,449 133,512
39,203
... 524,146
x
... 57,626
x
... 42,208
x
...
x
..
...
x
.
...
x

...
...

.
.

.
.

.
.

0
x

.
.

.
0

.
.

.
.

.
.

...
...

.
x

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

..
17

0
x

53
x

0
14

0
x

.
.

.
..

.
x

...
...

53
1,004

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

319
1,908
195,150
117
6
6
.
43
43
.
57
8,512
186,416
17,441
0
1,519
x
9,489

0
x
.
.
.
.
.
.
.
.
.
.
.
1
0
0
26
x

1,877
9,937
168,221
24,152
78
78
.
10
10
0
608
62,352
81,020
34,206
.
4,200
4,829
x

x
2
.
.
.
.
.
.
.
.
.
.
34
13
5
0
13
-24

x
119
0
..
.
.
.
.
.
.
.
.
.
0
.
0
179
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
390
.
390
390
.
.
.
.
.
.
.
.
.
0
168
x

x
..
33,751
x
x
x
.
x
x
.
.
x
.
..
.
x
3,773
5

...
x
... 11,966
... 397,547
... 24,270
... 34,193
... 33,111
...
1,082
...
75
...
75
...
0
...
664
... 70,875
... 267,470
... 51,661
...
5
...
7,164
... 10,144
...
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 4-12
Refined petroleum products, terajoules — British Columbia
Refinery
liquefied
petroleum
gases
(LPG’s) Still gas
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Kerosene
NonMotor and stove Diesel fuel
Light Heavy Petroleum Aviation Aviation energy
Total
gasoline
oil
oil fuel oil fuel oil
coke gasoline turbo fuel products products
terajoules

x
..
.
..
..
..
..
..
.

x
.
.
.
.
.
x
x
.

x
x
x
x
623
x
x
191,120
.

..
..
x
x
..
x
x
66
.

x
x
x
x
-754
x
x
152,226
.

..
x
..
x
..
x
x
x
-1
x
48
x
x
x
223 10,998
.
.

x
..
x
..
..
..
..
4,659
.

.
..
..
x
x
-1
-5
286
.

x
x
x
x
x
x
x
44,452
.

x
x
x
x
x
x
x
x
x
x
x
x
x
x
18,206 432,621
.
.

.
.
.
.
.
..
..
...
...
...
...
...
...
...

0
.
.
.
.
x
x
.
.
.
.
.
.
.

100
.
.
.
.
191,020
..
.
188,542
x
3,959
3
0
.

.
.
.
.
x
66
..
.
154
21
2
x
x
.

484
0
.
.
.
151,741
..
.
142,419
39,150
16,066
x
x
x

.
.
0
19
.
.
.
.
.
0
223 10,979
x
.
.
x
856 11,545
504
828
33
0
450
x
x
x
.
.

.
.
.
.
.
4,659
x
x
7,962
x
.
x
.
.

.
.
.
.
.
286
.
.
286
x
.
x
.
.

.
.
.
.
.
44,452
..
.
44,444
183
x
x
..
.

.
584
.
19
.
.
.
.
.
0
18,206 427,677
x
x
x
x
... 396,208
... 54,798
... 20,059
...
x
...
976
...
x

...
...

.
.

.
.

.
.

.
x

x
x

.
.

x
x

.
.

.
.

...
...

x
x

...

.

.

.

.

.

.

.

x

x

...

x

...
...

.
.

.
3

.
x

14
x

0
442

.
x

0
0

.
..

.
x

...
...

14
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

1,117
1,072
177,259
102
x
x
.
495
495
.
.
4,637
172,024
3,586
0
948
x
x

x
2
.
.
.
.
.
x
x
.
.
.
.
0
0
0
133
x

11,191
x
87,157
10,041
..
..
.
18,744
12,957
5,787
80
29,078
29,214
11,999
0
1,516
2,597
x

5
x
17
8
x 10,717
..
..
.
.
.
.
.
.
x 10,717
x
0
0 10,717
.
.
.
.
8
.
10
0
301
0
18
0
14
0
x
x

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
.
159
.
157
157
.
.
.
.
.
.
..
.
.
0
128
x

.
.
41,262
x
x
x
.
x
x
.
.
x
.
..
.
410
2,590
8

...
x
... 10,276
... 316,562
... 10,143
... 41,281
... 25,770
... 15,511
... 30,089
... 13,585
... 16,504
...
80
... 33,723
... 201,246
... 15,596
...
301
...
2,892
...
6,060
...
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.

Statistics Canada – Catalogue no. 57-003-X

69

Report on Energy Supply and Demand in Canada

1062

2016 Preliminary

Table 4-13
Refined petroleum products, terajoules — Yukon, Northwest Territories and Nunavut
Refinery
liquefied
petroleum
gases
(LPG’s) Still gas
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Kerosene
NonMotor and stove Diesel fuel
Light Heavy Petroleum Aviation Aviation energy
Total
gasoline
oil
oil fuel oil fuel oil
coke gasoline turbo fuel products products
terajoules

.
.
.
.
.
.
.
..
.

..
.
.
.
.
.
.
0
.

..
x
x
x
x
x
x
4,883
.

.
..
x
x
x
x
x
x
.

..
..
x
x
x
x
x
15,930
.

..
x
..
..
x
x
x
1,323
.

.
.
.
.
..
..
..
..
.

.
.
.
.
.
.
.
..
.

.
x
..
x
x
..
x
106
.

.
x
x
x
x
x
x
4,320
.

..
..
0
x
..
0
..
78
.

.
x
x
x
x
18
x
29,034
.

.
.
.
.
.
..
.
...
...
...
...
...
...
...

.
0
.
.
.
x
.
.
.
.
.
.
.
.

0
.
.
.
.
4,883
..
.
4,131
x
x
.
.
.

.
.
.
.
.
2,393
.
.
1,941
4
1
0
.
.

2,880
2,933
.
.
.
10,117
..
.
15,926
9,006
8,571
x
.
.

.
.
.
.
.
1,323
.
.
1,277
240
x
x
.
.

.
.
.
.
.
0
.
.
1
1
0
x
.
.

.
.
.
.
.
0
.
0
.
.
.
.
.
.

.
.
.
.
.
106
.
.
73
0
.
.
.
.

.
.
.
.
.
4,320
..
.
3,970
x
x
x
.
.

.
.
.
.
.
78
..
x
...
...
...
...
...
...

2,880
2,933
.
.
.
23,221
..
x
27,320
9,304
8,577
x
.
.

...
...

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

...
...

.
.

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
.

.
0

0
x

.
x

.
x

.
.

.
.

.
x

...
...

.
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0
x
3,784
.
0
0
.
x
x
.
1
380
3,403
0
0
x
x
752

.
3
x
.
.
.
.
x
x
.
.
.
.
0
0
x
210
x

x
430
5,696
172
.
.
.
56
56
.
5
2,541
2,922
192
.
653
x
x

0
25
.
.
..
..
.
.
.
.
1
.
.
0
740
76
220
x

.
0
.
.
.
.
.
.
.
.
.
.
.
.
.
0
0
-1

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
x

.
..
10
.
10
10
.
.
.
.
.
.
.
.
.
13
50
x

.
..
x
.
x
x
.
.
.
.
.
.
.
.
.
x
x
350

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

0
x
14,642
172
3,447
3,423
24
1,770
1,770
.
7
2,921
6,325
192
741
1,056
1,385
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 4-14
Refined petroleum products, terajoules — Yukon
Refinery
liquefied
petroleum
gases
(LPG’s) Still gas
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Kerosene
NonMotor and stove Diesel fuel
Light Heavy Petroleum Aviation Aviation energy
Total
gasoline
oil
oil fuel oil fuel oil
coke gasoline turbo fuel products products
terajoules

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
x
x
x
x
.
x
x
.

.
..
x
x
x
x
x
655
.

.
..
73
x
44
x
4
x
.

.
x
..
..
x
x
x
208
.

.
.
.
.
.
.
.
..
.

.
.
.
.
.
.
.
.
.

.
x
..
x
x
.
x
66
.

.
x
x
..
x
x
x
784
.

.
.
0
x
.
0
..
6
.

.
x
x
x
x
4
x
6,967
.

.
.
.
.
.
.
.
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
x
.
.
x
x
x
.
.
.

.
.
.
.
.
655
.
.
x
3
0
.
.
.

247
.
.
.
.
x
.
.
x
428
403
x
.
.

.
.
.
.
.
208
.
.
249
215
x
x
.
.

.
.
.
.
.
0
.
.
1
.
.
x
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
66
.
.
34
0
.
.
.
.

.
.
.
.
.
784
.
.
438
x
x
.
.
.

.
.
.
.
.
6
.
7
...
...
...
...
...
...

247
.
.
.
.
6,720
..
x
5,101
646
404
x
.
.

...
...

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

...
...

.
.

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
.

.
.

.
x

.
x

.
x

.
.

.
.

.
.

...
...

.
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

0
x
1,880
.
0
0
.
.
.
.
.
175
1,705
0
0
x
x
..

.
2
.
.
.
.
.
x
x
.
.
.
.
0
0
0
199
x

x
x
1,858
.
..
..
.
.
.
.
.
1,409
448
0
.
x
5
x

.
2
.
.
..
..
.
.
.
.
.
.
.
0
14
15
6
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
..
7
.
7
7
.
.
.
.
.
.
.
.
.
x
x
x

.
..
x
.
x
x
..
.
.
.
.
.
.
.
.
0
x
.

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

0
x
4,152
.
414
414
0
.
.
.
.
1,584
2,153
0
14
28
261
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 4-15
Refined petroleum products, terajoules — Northwest Territories
Refinery
liquefied
petroleum
gases
(LPG’s) Still gas
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Kerosene
NonMotor and stove Diesel fuel
Light Heavy Petroleum Aviation Aviation energy
Total
gasoline
oil
oil fuel oil fuel oil
coke gasoline turbo fuel products products
terajoules

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
x
x
x
x
x
1,376
.

.
.
..
..
..
x
-1
24
.

.
.
172
x
2,118
x
x
6,479
.

.
.
.
..
.
1,115
..
x
.

.
.
.
.
.
.
..
..
.

.
.
.
.
.
.
.
.
.

.
.
..
x
x
..
x
40
.

.
.
124
x
x
x
x
1,700
.

.
.
..
72
..
0
..
72
.

.
.
334
x
x
14
x
10,806
.

.
.
.
.
.
.
.
...
...
...
...
...
...
...

.
0
.
.
.
0
.
.
.
.
.
.
.
.

0
.
.
.
.
1,376
.
.
1,365
x
3
.
.
.

.
.
.
.
.
24
.
.
24
1
0
0
.
.

866
2,933
.
.
.
2,680
.
.
10,133
6,413
6,025
x
.
.

.
.
.
.
.
1,115
.
.
1,028
25
x
.
.
.

.
.
.
.
.
0
.
.
0
0
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
40
.
.
40
.
.
.
.
.

.
.
.
.
.
1,700
.
.
1,700
x
0
x
.
.

.
.
.
.
.
72
.
75
...
...
...
...
...
...

866
2,933
.
.
.
7,007
.
x
14,289
6,493
6,030
x
.
.

...
...

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

...
...

.
.

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
.

.
0

.
x

.
.

.
.

.
.

.
.

.
x

...
...

.
x

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
51
1,250
.
0
0
.
x
x
.
1
83
1,166
0
.
47
x
11

.
0
.
.
.
.
.
.
.
.
.
.
.
0
0
12
11
x

.
x
3,329
172
.
.
.
56
56
.
5
717
2,380
0
.
x
15
x

.
23
.
.
.
.
.
.
.
.
1
.
.
0
727
61
215
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
..

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
4
.
4
4
.
.
.
.
.
.
.
.
.
x
x
x

.
.
x
.
x
x
..
.
.
.
.
.
.
.
.
71
212
0

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
x
6,000
172
1,421
1,416
5
56
56
.
7
799
3,546
0
727
573
496
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 4-16
Refined petroleum products, terajoules — Nunavut
Refinery
liquefied
petroleum
gases
(LPG’s) Still gas
Supply and demand
characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Stock change, utilities and industry
Transformed to other fuels
Electricity by utilities
Electricity by industry
Coke and manufactured gases
Refined petroleum products
Steam generation
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal
manufacturing
Cement manufacturing
Refined petroleum products
manufacturing
Chemicals and fertilizers
manufacturing
All other manufacturing
Forestry and logging and support
activities for forestry
Construction
Total transportation
Railways
Total airlines
Canadian airlines
Foreign airlines
Total marine
Domestic marine
Foreign marine
Pipelines
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Kerosene
NonMotor and stove Diesel fuel
Light Heavy Petroleum Aviation Aviation energy
Total
gasoline
oil
oil fuel oil fuel oil
coke gasoline turbo fuel products products
terajoules

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
x
x
..
.
x
x
.

.
.
x
..
.
.
.
x
.

.
..
x
x
x
.
x
x
.

.
.
.
.
.
.
.
..
.

.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.

.
.
.
..
.
.
.
..
.

.
.
x
..
..
.
.
x
.

.
.
.
.
.
.
.
..
.

.
.
x
x
x
.
x
11,261
.

.
.
.
.
.
.
.
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
x
.
.
x
.
.
.
.
.

.
.
.
.
.
x
.
.
x
0
0
.
.
.

1,767
..
.
.
.
x
.
.
x
2,165
2,143
..
.
.

.
.
.
.
.
0
.
.
0
0
0
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
..
.
.
0
.
.
.
.
.

.
.
.
.
.
x
.
.
x
.
.
.
.
.

.
.
.
.
.
..
.
0
...
...
...
...
...
...

1,767
..
.
.
.
9,494
.
.
7,929
2,165
2,143
0
.
.

...
...

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

...
...

.
.

...

.

.

.

.

.

.

.

.

.

...

.

...
...

.
.

.
.

.
.

.
..

.
.

.
.

.
.

.
.

.
.

...
...

.
0

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
654
.
.
.
.
.
.
.
.
122
532
0
.
114
x
0

.
.
x
.
.
.
.
x
x
.
.
.
.
.
0
0
0
x

.
x
509
.
.
.
.
x
x
.
.
x
94
192
.
x
x
x

.
.
.
.
.
.
.
0
.
0
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
0
.
0
0
.
.
.
.
.
.
.
.
.
0
0
x

.
.
1,612
.
x
x
.
.
.
.
.
.
.
.
.
x
x
4

...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...
...

.
x
4,490
.
1,612
1,593
19
1,715
1,715
.
.
537
626
192
0
455
628
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 5-1
Non-energy refined petroleum products — Canada

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Producer consumption
Total non-energy use, final demand
Mining and oil and gas extraction
Manufacturing
Forestry and logging and support activities for forestry
Construction
Transportation
Agriculture
Public administration
Commercial and other institutional
Statistical difference

Petrochemical
feedstocks

Naphtha
specialties

Asphalt

5,266.6
x
..
..
x
x
x
5,983.9
x
5,862.5
.
5,862.5
.
.
.
.
.
.
x

x
..
x
0.0
x
-83.0
x
x
..
72.2
.
.
.
.
.
.
.
72.2
x

x
x
x
0.0
32.1
x
x
3,216.9
..
x
.
731.3
.
x
.
.
.
381.5
116.2

Lubricating oils Other non-energy
Total non-energy use of
and greases
products refined petroleum products
megalitres
x
x
x
0.0
84.2
-831.9
x
520.5
x
x
106.6
159.4
12.0
x
25.3
x
x
262.3
x

2,847.8
x
x
0.0
-100.2
x
9,664.4
x
x
2,656.7
.
.
.
.
.
.
.
2,656.7
..

13,998.4
x
1,216.5
0.0
x
x
11,286.3
13,738.4
1,322.8
x
106.6
6,753.2
12.0
x
25.3
x
x
3,372.8
124.8

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.

74

Statistics Canada – Catalogue no. 57-003-X

Report on Energy Supply and Demand in Canada

1067

2016 Preliminary

Table 5-2
Non-energy refined petroleum products — Atlantic provinces

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Producer consumption
Total non-energy use, final demand
Mining and oil and gas extraction
Manufacturing
Forestry and logging and support activities for forestry
Construction
Transportation
Agriculture
Public administration
Commercial and other institutional
Statistical difference

Petrochemical
feedstocks

Naphtha
specialties

Asphalt

x
..
.
..
..
0.0
..
x
..
0.0
.
0.0
.
.
.
.
.
.
x

..
.
..
0.0
0.0
..
0.0
0.0
.
0.0
.
.
.
.
.
.
.
0.0
0.0

x
x
x
41.8
x
x
x
x
..
x
.
x
.
x
.
.
.
x
x

Lubricating oils Other non-energy
Total non-energy use of
and greases
products refined petroleum products
megalitres
..
..
x
x
2.4
..
x
x
..
27.1
8.7
10.6
0.1
0.3
1.2
0.2
0.2
5.8
-17.3

x
x
0.0
x
x
x
x
x
x
0.2
.
.
.
.
.
.
.
0.2
..

1,171.9
671.0
27.6
52.0
10.6
-163.5
19.6
426.0
x
x
8.7
50.1
0.1
x
1.2
0.2
0.2
x
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 5-3
Non-energy refined petroleum products — Newfoundland and Labrador

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Producer consumption
Total non-energy use, final demand
Mining and oil and gas extraction
Manufacturing
Forestry and logging and support activities for forestry
Construction
Transportation
Agriculture
Public administration
Commercial and other institutional
Statistical difference

Petrochemical
feedstocks

Naphtha
specialties

Asphalt

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
0.0
0.0
.
0.0
0.0
.
0.0
.
.
.
.
.
.
.
0.0
0.0

.
.
12.7
x
x
.
x
40.4
.
x
.
0.0
.
x
.
.
.
x
x

Lubricating oils Other non-energy
Total non-energy use of
and greases
products refined petroleum products
megalitres
.
.
0.0
x
x
..
x
x
.
9.6
7.5
0.6
.
0.1
0.4
0.0
0.1
0.9
x

x
x
..
0.0
x
x
x
x
x
0.0
.
.
.
.
.
.
.
0.0
..

x
x
x
x
x
x
x
45.2
x
x
7.5
0.6
.
x
0.4
0.0
0.1
x
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 5-4
Non-energy refined petroleum products — Prince Edward Island

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Producer consumption
Total non-energy use, final demand
Mining and oil and gas extraction
Manufacturing
Forestry and logging and support activities for forestry
Construction
Transportation
Agriculture
Public administration
Commercial and other institutional
Statistical difference

Petrochemical
feedstocks

Naphtha
specialties

Asphalt

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
..
.
.
.
..
.
..
.
.
.
.
.
.
.
..
.

.
.
.
x
..
.
..
x
.
x
.
0.0
.
x
.
.
.
x
x

Lubricating oils Other non-energy
Total non-energy use of
and greases
products refined petroleum products
megalitres
.
.
..
x
..
.
..
x
.
0.3
.
0.1
0.0
0.0
0.0
0.0
0.0
0.2
x

.
.
.
x
..
0.0
..
.
.
.
.
.
.
.
.
.
.
.
.

..
..
..
x
..
x
..
3.2
..
x
.
0.1
..
x
0.0
0.0
0.0
x
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 5-5
Non-energy refined petroleum products — Nova Scotia

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Producer consumption
Total non-energy use, final demand
Mining and oil and gas extraction
Manufacturing
Forestry and logging and support activities for forestry
Construction
Transportation
Agriculture
Public administration
Commercial and other institutional
Statistical difference

Petrochemical
feedstocks

Naphtha
specialties

Asphalt

..
..
.
..
..
..
..
..
.
..
.
..
.
.
.
.
.
.
..

.
.
.
0.0
..
..
..
0.0
.
0.0
.
.
.
.
.
.
.
0.0
.

..
.
x
x
..
..
..
x
..
x
.
x
.
x
.
.
.
x
x

Lubricating oils Other non-energy
Total non-energy use of
and greases
products refined petroleum products
megalitres
.
..
0.0
x
x
.
0.0
4.3
.
6.7
1.2
0.8
0.0
0.1
0.6
0.2
0.1
3.7
x

..
..
..
0.2
..
..
..
..
.
..
.
.
.
.
.
.
.
..
..

..
..
12.2
x
x
x
x
75.3
..
x
1.2
40.3
0.0
x
0.6
0.2
0.1
x
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 5-6
Non-energy refined petroleum products — New Brunswick

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Producer consumption
Total non-energy use, final demand
Mining and oil and gas extraction
Manufacturing
Forestry and logging and support activities for forestry
Construction
Transportation
Agriculture
Public administration
Commercial and other institutional
Statistical difference

Petrochemical
feedstocks

Naphtha
specialties

Asphalt

x
.
.
..
.
x
..
x
..
0.0
.
0.0
.
.
.
.
.
.
0.0

.
.
.
0.0
0.0
.
0.0
0.0
.
0.0
.
.
.
.
.
.
.
0.0
0.0

x
x
0.4
x
x
x
x
x
.
x
.
0.0
.
x
.
.
.
x
x

Lubricating oils Other non-energy
Total non-energy use of
and greases
products refined petroleum products
megalitres
.
.
x
x
x
..
0.0
3.4
..
10.6
0.0
9.2
0.1
0.0
0.2
0.0
0.0
1.1
-7.2

..
..
0.0
0.0
x
x
x
x
x
x
.
.
.
.
.
.
.
x
..

x
x
x
x
x
x
x
302.2
x
x
0.0
9.2
0.1
x
0.2
0.0
0.0
x
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 5-7
Non-energy refined petroleum products — Quebec

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Producer consumption
Total non-energy use, final demand
Mining and oil and gas extraction
Manufacturing
Forestry and logging and support activities for forestry
Construction
Transportation
Agriculture
Public administration
Commercial and other institutional
Statistical difference

Petrochemical
feedstocks

Naphtha
specialties

Asphalt

x
x
..
x
-54.0
x
x
x
..
297.0
.
297.0
.
.
.
.
.
.
108.0

x
..
x
x
x
x
0.0
0.1
..
0.1
.
.
.
.
.
.
.
0.1
0.0

x
x
x
x
x
x
x
664.3
..
x
.
152.2
.
x
.
.
.
7.1
16.3

Lubricating oils Other non-energy
Total non-energy use of
and greases
products refined petroleum products
megalitres
..
..
x
x
x
..
0.0
19.3
..
x
2.6
14.7
0.6
x
5.2
x
x
13.0
-19.7

x
x
..
x
x
x
x
x
..
41.0
.
.
.
.
.
.
.
41.0
..

x
583.4
103.7
146.2
-101.0
-845.5
x
1,129.8
..
x
2.6
463.8
0.6
x
5.2
x
x
61.2
104.6

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 5-8
Non-energy refined petroleum products — Ontario

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Producer consumption
Total non-energy use, final demand
Mining and oil and gas extraction
Manufacturing
Forestry and logging and support activities for forestry
Construction
Transportation
Agriculture
Public administration
Commercial and other institutional
Statistical difference

Petrochemical
feedstocks

Naphtha
specialties

Asphalt

x
x
..
x
x
x
1,304.3
5,224.0
..
5,243.1
.
5,243.1
.
.
.
.
.
.
x

x
..
..
x
x
x
x
x
..
63.3
.
.
.
.
.
.
.
63.3
0.0

x
x
x
x
-2.1
..
x
784.5
..
762.4
.
306.1
.
306.1
.
.
.
150.2
22.1

Lubricating oils Other non-energy
Total non-energy use of
and greases
products refined petroleum products
megalitres
x
x
x
x
x
-729.2
12.6
258.7
x
239.2
6.9
102.6
0.9
4.1
6.4
2.3
0.2
115.8
x

x
x
x
x
50.3
x
x
x
x
463.4
.
.
.
.
.
.
.
463.4
..

6,521.0
468.6
844.6
103.5
132.1
-6,015.7
6,977.8
7,830.4
1,037.8
6,771.4
6.9
5,651.8
0.9
310.2
6.4
2.3
0.2
792.7
21.2

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 5-9
Non-energy refined petroleum products — Manitoba

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Producer consumption
Total non-energy use, final demand
Mining and oil and gas extraction
Manufacturing
Forestry and logging and support activities for forestry
Construction
Transportation
Agriculture
Public administration
Commercial and other institutional
Statistical difference

Petrochemical
feedstocks

Naphtha
specialties

Asphalt

.
..
.
0.1
..
.
..
x
.
0.1
.
0.1
.
.
.
.
.
.
..

.
..
..
0.0
..
..
..
0.0
.
0.0
.
.
.
.
.
.
.
0.0
.

.
x
x
x
..
.
x
265.5
..
264.3
.
55.8
.
167.3
.
.
.
41.2
1.2

Lubricating oils Other non-energy
Total non-energy use of
and greases
products refined petroleum products
megalitres
.
..
x
x
x
..
x
13.3
..
15.3
0.6
1.0
0.0
0.3
1.0
0.8
0.1
11.5
-2.0

.
..
..
x
0.0
x
0.2
x
..
0.2
.
.
.
.
.
.
.
0.2
..

..
x
x
x
x
x
x
279.1
..
279.8
0.6
56.9
0.0
167.5
1.0
0.8
0.1
52.9
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 5-10
Non-energy refined petroleum products — Saskatchewan

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Producer consumption
Total non-energy use, final demand
Mining and oil and gas extraction
Manufacturing
Forestry and logging and support activities for forestry
Construction
Transportation
Agriculture
Public administration
Commercial and other institutional
Statistical difference

Petrochemical
feedstocks

Naphtha
specialties

Asphalt

.
.
.
.
.
.
.
3.1
.
3.1
.
3.1
.
.
.
.
.
.
..

.
.
.
0.0
..
..
..
0.0
.
0.0
.
.
.
.
.
.
.
0.0
0.0

x
x
x
x
x
x
x
225.8
..
x
.
x
.
x
.
.
.
x
x

Lubricating oils Other non-energy
Total non-energy use of
and greases
products refined petroleum products
megalitres
.
.
6.0
x
x
..
x
38.8
x
58.2
31.6
4.0
0.6
2.4
1.7
9.2
0.4
8.3
x

x
..
..
x
x
x
x
6.5
..
6.5
.
.
.
.
.
.
.
6.5
..

x
x
x
x
x
x
x
274.2
x
x
31.6
78.0
0.6
x
1.7
9.2
0.4
x
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 5-11
Non-energy refined petroleum products — Alberta

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Producer consumption
Total non-energy use, final demand
Mining and oil and gas extraction
Manufacturing
Forestry and logging and support activities for forestry
Construction
Transportation
Agriculture
Public administration
Commercial and other institutional
Statistical difference

Petrochemical
feedstocks

Naphtha
specialties

Asphalt

x
.
..
x
-0.1
x
x
x
..
319.2
.
319.2
.
.
.
.
.
.
x

x
..
..
-0.1
x
x
x
8.7
.
8.7
.
.
.
.
.
.
.
8.7
0.0

x
x
x
x
3.1
x
x
602.9
..
595.6
.
80.1
.
497.2
.
.
.
18.3
7.4

Lubricating oils Other non-energy
Total non-energy use of
and greases
products refined petroleum products
megalitres
x
x
x
x
x
x
24.5
68.6
..
104.3
40.7
18.2
3.0
3.9
2.7
2.8
0.7
32.3
-35.8

x
x
..
x
x
x
x
2,372.4
x
2,143.4
.
.
.
.
.
.
.
2,143.4
..

3,067.1
538.6
44.3
-635.1
-83.8
-1,517.4
2,867.9
3,372.1
229.0
3,171.2
40.7
417.5
3.0
501.1
2.7
2.8
0.7
2,202.7
-28.3

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 5-12
Non-energy refined petroleum products — British Columbia

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Producer consumption
Total non-energy use, final demand
Mining and oil and gas extraction
Manufacturing
Forestry and logging and support activities for forestry
Construction
Transportation
Agriculture
Public administration
Commercial and other institutional
Statistical difference

Petrochemical
feedstocks

Naphtha
specialties

Asphalt

..
..
.
..
..
..
..
..
.
..
.
..
.
.
.
.
.
.
..

..
..
..
0.1
..
..
0.0
0.1
..
0.1
.
.
.
.
.
.
.
0.1
0.0

x
..
x
x
x
0.0
x
293.2
..
291.5
.
26.7
.
184.6
.
.
.
80.2
1.6

Lubricating oils Other non-energy
Total non-energy use of
and greases
products refined petroleum products
megalitres
..
0.5
x
x
x
x
5.0
109.9
..
113.5
13.7
8.2
6.9
1.4
6.9
0.8
0.1
75.5
x

x
..
..
x
x
x
628.2
x
x
2.0
.
.
.
.
.
.
.
2.0
..

x
x
x
x
x
x
x
424.9
x
407.1
13.7
34.9
6.9
186.0
6.9
0.8
0.1
157.8
x

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 5-13
Non-energy refined petroleum products — Yukon, Northwest Territories and Nunavut

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Producer consumption
Total non-energy use, final demand
Mining and oil and gas extraction
Manufacturing
Forestry and logging and support activities for forestry
Construction
Transportation
Agriculture
Public administration
Commercial and other institutional
Statistical difference

Petrochemical
feedstocks

Naphtha
specialties

Asphalt

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
0.0
..
.
.
0.0
.
0.0
.
.
.
.
.
.
.
0.0
.

.
.
..
x
.
.
..
x
.
0.1
.
.
.
0.0
.
.
.
0.1
0.0

Lubricating oils Other non-energy
Total non-energy use of
and greases
products refined petroleum products
megalitres
.
..
0.0
1.9
..
.
..
x
.
2.0
1.8
0.1
0.0
0.0
0.0
0.0
0.0
0.1
-0.1

.
.
.
0.0
..
0.0
..
0.0
.
0.0
.
.
.
.
.
.
.
0.0
..

..
..
0.0
x
..
0.0
..
x
..
x
1.8
x
0.0
0.0
0.0
0.0
0.0
0.2
-0.1

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 5-14
Non-energy refined petroleum products — Yukon

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Producer consumption
Total non-energy use, final demand
Mining and oil and gas extraction
Manufacturing
Forestry and logging and support activities for forestry
Construction
Transportation
Agriculture
Public administration
Commercial and other institutional
Statistical difference

Petrochemical
feedstocks

Naphtha
specialties

Asphalt

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
..
.
.
.
..
.
..
.
.
.
.
.
.
.
..
.

.
.
..
x
.
.
..
x
.
0.1
.
.
.
0.0
.
.
.
0.1
x

Lubricating oils Other non-energy
Total non-energy use of
and greases
products refined petroleum products
megalitres
.
.
0.0
0.0
..
.
..
0.0
.
0.0
0.0
0.0
.
0.0
0.0
0.0
0.0
0.0
0.0

.
.
.
0.0
.
0.0
..
.
.
.
.
.
.
.
.
.
.
.
.

.
.
0.0
x
..
0.0
..
x
.
0.1
0.0
0.0
.
0.0
0.0
0.0
0.0
0.1
0.0

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 5-15
Non-energy refined petroleum products — Northwest Territories

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Producer consumption
Total non-energy use, final demand
Mining and oil and gas extraction
Manufacturing
Forestry and logging and support activities for forestry
Construction
Transportation
Agriculture
Public administration
Commercial and other institutional
Statistical difference

Petrochemical
feedstocks

Naphtha
specialties

Asphalt

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
0.0
..
.
.
0.0
.
0.0
.
.
.
.
.
.
.
0.0
.

.
.
.
..
.
.
.
..
.
0.0
.
.
.
0.0
.
.
.
.
0.0

Lubricating oils Other non-energy
Total non-energy use of
and greases
products refined petroleum products
megalitres
.
.
.
1.8
..
.
..
1.8
.
1.8
1.8
0.0
0.0
0.0
0.0
0.0
0.0
0.0
-0.1

.
.
.
0.0
..
0.0
..
0.0
.
0.0
.
.
.
.
.
.
.
0.0
..

.
.
.
1.8
..
0.0
..
1.8
.
1.8
1.8
0.0
0.0
0.0
0.0
0.0
0.0
0.0
-0.1

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 5-16
Non-energy refined petroleum products — Nunavut

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Producer consumption
Total non-energy use, final demand
Mining and oil and gas extraction
Manufacturing
Forestry and logging and support activities for forestry
Construction
Transportation
Agriculture
Public administration
Commercial and other institutional
Statistical difference

Petrochemical
feedstocks

Naphtha
specialties

Asphalt

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
..
.
.
.
.
.
.
.
..
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

Lubricating oils Other non-energy
Total non-energy use of
and greases
products refined petroleum products
megalitres
.
..
.
..
.
.
.
..
.
0.0
0.0
.
.
.
.
.
.
.
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
..
.
..
.
.
.
..
.
0.0
0.0
.
.
.
.
.
.
0.0
0.0

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 6-1
Details of natural gas liquids, natural units — Canada

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Ethane
megalitres

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

11,729.8
6,659.1
404.0
0.0
190.6
.
-27.2
5,256.9

7,149.9
1,080.3
415.7
0.0
109.1
.
-5,295.3
1,080.9

15,188.9
..
3,344.3
.
..
.
..
18,533.2

34,068.6
7,739.4
4,164.0
0.0
299.7
..
-5,322.5
24,871.0

..
x
x
369.8
x
5,158.3
2,086.7
1,726.0
216.4
x
x
x
0.4
..
5.1
x
x
477.1
477.1
.
406.5
674.4
..
1,513.6
-1.4

x
x
x
205.6
x
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
18,533.2
.
18,533.2
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
2,428.5
26,236.7
x
x
5,158.3
2,086.7
1,726.0
216.4
x
x
x
0.4
..
5.1
x
x
477.1
477.1
..
406.5
674.4
..
1,513.6
-25.6

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 6-2
Details of natural gas liquids, natural units — Atlantic provinces

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Ethane
megalitres

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

x
x
4.6
x
x
.
..
x

x
x
x
x
x
.
..
x

.
.
.
.
.
.
.
.

x
58.3
x
x
x
.
..
203.4

..
x
x
x
.
x
68.5
9.1
x
x
x
x
0.0
..
0.7
34.5
x
2.9
2.9
.
3.2
50.9
..
136.7
0.1

..
x
x
x
x
..
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
x
710.0
x
x
x
68.5
9.1
x
x
x
x
0.0
..
0.7
34.5
x
2.9
2.9
..
3.2
50.9
..
136.7
0.1

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 6-3
Details of natural gas liquids, natural units — Newfoundland and Labrador

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Ethane
megalitres

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

.
.
.
x
..
.
.
x

.
.
.
..
x
.
..
x

.
.
.
.
.
.
.
.

.
.
.
22.4
-1.7
.
..
24.0

.
x
60.5
..
.
60.6
5.5
1.5
x
0.0
.
.
.
..
0.0
x
x
0.5
0.5
.
0.2
14.7
..
39.6
-0.1

.
x
x
..
x
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
x
106.8
..
x
60.6
5.5
1.5
x
0.0
.
.
.
..
0.0
x
x
0.5
0.5
..
0.2
14.7
..
39.6
-0.1

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 6-4
Details of natural gas liquids, natural units — Prince Edward Island

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Ethane
megalitres

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

.
..
.
x
x
.
..
x

.
.
.
..
.
.
.
..

.
.
.
.
.
.
.
.

.
..
.
x
x
.
..
x

.
..
x
..
.
x
x
..
x
x
.
.
.
..
x
1.3
..
..
..
.
0.2
2.1
.
3.4
0.0

.
.
..
..
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
..
x
..
.
x
2.0
..
x
x
.
.
.
..
x
1.3
..
..
..
..
0.2
2.1
..
3.4
0.0

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 6-5
Details of natural gas liquids, natural units — Nova Scotia

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Ethane
megalitres

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

x
x
1.3
x
x
.
..
x

x
0.0
0.0
x
x
.
..
x

.
.
.
.
.
.
.
.

x
x
x
-46.0
26.5
.
..
93.0

..
..
x
..
.
92.3
17.6
0.8
x
0.2
x
.
0.0
..
0.0
x
x
1.8
1.8
.
1.5
22.2
..
49.2
0.1

..
..
x
x
..
..
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
..
93.0
0.6
..
92.3
17.6
0.8
x
0.2
x
.
0.0
..
0.0
x
x
1.8
1.8
..
1.5
22.2
..
49.2
0.1

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 6-6
Details of natural gas liquids, natural units — New Brunswick

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Ethane
megalitres

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

.
x
3.4
x
x
.
..
x

.
x
x
x
..
.
.
x

.
.
.
.
.
.
.
.

.
x
x
128.3
x
.
..
78.7

.
x
x
x
.
x
43.3
6.9
x
1.0
.
x
.
..
x
13.2
x
0.6
0.6
.
1.2
11.8
..
44.5
0.0

.
x
x
x
x
..
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
x
502.5
x
x
101.4
43.3
6.9
x
1.0
.
x
.
..
x
13.2
x
0.6
0.6
..
1.2
11.8
..
44.5
0.0

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 6-7
Details of natural gas liquids, natural units — Quebec

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Ethane
megalitres

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

.
x
53.8
x
x
.
..
x

.
x
x
x
x
.
..
x

.
.
.
.
.
.
.
.

.
378.2
x
567.9
-6.4
..
..
251.2

..
x
x
x
x
682.1
77.1
1.4
x
2.4
x
x
0.0
..
1.3
x
x
31.5
31.5
.
199.8
65.4
..
308.2
-0.1

x
x
x
x
x
..
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
x
839.9
x
x
682.1
77.1
1.4
x
2.4
x
x
0.0
..
1.3
x
x
31.5
31.5
..
199.8
65.4
..
308.2
-0.1

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 6-8
Details of natural gas liquids, natural units — Ontario

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

Ethane
megalitres

x
1,275.9
317.9
-136.9
155.8
.
.
x

x
521.6
282.9
-440.1
-42.2
.
.
x

.
.
2,093.5
..
..
.
..
2,093.5

5,272.5
1,797.5
2,694.3
-577.0
113.6
..
..
5,478.7

..
x
x
13.3
x
1,913.6
371.5
239.8
59.6
5.0
4.0
1.2
x
..
1.7
x
x
285.6
285.6
.
171.4
446.1
..
638.8
0.0

x
x
477.0
x
x
..
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
2,093.5
.
2,093.5
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
x
5,185.1
x
x
1,913.6
371.5
239.8
59.6
5.0
4.0
1.2
x
..
1.7
x
x
285.6
285.6
..
171.4
446.1
..
638.8
0.0

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 6-9
Details of natural gas liquids, natural units — Manitoba

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Ethane
megalitres

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

..
425.1
1.0
517.2
-3.7
.
..
96.8

..
63.8
0.0
63.6
-0.2
.
.
0.0

.
.
0.6
.
.
.
.
0.6

0.0
488.9
1.6
580.8
-3.9
..
..
97.4

.
..
96.8
..
..
x
47.5
35.0
x
x
0.1
x
.
.
0.0
1.1
x
4.4
4.4
.
13.7
5.7
..
25.4
0.0

.
..
0.0
..
..
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
0.6
.
0.6
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
..
97.4
..
x
x
47.5
35.0
x
x
0.1
x
..
..
0.0
1.1
x
4.4
4.4
..
13.7
5.7
..
25.4
0.0

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 6-10
Details of natural gas liquids, natural units — Saskatchewan

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Ethane
megalitres

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

x
x
1.4
x
x
.
.
x

x
x
x
x
x
.
.
x

x
.
.
..
..
.
..
x

x
602.8
x
-433.7
x
.
..
252.7

.
x
x
x
..
241.5
188.2
185.5
x
0.0
x
x
.
..
0.0
0.7
x
5.7
5.7
.
2.6
12.8
..
32.2
0.0

.
x
x
x
x
..
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
x
.
x
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
x
631.2
x
x
241.5
188.2
185.5
x
0.0
x
x
0.0
..
0.0
0.7
x
5.7
5.7
..
2.6
12.8
..
32.2
0.0

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 6-11
Details of natural gas liquids, natural units — Alberta

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Ethane
megalitres

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

6,302.4
3,225.0
3.1
-1,041.0
263.4
.
-27.2
1,748.8

4,456.7
67.2
94.0
1,412.1
211.9
.
-5,295.3
388.4

13,945.2
.
1,250.2
..
..
.
..
15,195.4

24,704.3
3,292.2
1,347.3
371.1
475.3
..
-5,322.5
17,332.6

..
x
x
317.9
x
1,694.8
1,267.9
1,209.2
x
0.6
0.0
0.1
x
..
0.8
5.7
x
51.6
51.6
.
11.3
58.4
..
305.7
0.0

x
x
x
x
x
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
15,195.4
.
15,195.4
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
x
17,469.0
x
x
1,694.8
1,267.9
1,209.2
x
0.6
0.0
0.1
x
..
0.8
5.7
x
51.6
51.6
..
11.3
58.4
..
305.7
0.0

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 6-12
Details of natural gas liquids, natural units — British Columbia

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Ethane
megalitres

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

x
x
22.2
x
x
.
..
x

x
x
x
x
x
.
.
x

x
.
.
..
.
.
.
x

x
1,121.1
x
-652.8
1.1
..
..
1,223.5

.
x
x
x
x
236.1
55.6
35.9
x
1.8
0.5
.
0.0
..
0.5
x
x
94.2
94.2
.
4.5
28.0
..
53.9
-1.4

..
x
x
x
x
..
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
x
.
x
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
x
1,272.7
x
x
236.1
55.6
35.9
x
1.8
0.5
0.0
0.0
..
0.5
x
x
94.2
94.2
..
4.5
28.0
..
53.9
-25.5

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 6-13
Details of natural gas liquids, natural units — Yukon, Northwest Territories and Nunavut

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Ethane
megalitres

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

.
x
.
x
x
.
.
31.4

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

0.0
x
.
x
x
.
..
31.4

.
..
31.4
..
.
31.4
10.4
10.0
x
.
.
.
.
.
.
x
x
1.2
1.2
.
..
7.1
..
12.7
0.0

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
..
31.4
..
.
31.4
10.4
10.0
x
.
.
.
.
..
0.0
x
0.4
1.2
1.2
..
..
7.1
..
12.7
0.0

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 7-1
Details of natural gas liquids, terajoules — Canada

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

Ethane
terajoules

296,881
168,541
10,225
1
4,825
.
-688
133,052

203,344
30,725
11,823
0
3,102
.
-150,598
30,741

261,552
..
57,589
.
..
.
..
319,141

761,776
199,266
79,637
1
7,927
..
-151,286
482,934

..
x
x
9,359
x
130,556
52,814
43,685
5,478
x
x
x
11
..
128
x
x
12,075
12,075
.
10,288
17,070
..
38,309
-36

x
x
x
5,848
x
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
319,141
.
319,141
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
65,969
518,679
x
x
130,556
52,814
43,685
5,478
x
x
x
11
..
128
x
x
12,075
12,075
..
10,288
17,070
..
38,309
-723

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 7-2
Details of natural gas liquids, terajoules — Atlantic provinces

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

Ethane
terajoules

x
x
117
x
x
.
..
x

x
x
x
x
x
.
..
x

.
.
.
.
.
.
.
.

x
1,481
x
x
x
.
..
5,348

..
x
x
x
.
x
1,733
231
x
x
x
x
0
..
18
874
x
73
73
.
80
1,287
..
3,459
1

..
x
x
x
x
..
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
x
19,321
x
x
x
1,733
231
x
x
x
x
0
..
18
874
x
73
73
..
80
1,287
..
3,459
1

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 7-3
Details of natural gas liquids, terajoules — Newfoundland and Labrador

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

Ethane
terajoules

.
.
.
x
..
.
.
x

.
.
.
..
x
.
..
x

.
.
.
.
.
.
.
.

.
.
.
566
-47
.
..
613

.
x
1,532
..
.
1,535
140
37
x
0
.
.
.
..
0
x
x
13
13
.
6
373
..
1,003
-3

.
x
x
..
x
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
x
2,849
..
x
1,535
140
37
x
0
.
.
.
..
0
x
x
13
13
..
6
373
..
1,003
-3

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 7-4
Details of natural gas liquids, terajoules — Prince Edward Island

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

Ethane
terajoules

.
..
.
x
x
.
..
x

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
..
.
x
x
.
..
x

.
..
x
..
.
x
x
..
x
x
.
.
.
..
x
34
..
..
..
.
6
54
.
85
1

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
..
x
..
.
x
50
..
x
x
.
.
.
..
x
34
..
..
..
..
6
54
..
85
1

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 7-5
Details of natural gas liquids, terajoules — Nova Scotia

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

Ethane
terajoules

x
x
32
x
x
.
..
x

x
0
0
x
x
.
..
x

.
.
.
.
.
.
.
.

x
x
x
-1,356
670
.
..
2,356

..
..
x
..
.
2,337
447
19
x
5
x
.
0
..
1
x
x
45
45
.
39
561
..
1,245
2

..
..
x
x
..
..
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
..
2,356
17
..
2,337
447
19
x
5
x
.
0
..
1
x
x
45
45
..
39
561
..
1,245
2

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 7-6
Details of natural gas liquids, terajoules — New Brunswick

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

Ethane
terajoules

.
x
85
x
x
.
..
x

.
x
x
x
..
.
.
x

.
.
.
.
.
.
.
.

.
x
x
3,437
x
.
..
2,184

.
x
x
x
.
x
1,096
175
x
26
.
x
.
..
x
334
x
15
15
.
30
299
..
1,126
1

.
x
x
x
x
..
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
x
13,921
x
x
2,567
1,096
175
x
26
.
x
.
..
x
334
x
15
15
..
30
299
..
1,126
1

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 7-7
Details of natural gas liquids, terajoules — Quebec

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

Ethane
terajoules

.
x
1,361
x
x
.
..
x

.
x
x
x
x
.
..
x

.
.
.
.
.
.
.
.

.
9,909
x
14,101
-171
..
..
5,763

..
x
x
x
x
17,263
1,952
36
x
61
x
x
0
..
32
x
x
798
798
.
5,058
1,656
..
7,800
-1

x
x
x
x
x
..
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
x
21,665
x
x
17,263
1,952
36
x
61
x
x
0
..
32
x
x
798
798
..
5,058
1,656
..
7,800
-1

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 7-8
Details of natural gas liquids, terajoules — Ontario

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

Ethane
terajoules

x
32,293
8,046
-3,465
3,943
.
.
x

x
14,835
8,047
-12,517
-1,199
.
.
x

.
.
36,050
..
..
.
..
36,050

138,420
47,128
52,143
-15,982
2,743
..
..
124,709

..
x
x
337
x
48,432
9,403
6,069
1,509
126
100
29
x
..
42
x
x
7,229
7,229
.
4,339
11,292
..
16,169
1

x
x
13,565
x
x
..
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
36,050
.
36,050
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
x
115,793
x
x
48,432
9,403
6,069
1,509
126
100
29
x
..
42
x
x
7,229
7,229
..
4,339
11,292
..
16,169
1

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 7-9
Details of natural gas liquids, terajoules — Manitoba

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

Ethane
terajoules

..
10,760
26
13,089
-93
.
..
2,449

..
1,814
0
1,808
-6
.
.
0

.
.
10
.
.
.
.
10

0
12,574
37
14,898
-99
..
..
2,459

.
..
2,449
..
..
x
1,203
886
x
x
2
x
.
.
1
27
x
111
111
.
348
145
..
642
0

.
..
0
..
..
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
10
.
10
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
..
2,459
..
x
x
1,203
886
x
x
2
x
..
..
1
27
x
111
111
..
348
145
..
642
0

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 7-10
Details of natural gas liquids, terajoules — Saskatchewan

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

Ethane
terajoules

x
x
36
x
x
.
.
x

x
x
x
x
x
.
.
x

x
.
.
..
..
.
..
x

x
15,589
x
-11,806
x
.
..
4,338

.
x
x
x
..
6,112
4,763
4,695
x
0
x
x
.
..
1
17
x
144
144
.
65
324
..
816
0

.
x
x
x
x
..
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
x
.
x
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
x
14,815
x
x
6,112
4,763
4,695
x
0
x
x
0
..
1
17
x
144
144
..
65
324
..
816
0

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 7-11
Details of natural gas liquids, terajoules — Alberta

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

Ethane
terajoules

159,513
81,626
79
-26,348
6,667
.
-688
44,263

126,749
1,910
2,672
40,160
6,026
.
-150,598
11,046

240,136
.
21,528
..
..
.
..
261,664

526,398
83,536
24,279
13,812
12,693
..
-151,286
316,973

..
x
x
8,047
x
42,896
32,089
30,606
x
16
1
2
x
..
21
145
x
1,306
1,306
.
285
1,477
..
7,738
-1

x
x
x
x
x
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
261,664
.
261,664
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

x
x
319,976
x
x
42,896
32,089
30,606
x
16
1
2
x
..
21
145
x
1,306
1,306
..
285
1,477
..
7,738
-1

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 7-12
Details of natural gas liquids, terajoules — British Columbia

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

Ethane
terajoules

x
x
561
x
x
.
..
x

x
x
x
x
x
.
.
x

x
.
.
..
.
.
.
x

x
29,040
x
-18,661
28
..
..
22,549

.
x
x
x
x
5,975
1,408
910
x
46
12
.
0
..
13
x
x
2,383
2,383
.
113
708
..
1,364
-35

..
x
x
x
x
..
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
x
.
x
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
x
23,855
x
x
5,975
1,408
910
x
46
12
0
0
..
13
x
x
2,383
2,383
..
113
708
..
1,364
-722

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 7-13
Details of natural gas liquids, terajoules — Yukon, Northwest Territories and Nunavut

Supply and demand characteristics
Production
Exports
Imports
Inter-regional transfers
Stock variation
Inter-product transfers
Other adjustments
Availability
Transformed to other fuels
Refined petroleum products
Net refinery produced liquefied petroleum gases (LPG’s)
Net supply
Producer consumption
Non-energy use
Energy use, final demand
Total industrial
Mining and oil and gas extraction
Total manufacturing
Pulp and paper manufacturing
Iron and steel manufacturing
Aluminum and non-ferrous metal manufacturing
Cement manufacturing
Refined petroleum products manufacturing
Chemicals and fertilizers manufacturing
All other manufacturing
Construction
Total transportation
Road transport and urban transit
Retail pump sales
Agriculture
Residential
Public administration
Commercial and other institutional
Statistical difference

Gas plant natural gas
liquids (NGL’s)

Propane

Butane

Ethane
terajoules

.
x
.
x
x
.
.
795

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

0
x
.
x
x
.
..
795

.
..
795
..
.
795
263
252
x
.
.
.
.
.
.
x
x
32
32
.
..
180
..
321
-1

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

..
..
795
..
.
795
263
252
x
.
.
.
.
..
0
x
10
32
32
..
..
180
..
321
-1

Note: See “Data quality, concepts and methodology — Explanatory notes for tables” section.
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Table 8-1
Electricity generated from fossil fuels — Total electricity generated

Canada
Newfoundland and Labrador
Prince Edward Island
Nova Scotia
New Brunswick
Quebec
Ontario
Manitoba
Saskatchewan
Alberta
British Columbia
Yukon, Northwest Territories and
Nunavut

Coal Natural gas Diesel and light fuel oil Heavy fuel oil¹ Wood and spent pulping liquor Other fuels² Total all fuels
gigawatt hours
61,167
63,623
2,313
1,651
8,009
277
137,038
.
940
1,133
0
0
0
2,073
.
.
5
2
3
0
9
5,915
1,541
26
150
376
0
8,008
2,544
2,793
5
915
332
3
6,592
.
103
226
357
1,377
2
2,065
0
15,106
69
186
1,129
85
16,576
29
87
26
11
58
14
224
12,120
8,618
1
0
0
0
20,739
40,559
32,079
0
24
820
34
73,516
0
2,335
110
6
3,915
139
6,505
.

21

712

.

0

0

732

1. Includes petroleum coke.
2. Includes manufactured gases, other petroleum products, other fuels and station service.
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Table 8-2
Electricity generated from fossil fuels — Utility generation

Canada
Newfoundland and Labrador
Prince Edward Island
Nova Scotia
New Brunswick
Quebec
Ontario
Manitoba
Saskatchewan
Alberta
British Columbia
Yukon, Northwest Territories and
Nunavut

Coal Natural gas Diesel and light fuel oil Heavy fuel oil¹ Wood and spent pulping liquor Other fuels² Total all fuels
gigawatt hours
61,167
43,843
1,463
1,311
.
15
107,799
.
.
692
0
.
0
692
.
.
5
2
.
0
6
5,915
1,530
26
147
.
.
7,617
2,544
2,782
5
692
.
.
6,023
.
0
226
291
.
0
518
0
13,115
69
179
.
0
13,363
29
12
16
x
.
.
56
12,120
8,276
0
0
.
.
20,396
40,559
16,416
0
0
.
15
56,990
.
1,692
92
0
.
0
1,784
.

21

333

.

.

.

353

1. Includes petroleum coke.
2. Includes manufactured gases, other petroleum products, other fuels and station service.
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Table 9
Primary electricity generation
Hydro
Utility
Canada
Newfoundland and Labrador
Nova Scotia and Prince Edward Island
New Brunswick
Quebec
Ontario
Manitoba
Saskatchewan
Alberta
British Columbia
Yukon
Northwest Territories

383,968
38,830
2,472
3,990
184,018
48,223
36,462
4,015
7,809
57,474
420
255

Industry
gigawatt hours

Nuclear

Uranium used
tonnes

32,003
843

95,418
…
…
4,545
…
90,873
…
…
…
…
…
…

1,633
…
…
95
…
1,538
…
…
…
…
…
…

…
20,587
1,167
…
…
282
9,110
…
14

… not applicable
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Table 10
Consumption of solid wood waste and spent pulping liquor for energy production
Solid wood waste
kilotonnes terajoules
Canada
Newfoundland and Labrador and Nova Scotia
New Brunswick
Quebec
Ontario
Manitoba
Saskatchewan
Alberta
British Columbia

Statistics Canada – Catalogue no. 57-003-X

11,090
x
x
2,910
1,400
x
x
842
4,682

199,623
x
x
52,373
25,205
x
x
15,163
84,278

Spent pulping liquor
kilotonnes terajoules
18,411
x
x
2,847
2,197
x
x
2,389
8,763

257,754
x
x
39,859
30,758
x
x
33,440
122,684
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Table 11
Estimated additions to still gas, diesel, petroleum coke and crude oil1
Saskatchewan
Alberta
megalitre
Still gas
Natural gas and product transfer
Diesel
Petroleum coke

192
262
…
…

Canada

4,782
2,516
640
1,007

4,974
2,778
640
1,007

… not applicable
1. This reflects internally produced and consumed petroleum products by oilsands and upgraders.
Note: To avoid double counting in the crude oil stream, gains from the hydrogen treatment of natural gas in upgrader and oilsands facilities are accounted for as a plus (+) in Inter-product
transfers and as a minus (-) in other adjustments. Amounts flowing from the Natural gas stream are shown as a negative in Inter-product transfers.
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Table 12
Oilsands processing operations
Oilsands mined
Bitumen processed1
Products produced2 from processed bitumen
Synthetic crude oil3
Diesel
Still gas
Sulphur
Petroleum coke

Thousands of tonnes

Megalitres

651,940
74,315

…
…

…
…
…
2,000
…

54,072
300
4,782
…
8,905

… not applicable
1. Represents bitumen processed into specific products from oil sands mined.
2. Differences between products produced and bitumen processed are accounted for in plant uses, processing losses, etc.
3. Included in the crude oil column in Alberta.

Statistics Canada – Catalogue no. 57-003-X

121

Report on Energy Supply and Demand in Canada

1114

2016 Preliminary

Data quality, concepts and methodology
Definitions
Inter-regional transfers - Shows the net inter-regional movement of product between regions.
Inter-product transfers - Shows the transfer of similar products between different product forms, e.g. still gas to
natural gas, natural gas to produce hydrogen in petroleum refineries.
Other adjustments - Includes cyclical billing variations, metering differences and losses in transportation.In the
case of crude oil, includes sales to non-refineries.
Availability - The amount which was available for use. This includes the summation of production, imports,
inter-regional transfers, inter-product transfers and other adjustments, less exports and stock variation.
Net supply - The amount “available” after the amounts used in transformation processes are subtracted.
Availability minus stock change – utilities and industry, transformed to electricity – by utilities, transformed to
electricity – by industry, transformed to coke and manufactured gases, transformed to refined products and
transformed to steam generation. Net refinery production is included in net supply for propane and butane.
Producers’ Consumption - Producers’ consumption as measured here is the consumption by the producing
industry of its own produced fuel – for example refined petroleum products consumed by the refined petroleum
product industry, or natural gas used in the field, flared and waste, field uses, gathering uses, plant uses and
metering adjustments. It does not include consumption of energy forms produced by other energy supply industries
– for example; it would exclude the use of natural gas by the petroleum refining industry. In the case of electricity,
it includes transmission losses, adjustments, “unaccounted for” amounts which are subject to variation because of
cyclical billing, etc., but excludes generating station use output as measured at the generating station gate.
Non-energy use - Amounts shown here are for amounts used for purposes other than fuel purposes. Includes
products being used as petrochemical feedstock, anodes/cathodes, greases, lubricants, etc.
Energy use – final demand - The summation of the usage in mining and oil and gas extraction, manufacturing,
forestry, construction, transportation, agriculture, residential, public administration and commercial and other
institutional.For Propane, it includes non-energy use.
Total mining and oil and gas extraction - Comprises establishments primarily engaged in extracting naturally
occurring minerals. This includes metal mines, non-metal mines, coal mines, crude petroleum and natural gas
extraction industries, stone quarries gravel pits, exploration for minerals, development of mineral properties and
contract drilling operations. NAICS code 21.
Pulp and paper - Includes establishments primarily engaged in manufacturing pulp, paper and paper products.
NAICS code 322.
Iron and steel - Establishments primarily engaged in operating blast furnaces, casting mills, rolling mills or coke
ovens operated in association with blast furnaces including steel foundries. NAICS codes 3311, 3312 and 33151.
Smelting and refining, non-ferrous - Establishments primarily engaged in the production of aluminum and the
refining of non-ferrous metals. NAICS codes 3313, 3314 and 33152.
Cement - Establishments primarily engaged in manufacturing cement. NAICS code 327310. This classification
does not include ready-mix concrete operations, which is included in “Other Manufacturing”.
Petroleum refining - Establishments primarily engaged in manufacturing of a group of refined petroleum
products including fuels, blended oils and greases. NAICS code 324110 and part of 324190.
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Chemicals - Establishments primarily engaged in manufacturing industrial organic and inorganic chemicals and
chemical fertilizers. NAICS code 325.
Other manufacturing - All other manufacturing industries (NAICS codes 31, 32 and 33) not listed above. In some
instances, this classification is used when no breakdown of the component manufacturing industries is provided.
Total manufacturing - The summation of manufacturing industries.
Forestry - Establishments primarily engaged in forestry and logging services. NAICS codes 113 and 1153.
Construction - Establishments primarily engaged in the construction of buildings, highways, dams, etc., and those
providing services to the construction industry. Special trade contractors primarily engaged in construction work
in such specialties as plumbing, carpentry, painting, etc. are included here. NAICS code 23. Sales of asphalt (in
Non-energy refined petroleum products table) for paving purposes, regardless of the purchaser, are included here.
Canadian airlines - Domestic airlines engaged primarily in the for-hire, common-carrier transportation of
people and/or goods using aircraft, such as airplanes and helicopters.NAICS code 481.Exclude foreign airlines.
Also excluded are establishments engaged in providing specialty flying services such as aerial photography,
surveying, air taxi, flying clubs, flying schools, recreation flying, etc., which are included in ‘Commercial and Other
Institutional’.Aerial crop spraying/crop dusting is considered to be ‘Agriculture’.
Domestic marine - Establishments primarily engaged in the water transportation of passengers and goods,
using equipment designed for those purposes and provided by ships of Canadian registry (flag). Commercial
fishing is also included. NAICS codes 1141 and 483. Excluded are usage by National Defence and the Canadian
Coast Guard, which are included in Public Administration.
Pipelines - Establishments primarily engaged in operating pipelines for the transport of natural gas, crude oil and
other products. Also included are establishments engaged in the distribution of natural gas through a series of
mains. NAICS codes 486 and 2212.
Road transport and urban transit - Establishments primarily engaged in truck transport services, in the
operation of urban, interurban and rural transit systems, school buses, charter and sightseeing buses, taxis and
limousine services to airports and stations. Card Lock (Key Lock) operations are also included here. NAICS codes
484, 485, 4871, 4879, 4884, 4885 and 4889.
Transportation - In this sector, only the use of fuel by the transportation industry for transportation purposes
are included. Excluded are any fuels used for activities not directly involved in transportation (i.e. train stations,
warehouses, airports, etc.). These amounts are included in Commercial and other institutional. Fuels, which have
been purchased for use by the agriculture, commercial and public institutions sectors for transportation purposes,
are included in the sectors to which the fuel was sold.
Agriculture - Establishments primarily engaged in agricultural, hunting and trapping activities. NAICS codes 111,
112, 1142, 1151 and 1152. Excluded are any operations primarily engaged in food processing, farm machinery
manufacture and repair.
Residential - Includes all personal residences including single family residences, apartments, apartment hotels,
condominiums and farm homes.
Public administration - Establishments of federal, provincial and municipal governments primarily engaged in
activities associated with public administration. This includes such establishments as the Federal Public Service,
National Defence, RCMP and provincial and local administrations. NAICS code 91.
Commercial and other institutional - Final consumers other than those listed above. This includes service
industries related to mining, transportation, as well as storage and warehousing, communications and utility
(excluding electricity and natural gas), wholesale and retail trade, finance and insurance, real estate and business
service, education, health and social services and other service industries.
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Explanatory notes for tables
Tables groups 1 and 2
Energy products with both primary and secondary sources (steam, electricity and LPG’s – liquefied petroleum
gases) have their entire disposition accounted for under the primary energy form.
Coal
Data presented here are a summation of the different types of coal; bituminous, sub-bituminous, lignite and
anthracite. It should be noted that the heat content varies depending on the mine. For publication purposes,
provincial/territorial heat contents have been established for Canadian bituminous. Therefore, inter-regional
movements, expressed in terajoules, may not balance at the Canada level.
Crude oil
Includes pentanes plus, condensate, crude bitumen and synthetic crude as well as conventional crude. Starting in
1990, the enrichment of synthetic crude at the oil sands plants by the addition of hydrogen, which originates from
natural gas, is included as an inter-product transfer.
Inventory data used to calculate stock variation are based on pipeline inventories (which are source province/
territory of origin and not the province/territory in which they are held) and refinery inventories. The net effect of
this method of calculating is to overstate some provinces/territories and understate others. At the Canada level,
however, these differences counter balance.
Any use of crude oil by sectors other than petroleum refineries is included in ‘Other adjustments’. The monthly
surveys, Refined Petroleum Products (2150) survey and Crude Oil and Natural Gas (2198) survey, plus data
obtained from the Alberta Energy Utilities Board (AEUB) and administrative records are the sources of the data
used to compile the crude oil figures.
Natural gas
The basic sources for the natural gas data are the Gas Utilities/Transportation and Distribution Systems
(survey 2149), Natural Gas Disposition (survey 2167) and the Industrial Consumption of Energy Survey (5047).
A modified production is used in this publication. This modified production is equal to marketable production
plus field flared and waste, field uses, gathering uses, plant uses and plus or minus adjustments as reported in
the Crude Oil and Natural Gas (survey 2198) survey. The addition of field flared and waste, field uses, gathering
uses, plant uses and plus or minus adjustments is shown as producer consumption in this survey.
Starting with 1990, natural gas used to produce hydrogen for the enrichment of synthetic crude oil or oil products
produced by petroleum refineries is shown as an ‘inter-product transfer’.
Estimates for the non-energy use of natural gas have been derived from the annual Industrial Consumption of
Energy Survey (5047). The estimates take into account that only certain companies producing the products listed
above use natural gas as a feedstock.
Natural gas conversion factors are subject to fluctuations due to the varying heat content of the gas produced
from different fields and to the processes to which the gas is subjected. Conversion factors are based on the heat
content of natural gas as reported in the Gas Utilities / Transportation and Distribution Systems (survey 2149).
The factors are normally revised each year, resulting in revisions to the natural gas terajoule data.
Gas plant NGL’s (natural gas liquids)
Includes propane, butane and ethane. Data shown here is a summation of data presented in table groups 6 and 7.
Condensate produced by gas plants is included with crude oil. Disposition shown is for both refinery produced
propane and butane and for gas plant NGL’s.
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Primary electricity
Production is for hydro, nuclear, wind, tidal and solar generated electricity. The assumption is made that
international and inter-regional movements of electricity are from primary sources. As virtually all generation
is supplied to a grid system, it is not possible to determine the dispositions of primary or secondary electricity
separately. Disposition data for both primary and secondary electricity is presented here. Nuclear generation of
electricity data are displayed in the Table 9.
The annual Electricity Supply and Disposition (survey 2194) is the source of data for this publication.
Steam
Steam sold includes only known steam sales of large producers and therefore excludes any steam produced for
own consumption as process steam or space heating. Primary production is primarily from nuclear produced
steam. Biomass and geothermal produced steam sales will also be included as they become sufficiently
important.
In the natural units section of the table, generation of steam for sale data differ from other energy forms in that
they are shown under transformed to other fuels. Steam for sale generation is a negative number in order that the
column will remain additive.
Secondary generation of steam for sale can be the product of dedicated steam plants or the result of cogeneration of electricity and steam. For the dedicated plants, the amounts of fuels used are known; whereas for
co-generation plants, only an estimate of the fuels used for steam for sale generation may be made.
Coke
The input coal for the coke plants is shown in the coal column.
Coke oven gas
Coke oven gas data comes directly from the annual Industrial Consumption of Energy Survey (5047).
Total refined petroleum products
For the summation of both primary and secondary energy, this column is repeated here. Individual fuel details are
found in table groups 3 and 4.
Secondary electricity
This column presents the amount of electricity generated from thermal generation. The fuels used are shown in
‘Transformed to electricity by utilities’ and in ‘Transformed to electricity by industry’ and may include some fuel
used for co-generation for which adequate data is not available to enable the split of the fuels. The sources of the
data are as indicated for primary electricity. Disposition data is shown under primary electricity. Exports, imports
and producers’ consumption (which includes line losses) are included under primary electricity.
The usage of heavy fuel oil, coal and natural gas for electricity generation by utilities is as reported on the surveys.
Natural gas usage, however, may be overstated in that the total usage of the electric utility, including that gas used
for space heating, is measured. Estimates of diesel and light fuel oil consumption use known generation for the
year, with the amounts of these fuels used being based on the previous year’s reported consumption pattern.
Alberta bituminous coal, used for electricity generation, has a lower heat content than the bituminous coal
produced for export. Given the dominance of the export market, the heat content used is that of coal produced for
such shipments.
For industrial establishments generating electricity with process steam, the energy required to produce the
initial steam is excluded from estimates of fuels used in the generation of electricity. Only that energy needed
to super-heat the steam for use in the turbines/generator is considered in these estimates. As a consequence,
efficiencies of 65 to 70% result. This contrasts with the generation by electric utilities, where all heat losses are
ascribed to electricity generation, resulting in efficiencies ranging between 30 and 40% for most operations.
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For most gas turbine and internal combustion generation, reported efficiencies will be in the range of 20 to 35%
for both utilities and industry. However, some newer gas turbines have efficiencies of between 70 and 80%.

Table groups 3 and 4
Inter-products transfers
Inter-product transfers are defined as refined petroleum product (RPP) ‘inter-product transfers’, less ‘transfers
to refinery feedstocks’ but excluding liquefied petroleum gases (LPG) and natural gas transfers. This change
allows the transfers to feedstocks to be picked up in the crude oil column. LPG and Natural gas inputs are on the
‘Transformed to other fuels’– Refined products line.
The item ‘Other adjustments’ is the combination of various RPP items, and is composed as follows:
1. (+) receipts from reporting companies
2. (+) receipts from non-reporting companies
3. (–) deliveries to reporting companies
4. (–) losses and adjustments
‘Inter-regional transfers’ may be modified to reflect movements that are indicated by supplementary data used in
the completion of the tables.
Additional information on oil products produced and used in the oil sands/non-conventional sector of the oil and
gas industry are included.
The timing of data selection can affect the calculation of supply data. That is, the inclusion or exclusion of RPP
revisions may cause different results.
These tables summarize the activity of Canadian petroleum refineries and the imports of petroleum products. The
supply data for all products are derived from the Refined Petroleum Products (survey 2150) survey and from
administrative records. Disposition data are from this survey and the Industrial Consumption of Energy Survey
(survey 5047).
Because of the way Heavy Fuel Oil and Light Fuel Oil are used, a specific method of combining industries has
been employed in the body of this publication. This pattern is detailed in the following:
Light fuel oil
• Consumption data reported in the railways and road transport sectors are presented in the commercial and
other institutional sector.
Heavy fuel oil
• Consumption data reported in railways in Ontario and British Columbia are presented in the domestic
marine sector and in the commercial and other institutional sector for all other provinces.
• Consumption data reported in British Columbia in the road transport sector is presented in the domestic
marine sector and in the commercial and other institutional sector for all other provinces.
Refinery LPG’s (liquefied petroleum gases)
The disposition data is combined with that of ‘gas plant NGL’s’ from Table Groups 6 and 7.
Still gas
Almost all still gas, also commonly known as refinery fuel gas, is used within the producing refinery. Amounts
that are sold appear as ‘Inter-product transfers’. Amounts used to generate electricity are reported on the line
‘Transformed to electricity by industry’.
Kerosene and stove oil and light fuel oil
Only the major industrial uses are shown.Industries with small usage are included with ‘Other manufacturing’.
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Heavy fuel oil and petroleum coke
Most of the disposition data for industry is from the Industrial Consumption of Energy Survey (5047). Inventory
changes at utilities and industry are on the ‘Stock change – Utilities and industry’ line. ‘Other adjustments’ and
‘Inter-regional movements’ may be modified to balance the ICE data.
Non-energy products
For the summation of all refinery products, the total column of Table 5 is repeated here. Data for the individual
products presented in the Table 5 are converted to terajoules and summarized for inclusion here in the terajoule
portion of this table in order for Table 4 to remain additive.
Total refined petroleum products
This column is the summation of the individual products (refinery LPG’s, still gas, motor gasoline, kerosene and
stove oil, diesel fuel oil, light fuel oil, heavy fuel oil, petroleum coke, aviation gasoline, aviation turbo fuel and
non-energy products). This column is carried forward as the ‘Petroleum products’ column in the table groups 1
and 2. Excluded is the disposition of propane and butane that is shown under ‘Gas plant NGL’s’.

Table 5
Non-energy refined petroleum products
Although this table shows the final sector of disposition, all of the usage is non-energy use. When shown in the
table groups 3 and 4, all usage is considered to be non-energy use and is included on the Non-energy use line.
Petrochemical feedstocks
Refinery gases or other first derivatives of petroleum for use as raw material for further processing includes LPG’s,
crude tops, crude bottoms, lube oils for recycling and any other product used as petrochemical feedstock.
Naphtha specialties
This includes industrial and commercial solvents, lighting naphtha, mineral spirits and paint thinners. Since the
largest portion of these items are used in the commercial sector (dry cleaning plants), the total is attributed to this
use.
Lubricating oils and greases
Contains all oils and greases of petroleum origin manufactured or sold for lubricating purposes.

Other products
Includes waxes, paraffin and unfinished products (items which cannot be identified in end-product terms).

Table groups 6 and 7
Details of natural gas liquids (NGL’s)
Data for the supply section of this table come from various sources. Principal sources for this data are the National
Energy Board, the individual producing provinces/territories and administrative records. Disposition data are
estimates based on known usage and consultation with the largest distributors. The validity of the usage estimates
is a function of classifications and regionalization used by the distributors, and their ability in determining the type
of final customers.
Data for production, exports, imports, inter-regional transfers, stock variation, inter-product transfers, other
adjustments, availability, transformed to electricity by utilities, transformed to electricity by industry, transformed
to refined products and net supply are for gas plants only. Refinery produced propane, butane and ethane supply
items are shown in the table groups 3 and 4 as ‘Refinery LPG’s’. The line called ‘Refinery produced LPG’s (net)’
in these table groups allows the entry of the refinery-produced products into the gas plant stream. This line is the
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‘availability’ less ‘producers’ consumption’ of propane, butane and ethane, shown in the ‘Refinery LPG’s’ column
in table groups 3 and 4.
The net supply numbers of NGL’s in “Details of natural gas liquids” table groups 6 and 7 are not the same as
those shown in the table groups 1 and 2 ’Primary and secondary energy’ column. The data shown in the ‘refinery
produced LPG’s (net)’ of the table groups 6 and 7 is already included in the table groups 3 and 4. It is considered
preferable to keep the LPG’s data in ‘Net supply’ and ‘Producer consumption’ at refineries.
Similarly, the Energy Use, Final Demand numbers of NGL’s in “Details of natural gas liquids” table groups 6 and 7
are not the same as those shown in the table groups 1 and 2 ’Primary and secondary energy’ column. They
include Non-energy use.

Table 8
This table presents a modeled breakdown of the thermal electricity generated from various fossil fuels. Included
are the amounts of electricity generated from fuel types excluded from the main tables, i.e. wood waste, spent
pulping liquor, waste heat, etc. Negatives may occur as an adjustment reflecting fuels used for station service, as
the electricity generation figures are reported on a net (as opposed to gross) generation basis.
The first section of this table presents the total generation by utilities and industry. The second part presents the
total generation by utilities only.

Table 9
This table presents in more detail the amount of electricity production shown in the table groups 1 and 2, Primary
electricity column, including the portion which is of nuclear generation. Uranium used is based on the heat content
as received annually from the utilities concerned.

Table 10
The main tables of this publication do not include alternative energy sources, although it is estimated that these
sources account for more than 7% of Canada’s energy requirements. However, electricity produced by biomass
has been included in the tables.
Data that are received are standardized based on heat content before inclusion in this publication.

Tables 11 and 12
In the upstream oilsands and heavy oil extraction processes, fuel is used from own production. Natural gas/
hydrocarbon gas is obtained during the separation stage of the production of heavy crude from the steam
injection process. Natural gas/hydrocarbon gas, diesel/synthetic and crude/naphtha are obtained during the
separation stages of the oilsand extraction and used by the producing plants.
During the processing in the oilsands plants and in the heavy oil upgraders, hydrogen treatment of heavy crude is
carried out, a process which results in a volumetric gain in the amount of crude oil which the plants produce.
These tables provide the volumes of these usage/gains reported in the main tables of this report as an increase
in ‘production’ or ‘Inter-product transfers’, with the disposition reported as ‘producer consumption’ or as usage
in the ‘mining industry’. The volumetric gain in the crude oil due to hydrogen treatment is shown as a reduction in
crude ‘Production’ and an ‘Inter-product transfer’ into the crude oil stream.
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Methodology
Data quality and methodology
The data contained in this publication are derived primarily from energy surveys and administrative records
received by Statistics Canada (STC), supplemented with data from the National Energy Board and various energy
producing provinces. In general, supply data (production, inventories, trade, etc.) are taken from STC energy fuel
specific surveys and disposition data as reported by the larger energy supply companies on energy disposition
surveys. The companies surveyed for supply data are the producers and large distributors of petroleum products,
major electric utilities (some of which consolidate information from smaller utilities that they supply), industrial
electricity producers, coal mines and the natural gas utility industry. Disposition data are supplemented by data
obtained from an annual survey of industrial energy consumers.
The validity of the published data is partly dependent on the ability of the responding industries to code customers
in an accurate manner. However, many reporting companies, especially in the petroleum products, natural gas
& electricity areas, have difficulty in determining the final consumers of the product, due to the presence of
marketing agents, brokers, etc. Furthermore, the final consumer may use the purchased product in a number of
different industries. As examples: an iron company which extracts and mills ore can also operate a railway system;
or a company which operates cement plants can also have ready-mix concrete plants and a trucking fleet all
under the same name. A further classification challenge invokes companies which have misleading names which
refer to an activity not carried out by the firms or who have changed their activity and not their names.
The universes for all surveys forming the basis of this publication are characterized by very few but very large
respondents. In general, no “sample” surveys of the energy producing and/or distribution industries are employed.
Rather, surveys of the total universe form the basis of this publication. The exception is the Industrial Consumption
of Energy Survey which surveys a sample of energy consumers primarily in the manufacturing sector. Selected
energy forms used in the most energy intensive industries of the industrial sector and by electric utilities are
monitored by surveying the largest establishments to verify selected data reported by the supply industries. In
instances where data is available from other STC surveys, comparisons are made to ensure comparability.
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Energy conversion factors
Fuel type
Coal
Anthracite
Imported bituminous
Canadian bituminous
Newfoundland and Labrador,
Prince Edward Island,
Nova Scotia and Quebec
New Brunswick
Ontario
Manitoba
Saskatchewan, Alberta,
Yukon, Northwest Territories
and Nunavut
British Columbia
Sub-bituminous
Lignite
Coal coke
Coke oven gas
Propane
Butane
Ethane
Crude oil
Light and medium1
Heavy1
Pentanes plus1
Still gas from refineries
Still gas from upgraders
Motor gasoline
Kerosene & stove oil
Diesel
Light fuel oil
Heavy fuel oil
Petroleum coke from refineries
Petroleum coke from upgraders
Aviation gasoline
Aviation turbo fuel
Petrochemical feedstock
Naphtha specialties
Asphalt
Lubricating oils and greases
Other petroleum products
Natural gas
Electricity
Steam
Solid wood waste
Spent pulping liquor

Natural
unit

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

kilotonne
kilotonne

27,70
29,82

27,70
29,82

27,70
29,82

27,70
29,82

27,70
29,82

27,70
29,82

27,70
29,82

27,70
29,82

27,70
29,82

27,70
29,82

27,70
29,82

27,70
29,82

27,70
29,82

kilotonne
kilotonne
kilotonne
kilotonne

28,96
26,80
25,43
26,02

28,96
26,80
25,43
26,02

28,96
26,80
25,43
26,02

28,96
26,80
25,43
26,02

28,96
26,80
25,43
26,02

28,96
26,80
25,43
26,02

28,96
26,80
25,43
26,02

28,96
26,80
25,43
26,02

28,96
26,80
25,43
26,02

28,96
26,80
25,43
26,02

28,96
26,80
25,43
26,02

28,96
26,80
25,43
26,02

28,96
26,80
25,43
26,02

kilotonne
kilotonne
kilotonne
kilotonne
kilotonne
gigalitre
megalitre
megalitre
megalitre
megalitre
megalitre
megalitre
megalitre
gigalitre
gigalitre
megalitre
megalitre
megalitre
megalitre
megalitre
megalitre
megalitre
megalitre
megalitre
megalitre
megalitre
megalitre
megalitre
megalitre
gigalitre
gigawatt
hour
kilotonne
kilotonne
kilotonne

25,43
26,02
19,15
15,00
28,83
19,14
25,31
28,44
17,22
39,28
38,51
40,90
35,17
36,08
43,24
35,00
37,68
38,30
38,80
42,50
46,35
40,57
33,52
37,40
35,17
35,17
44,46
39,16
39,82
38,21

25,43
26,02
19,15
15,00
28,83
19,14
25,31
28,44
17,22
38,52
38,51
40,90
35,17
36,08
43,24
35,00
37,68
38,30
38,80
42,50
46,35
40,57
33,52
37,40
35,17
35,17
44,46
39,16
39,82
38,26

25,43
26,02
19,15
15,00
28,83
19,14
25,31
28,44
17,22
38,32
38,51
40,90
35,17
36,08
43,24
35,00
37,68
38,30
38,80
42,50
46,35
40,57
33,52
37,40
35,17
35,17
44,46
39,16
39,82
38,18

25,43
26,02
19,15
15,00
28,83
19,14
25,31
28,44
17,22
39,32
38,51
40,90
35,17
36,08
43,24
35,00
37,68
38,30
38,80
42,50
46,35
40,57
33,52
37,40
35,17
35,17
44,46
39,16
39,82
38,11

25,43
26,02
19,15
15,00
28,83
19,14
25,31
28,44
17,22
38,99
38,51
40,90
35,17
36,08
43,24
35,00
37,68
38,30
38,80
42,50
46,35
40,57
33,52
37,40
35,17
35,17
44,46
39,16
39,82
38,26

25,43
26,02
19,15
15,00
28,83
19,14
25,31
28,44
17,22
39,19
38,51
40,90
35,17
36,08
43,24
35,00
37,68
38,30
38,80
42,50
46,35
40,57
33,52
37,40
35,17
35,17
44,46
39,16
39,82
38,43

25,43
26,02
19,15
15,00
28,83
19,14
25,31
28,44
17,22
39,27
38,51
40,90
35,17
36,08
43,24
35,00
37,68
38,30
38,80
42,50
46,35
40,57
33,52
37,40
35,17
35,17
44,46
39,16
39,82
38,52

25,43
26,02
19,15
15,00
28,83
19,14
25,31
28,44
17,22
39,29
38,51
40,90
35,17
36,08
43,24
35,00
37,68
38,30
38,80
42,50
46,35
40,57
33,52
37,40
35,17
35,17
44,46
39,16
39,82
38,56

25,43
26,02
19,15
15,00
28,83
19,14
25,31
28,44
17,22
39,35
38,51
40,90
35,17
36,08
43,24
35,00
37,68
38,30
38,80
42,50
46,35
40,57
33,52
37,40
35,17
35,17
44,46
39,16
39,82
38,74

25,43
26,02
19,15
15,00
28,83
19,14
25,31
28,44
17,22
39,35
38,51
40,90
35,17
36,08
43,24
35,00
37,68
38,30
38,80
42,50
46,35
40,57
33,52
37,40
35,17
35,17
44,46
39,16
39,82
38,85

25,43
26,02
19,15
15,00
28,83
19,14
25,31
28,44
17,22
39,41
38,51
40,90
35,17
36,08
43,24
35,00
37,68
38,30
38,80
42,50
46,35
40,57
33,52
37,40
35,17
35,17
44,46
39,16
39,82
39,00

25,43
26,02
19,15
15,00
28,83
19,14
25,31
28,44
17,22
39,44
38,51
40,90
35,17
36,08
43,24
35,00
37,68
38,30
38,80
42,50
46,35
40,57
33,52
37,40
35,17
35,17
44,46
39,16
39,82
39,24

25,43
26,02
19,15
15,00
28,83
19,14
25,31
28,44
17,22
39,44
38,51
40,90
35,17
36,08
43,24
35,00
37,68
38,30
38,80
42,50
46,35
40,57
33,52
37,40
35,17
35,17
44,46
39,16
39,82
39,03

3,60
2,75
18,00
14,00

3,60
2,75
18,00
14,00

3,60
2,75
18,00
14,00

3,60
2,75
18,00
14,00

3,60
2,75
18,00
14,00

3,60
2,75
18,00
14,00

3,60
2,75
18,00
14,00

3,60
2,75
18,00
14,00

3,60
2,75
18,00
14,00

3,60
2,75
18,00
14,00

3,60
2,75
18,00
14,00

3,60
2,75
18,00
14,00

3,60
2,75
18,00
14,00

1. Not used individually except in the calculation of the total crude oil factor.
Notes: Conversion factors are based on gross calorific values.
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Units and measures
Approximate product weights (one cubic metre)
LPG’s (liquefied petroleum gases)
Still gas
Aviation gasoline
Motor gasoline
Aviation turbo fuel
Kerosene
Diesel
Light fuel oil
Heavy fuel oil
Asphalt
Petroleum coke
Lubricating oils and greases

507.5 kg
468.7 kg
704.4 kg
745.2 kg
807.4 kg
807.4 kg
839.5 kg
839.5 kg
992.8 kg
999.7 kg
1,199.3 kg
938.9 kg

Figure 1
Units of measure
kilo = 103

mega = 106

giga = 109

tera = 1012

peta = 1015

Definitions (factors are rounded)
Tonne

= metric tonne
= 1,000 kg
= 1.102 short ton
= 2,204.620 pounds
= 0.984 long ton
= cubic metre
M3
= 1,000 litres
= 220.1 imperial gallons
= 6.29 barrels
= 35.31 cubic feet
= 264.17 U.S. gallons
Litre
= 0.220 gallon
= 0.264 U.S. gallon
Gallon
= Canadian or imperial gallon
= 4.546 litres
Cubic foot
= 0.028 m3
Cubic yard
= 0.765 m3
Pound
= 0.454 kg
Barrel
= Canadian barrel
= 0.159 m3
= 34.972 gallons
= 42 U.S. gallons
1,000 joules = 0.948 BTU (British Thermal Unit) = 239 calories
BTU
= 1,054.615 joules = 252 calories
KJ = kilojoule; MJ = megajoule GJ = gigajoule; TJ = terajoule PJ = petajoule.
Example:
1 terajoule (TJ) = 161.48 barrels of crude oil
1 barrel of crude oil = 6.193 gigajoules (GJ).
1 petajoule approximately equals the amount of energy required to operate the Montreal subway system for one full year.
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Analysis of Naphthenic Acids in
Filtered Oil Sands Process Water
(OSPW) using LC/TOF with
No Sample Preparation

Introduction

Naphthenic acids (NAs) are
water soluble weak acids,
with the general chemical
formula CnH2n+zO2, where
n is the carbon number,
z is referred to as hydrogen deficiency, is a negative even integer and is the number
of hydrogen atoms that are lost as the number of rings in naphthenic acid increases.
More than one isomer will exist for a given z homolog and the molecular weights
differ by 2 mass units (H2) between z-series and by 14 mass units (CH2) between
n-series. The number of possible naphthenic acids, with the same molecular
composition, are 134 with n ranging from 6 to 30 and the number of saturated rings
ranging from 0 to 6. Fig.1 shows examples of the general structures of naphthenic
acids which have a different number of rings1.
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with MS, have been reported in the literature, to minimize
the occurrence of false positives and help in structural
differentiation of NAs based on their characteristic HPLC
retention times10-11. The currently reported LC/MS methods
take anywhere from 30 to 60 minutes. The main objective
of this work was to develop a high resolution ( i.e., mass
resolution ~ 10,000), sensitive, specific and faster LC/TOF
MS method to determine the presence and concentration of
various naphthenic acids in oil sand process water using LC/
TOF MS without sample preparation.

Figure 1. General structure of naphthenic acids.

Introduction
Naphthenic acids occur naturally in crude oils and bitumen
and are the primary toxicants in wastewaters associated with
oil refineries and oil sands extraction. Oil sands are large
natural deposits that contain sand, clay, water and bitumen.
Separating the bitumen from the sand requires an extraction
process that uses large amounts of water. This results in
the large production of oil sand process water containing
naphthenic acids.
Naphthenic acids are toxic to animals and aquatic creatures.
They are persistent in the environment because they are
weakly biodegradable. In addition, they cause corrosion in
refinery units and pipelines. Since toxic action and corrosivity
is determined by the structure of the naphthenic acid,
identifying the type of naphthenic acid and its corresponding
amount in oil sand process water is crucial2,3. In the past,
fourier transform infrared (FTIR) spectroscopy and gas
chromatography (GC) have been used to detect NAs in
tailings pond water due to the ease of adapting the existing
methods used in oil-phase detection of NAs. However, it has
been found that FTIR usually overestimates the concentration
of NAs. This overestimation is thought to be due to the
contribution of the carboxylic acid groups of naturally
occurring organic acids e.g. fulvic acids and humic acids in
the aqueous sample. In the GC method, NAs are usually
derivatized to form esters and detected by flame ionization
detection and mass spectrometry (MS). However, the esters
are usually eluted from GC column as an unresolved hump
and characterization of individual NAs is not possible.
Recently, negative ion mode MS with soft ionization sources
such as electrospray ionization (ESI) and atmospheric pressure
chemical ionization (APCI) have been used successfully
for direct characterization of NAs2-9. Negative ion ESI-MS
has emerged as the method widely used for analysis of
NAs due to its higher sensitivity than APCI-MS. Liquid
infusion MS techniques are rapid; however matrix effects
severely hampers sensitivity and therefore they require time
consuming sample preparation techniques. Furthermore,
unit resolution MS methods are prone to giving false
positive results. Only a few methods which couple HPLC
2

Experimental
All measurement were carried out using the PerkinElmer
Flexar™ FX-15 LC with the PerkinElmer AxION® 2 TOF MS with
Ultraspray 2™ Dual ESI source in negative ion mode. A 15 min
LC gradient method using a PerkinElmer Brownlee™ SPP C8
(2.1 mm x 100 mm, 2.7 µm) at a flow rate of 0.3 ml/min was
developed. The gradient method was 45 % mobile phase B held
isocratically for two minutes, followed by the linear gradients
from 45 % to 67 % B in one minute and 67 % B to 100 % B in
seven minutes and held at 100 % B for five minutes. The mobile
phase A and B composition was 90 %/10 % water/methanol
with 10 mM ammonium acetate and 100 % methanol with 10
mM ammonium acetate, respectively. The column temperature
was kept at 30 °C and the sample injection volume was 50 µL.
The AxION 2 TOF was scanned over a mass range of 100-650
m/z with a flight voltage of 8000 V and an acquisition rate of
1.5 spectra/s. The ESI source temperature and drying gas flow
rate was 375 °C and 12 L/min, respectively. A commercial
standard mixture of naphthenic acid (Merichem, Houstan Texas
USA) was diluted to a concentration of 50 ppm and analyzed
using the method described above. The filtered oil sand process
water samples were analyzed with LC/TOF MS without any
sample preparation.

Results
A 15 minute gradient LC method coupled with TOF MS was
developed to separate the standard mixture of naphthenic
acids. The method was used to determine the characteristic
retention time of individual NAs and to determine the
presence and amount of NAs in filtered oil sand process
water samples. Figure 2 and Figure 3 show the extracted ion
chromatograms (EICs) for 134 naphthenic acids from the
standard mixture of NAs and a filtered oil sand process
water sample. Using accurate mass measurements of the
NAs, we were able to identify 111 out of possible 134 NAs
in the standard mixture and 54 NAs in the oil sand process
water samples. Figure 4 illustrates the mass and isotope
profile accuracy of one of the NAs (n=14,z=-4) in an oil sand
process water sample. Using lock mass calibration, the
average absolute mass accuracy of the measurements was
2.19 ppm with a standard deviation of 1.5 ppm.
Figure 5 displays the retention time of the naphthenic acids
as a function of n and z in a standard mixture of NAs. For
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the same carbon number, the retention time of the NAs
decreases with the increase in number of rings in the
structure. For the same number of rings in the structure,
the retention time increases with the increase in the
number of carbon atoms. Figure 6 and Figure 7
demonstrate the three-dimensional column graph of
percentage intensity of different NAs in the standard
mixture and an oil sand process water sample. Figure 8 and
Figure 9 present the ring type distribution of the NAs in the
standard mixture and the oil sand process water sample.
The data shows a similar ring type distribution of the
standard mixture and the oil sand process water sample.
Both the standard and the samples showed that the
highest amount of a given ring type of NAs had two rings
and this agrees with what has been reported in the
literature2,6. Based on the response relative to the 50 ppm
standard mixture of NAs, Table 1 lists the amount of the
NAs in three oil sand process water samples. The average
measured amount of NA in the oil sand process water
samples was 19.72 mg/L.

Figure 2. EIC of naphthenic acids in a 50 ppm standard mixture of naphthenic acids.

Conclusions
A 15 minute LC/TOF MS method was developed to
determine the presence and amount of different
naphthenic acids in oil sand process water without sample
preparation. The presence of 111 out of possible 134 NAs
was identified in a NAs standard and 54 NAs were
identified in oil sand process water samples by LC/TOF MS.
The identification of NAs was based on their characteristic
retention time and accurate mass measurements using LC/
TOF MS. The absolute mass accuracy of the measurement
was 2.19 ppm using lock mass calibration. The average
measured amount of total naphthenic acid in oil sand
process water was 19.72 mg/L. Using the LC/TOF MS
method developed in this work, we were able to measure
both total and individual amount of naphthenic acids
without any sample preparation or derivatization. In
comparison, the existing methods, such as GC, FTIR and
direct infusion ESI MS can either measure total naphthenic
acids without identifying naphthenic acids individually or
require time consuming sample preparation and
derivatization steps.

Figure 3. EIC of naphthenic acids in an oil sand process water sample.

Figure 4. Mass accuracy and isotope profile of one of the naphthenic acid in an oil
sand process water sample.

Table 1. Total naphthenic acid concentration in oil sand process water samples
measured using LC/TOF MS.

Oil Sand Process
Water Sample		

Total Naphthenic Acid/mg/L

1

20.13

2

19.50

3

19.54

Figure 5. Retention time of naphthenic acids as a function of n and z in the standard
mixture of naphthenic acids.
3
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Figure 6. Relative percentage intensity of different naphthenic acids in a standard
mixture of naphthenic acids.

Figure 7. Relative percentage intensity of different naphthenic acids in an oil sand
process water sample.

Figure 8. Naphthenic acid response as a function of number of naphthenic acid rings
in a standard mixture of naphthenic acids.

Figure 9. Naphthenic acid response as a function of number of naphthenic acid
rings in an oil sand process water sample.
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a b s t r a c t
There is increasing international interest in naphthenic acids (NAs, classical formula CnH2n + ZO2) found in the
oil sands from Alberta, Canada and in petroleum from around the world. The complexity of NAs poses major
analytical challenges for their quantiﬁcation and characterization. We used ultrahigh resolution electrospray
ionization Fourier transform ion cyclotron resonance mass spectrometry (ESI-FT-ICR MS) to probe the make up
of NAs from various sources by searching for peaks corresponding to the formula CnH2n + ZOx, for combinations
of n = 8 to 30, Z = 0 to −12, and x = 2 to 5. The sources included three commercial NAs preparations, and the
acid-extractable organics from eight oil sand process-affected waters (OSPW) and from six surface fresh
waters. Extracts from OSPW contained between 1 and 7% sulfur. The mass spectra showed between 300 and
1880 peaks, with N 99% of the peaks having m/z between 145 and 600. In most cases, b 20% of the peaks were
assigned as classical NAs (x = 2) and oxy-NAs (x = 3 to 5). The classical NAs from the OSPW were
predominantly Z = −4 and −6, whereas those from the fresh waters were mainly Z = 0, with palmitic and
stearic acids being the major components in the fresh waters. Remarkably, when the peak abundances were
considered, b 50% of the total abundance could be assigned to the classical and oxy-NAs. Thus, N 50% of the
compounds in the extracts of OSPW were not “naphthenic acids”. Based on these ﬁndings, it appears that the
term “naphthenic acids”, which has been used to describe the toxic extractable compounds in OSPW, should be
replaced by a term such as "oil sands tailings water acid-extractable organics (OSTWAEO)". Classical and oxyNAs are components of OSTWAEO, but this term would not be as misleading as “naphthenic acids”.
© 2010 Elsevier B.V. All rights reserved.

1. Introduction
The International Union of Pure and Applied Chemistry (McNaught
and Wilkinson, 1997) recognizes the term “naphthenic acids” and
provides the following deﬁnition: “acids, chieﬂy monocarboxylic,
derived from naphthenes”. From the same reference, the deﬁnition of
naphthenes is “cycloalkanes especially cyclopentane, cyclohexane and
their alkyl derivatives.” According to McNaught and Wilkinson (1997)
both terms seem to be obsolete, except in the petroleum and petrochemical industries.
Despite this apparent obsolescence, the term is appearing more
frequently in the literature. Searching the Scopus™ database for the

Abbreviations: 9-FCA, 9-ﬂuorenecarboxylic acid; DCM, dichloromethane; ESI-FT-ICR
MS, electrospray ionization Fourier transform ion cyclotron resonance mass spectrometry; FTIR, Fourier transform infrared; fwhm, full width at half maximum; HPLC-HRMS,
high performance liquid chromatography-high-resolution mass spectrometry; MLSB,
Mildred Lake Settling Basin; MTBSTFA, N-methyl-N-(t-butyl-dimethylsilyl)triﬂuoroacetamide; OSPW, Oil sand process-affected water; PACs, polycyclic aromatic compounds; PCA,
principal component analysis; QTOF, quadrupole time-of-ﬂight; SAGD, steam assisted
gravity drainage; WIP, West In-Pit.
⁎ Corresponding author. Tel.: + 1 780 492 3670; fax: + 1 780 492 9234.
E-mail address: phil.fedorak@ualberta.ca (P.M. Fedorak).

term “naphthenic acids” demonstrates an increasing number of
publications focused on naphthenic acids over the past few decades
(Fig. 1). There were a few publications each year between 1920 and
1960. Then there was a small increase in the number of publications
per year in the late 1960s, which coincides with the beginning of
the Athabasca oil sands mining and bitumen reﬁning in Alberta,
Canada. The rapid increase in the number of publications after 2000
accompanies improvements and applications of novel analytical
methods allowing assessment of naphthenic acids in the oil sands
tailings waters, and in the environment. In addition, the decline in
conventional light oil reserves has led to increased development of
deposits of biodegraded oils that have elevated naphthenic acids
content.
One of the world's largest reserves of petroleum is in the Athabasca
oil sand deposit. These contain highly-biodegraded petroleum that is a
viscous, tar-like material known as bitumen. Steam assisted gravity
drainage (SAGD; Butler, 2001) is one method for recovering bitumen.
However, surface mining is also used to recover this resource and this
method leaves a larger environmental footprint. Bitumen is recovered
from the mined ore using an alkaline hot water extraction process
(Schramm et al., 2000). After the extraction, tailings consisting of a
slurry of sand, silt, clay, and residual bitumen are placed in large

0048-9697/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.scitotenv.2010.08.013
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Fig. 1. The number of publications per year containing the term “naphthenic acids”
found in a search of the Scopus™ database done in July 2010.

holding basins to allow the solids to settle (MacKinnon, 1989), and the
resulting overlaying water, referred to as oil sand process-affected
water (OSPW), is recycled into the extraction process. OSPW is toxic
to a range of organisms (Clemente and Fedorak, 2005), thus these
waters are not intentionally released to receiving waters, but they are
retained on-site in accordance with existing policy and practice.
MacKinnon and Boerger (1986) reported on two treatments to
detoxify oil sand tailings pond water. They wrote “toxicity appears to
be due primarily to polar organic carboxylic acids (naphthenic acids)”.
This seems to be the ﬁrst time that the term “naphthenic acids” was
used to describe the toxic extractable compounds in tailings pond
waters. In the early stages of investigating the toxicity of OSPW, it was
reasonable to consider the oil sand acid-extractable organics to be
naphthenic acids, because there were few analytical methods
available to characterize the organic acids. Indeed, MacKinnon and
Boerger (1986) demonstrated that the Fourier transform infrared
(FTIR) spectrum of the extract of the acid fraction of tailings pond
water was nearly identical to the spectrum of a commercial
naphthenic acids preparation.
Naphthenic acids are described by the general formula CnH2n + ZO2,
where n is the number of carbon atoms in the molecule and Z is a
negative, even integer that speciﬁes hydrogen deﬁciency in the case of
cyclic naphthenic acids (Brient et al., 1995). In this communication,
we refer to these as “classical” naphthenic acids. Characterization and
quantiﬁcation of naphthenic acids are major analytical challenges
(Clemente and Fedorak, 2005). The FTIR method described by Jivraj
et al. (1995) and Holowenko et al. (2001) has become the oil sand
industry standard method for quantifying naphthenic acids in water.
Samples are acidiﬁed and extracted with dichloromethane (DCM).
Then, after concentrating the organic extract, the intensities of the
absorbances of the monomeric and dimeric forms of the carboxylic
groups (at 1743 and 1706 cm− 1, respectively) are measured. A
modiﬁed extraction method has been reported by Rogers et al.
(2002a).
Characterization of classical naphthenic acids, based on the
formula CnH2n + ZO2, has been the focus of many mass spectrometry
(MS) studies over the years. Soft ionization methods produce one
major ion from each compound, with little further fragmentation. This
simpliﬁes the interpretation of the mass spectra produced by these
methods, which include ﬂuoride ion chemical ionization (Dzidic et al.,
1988), fast atom bombardment (Fan, 1991), atmospheric pressure
chemical ionization, (Hsu et al., 2000) and electrospray ionization
(Hsu et al., 2000; Lo et al., 2003). St. John et al. (1998) developed a
gas chromatography-mass spectrometry (GC-MS) method which uses
N-methyl-N-(t-butyldimethylsilyl)triﬂuoroacetamide (MTBSTFA) to

derivatize naphthenic acids to their t-butyldimethylsilyl esters. These
characteristically fragment to give [naphthenate + dimethylsilyl]+
peaks, corresponding to [M + 57]+ ions, where M is the mass of the
naphthenic acid. This GC-MS method has been used extensively to
study naphthenic acids in OSPW and biodegradation of these acids
(Holowenko et al., 2002; Clemente et al., 2004; Scott et al., 2005; Del
Rio et al., 2006; Oiffer et al., 2009). Headley et al. (2009a) reviewed
applications of mass spectrometry to naphthenic acids in environmental samples.
The studies cited in the preceding paragraph all employ unit-mass
resolution MS methods. Martin et al. (2008) compared the analyses of
naphthenic acids by direct injection electrospray ionization mass
spectrometry (ESI-MS) and high-pressure liquid chromatography/
high-resolution mass spectrometry (HPLC/HRMS) and demonstrated
the superiority of using high-resolution MS. The selectivity of HPLC/
HRMS prevented substantial false-positive detections and misclassiﬁcations of naphthenic acids in the process-affected samples.
Ultrahigh resolution electrospray ionization (ESI) Fourier transform
ion cyclotron resonance mass spectrometry (FT-ICR MS) has also been
used to analyze naphthenic acids (Smith et al., 2008; Headley et al.,
2009b) in these waters. Using ESI-FT-ICR MS, Scott et al. (2009)
unequivocally demonstrated the presence of naphthenic acids in
some ground waters hundreds of kilometers from the oil sands and
showed that naphthenic acids are readily leached from coal.
Barrow et al. (2009) analyzed naphthenic acids from the oil sand
area, and they found compounds with formula CnH2n + ZOx, where
x = 2 to 5. Similarly, Han et al. (2009) detected mono- and di-oxide
naphthenic acids (i.e. CnH2n + ZO3 and CnH2n + ZO4) in extracts from
Syncrude oil sand process-affected waters. Lee (1940) introduced the
term “oxy-naphthenic acids” that formed after mild oxidation of these
acids. We have chosen to use this term in this paper to include acids
with x = 3, 4, or 5.
The Environmental Protection and Enhancement Act (Province of
Alberta, 2000) requires the submission of environmental impact
assessment reports before the development of any oil sands project. In
these assessments, the background concentrations of naphthenic
acids in surface and ground waters must be addressed. Currently,
natural surface fresh waters in the oil sands regions are regularly
monitored for naphthenic acids (RAMP, 2009). However, with the
meaning of the term “naphthenic acids” being ambiguous, it is
difﬁcult to understand which compounds are actually being considered. In this study, ESI-FT-ICR MS and other analyses were done on
acid extracts of water samples from several oil sand tailings and
experimental ponds and on acid extracts of surface fresh waters from
various locations in Alberta to assess the abundance and characteristics of naphthenic acids in these waters.
2. Materials and methods
2.1. Sources and extraction of samples
The 14 water samples used in this study are shown in Table 1.
These included OSPW from three different oil sand companies
(Syncrude, Suncor, and Albian) which constitute ﬁve active tailings
ponds, two experimental reclamation ponds (Pond 9 and Demo Pond)
and one SAGD water. Six fresh water samples spanning the province
of Alberta were also acquired and studied. The locations of the surface
water samples are given in Supplementary Material Table 1. The
Athabasca River sample was taken at Fort McMurray which is
upstream of the oil sand operations. For comparison, three commercial naphthenic acids preparations (Table 1) were also analyzed.
Reﬁned Merichem naphthenic acids were a gift from Merichem
Chemicals and Reﬁnery Services LLC (Houston, TX).
Water samples were adjusted to pH ~ 10.5 with 2 M NaOH to
ensure dissolution of carboxylic acids in the aqueous phase.
Subsequent centrifugation of each sample at 10,400 g for 20 min
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Table 1
List of samples and naphthenic acids concentrations determined by FTIR and GC-MS.
Source

Sample #

Sample

Naphthenic acids (mg/L) by FTIR

Commercial

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Merichem (lot # BW5141)
Acros (lot # A010136101)
Kodak (lot # 115755A)
MLSB d
WIP e
Pond 9
Demo Pond
Pond 2/3
Pond 5
SAGD f
Tailings pond
Athabasca River
Gregoire Lake
North Saskatchewan River
Red Deer River
Bow River
South Saskatchewan River

N/A c
N/A
N/A
44
60
20
14
63
38
130
35
0.08
0.25
0.7
0.05
0.05
0.05

Syncrude

Suncor

Albian
Fresh waters

a
b
c
d
e
f
g

a

Naphthenic acids (mg/L) by GC-MS

b

N/A
N/A
N/A
28
36
7.1
5.9
47
26
38
18
BDL g
BDL
0.04
BDL
BDL
BDL

Sample volumes extracted: 50 mL oil sand waters (samples 4 to 11), 4 L fresh waters (samples 12 to 17).
Sample volumes extracted: 10 mL oil sand waters, 1 L fresh waters.
Not analyzed.
Mildred Lake Settling Basin.
West In-Pit.
Steam assisted gravity drainage.
Below detection limit: 0.03 mg/L.

removed any particulate matter. The supernatant liquid was then
recovered and acidiﬁed with concentrated HCl to pH ~ 1.5 in
preparation for organic extraction.
2.2. Analytical methods
2.2.1. Gravimetric analysis of extracted residue
For gravimetric analyses, 1 L of each OSPW sample and 4 L (4 × 1 L)
of each fresh water were extracted. Each acidiﬁed (with concentrated
HCl to pH ~ 1.5) 1-L portion was extracted three times with 50 mL of
DCM. The extracts from each of the fresh water samples were
combined. The extracts were quantitatively transferred to preweighed vials, the DCM removed under a stream of N2, and weighed
with an analytical balance accurate to 0.1 mg.
2.2.2. FTIR analysis
A 50-mL portion of each OSPW sample was diluted to 250 mL with
reverse osmosis water and the pH adjusted to ~ 1.5 before being
extracted three times with 10-mL portions of DCM. Because of the low
abundance of residue in the fresh water extracts it was necessary to
use the extracts from the 4-L samples prepared for the gravimetric
analysis. The FTIR method described by Scott et al. (2008) was
performed with Merichem naphthenic acids prepared for the
calibration curve.
2.2.3. GC-MS analysis
Ten millilitres of each OSPW sample was diluted to 50 mL and
spiked with 100 μL of a 0.1 μg/μL solution of the surrogate standard 9ﬂuorenecarboxylic acid (9-FCA; Sigma-Aldrich, Milwaukee, WI) in
DCM. Each sample was acidiﬁed to pH ~1.5 with concentrated HCl
then extracted three times with 10-mL portions of DCM. For the fresh
water samples, a 1-L sample was spiked with the 9-FCA solution,
acidiﬁed and extracted three times with 50-mL portions of DCM. After
removing the solvent from each extract, the naphthenic acids were
dissolved in 50 μL DCM and derivatized with MTBSTFA (Pierce,
Rockford, IL), without 1% t-butyldimethylchlorosilane (Young et al.,
2010). Samples were analyzed in the single ion monitoring mode for
m/z = 267. Further details about the instrument and its operation are
given by Scott et al. (2008). Merichem naphthenic acids were used to
prepare the calibration curve for GC-MS.

Madill et al. (2001) and Rogers et al. (2002a) found a variety of
polycyclic aromatic compounds (PACs) in oil sand tailings waters. To
screen for PACs that might have been present in our extracts, a mixture
of the following 13 compounds was prepared (~ 1 mg/mL each) in
DCM: naphthalene, 1-methylnaphthalene, 2,6-dimethylnaphthalene,
acenaphthene, ﬂuoranthene, ﬂuorene, anthracene, phenanthrene,
dibenzofuran, carbazole, dibenzothiophene, pyrene, and chrysene.
This reference mixture and the derivatized extracts were analyzed by
GC-MS to obtain the total ion chromatograms. GC-MS data from these
extracts were compared with the retention times and mass spectra
of the compounds in the reference mixture of PACs to detect the
presence of these PACs.
2.2.4. Elemental analysis
Based on the principles outlined by Pella and Colombo (1972,
1978), analyses for C, H, N, S, and O content were done using the Carlo
Erba EA 1108 elemental analyzer in the Analytical and Instrumentation Laboratory at the University of Alberta (Department of
Chemistry). Two analyses were done to determine C, H, N, and S
content. The ﬁrst analysis measured H concentrations. Due to
overlapping peaks for S and H, the reported S content was determined
with a second analysis for C, N and S. A third set of operating
parameters was used to determine oxygen content. Neat commercial
samples and portions of the OSPW extracts prepared for gravimetric
analyses were used for elemental analyses. However, there was
insufﬁcient mass of residue from the extraction of the Demo Pond and
the 4-L samples of fresh water to perform elemental analysis.
2.2.5. ESI-FT-ICR MS
In order to determine the content of classical and oxy-naphthenic
acids within each water sample, analysis was carried out using
ultrahigh resolution ESI-FT-ICR MS. The extracts used for gravimetric
analysis were analyzed by ESI-FT-ICR MS. A small amount (b10 mg) of
each sample was dissolved in DCM (~1 mg/mL) then diluted 500–
1000 times in 3:1 methanol/toluene giving a ﬁnal concentration of
approximately 0.001 to 0.002 mg/mL. The samples of the extracts
from the OSPW and fresh water samples, as well as neat samples of
the commercial naphthenic acids, were analyzed by direct infusion
negative ion electrospray on a Bruker 9.4 T Apex-Qe FTICR mass
spectrometer (Bruker Daltonics, Billerica, MA) at a ﬂow rate of 2 μL/
min. Data were collected over the m/z range of 145 to 2000 with an
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ion-accumulation time in the external hexapole collision-cell of 10 s
prior to injection to the ICR cell using side-kick trapping. Timedomain data sets (4 M data points) were summed (16 acquisitions) to
enhance signal-to-noise. The spectra were initially calibrated externally using a mixture of n-C17 and n-C26 saturated carboxylic acids.
This calibration was veriﬁed at m/z 561 with protoporphyrin IX. After
acquisition of each data set internal calibration was completed using
the series of peaks containing CnH2nO2. Mass accuracy across the full
mass range was much less than 1 ppm (RMS), with 95% of peaks
falling within ±0.02 mDa or 0.1 ppm and up to 99% within ±0.2 ppm.
Data analyses from the above protocol were then performed using
the acquired mass spectra. The data were converted to ‘.txt’ ﬁles in the
form of mass and abundance lists. Exact masses of acids (m/z =
±0.001) ﬁtting the formula CnH2n + ZOx, were calculated for all
combinations of n = 8 to 30, Z = 0 to −12, and x = 2 to 5 while
considering the occurrence of 12C and one occurrence of 13C for each
combination of n, Z, and x. Only 16O was considered because of the low
natural abundances of other oxygen isotopes. However, selected
combinations n and Z (47 in total), given by Holowenko et al. (2002),
were excluded because these combinations of n and Z are deﬁcient in
carbon or hydrogen atoms to satisfy the formula CnH2n + ZO2.
The calculated masses were then tabulated and each individual
mass subjected to the ‘grep’ command line text search utility written
for Unix. The ‘grep’ command searches ﬁles for lines matching a given
regular expression and prints them in an output ﬁle for review. An
example of this protocol is as such: |grep ‘[exact mass]’ *.txt|. Exact
masses of this form were rounded to two decimal places to avoid
losing any mass peaks due to rounding errors. The resulting list of raw
data was reviewed to ﬁnd those masses accurate to m/z = ±0.001
and, where occurring, each exact mass and its relative abundance
were tabulated. The abundance of each peak found in the sample was
then plotted in a three-dimensional bar graph depicting the
relationship between n, Z, and relative abundances with respect to
the oxygenated grouping given by the x value in the generic formula,
CnH2n + ZOx. The resulting plots were used to compare relative
concentrations of the peaks within each series of classical and oxynaphthenic acids.
During the examination of many of the mass spectra, it was
observed that peaks corresponding to deprotonated ion pairs with
sodium (Schug and McNair, 2002) were present. We refer to these as
“sodium dimers”. Others refer to these as dimeric adducts formed
with sodium (Cotte-Rodríguez et al., 2007) or sodium-bridged dimer
ions (Schug and McNair, 2003; Zhai and Zhang, 2009). Based on exact
mass calculations, considering the elements C, H, N, O, and Na, the ion
pairs observed in our extracts were very likely heterodimers of two
naphthenic acid molecules (designated a and b) with sodium of the
form [(CnH2n + ZOx)a + (CnH2n + ZOx)b − 2H + Na]−. The range of
values used to analyze this phenomenon considered double of the
lowest masses sought in the analysis of the monomer peaks described
throughout the course of this study. Hence, carbon number ranged
from n = 16 to 34, and oxygen content ranged from x = 4 to 10.
Although we initially searched for Z values of b−12 (e.g. −14, −16),
no signiﬁcant hydrogen deﬁciency was observed beyond the range of
Z = −12. Thus, no Z value b−12 was considered.
2.2.6. Statistical analysis
Detrended correspondence analysis (ter Braak, 1995) of hydrogen
deﬁciency values (for classical naphthenic acids) indicated that
principal components analysis (PCA) was appropriate (gradient
length ≤ 1.461) for comparing sources of naphthenic acids based on
their Z values. PCA with a correlation cross-product matrix was
performed using PC-ORD 4.0 for Windows to compare OSPW and
fresh water samples (McCune and Mefford, 1999; McCune and Grace,
2002). A multi-response permutation procedure with Euclidean
(Pythagorean) distance measure was performed on the data to
determine if there was a multivariate difference (p b 0.01) between

the OSPW and fresh water sources of classical naphthenic acids based
on the Z values observed.
3. Results and discussion
3.1. Estimated naphthenic acid concentrations and elemental compositions
of the extracts
Two methods were used to estimate the naphthenic acid
concentrations and the results are summarized in Table 1. As reported
by Scott et al. (2009), the non-speciﬁc, oil sand industry standard FTIR
method for naphthenic acids gave higher concentrations than the
more selective GC-MS method, which speciﬁcally monitors and
quantiﬁes the m/z 267 peaks which are the major fragment ions of
t-butyldimethylsilyl esters of naphthenic acids with n = 13 and Z =
−4. The highest concentration measured was in the SAGD water,
which is consistent with the observation of Scott et al. (2008). The
concentrations in the ponds that receive or recently received fresh
tailings (MLSB, WIP, Pond 2/3, Pond 5, and Albian tailings pond)
ranged between 35 and 60 mg/L, based on the FTIR method. The
lowest concentrations of naphthenic acids in oil sand waters were
observed in the experimental reclamation ponds at Syncrude, called
Demo Pond (also known as Demonstration Pond, SCL 12, and Big Pit)
and Pond 9 (also known as SCL 9 and TPW). Both of these ponds were
constructed in 1993 (Siwik et al., 2000; Han et al., 2009). Demo Pond
contained nearly equal volumes of mature ﬁne tails and fresh cap
water which had not been used in the extraction process. Pond 9 was
ﬁlled with tailings pond water, without any mature ﬁne tails. During
natural ageing of tailings water, the naphthenic acid concentrations
determined by FTIR decrease (Schramm et al., 2000; Han et al., 2009)
and this is reﬂected by their low concentrations observed in Table 1.
Carboxylic acids were detected by FTIR when 4-L samples of fresh
waters were extracted and concentrated. These concentrations were
all less than 1 mg/L (Table 1). Because some of the oil sand tailings
ponds are adjacent to rivers and there is a possibility of OSPW seepage
into them, many of the rivers in the vicinity are regularly sampled as
part of the Regional Aquatics Monitoring Program (RAMP). These
rivers are monitored for “naphthenic acids” using the FTIR method
(RAMP, 2009). Typically a small sample volume, 50 mL, is analyzed by
FTIR in commercial laboratories, and the detection limit is 1 mg/L.
Thus, most of the naphthenic acids concentrations reported by RAMP
(2009) are given as b1 mg/L. Despite the higher sensitivity of the GCMS method, 1-L samples of the fresh waters were not sufﬁcient to
detect naphthenic acids represented by the m/z 267 peaks
(corresponding to naphthenic acids with n = 13, Z = −4).
Fig. 2 compares the naphthenic acid concentrations in water
samples determined by FTIR with the concentrations of the extracted
residues based on the masses of material left after the DCM was
removed. The coefﬁcient of determination (R2 = 0.9974) for the
OSPW samples (numbers 4 to 9 and 11) from various sources is
remarkably high. The SAGD sample (number 10) and the fresh water
samples (12 to 17) deviate markedly from the regression line.
The results from the elemental analyses of the three commercial
preparations and the OSPW acid extracts are summarized in Table 2.
The Merichem and Acros preparations contained only C, H, and O,
with no detectable N or S. In contrast, the Kodak preparation
contained both N and S. Brient et al. (1995) stated that some
commercial naphthenic acids can contain sulfur compounds. Each of
the OSPW extracts that was analyzed contained S (ranging from 1.06%
in Pond 9 extract to 6.90% in the SAGD extract), and all but one sample
(Albian pond) contained N, with a maximum N content of 0.69%
(Table 2). Given the complexity of the oil sand tailings, it is not
surprising that N- or S-containing organics can be detected in these
extracts. However, the elemental analyses indicate that considering
these OSPW extracts to be only classical naphthenic acids (represented by the general formula CnH2n + ZO2), which has been the case

Please cite this article as: Grewer DM, et al, Naphthenic acids and other acid-extractables in water samples from Alberta: What is being
measured? Sci Total Environ (2010), doi:10.1016/j.scitotenv.2010.08.013

1135
D.M. Grewer et al. / Science of the Total Environment xxx (2010) xxx–xxx

5

CnH2n + ZOx (x = 2 to 5). These data were used to determine (1) the
number of detected peaks that ﬁt this formula, (2) the relative
abundances of the peaks that ﬁt this formula, (3) the distribution of
congeners within a spectrum for a given x value, and (4) the relative
abundances of CnH2n + ZO2 compounds for various Z values (i.e.
hydrogen deﬁciency). In all cases, peaks from acids containing both
12
C and 13C were recorded and tabulated in our results.

Fig. 2. Naphthenic acid concentrations in water samples determined by FTIR compared
to the concentrations of the residues based on the masses of material left after the DCM
was removed. Numbers by the data points refer to the sample numbers in Table 1. The
linear regression was done on values obtained for sample numbers 4 to 9 and 11.

in many studies (e.g. Bataineh et al., 2006; Han et al., 2009; Headley
et al., 2010; Kavanagh et al., 2009; Merlin et al., 2007; Oiffer et al.,
2009; Rogers et al., 2002b; Young et al., 2008), is an oversimpliﬁcation
and is incorrect.
None of the 13 PAC in our reference mixture was detected in any of
the OSPW or fresh water extracts. Madill et al. (2001) found only
2.6 ng PACs/L of oil sand tailings pore water. Unlike the work of Madill
et al. (2001), our methods were not speciﬁcally designed to detect
PACs. Nonetheless, our screening showed that PACs were not a
signiﬁcant component of the organics in these OSPW extracts.
3.2. ESI-FT-ICR MS results
Spectra were obtained from the ESI-FT-ICR MS analyses for
compounds in the m/z range of 145 to 2000. These spectra were
scrutinized to characterize the naphthenic acids in the commercial
preparations and in the extracts of the OSPW and the fresh water
samples. The total number of peaks detected ranged from 303 in the
Acros preparation to 1883 in the SAGD extract (Table 3). The vast
majority of the peaks (99.4 to 100%, Supplementary Material Table 2)
were in the mass range m/z 145 to 600. Lutnaes et al. (2006) described
a family of tetrameric acids found in petroleum, with the molecular
mass range of 1226 to 1234. We speciﬁcally looked for peaks
corresponding to these acids, but they were not detected in our
extracts. Fig. 3a and b are the ESI-FT-ICR mass spectra of the Merichem
and MLSB samples, respectively, for the m/z range 145 to 500,
showing differences in the distributions of peaks in these spectra.
Barrow et al. (2009) and Han et al. (2009) detected oxynaphthenic acids in OSPW. Thus, we searched the ESI-FT-ICR mass
spectra for exact masses for naphthenic acids that ﬁt the formula
Table 2
Elemental analyses of three commercial and seven oil sand waters. The amounts of
acid-extractable organics from the fresh water samples were insufﬁcient for elemental
analysis.
Sample

C

H

O

N

S

Merichem
Acros
Kodak
MLSB
WIP
Pond 9
Pond 2/3
Pond 5
SAGD
Albian pond

73.63
73.40
74.27
70.10
69.82
59.71
71.12
67.34
68.53
69.28

9.01
9.64
8.80
8.68
8.70
6.82
9.13
8.45
7.66
8.34

15.04
14.78
14.89
15.98
16.40
20.22
16.34
17.68
15.12
16.24

0.00
0.00
0.10
0.68
0.51
0.24
0.69
0.38
0.56
0.00

0.00
0.00
0.06
3.80
3.38
1.06
3.85
2.91
6.90
4.30

3.2.1. Numbers of peaks that ﬁt the formula CnH2n + ZOx
Table 3 summarizes the numbers of peaks that ﬁt the formula
CnH2n + ZOx for n = 8 to 30, Z = 0 to −12, and x = 2 to 5. No peaks
were found for values of n ≥ 30. Table 3 also includes the numbers of
sodium dimers with exact masses corresponding to [(CnH2n + ZOx)a +
(CnH2n + ZOx)b − 2H + Na]−. Sodium dimer formation has been
reported in ESI studies with some acidic pharmaceuticals (Schug
and McNair, 2002), and with substituted benzoic acids (Schug and
McNair, 2003). Smith et al. (2007) have reported self-association of
organic acids in oil sand bitumen and petroleum, and Mapolelo et al.
(2009) studied sodium and calcium naphthenates that cause emulsions and solid deposits in oil ﬁelds.
In the commercial naphthenic acids, the numbers of peaks in the
x = 2 series were in the majority. Nonetheless, peaks in the x = 3, 4,
and 5 series were detected in the Merichem and Kodak preparations.
Acids corresponding to x = 3 or 5 were not detected in the Acros
sample. Sodium dimers were found in all of the sample extracts,
except the extract from the N. Saskatchewan River. Remarkably, the
sum of the numbers of peaks (including the sodium dimers) found in
these commercial preparations accounted for only 12 to 35% of the
total number of peaks that were detected (Table 3).
With the exception of the SAGD sample, the numbers of peaks in
the x = 2 series were in the majority compared to the numbers in each
of the other x series (Table 3). However, in all samples, the sum of the
numbers of oxy-naphthenic acids (with x = 3, 4 and 5) exceeded the
number of acids with x = 2. For example the MLSB extract had 102
peaks with x = 2, but had 161 peaks with x = 3 to 5. Thus, oxynaphthenic acids are more numerous in these waters than the
classical x = 2 (CnH2n + ZO2) acids. The sums of the numbers of peaks
found in the OSPW extracts accounted for only 14 to 17% of the total
number of peaks detected by ESI-FT-ICR MS (Table 3).
Unlike the OSPW samples, the numbers of peaks in the x = 2 series
in the fresh water samples extracts were typically less numerous than
the numbers of peaks from oxy-naphthenic acids (Table 3). With the
exception of the N. Saskatchewan River sample, which had the lowest
number of peaks in the x = 2 series (19), the numbers of peaks in each
x series were fairly similar. The number of sodium dimers were
relatively small in the fresh water sample extracts. Again, the sum of
the numbers of peaks found in the fresh water extracts accounted for
only a small proportion (11 to 18%) of the total number of peaks
detected by our ultrahigh resolution MS analyses (Table 3).
3.2.2. Relative abundances of peaks ﬁtting the formula CnH2n + ZOx and
sodium dimers
The results in Table 3 show that only a relatively small proportion
(≤20%) of the detected peaks in the extracts from the various water
samples ﬁt the formula CnH2n + ZOx. However, the peaks that ﬁt this
formula might be very abundant and therefore account for the
majority of the peaks detected. Thus, we compared the sums of
measured abundances for each x series to the total abundance in each
spectrum (Table 4). Considering the Merichem preparation, the total
abundance of peaks (arbitrary units) was 2232 × 106. The abundance
of all of the peaks corresponding to x = 2 accounted for 43.5% of the
total abundance. The abundance of peaks with x = 3, 4 and 5 in the
Merichem sample were very small, in total accounting for only 0.3% of
the total abundance. A similar trend was observed for the other two
commercial preparations. Surprisingly, the total proportion of the
abundance for x = 2 to 5 in the commercial samples only accounted
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Fig. 3. ESI-FT-ICR MS analyses of naphthenic acids from Merichem (a) and the extract from MLSB (b); and mass scale expanded mass spectra of Merichem naphthenic acids (c) and
the extract of water from MLSB (d). Peaks marked “?” could not be assigned elemental compositions.

for 34.1 to 43.9% of the total abundance of the observed peaks
(Table 4).
Similarly, the total proportion of the abundance for x = 2 to 5 in
the OSPW samples only accounted for 36.1 to 47.4% of the total
abundance of the observed peaks (Table 4). The SAGD sample was an
outlier, with only 29.9% of the total abundance attributed to these

peaks. In general, those ponds that have received fresh tailings (i.e.
MLSB, WIP, Pond 2/3, Pond 5, and Albian Pond) have the highest
proportion of peaks in the x = 2 series, accounting for 19.5 to 35.6% of
the total abundance (Table 4). In contrast, the two experimental
reclamation ponds (Pond 9 and Demo Pond) had lower proportions of
peaks in the x = 2 series (10.7 and 17.0%) and higher proportions in

Table 3
Summary of peak counts from ESI-FT-ICR MS analyses for formula CnH2n + ZOx, x = 2 to 5 and for sodium dimers. Acids containing the
Sample

Merichem
Acros
Kodak
MLSB
WIP
Pond 9
Demo Pond
Pond 2/3
Pond 5
SAGD
Albian pond
Athabasca River
Gregoire Lake
N. Sask. River
Red Deer River
Bow River
S. Sask. River
a
b

13

C isotope are included.

Total
number
of peaks

CnH2n + ZOx
x = 2 Number
of peaks

x = 3 Number
of peaks

x = 4 Number
of peaks

x = 5 Number
of peaks

Percent of total
number of peaksa

Number of
peaks

Cumulative percent
of total number of peaksb

1597
303
886
1849
1312
1680
1691
1416
1873
1883
1497
1605
1771
1316
1687
1624
1601

91
58
86
102
83
75
95
98
95
83
89
65
50
19
57
66
60

13
0
8
73
55
61
76
67
84
75
67
71
59
26
71
73
73

16
6
18
65
47
57
67
54
73
101
53
69
63
51
74
73
75

1
0
5
23
19
40
42
12
44
26
23
46
54
43
56
55
60

8
21
13
14
16
14
17
16
16
15
15
16
13
11
15
16
17

74
41
56
53
28
32
39
59
38
23
32
15
9
0
19
24
14

12
35
20
17
18
16
19
20
18
16
18
17
13
11
16
18
18

Sodium dimers

Based on sum of peaks with x = 2 to 5.
Based on sum of peaks with x = 2 to 5 plus number of sodium dimers.
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Table 4
Relative abundance of peaks with formula CnH2n + ZOx, x = 2 to 5 and of sodium dimers from ESI-FT-ICR MS analyses. Acids containing the 13C isotope are included.
Sample

Merichem
Acros
Kodak
MLSB
WIP
Pond 9
Demo Pond
Pond 2/3
Pond 5
SAGD
Albian pond
Athabasca River
Gregoire Lake
N. Sask. River
Red Deer River
Bow River
S. Sask. River
a
b

Total abundance
of peaks ( × 106)

CnH2n + ZOx
x = 2 (%) of
total abundance

x = 3 (%) of
total abundance

x = 4 (%) of
total abundance

x = 5 (%) of
total abundance

Suma of (%) of
total abundance

(%) of total
abundance

Cumulative sumb of (%)
of total abundance

2232
215
759
2032
951
1782
1743
1165
2033
1866
1295
1362
1727
876
1304
1344
1308

43.5
33.2
41.8
28.6
24.4
10.7
17.0
35.6
19.8
14.2
19.5
10.6
5.5
2.3
16.0
17.7
14.7

0.1
0.0
0.3
7.5
7.4
16.3
17.2
6.9
13.8
6.8
10.3
4.5
3.3
0.9
4.7
5.9
5.5

0.2
0.9
0.9
3.8
3.8
9.1
11.2
3.1
7.7
8.4
5.8
7.6
7.4
3.2
5.8
6.5
7.2

0.0
0.0
0.1
0.4
0.5
1.7
2.0
0.3
1.4
0.5
0.6
6.9
7.7
3.9
3.9
4.9
5.3

43.9
34.1
43.1
40.3
36.1
37.7
47.4
45.9
42.7
29.9
36.2
29.7
23.9
10.2
30.5
35.0
32.7

3.2
22.1
4.3
2.2
1.9
1.0
1.6
2.2
1.6
0.6
1.5
0.8
0.3
0.0
1.3
1.8
1.2

47.1
56.2
47.4
42.5
38.0
38.7
49.0
48.1
44.3
30.5
37.7
30.5
24.2
10.2
31.8
36.8
33.9

Sodium dimers

Based on sum of peaks with x = 2 to 5.
Based on sum of peaks with x = 2 to 5 plus number of sodium dimers.

the x = 3, 4, and 5 series. Han et al. (2008) demonstrated that aerobic
microbial activity led to the formation of hydroxylated naphthenic
acids, converting CnH2n + ZO2 acids to CnH2n + ZO3 acids. This is
particularly evident in the Pond 9 sample were the x = 3 peaks are
more abundant than the x = 2 peaks (Table 4).
The distribution of peaks in the x = 2 to 5 series is quite variable in
the extracts from the fresh water samples (Table 4). In some cases, the
proportion of peaks in the x = 2 series is low (e.g. N. Saskatchewan
River, 2.3%) whereas in other cases this proportion is quite high (e.g.
Bow River, 17.7%). In general, the total proportions of the abundances
for x = 2 to 5 peaks in the fresh water samples were lower than in the
OSPW samples, accounting for 10.2 to 35.0% of the total abundance of
the observed peaks.
Sodium-bound dimers are common in electrospray MS. When
conﬁrming the elemental composition of peaks, sodium was one of
the elements considered. The error measurement for these peaks was
within ±0.2 ppm only when considering sodium as one of the
elements making up the composition of the peak. Sodium dimers
were found in essentially all of the water sample extracts (Table 4),
but their proportions were generally low (≤2.2%). The ﬁrst step in our
naphthenic acid extraction method involved addition of NaOH to
ensure dissolution of all organic acids, prior to centrifugation to
remove suspended solids. This may have been the source of some of
the Na+ that led to the sodium dimers in the OSPW and river water
extracts. The variation in the abundances of sodium dimers found in
these samples (Table 4) was probably due to the different concentrations of Na+ in the ﬁnal DCM extracts. In contrast, the commercial
naphthenic acids were not treated with NaOH in our laboratory, and
the neat acids were simply diluted and analyzed by ESI-FT-ICR MS.
The abundances of sodium dimers in the commercial preparations
were somewhat higher than those in the water samples (Table 4). The
Acros preparation had an exceptionally high proportion of these
dimers (22.1%). Thus, some Na+ must be present in the commercial
preparations of naphthenic acids.
Based on the relative abundance data in Table 4, the ultrahigh
resolution MS analyses could only assign 30.5 to 49% of total peak
abundance to classical naphthenic acids, oxy-naphthenic acids, and
sodium dimers of these acids in the OSPW extracts. Headley et al.
(2009b) found other heteroatomic species including O6, O7, SO2, SO3,
SO4, SO5, SO6, and NO4 in OSPW. We searched for these peaks in
extracts from MLSB, Pond 9 and the Athabasca River water. SO3, SO4
and NO4 peaks were found in all three samples, in agreement with
elemental data (Table 2). In addition, the MLSB sample contained SO2

species and the Pond 9 and Athabasca River water samples contained
O6, and SO5 species. O7 and SO6 peaks were also found in this river
water.
Fig. 3c and d illustrate the complexity of the ultrahigh resolution
mass spectra. These spectra show the peaks found between m/z
225.00 and 225.25. In the Merichem spectrum (Fig. 3c), one peak
corresponding to C14H25O2 could be assigned based on exact mass, but
the elemental compositions of four other peaks (marked “?”) could
not be assigned. In the MLSB mass spectrum (Fig. 3d), one classical
naphthenic acid (C14H25O2), two oxy-naphthenic acids (C13H21O3,
and C12H17O4), and one sulfur-containing acid (CnH2n + ZO2S) could be
assigned on the basis of the exact masses. Several other peaks
(marked “?”) could not be assigned. Clearly there is much more to be
learned about the composition of the “naphthenic acids” from
commercial and OSPW sources.

3.2.3. Distribution of congeners within a spectrum for a given x value
For each commercial naphthenic acid preparation and aqueous
sample extract, the abundance of the peaks corresponding to CnH2n + ZOx
for all combinations of n = 8 to 30, Z = 0 to −12, and x = 2 to 5 were
summed and added to the total abundance of sodium dimers in the
respective sample. Then the proportions of peaks corresponding to each
x value and the sodium dimers were calculated based on these sums.
These proportions for representative samples are shown in Fig. 4 (the
data from the remaining samples are shown in Supplementary Material
Fig. 1). The sodium dimers accounted for b10% in most cases (Fig. 4),
with the exception of the Acros sample in which these dimers comprised
nearly 40% (Supplementary Material Fig. 1).
The highest proportion of x = 2 acids (the classical naphthenic
acids) was found in the Merichem preparation. The x = 2 acids were
dominant in the samples of OSPW from those ponds that have
received fresh tailings (i.e. Pond 2/3, MLSB, and WIP, Fig. 4; Pond 5,
and Albian Pond, Supplementary Material Fig. 1). The proportions of
oxy-naphthenic acids (x = 3, 4, and 5) increases in the two
experimental reclamation ponds (Pond 9, Fig. 4; and Demo Pond,
Supplementary Material Fig. 1) suggesting that the oxidation of the
classical naphthenic acids occurs during the natural ageing of OSPW.
Considering the fresh water samples, there is no obvious trend in the
proportions of acids with various x values. For example, the x = 2
species are most prevalent in the Bow River sample (Fig. 4) and in the
Red Deer River and S. Saskatchewan River samples (Supplementary
Material Fig. 1). In contrast, the x = 2 species are less abundant in the
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Fig. 4. The proportions of peaks corresponding to CnH2n + ZOx for x = 2 to 5 with all combinations of n = 8 to 30, Z = 0 to −12. The proportions of sodium dimers are also shown.

Gregoire Lake (Fig. 4) and N. Saskatchewan River samples (Supplementary Material Fig. 1).
Figs. 5–8 show the three dimensional plots from the ESI-FT-ICR MS
analyses of four selected sample extracts (Merichem, MLSB, Pond 9
and Athabasca River). Each panel shows a different value of x (from 2
to 5) for the formula CnH2n + ZOx. Similar plots for x = 2 (e.g. Figs. 5a
and 6a) have been published in other studies (Bataineh et al., 2006;
Han et al., 2008; Martin et al., 2008) but the distributions for the other

x values (panels b, c, and d) have not been reported. The collection of
three dimensional plots from each of the four samples had different
appearances. For example, the x = 3 Merichem acids (Fig. 5b) had
mainly Z = −2 and Z = −4 peaks with the most predominant peak
being n = 16, Z = −2. In contrast, the x = 3 MLSB acids (Fig. 6b)
had mainly Z = −4 and Z = −6 peaks with the most predominant
peak being n = 14, Z = −6. The x = 3 Pond 9 acids (Fig. 7b) were
distributed in the Z = −4, −6, and −8 families, with the most

Fig. 5. The distributions of peaks corresponding to CnH2n + ZOx for x = 2 to 5 in the Merichem commercial naphthenic acid preparation. For each panel, the sum of all bars equals 100%.
The number of congeners in each panel is given in Table 3 for the appropriate x value.
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Fig. 6. The distributions of peaks corresponding to CnH2n + ZOx for x = 2 to 5 in extract from MLSB. For each panel, the sum of all bars equals 100%. The number of congeners in each
panel is given in Table 3 for the appropriate x value.

abundant peak being n = 14, Z = −6. There was a broad distribution
of x = 3 acids in the Athabasca River sample (Fig. 8b) among the Z =
−2, −4, −6, and −8 families.
Despite the differences among the data in Figs. 5–8, there are some
similarities observed in these data. For instance, the x = 4 oxynaphthenic acids are essentially devoid of peaks corresponding to
Z = 0 and Z = −2 (Figs. 5c, 6c, 7c and 8c). Similarly, for the x = 5 oxynaphthenic acids (Figs. 6d, 7d and 8d), the Z = 0 peaks are absent and
the Z = −2 peaks are scarce. In contrast, the only x = 5 peak detected
in the Merichem preparation is n = 10, Z = −2 (Fig. 5d). Supplementary Material Figs. 2–11 show the three dimensional plots from data
from the ESI-FT-ICR MS analyses of extracts of other samples studied
during this project.
3.2.4. Relative abundances of CnH2n + ZO2 compounds for various Z
values
The ESI-FT-ICR MS data were searched for the peaks that are
considered classical naphthenic acids (CnH2n + ZO2) and Table 5
summarizes the proportions of peaks with Z values 0 to −12.
Although the commercial preparations vary in their Z = 0 content
(15 to 80%), the most abundant acids in the Merichem and Kodak
samples are those with Z = −2 and −4. All three commercial samples
are essentially devoid of acids with Z = −10 or −12.
With the exception of Pond 9 water, the classical naphthenic acids
from the OSPW samples have relatively low proportions of Z = 0 acids
(12 to 28%; Table 5). The Z = 0 acids in the Pond 9 water comprised
35% of the classical naphthenic acids. The most abundant acids in the
OSPW were the Z = −4 and Z = −6 compounds, together accounting
for about one half to two thirds of the classical naphthenic acids. This
is consistent with the results of Han et al. (2009) who analyzed 10
OSPW samples and calculated mean Z values of −5.03 to −5.83 in the

individual samples. The abundance of Z = −4 was recognized in
previous studies, and the peak corresponding to n = 13, Z = −4 was
speciﬁcally monitored to detect naphthenic acids in waters (Merlin
et al., 2007; Scott et al., 2009) and ﬁsh (Young et al., 2007, 2008).
In contrast, the Z = −4 and −6 acids are far less abundant in the
fresh water samples (Table 5), accounting for less than 10% of the
classical naphthenic acids. In these samples, the Z = 0 acids are most
abundant, comprising 70 to 83% of the classical naphthenic acids.
Fig. 8a shows the peak distribution in the extract from the Athabasca
River water. The most abundant peaks in Fig. 8a correspond to n = 16,
Z = 0 and n = 18, Z = 0, and are indicative of the naturally occurring
palmitic and stearic acids, respectively, which are the most common
fatty acids found in the phospholipids and glycolipids in cell
membranes (Stryer, 1981). These two fatty acids are also commonly
found in the membranes of microorganisms (Lechevalier and
Lechevalier, 1988; O'Leary and Wilkinson, 1988) and palmitic and
stearic acids were observed to appear in bacterial cultures following
the biodegradation of commercial naphthenic acids (Clemente et al.,
2004; Biryukova et al., 2007). In addition, these acids have also been
found in river water samples (Fatoki and Vernon, 1989; Mannino and
Harvey, 1999; Scott et al., 2008). Thus, the appearance and
predominance of these n = 16, Z = 0 and n = 18, Z = 0 acids are not
unexpected because there are always microorganisms in river and
lake waters. Supplementary Material Figs. 8a, 9a, 10a and 11a also
show the high abundance of the two acids in other fresh water
samples.
To verify that palmitic and stearic acids were present in these fresh
water samples, a solution of these two acids was derivatized with
MTBSTFA and analyzed by GC-MS to ﬁnd their retention times and
obtain their mass spectra. MTBSTFA-derivatized extracts from the
fresh water samples were analyzed in the same manner and each
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Fig. 7. The distributions of peaks corresponding to CnH2n + ZOx for x = 2 to 5 in extract from Pond 9. For each panel, the sum of all bars equals 100%. The number of congeners in each
panel is given in Table 3 for the appropriate x value.

Fig. 8. The distributions of peaks corresponding to CnH2n + ZOx for x = 2 to 5 in extract from the Athabasca River. For each panel, the sum of all bars equals 100%. The number of
congeners in each panel is given in Table 3 for the appropriate x value.
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Table 5
Relative abundancea (%) of peaks with formula CnH2n + ZO2 for various Z numbers from
ESI-FT-ICR MS analyses. Acids containing the 13C isotope are included.
Sample

Merichem
Acros
Kodak
MLSB
WIP
Pond 9
Demo Pond
Pond 2/3
Pond 5
SAGD
Albian pond
Athabasca R.
Gregoire L.
N. Sask. R.
Red Deer R.
Bow R.
S. Sask. R.

Z
0

−2

−4

−6

−8

−10

−12

31
80
15
17
18
35
19
12
12
12
28
70
76
83
75
80
81

37
8
46
10
8
9
6
9
11
5
6
6
6
5
4
6
4

28
8
33
35
31
21
32
40
40
25
24
4
3
4
2
3
3

3
3
4
26
28
23
28
27
26
38
25
5
5
0
3
3
3

1
1
2
6
9
9
8
6
7
11
8
13
9
6
15
8
9

0
0
0
3
4
2
3
4
3
4
4
1
1
2
1
1
0

0
0
0
3
3
1
2
3
2
5
4
1
0
0
1
0
0
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fatty acids are quite susceptible to photodecomposition (Kieber et al.,
1997) and they would not likely persist in the river waters.
Photooxidation of a mono-unsaturated fatty acid (x = 2) yields an
ω-oxycarboxylic acid (x = 3) (Kieber et al., 1997). This type of
reaction may be a source of x = 3 acids observed in fresh water and
OSPW samples (Tables 3 and 4).
Principal component analysis of hydrogen deﬁciencies (Z numbers
in Table 5) generated a plot separating OSPW and fresh water
naphthenic acids based on their sources (Fig. 9). Only PCA axis 1 was
signiﬁcant (p = 0.001; explaining 72.52% of variance in the ordination) based on a randomization test, however, data in Fig. 9 are
presented with two axes for ease of interpretation. A multi-response
permutation procedure of the data indicated that OSPW naphthenic
acids differed signiﬁcantly from river waters based on their Z values
(A = 0.7104, p = 0.0002). These ﬁndings suggest that the source of
classical naphthenic acids (OSPW vs. fresh waters) can be clearly
distinguished based on the relative abundances of acids with Z = 0,
−4 and −6.
3.3. Relating these ﬁndings to Alberta oil sand environmental issues

a

For each sample, the total of all ion abundances for Z = 0 to −12, n = 8 to 30, and
x = 2 [with the exception of the 47 ions given by Holowenko et al. (2002)] was
calculated. Then the sum of the abundances for each Z value was divided by the total
and expressed as a percent. The sum of each row in the table is 100%.

sample contained predominant peaks that had the same retention
times and mass spectra as the two standard acids.
Other researchers have demonstrated that oleic acid (C18:1) is
found in river waters (Fatoki and Vernon, 1989; Mannino and Harvey,
1999). This mono-unsaturated, naturally occurring fatty acid would
appear as a Z = −2 acid that cannot be distinguished from monocyclic (n = 18, Z = −2) naphthenic acids by our ESI-FT-ICR MS
analysis. The Z = −2 acids comprise 4 to 6% of the CnH2n + ZO2 acids
in the fresh water samples (Table 5). However, mono-unsaturated

Naphthenic acids are considered to be a major environmental
problem associated with the oil sand industry and these acids are
frequently mentioned in articles dealing with environmental health in
the oil sand area (e.g. Kean, 2009; Tenenbaum, 2009). The complexity
of naphthenic acids has been demonstrated in many studies (Bataineh
et al., 2006; Dzidic et al., 1988; Fan, 1991; Han et al., 2008; Martin
et al., 2008) and the analytical challenges are well recognized.
One of the major objectives of this investigation was to assess the
abundance and characteristics of naphthenic acids in acid extracts of
OSPW and fresh water to gain new insights into the make up of these
poorly understood mixtures. Because of the commonly used term
“naphthenic acids”, we started with the premise that the classical
naphthenic acids (CnH2n + ZO2) would be major constituents of these

Fig. 9. Principal component analysis biplot of classical naphthenic acids from 8 OSPW (open squares) and 6 fresh waters (closed triangles) based on their hydrogen deﬁciencies
(Table 5) where the vectors represent the strength and direction of the Z values.
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OSPW extracts. However, based on simple peak counts from the ESIFT-ICR MS analyses, the classical naphthenic acids were only a minor
portion of the compounds in these extracts. Extending the peak
counts to include oxy-naphthenic acids (x = 3 to 5) still only
accounted for fewer than 20% of the peaks in the OSPW extracts
(Table 3). Remarkably, only about the same proportion of peaks in the
commercial naphthenic acids corresponded to classical and oxynaphthenic acids. When the abundance of the various peaks were
considered (Table 4), the classical and oxy-naphthenic acids made up
less than 50% of the peak abundances in the OSPW, similar to their
abundances in the three commercial naphthenic acids preparations.
PACs were not detected in the extracts of OSPW samples, but the
detection of N and S in the OSPW extracts (Table 2; and as reported by
Headley et al., 2009b; Barrow et al., 2010) is evidence of the presence
of other compounds that were not characterized during this study.
Other researchers (Rogers et al., 2002a; Frank et al., 2006) have
developed clean-up procedures for naphthenic acids obtained from
OSPW extracts. These cleaned-up fractions, which were partially
characterized, were used for toxicity studies. We did not attempt any
clean-up in this study because industry standard FTIR method does not
involve clean-up steps and we chose to characterize extracts that were
prepared in the same manner as those prepared for FTIR analysis.
In addressing the toxicity of naphthenic acids to various organisms, researchers have used commercial preparations or naphthenic
acids from OSPW (Dokholyan and Magomedov, 1983; Madill et al.,
2001; Rogers et al., 2002b; Apostol et al., 2004; Nero et al., 2006;
Gentes et al., 2007; Peters et al., 2007; Thomas et al., 2009) in their
studies. As is evident from our ESI-FT-ICR MS analyses, there are many
compounds other than classical and oxy-naphthenic acids in these
preparations, and this fact confounds the conclusions that the classical
naphthenic acids are the components responsible for toxicity.
Similarly, previous biodegradation studies that have focused only on
the classical naphthenic acids (e.g. Clemente et al., 2004; Scott et al.,
2005; Del Rio et al., 2006; Han et al., 2009; Headley et al., 2010) have
inadvertently overlooked more than one half of the compounds
present in commercial preparations or OSPW (Tables 3 and 4).
Part of the problem is semantics. Using the term naphthenic acids
to describe a group of carboxylic acids (i.e. CnH2n + ZO2) in the OSPW
implies that these acids are the major components in OSPW and gives
the false sense that we have a good understanding of the make up of
mixtures of acids in such waters. From the data presented in this
paper, it is clear that the compositions of mixtures called naphthenic
acids are not this simple and are far from being adequately described.
Therefore, it appears to be time to replace the term “naphthenic

acids”, which has been used for almost 25 years to describe these toxic
extractable compounds (introduced by MacKinnon and Boerger,
1986), by a term such as “oil sands tailings water acid-extractable
organics (OSTWAEO)”. Classical and oxy-naphthenic acids are components of OSTWAEO, but the term OSTWAEO would not be as
misleading as the currently used term “naphthenic acids”.
“Naphthenic acids” are a key parameter for monitoring and
regulating potential OSPW releases in the oil sand area. However,
our current inability to characterize the majority of the compounds in
OSTWAEO creates a serious regulatory problem. Although the
industry standard FTIR method is relatively simple and inexpensive,
it lacks the sensitivity and selectivity to be the basis for regulatory
monitoring of oil sand operations and natural surface waters in the
region. Kavanagh et al. (2009) explored the application of synchronous ﬂuorescence spectroscopy to detect naphthenic acids in OSPW.
Although classical naphthenic acids should not ﬂuoresce, some
components in the OSPW do ﬂuoresce, and this surrogate allowed
Kavanagh et al. (2009) to detect naphthenic acids in these waters.
Relying on measurements of the ﬂuorescence of unknown components in OSPW as a naphthenic acid monitoring method seems
questionable.
Routine environmental monitoring to determine if OSPW is
entering nearby surface fresh waters requires the ability to distinguish
between components in OSPW and naturally occurring organic
materials in fresh waters. Our ESI-FT-ICR MS and GC-MS results
have clearly shown that the distributions of compounds with the
formula CnH2n + ZO2 can be used to distinguish between fresh waters
and OSPW (Fig. 9). Speciﬁcally, the high relative abundance of peaks
corresponding to Z = −4 and −6 is characteristic of OSPW, whereas
the high relative abundance of peaks corresponding to Z = 0 is
characteristic of fresh waters. In addition, the Z = 0 acids in fresh
waters are predominantly palmitic and stearic acids.
As analytical methods have improved and more information about
the complexity of the “naphthenic acids” in OSPW has been obtained,
it is clear that the industry standard FTIR method used for monitoring
these acids in the environment is inadequate. Although ESI-FT-ICR MS
analyses have provided greater insights into the make up of
OSTWAEO, this method will likely not become a routine monitoring
method because of the high cost and subsequent scarcity of this
instrumentation. Using high-pressure liquid chromatography/highresolution mass spectrometry (HPLC-HRMS), Martin et al. (2008)
clearly demonstrated that high-resolution MS is superior to unitmass, low-resolution MS for accurate assignment of congeners to
classical naphthenic acids. Indeed, the HPLC-HRMS method used by

Fig. 10. Mass spectrum of the extractable acids from the Albian tailings pond showing the m/z region near 309.17 and illustrating the high resolving power required to distinguish all
species present in the mixture.
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Bataineh et al. (2006) and Han et al. (2009) may be the best
compromise between cost and accessibility for monitoring naphthenic acids in the environment. However, as shown by Headley et al.
(2009b) this compromise will come at the price of missing or misinterpreting the analyses of some ion species. To illustrate this point
Fig. 10 shows a region of the MS spectrum near m/z 309.17. The peak
on the left corresponds to compounds with the formula C17H25O5
while the peak on the right corresponds to compounds with the
formula C14H25SO5. The resolving power shown here is approximately
550,000 fwhm. To just baseline resolve these two species would
require a resolving power of approximately 300,000 fwhm, which is
beyond the range of any QTOF instrument on the market today.
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Regional Totals for Reclamation and Disturbance Tracking, by Year
(Hectares)

Year

EPEA
Approved
Footprint

Mine Site
Footprint

Plant Site
Footprint

Total Active
Footprint

Cleared

Ready for
Disturbed:
Reclamation: Soils Placed
Used for Mine No Longer
(Terrestrial &
or Plant
Used for Mine Wetlands &
Purposes
or Plant
Aquatics)
Purposes

Permanent
Reclamation
(Terrestrial)

Permanent
Reclamation
(Wetlands &
Aquatics)

Temporary
Reclamation
(Terrestrial)

Certified

2009

51,342.2

11,533.7

1,994.8

13,528.3

6,047.7

7,063.5

88.6

0.0

53.0

0.0

275.5

0.0

2010

51,342.2

12,383.6

2,042.5

14,426.1

4,478.8

9,519.7

31.2

116.5

56.9

0.0

223.0

0.0

2011

52,831.9

14,589.8

2,045.4

16,635.2

4,862.9

11,263.1

30.8

2.5

151.1

0.0

324.7

0.0

2012

52,832.0

16,531.0

2,107.0

18,636.0

5,609.0

12,401.0

31.0

31.0

163.0

82.0

318.3

0.0

2013

93,381.1

47,686.4

2,864.3

50,601.3

12,812.6

34,762.9

181.4

467.9

1,821.7

159.8

417.9

0.0

2014

93,381.1

50,297.0

2,945.0

53,291.0

11,871.0

37,808.0

86.0

457.0

2,163.0

160.0

483.0

0.0

2015

142,807.1

89,541.3

4,503.1

94,095.0

18,064.8

66,559.1

294.3

1,304.8

4,891.9

1,271.8

1,632.1

104.0

2016

142,807.1

90,112.8

5,188.6

95,301.5

17,712.5

67,590.1

376.5

1,450.2

5,063.3

1,275.5

1,896.3

104.0
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The Honourable Linda Reid
Speaker of the Legislative Assembly
Province of British Columbia
Parliament Buildings
Victoria, British Columbia
V8V 1X4
Dear Madame Speaker:
I have the honour to transmit to the Legislative Assembly
of British Columbia my report, An Audit of Compliance and
Enforcement of the Mining Sector.
We conducted this audit under the authority of section 11 (8)
of the Auditor General Act and in accordance with the standards
for assurance engagements set out by the Chartered Professional
Accountants of Canada (CPA) in the CPA Canada Handbook –
Assurance, and in accordance with Value-for-Money Auditing in
the Public Sector.
<Original signed by>

Carol Bellringer, FCPA, FCA
Auditor General
Victoria, B.C.
May 2016

Cover Page - Tailings pond of Huckleberry open pit copper mine in northwestern British
Columbia. Owned by Imperial Metals Corp. Source: Stock Photo.
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AUDITOR GENERAL’S
COMMENTS
The mining industry

has a long history in British Columbia
and continues to be an important source of employment for thousands
of people. Government has stated its plan to continue to support and
develop this industry by creating opportunities for new investment.
However, the recent decline in commodity prices has left many mining
companies struggling to survive. Regardless of whether the mining
industry is experiencing growth or slow-down, protection of the
environment needs to be ensured. This is only possible through strong
regulatory oversight. We conducted this audit to determine whether
the regulatory compliance and enforcement activities of the Ministry of
Energy and Mines (MEM) and the Ministry of Environment (MoE),
pertaining to mining, are protecting the province from significant
environmental risks.
We found almost every one of our expectations for a robust compliance
and enforcement program within the MEM and the MoE were not met.

Carol Bellringer, FCPA, FCA
Auditor General

We found major gaps in resources, planning and tools. As a result,
monitoring and inspections of mines were inadequate to ensure mine
operators complied with requirements. The ministries have not publicly
disclosed the limitations with their compliance and enforcement
programs, increasing environmental risks, and government’s ability to
protect the environment.
During the course of this audit, these risks became a reality and disaster
occurred when the tailings dam at Mount Polley failed – releasing
approximately 25 million cubic metres of wastewater and tailings into
adjacent water systems and lakes. It may be many years before the
financial, environmental and social implications are fully known.
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AUDITOR GENERAL’S COMMENTS
After the failure at Mount Polley and during our audit, we felt it necessary
to review MEM’s performance as regulator for this site. We noted the
same issues in the Mount Polley file as we did throughout the audit – that
is, too few resources, infrequent inspections, and lack of enforcement.
Our advice, to reduce the risk that unfortunate and preventable incidents
like Mount Polley don’t happen again, is for government to remove its
compliance and enforcement program for mining from MEM. MEM’s role
to promote mining development is diametrically opposed to compliance
and enforcement. This framework, of having both activities within MEM,
creates an irreconcilable conflict. Because compliance and enforcement
is the last line of defence against environmental degradation, business as
usual cannot continue.
I am therefore disappointed in the resistance to this overall
recommendation as it is consistent with many other jurisdictions’
response to similar incidences. In addition, it is disconcerting that
government will not be disclosing its rationale for decisions that it makes
in the public’s interest under section 137 of the Environmental Management
Act. The next opportunity to discuss these and other areas of disagreement
and the contents of this report, will be at a meeting of the Select Standing
Committee on Public Accounts.
This was a very large and involved audit. I appreciate the dedication and
commitment that everyone, both in the ministries and my Office, showed
to see it through to completion.

Carol Bellringer, FCPA, FCA
Auditor General
May 2016
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SUMMARY
Mining is an

important economic driver for British Columbia. More than 30,000 people are employed
in mining and related sectors, and in 2013, the total value of production at B.C. mines was about $7 billion and
mineral exploration spending reached $476 million.
In B.C., there are 13 major coal and metal mines in
operation, over 160 temporarily or permanently
closed mines, and several mines moving through
the permitting approvals process. While the degree
of environmental risk varies for each mine, many
sites will require ongoing oversight by government
that includes a robust compliance and enforcement
program to manage the risk.
The major risk to the environment from mining
activities is water contamination from the chemical
processes of acid rock drainage and heavy metal
and non-metal leaching. Once these processes begin,
they can continue indefinitely. In some cases, the
only solution is water treatment and monitoring – in
perpetuity – which can cost millions of dollars a year.
While most major mines will not require perpetual
water treatment, government has estimated that
approximately 10% of the major mines in B.C. either
have water treatment facilities or will require them
in the future (see sidebar). Industry is responsible
for both building and maintaining these facilities
indefinitely; however, the lifespan of mines and mining
companies is finite, creating a risk that taxpayers
may bear the costs. So, while the benefit from
mining occurs for a limited time, the costs, including
government’s obligation to monitor these sites, may
continue for a very long time.

Just over 10% of B.C. major mines have or
will likely require long-term or perpetual
water treatment.
 14 major mines currently have water
treatment facilities.
 Government has estimated that another
12 existing mines will require water
treatment facilities.

Several laws apply to mining in B.C., but for this audit
we focused on those that are the responsibility of the
Ministry of Energy and Mines (MEM) and Ministry of
Environment (MoE), as both of these ministries:
 are the primary permitting agencies for major
mine operations in the province, and
 have environmental protection mandates
and associated compliance and enforcement
responsibilities under provincial legislation.
MEM’s responsibilities apply generally within the mine
site. MEM must ensure the mine is designed, built,
operated and reclaimed to an acceptable standard.
Under the Mines Act, MEM is empowered to require
that mines provide a financial security deposit that
is held by government. This deposit is designed to
ensure that taxpayers will not have to contribute to

Click on the terms that are bold and blue
to go to the definition in the glossary
(Appendix B).
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SUMMARY
mine reclamation costs if a company defaults on its
environmental obligations.
MoE’s responsibilities apply generally to regulating
the impact of mining activities that extend beyond the
borders of the mine site. MoE regulates the quantity and
quality of any waste discharges from metal and coal
mines to ensure the protection of the environment.

O VER A LL A U D I T
FIN D I N G S
MEM and MoE’s compliance
and enforcement activities of the
mining sector are inadequate
to protect the province from
significant environmental risks
Overall findings of MEM’s and MoE’s
regulatory program:

Planning
 MEM’s mandate to promote the mining
industry conflicts with its role as a regulator,
thus reducing its regulatory effectiveness.
 MEM has a limited compliance and
enforcement program and weak planning, and
therefore its regulatory oversight activities are
inadequate.
 Although MoE has adopted a compliance and
enforcement framework, there are significant
gaps in how the framework is applied.

 Both ministries lack sufficient resources and
tools to manage environmental risks from
mining activities.
 To meet the provincial goals for new mines
and mine expansions, MEM and MoE are
focusing on permit applications. As a result,
there are few resources dedicated to the
regulatory activities of monitoring,
compliance and enforcement.

Permitting
 Neither ministry ensures that permits are
consistently written with enforceable language.
 Neither ministry uses a permitting approach
that reduces the likelihood taxpayers will have
to pay costs associated with the environmental
impacts of mining activities (known as the
polluter-pays principle).
 MEM is not holding an adequate amount
of security to cover the estimated
environmental liabilities at major
mines. The ministry has estimated the
total liability for all mines at more than
$2.1 billion, yet has obtained financial
securities for less than half that amount
($0.9 billion).
 MoE has not reviewed or revised its fee
schedule for pollutants issued under an
Environmental Management Act permit
since 2004. And, in some cases, the
waste discharge fees do not reflect the
environmental impacts.

 Neither ministry coordinates with the other on
their compliance and enforcement activities.
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Compliance promotion
 Both MEM and MoE have created guidance
documents and worked with stakeholders
to promote compliance. However, neither
ministry could demonstrate that its activities
and guidance materials were effective
in achieving voluntary compliance or
government’s environmental outcomes.

Reporting
We found that the two ministries are not informing
the public and legislators about the long-term risks
from mining, the effectiveness of the agencies’
regulatory oversight, and the overall performance
of the companies being regulated.

Compliance verification
 Neither MEM nor MoE are conducting
adequate monitoring and site inspections
and neither have assessed how this is
impacting risks.

Enforcement
 Both MEM’s and MoE’s enforcement
responses have significant deficiencies and
MEM’s enforcement tools are in some cases,
ineffectual. This is resulting in delayed or
unsuccessful enforcement by the ministries
and inaction by industry in several instances.

Ensuring continuous improvement
 Neither MEM nor MoE have adequately
evaluated the effectiveness of their regulatory
programs. Both ministries are aware that
deficiencies in their regulatory activities are
resulting in risks to the environment. In at
least two instances—the tailings breach at
Mount Polley mine and the degradation of
water quality in the Elk Valley—these risks
have manifested into real environmental
impacts.
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O TH E R C O MP LI AN CE
A N D E N FO R C EM E N T
MAT T ER S
The impacts of an ineffective regulatory regime are
increased risks to the environment and the potential
for deterioration of the province’s water systems, loss
of wildlife habitat, and damage to culturally significant
areas and values. In recent years, this risk has become
a reality and resulted in actual environmental damage,
such as at the Mount Polley mine site and in the
Elk Valley.

Compliance and enforcement at the
Mount Polley Tailings Dam
On August 4, 2014, a breach occurred within the
Perimeter Embankment of the tailings storage
facility (or tailings dam) at the Mount Polley copper
and gold mine in south-central B.C. The breach
resulted in the release of an estimated 25 million
cubic metres of wastewater and tailings. The mining
company has since been working on the clean-up from
this event, but the full extent of the environmental
repercussions from the breach are still not known.
In response to this event, government convened an
independent, expert, engineering investigation and
review panel (panel) to determine the mechanics of
how the dam failed. Their conclusion was that the
primary cause of the breach was dislocation of a part
of the Perimeter Embankment due to foundation
failure. The specifics of the failure were triggered by
the construction of the downstream rockfill zone at
a steep slope. They noted that had the downstream

embankment slope been flattened in recent years as
proposed in the original design, failure would have
been avoided.
Our assessment differed from the panel’s review in that
we focused on why the dam failed and the Ministry of
Energy and Mines’ (MEM) overall compliance and
enforcement activities. We found that the ministry
did not ensure that the tailings dam was being built or
operated according to the approved design, nor did it
ensure that the mining company rectified design and
operational deficiencies. MEM continued to allow the
mine to operate and to approve permit amendments to
raise the tailings dam.
In relation to the Perimeter Embankment where
the dam failed, MEM’s weak regulatory oversight
allowed inconsistencies with the intended dam
design to persist over several years. This included: an
over-steepened Perimeter Embankment slope and
inadequate management of the tailings beach. At the
Main Embankment, in addition to accepting a steep
embankment slope and an inadequate tailings beach,
MEM also did not ensure that buttressing was built to
the height and extent included in the dam design.
We concluded that MEM did not enforce the design
due to the following:

Over reliance on
qualified professionals
It is not MEM’s practice to carry out its own technical
review (or to oversee an independent technical
review) to confirm that tailings dams are built in
accordance with the design.
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Inadequate standards to guide both
inspectors and industry
We expected that MEM would have ensured that their
design standards were clear for both industry and
inspectors to enforce. However, MEM had adopted the
Canadian Dam Association’s Dam Safety Guidelines
for dam construction that were not specific to the
conditions in B.C. or specific to tailings dams. These
guidelines were open to interpretation by the Engineer
of Record and MEM inspectors, and this resulted in
a tailings dam that was built below generally accepted
standards for tailings dams.

Inspections did not meet policy
MEM performed no geotechnical inspections for a
number of years, even though their policy requires
a minimum of an annual inspection. Although these
inspections would not have identified the weak
foundation layer, staff could have identified that the
operator was not actually building or operating the
tailings dam to the prescribed design and was raising
the dam without any long-term planning. Also,
additional inspections would have provided MEM the
opportunity for increased onsite vigilance.

Lack of enforcement culture
MEM has adopted a collaborative approach to
compliance and enforcement that emphasizes
cooperation and negotiation. In the case of Mount
Polley, this approach failed to produce the desired
results. MEM has the ability to compel a mining
company to take corrective action when necessary, and
has done so in the past using enforcement mechanisms
under the Act, Code and permit. However, at Mount

Polley, MEM did not use most of these enforcement
mechanisms to compel the mine operator to build or
operate the dam as designed and intended.

MoE has not publicly disclosed the
risks associated with permitting
coal mines in the Elk Valley
Lack of sufficient and effective regulatory oversight
and action by MoE to address known environmental
issues has allowed degradation of water quality in the
Elk Valley. Coal mining, which has been underway
in the area for over 100 years, has resulted in high
concentrations of selenium in the water system. As
selenium accumulates up the food chain, it can affect
the development and survival of birds and fish, and
may also pose health risks to humans.
For 20 years, MoE has been monitoring selenium
levels in the Elk Valley and over that time has
noted dramatic annual increases of selenium in the
watershed’s tributaries. MoE tracked this worsening
trend, but took no substantive action to change it.
Only recently, has the ministry attempted to control
this pollution through permits granted under the
Environmental Management Act.
We examined the Line Creek Expansion Permit, the
Area-Based Management Plan and the Area-Based
Management Permit (Valley Permit)1 to understand
how they support MoE’s responsibility to minimize
risks to the environment. We found that these
documents do not address several risks, including
the following:
 MoE staff, with input from external experts,
concluded that the selenium levels in the

Line Creek mine is one of five coal mines that Teck Resources
Ltd. is operating in the Elk Valley.
1
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proposed Line Creek Expansion Permit were
not likely protective of the environment. The
statutory decision-maker could not approve the
permit. Subsequently, the permit was granted
by Cabinet. This was the first time that Cabinet
used this approval process. The rationale for
the decision was not publicly disclosed.
 The Line Creek Expansion Permit allows
mining activities to be extended into an area
inhabited by Westslope Cutthroat Trout, a
species listed as being of “special concern”
under the federal Species at Risk Act. This
approved expansion of mining operations
creates a risk of further decline of this species.

The ministry has not disclosed these risks to legislators
and the public.
Ultimately, despite the addition of water treatment
facilities, the current permit levels of selenium are
above the water quality guidelines set by B.C. to
protect aquatic life, and for human health and safety.
Selenium from both historical mining activities and
the ongoing expansion is likely to continue to impact
the environment far into the future.

 The Area-Based Management Plan commits
industry to developing six water treatment
facilities in the Elk Valley. This creates a future
economic liability for government to monitor
these facilities in perpetuity and ensure that
they are maintained.
 There is a risk that if MoE is unable to enforce
the Area-Based Management Permit and the
mine exceeds its permit limit for selenium
at Lake Koocanusa, the outcome could be a
violation of the 1909 Treaty relating to boundary
Waters and Questions arising along the Boundary
between Canada and the United States (the
Treaty). The Treaty forbids the pollution of
water bodies on either side of the border.
 The levels for selenium in the Area-Based
Management Permit are inconsistent with
the precautionary principle. The proposed
targets over the next seven years show a
reduction in selenium, but are still significantly
higher than current concentrations creating a
high risk of further environmental impacts.
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We found over

a decade of neglect in compliance and enforcement program activities
within the Ministry of Energy and Mines, and significant deficiencies within the Ministry of
Environment’s activities. Overall, we concluded that compliance and enforcement activities of the
two ministries are inadequate to protect the province from significant environmental risks.
The independent expert panel for Mount Polley stated clearly that “business as usual cannot
continue.” We reached a similar conclusion at the end of this audit regarding compliance and
enforcement, and we have one overall recommendation.
OVERALL RECOMMENDATION
WE RECOMMEND THAT THE GOVERNMENT OF BRITISH COLUMBIA
create an integrated and independent compliance and enforcement unit for mining activities,
with a mandate to ensure the protection of the environment.
Given that the Ministry of Energy and Mines (MEM) is at risk of regulatory capture,
primarily because MEM’s mandate includes a responsibility to both promote and regulate
mining, our expectation is that this new unit would not reside within this ministry.
Establishment of such a unit will:
 show all stakeholders concerned about
regulatory oversight that government
has put a sound system in place

 enable government to demonstrate that
it will meet its public commitment to be
a sound environmental steward
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In addition to this overall recommendation, we have included 16 recommendations that provide
further guidance to government in the development of this new unit. These recommendations
are themed by activity: Planning, Permitting, Compliance Promotion, Compliance Verification,
Enforcement, Evaluation and Adjustment, and Reporting.
Each recommendation was in response to specific findings. In some cases, the recommendation was
made due to specific issues as a result of the Ministry of Environment’s or the Ministry of Energy
and Mines’ performance, and in other cases, the recommendation was applicable to both ministries.

Planning

1.1

Strategic planning
We recommend that government develop a strategic plan that would detail the activities
of an integrated and coordinated regulatory approach, and the necessary capacity, tools,
training and expertise required to achieve its goals and objectives.

Permitting

1.2

Permit language
We recommend that government ensure both historical and current permit
requirements are written with enforceable language.

1.3

Security – adequate coverage
We recommend that government safeguard taxpayers by ensuring the reclamation
liability estimate is accurate and that the security held by government is sufficient to
cover potential costs.

1.4

Security – catastrophic events
We recommend that government review its security mechanisms to ensure taxpayers
are safeguarded from the costs of an environmental disaster.

1.5

Environmental Management Act waste discharge fees
We recommend that government review its fees under the Environmental Management
Act and ensure that the fees are effective in reducing pollution at mine sites.
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1.6

Cost recovery
We recommend that government adopt a cost recovery model for permitting and
compliance verification activities that is consistent across all ministries in the natural
resources sector.

1.7

Decision-making – Use of section 137 of the Environmental Management Act
We recommend that government publically disclose its rationale for granting a permit
under section 137 of the Environmental Management Act. Specifically, information
should include how factors such as economic, environmental, and social attributes were
considered in the determination of public interest.

Compliance Promotion

1.8

Reclamation guidance
We recommend that government develop clear and comprehensive reclamation
guidance for industry.

1.9

Incentives
We recommend that government create effective incentives to promote environmentally
responsible behavior by industry.
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Compliance Verification

1.10

Risk-based approach
We recommend that government develop a risk-based approach to compliance
verification activities, where frequency of inspections are based on risks, such as
industry’s non-compliance record, industry’s financial state, and industry’s activities
(e.g., expansion), as well as risks related to seasonal variations.

1.11

Systematic compliance verification
We recommend that government systematically monitor and record compliance with
high-risk mine permit requirements.

1.12

Qualified Professionals
We recommend that government establish policies and procedures for the use and
oversight of qualified professionals (QP) across the natural resources sector. These
policies and procedures should have the following:
 guidance for staff that outlines the specific nature and amount of oversight
expected of a QP’s work
 guidance for staff as to expected timeframe for review and response to
QP reports
 updated guidance for staff for recognizing and responding to misconduct
by a QP
 controls in place to ensure that there is no undue influence on the QPs
by industry
 controls in place to ensure that recommendations by QPs are adhered to

1.13

Mine design
We recommend that government adopt appropriate standards, review mine designs to
ensure that they meet these standards, and ensure that mines, as constructed,
reflect the approved design and standards.
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Enforcement

1.14

Policies, procedures and tools
We recommend that government develop policies, procedures and enforcement
tools for responding to non-compliances when industry does not meet government’s
specified timeline.

Evaluation & Adjustment

1.15

Evaluation & adjustment
We recommend that government regularly evaluate the effectiveness of its compliance
promotion, compliance verification, and enforcement activities and tools, and make
changes as needed to ensure continuous improvement.

Reporting

1.16

Public reporting
We recommend that government report publicly the:
 results and trends of all mining compliance and enforcement activities
 effectiveness of compliance and enforcement activities in reducing risks and
protecting the environment
 estimated liability and the security held for each mine
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The Ministry of Energy and Mines (MEM) and
Ministry of Environment (ENV) acknowledge
receipt of the Auditor General’s Report: An Audit of
Compliance and Enforcement of the Mining Sector
(Audit Report). Government wishes to thank the
Auditor General for undertaking the audit and her staff
for their efforts.
We note there are areas of agreement between the
Audit Report’s 16 sub-recommendations and the
combined 26 recommendations by the Mount Polley
Independent Expert Engineering Investigation and
Review Panel (Expert Panel) and the regulatory
investigation of the Chief Inspector of Mines.
Government has accepted all of the recommendations
put forward by the Expert Panel and Chief Inspector
of Mines and implementation is well underway.
We accept the majority of the recommendations in
the Audit Report; however, there are five points
where we feel obliged to share our perspective for
the public record.

A PPR O P R I AT E
S TAN D A R D S
There is a lack of clarity in the Audit Report on what
the operational effectiveness of the compliance
and enforcement programs should be measured
against. Often the measure or standard of expected

performance stated in the Audit Report is unclear
and/or unsupported by reference to an identified,
established authority, such as the legislation and
regulation that guides the actions of C&E staff in both
ministries. This concern applies at various points in
the Audit Report, with the Report’s general reference
to the Organisation for Economic Co-operation
and Development or the International Network for
Environmental Compliance and Enforcement rather
than the laws of BC, the stated objectives of the
Ministries, or Canadian industry standards.
As a specific example in relation to Mount Polley,
the Province is criticized for adopting the Canadian
Dam Association’s (CDA) Dam Safety Guidelines
which, the audit report states, “resulted in a tailings
dam that was built below generally accepted standards
for tailings dams.” Not only do we disagree with
this assertion of opinion, the CDA guidelines are
in fact professionally recognized guidelines that are
used throughout Canada by geotechnical engineers.
Whether the guidelines could be improved is a
separate question, one which the CDA is currently
reviewing. Further, the Minister of Energy and Mines
has struck a committee that is tasked with reviewing
the Health, Safety and Reclamation Code for Mines
in BC to determine whether and in what ways
requirements may appropriately be improved
or clarified.
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PRO FES S I O N A L
PUB LI C S E R VA N TS

DI S CL O S U R E O F
I N F O R M ATI O N

The Audit Report suggests that professional public
servants are unable to differentiate between mandate
components or that they are unwilling to enforce
existing regulations. The Audit Report contains
no factual evidence that the current ministry
structure results in any such risk, or in a mind-set
of acquiescence on the part of staff involved. The
Report lists a number of indicators of potential risk of
regulatory capture. But there is nothing whatsoever
in the Report to suggest any actual causal linkage.
Specifically, there is no evidence that decisions were
made at Mount Polley, in relation to the Elk Valley, or
anywhere else to ease or enhance the position of the
mining companies involved.

The Audit Report implies that the Ministries failed in
their duty to disclose information regarding decisions
on mining operations.

We do not accept that mere appearances are sufficient
to warrant the act of removing compliance and
enforcement from MEM. No one is more aware of
the need to find the appropriate balance between
promotion and regulation of mining in ministry
decision-making than those who are asked to do so on
a daily basis. It is the legislative framework in BC that
drives compliance and enforcement activities not the
organizational structure.

In the instance of Mount Polley, there was no breach
of any duty to disclose information to the public
or to the Legislature. The Information and Privacy
Commissioner recently ruled that there was no
failure by MEM to meet the disclosure requirements
of section 25 of the Freedom of Information and
Protection of Privacy Act in relation to environmental
risk at Mount Polley.
With respect to the permitting of mining operations
in the Elk Valley, there was also no breach of any
duty on the part of ENV and no failure on the part
of Cabinet to disclose information to the public or to
the Legislature. Before addressing that point, it may
be of assistance for the government to set out the
decision making process that did occur, the extensive
consultations that were undertaken, and to clarify the
legal authority under which decisions were made.
As the Audit Report notes, mining in this area has
been going on for more than 100 years and over the
past 20 years, ENV has been monitoring the health
of the watershed with increasing concern. Emerging
science began to indicate the potential effects of
selenium and other water quality parameters in the Elk
Valley watershed, including Fording River, Elk River
and Lake Koocanusa. With ENV staff bringing these
issues to the attention of the Minister of Environment,
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the Minister used powers under the Environmental
Management Act to issue an Order requiring the
mining operator to immediately begin to stabilize and
reverse the water quality trends.
The Order required the development of an Area Based
Management Plan (ABMP) which meets specific
environmental objectives and outcomes such as
protection of aquatic ecosystems, protection of human
health and protection of groundwater. The ABMP
also sets out short, medium and long-term water
quality targets. The ABMP lays out a schedule for the
installation of nine active water treatment plants over
the next 18 years. The long-term targets consider:
1) current contaminant concentrations, 2) current
and emerging economically achievable treatment
technologies, 3) sustained balance of environmental,
economic and social costs and benefits, and 4) current
and emerging science regarding the fate and effects of
contaminants.
Substantial public and stakeholder consultations were
undertaken during the development of the ABMP and
after permits were granted, various news releases and
media interviews by ministers set out for the general
public the nature of government decisions. The ABMP
was developed by a technical advisory committee
with representatives from the mining operator,
the local environmental group (Wildsight), the
Province, Government of Canada, U.S. Government,
the State of Montana, the Ktunaxa Nation, and an
independent scientist from UBC. Parallel to the
technical advisory committee work, the Province was
engaged in a government-to-government process to
ensure the Ktunaxa Nation’s interests and concerns

were addressed. The Ktunaxa Nation Council’s public
support for the ABMP and the subsequent Elk Valley
permit is a reflection of the commitment of the
Province, the Ktunaxa Nation and the mining operator
to see water quality levels stabilize and improve.
In November 2014, the Minister of Environment
approved the ABMP which became policy for the
ministry statutory decision maker to consider when
making permitting decisions in the Elk Valley. The
comprehensive Valley permit, subsequently issued
by the ministry statutory decision maker, authorizes
water quality discharges and sets legal requirements for
the mining company to install nine treatment plants
and to implement widespread monitoring to ensure
water quality trends are stabilizing and reversing. A
tangible result of this unprecedented effort in problem
solving and public and First Nations consultation is
the recent announcement of the completion of the
commissioning phase of the first treatment plant. The
recognition of the ministry’s efforts to effectively and
responsibly address a historically generated water
quality problem while balancing economic, social,
cultural and environmental interests was not addressed
in the Audit Report.
The Audit Report criticized Cabinet for approving the
Line Creek Expansion Permit via an Order-in-Council
(OIC) in 2013 on the grounds that the rationale for
the decision was not publicly disclosed. Decisions,
when they are issued in the form of OICs such as this
one, are always published on the BC Laws website.
Furthermore, section 137 of the Environmental
Management Act specifically outlines what factors
Cabinet may consider. These considerations extend to
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factors such as social and economic needs and whether
it is in the public interest to ensure a functioning
industry so that longer term investments can continue
to be made in areas such as research and development
and water treatment technologies.

A UD I T S C O P E
The fourth point relates to audit planning decisions as
to what was properly within or outside the audit scope.
For example, it is difficult for us to understand why, in
a case study examining permitting in the Elk Valley in
detail, the Audit Report failed to record the concerted
efforts that ENV has undertaken in order to ensure
these permits are complied with. After the Minister
of Environment approved the ABMP in 2014, the
ministry statutory decision maker approved a valleywide permit for Teck Coal Limited that specified
the regulatory requirements for reducing selenium
levels. Permit requirements will bend down the curve
of growth in selenium levels in Lake Koocanusa by
requiring additional investment in water diversion
and treatment facilities over the next two decades.
The Audit Report does not comment on the extensive
efforts by the ministry to ensure that Teck Coal
Limited complies with these regulatory requirements.
For instance, in 2014, ENV created a dedicated
management position supported by two technical
officers to oversee Teck Coal Limited. A compliance
plan has been developed that specifies a schedule of
inspection frequency and water sampling. The amount
of resources and effort that has been focused on
compliance of these five particular mines is significant
and the ministry has no intention of reducing
that attention.

We also wonder why, in examining whether
compliance and enforcement activities of the mining
sector are protecting the Province from significant
environmental risk, the Audit Report did not consider
the key role played by the Environmental Assessment
Office (EAO) in upholding the Environmental
Assessment Act. Many of the mines in British Columbia
(new and expansions) have been subject to the
Environmental Assessment process and received
environmental assessment certificates with legally
binding requirements. Permitting by MEM and ENV
happens subsequent to that environmental review
process. Additionally, the EAO has its own compliance
and enforcement program, which includes oversight
of mines and functions complementarily to MEM
and ENV. The Auditor General recently reviewed
EAO’s progress in addressing the recommendations
from the 2011 audit on the EAO’s oversight of major
projects. In that follow-up, the Auditor General
acknowledged significant improvements in oversight
of environmental assessments projects,
including mines.

M O U N T PO L L E Y
The Audit Report contains the inference that MEM
might have been able to, through proper exercise of
their regulatory powers, act to prevent the dam failure
at Mount Polley. The Audit opinion is contrary to the
Expert Panel finding of cause and is not reflective of
the regulatory regime in place at the time. Specifically:
The Panel found that inspections of the TSF would not
have prevented failure and that the regulatory staff are
well qualified to perform their responsibilities. The Panel
found that the performance of the Regulator was
as expected.
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It is important to understand that mine design, at
Mount Polley just as at mines around the world, is not
static and evolves throughout the life of operation.
This is appropriate engineering practice. Operating
mines evolve their designs over time regularly, all
with the approval of licensed engineers. Starting in
1995, there were nine design stages over the life of
the Tailings Storage Facility (TSF) at Mount Polley.
All stages, including the design stage in place at the
time of the breach had been approved by the design
engineer. Each stage of construction was certified
by the Engineer of Record (EOR) in the as-built
reports. MEM authorized permit amendments for
each stage of the TSF. The failure of the TSF was not a
compliance and enforcement issue.
It is also important for the reader to understand the
difference in design, actions and recommendations
for each of the three embankments: Perimeter
Embankment, Main Embankment, and South
Embankment. Specifically, the Audit Report seems
to suggest that items identified by both the EOR
and ministry staff at the Main Embankment can be
translated, or are somehow related, to the failure of
the Perimeter Embankment. Such inferences are not
supported by facts or engineering and do not offer
supporting evidence that the breach of the Perimeter
Embankment was somehow preventable through
compliance and enforcement actions.
The Ministry appreciates that the purpose and process
of the audit may have been different than those of
the Expert Panel and the regulatory investigation of
the Chief Inspector of Mines. We are nonetheless
concerned about the different findings on fundamental

facts that have come out of these processes. The
Expert Panel, which was empowered in its Terms of
Reference to examine any matters it deemed necessary,
including the “regulatory oversight by the Ministry of
Energy and Mines and the Ministry of Environment”
and “to comment on what actions could have been
taken to prevent this failure and to identify practices
or successes in other jurisdictions that could be
considered for implementation in BC” concluded:
The Panel finds that the MEM Geotechnical Staff and
the Contract Inspectors are well qualified to perform
their responsibilities. The team is well organized and
has clear targets and schedules for annual inspections.
The Panel considers the technical qualifications of the
MEM Geotechnical Staff as among the best that it has
encountered among agencies with similar duties.
The Panel further concluded:
Additional inspections of the TSF would not have
prevented the failure.
Similarly, the extensive investigation by the Chief
Inspector of Mines, which considered over 100,000
pages of documents and hundreds of hours of
interviews, did not find that the company breached its
obligations under the Mines Act, the Health, Safety and
Reclamation Code for Mines in British Columbia, its
permit conditions or any orders to prosecute. This is
the regulatory framework that governs the Ministry’s
compliance and enforcement actions. We of course
await the results of the Ministry of Environment’s
investigation of potential breaches of its legislation.

Auditor General of British Columbia | May 2016 | An Audit of Compliance and Enforcement of the Mining Sector

20

1166

RESPONSE FROM GOVERNMENT
The Audit Report states that “government has adopted
an approach to reduce the regulatory burden on
industry.” The public relies on Qualified Professionals
in many areas. Examples of qualified professionals
include architects, accountants, lawyers, physicians,
pharmacists and engineers. In each case, the qualified
professionals are regulated by their respective
governing body or association to ensure members
meet their association’s standards of conduct or code
of ethics. If qualified professionals do not adhere to
these standards or codes, then the associations are
responsible for disciplinary actions. This is the system
that holds professional engineers accountable across
Canada. The OAG concern about over-reliance on
qualified professionals is a criticism of professional
bodies’ ability to regulate their professions.
Furthermore, the Audit Report’s assertion that
there is over-reliance on qualified professionals is
not substantiated in the context of mining. Reliance
on engineers and other qualified professionals in
the mining industry has been a fact of life in British
Columbia for decades. The long standing model
used in engineering throughout the world relies on
professional engineers to prepare and seal designs;
government then reviews these plans. Through
legislation like the Engineers and Geoscientists Act,
government has created technical bodies to formalize
accountability and protect the public interest.
Just as the original design for the Mount Polley TSF
was prepared and signed by a Professional Engineer
in 1995 and then reviewed by government staff, this
was the same for subsequent lifts. In fact, the Expert
Panel found:

TSF. They had insightful questions for the designers
at many instances during their review of the design
documents, as noted above. The EOR responded to these
questions based on their observations and understanding
of site conditions. The EOR is responsible for the overall
performance of the structure as well as the interpretation
of site conditions. The Regulator has to rely on the
expertise and the professionalism of the EOR as the
Regulator is not the designer.
Both the Expert Panel and the CIM investigation
concluded that the fundamental cause of the Mount
Polley failure was the lack of appropriate subsurface
site characterization when the dam was designed
and built. We respectfully point out that this was
not a question of the number of ministry staff on the
ground, the number of inspections performed, or an
increase in professional reliance since.
In conducting the Mount Polley case study, the
audit team – quite understandably – augmented
their own knowledge of environmental principles,
geotechnical engineering and regulatory law. They
did so by consulting a panel of subject matter
experts, comprising an environmental academic,
environmental lawyer, engineer and a former
employee. We understand this to be consistent with
normal audit practice.
However, proceeding in that manner did not give the
Ministries the opportunity to know who was on the
panel, what data the panel may have considered on
specific points, what opinions they might have offered,
or to challenge the thinking of panel members with
additional engineering evidence and/or competing
legal or scholarly opinions.

MEM geotechnical engineers addressed significant issues
during the reviews and inspections of the Mount Polley
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Government wishes to thank the Auditor General for
undertaking the audit and her staff for their efforts.
In particular, we appreciate the extended processes
by which the Audit Team allowed the Ministries to
raise and discuss factual and legal concerns arising in
connection with successive drafts of the Audit Report.
The Audit Team responded to many of our concerns,
but points of disagreement remained which we

believed could not be left unanswered. While we do
not accept that the Ministries have been deficient in
protecting the environment, or the recommendation
to reorganize the compliance and enforcement
programs within a separate agency, we do believe the
16 sub-recommendations provide meaningful and
constructive guidance that will complement current
initiatives already underway.

PART 1: RECOMMENDATIONS FOR GOVERNMENT
Recommendation by OAG

Ministry Response

RECOMMENDATION 1.0

It is the legislative framework in BC that drives compliance and
enforcement activities not the organizational structure. Many provincial
governments across Canada have agencies and ministries with the role of
promoting and regulating an industry. In the absence of evidence by the
Auditor General that this has compromised the integrity of the ministry
or its staff, Government does not support the need for a reorganization
of the ministries, however we are prepared to further discuss this with
the OAG. Government will establish a Mining C&E Board that will
address the need for greater integration between the ministries, as well as
with the Environmental Assessment Office.

—Overall: We recommend that the
Government of British Columbia create an
integrated and independent compliance and
enforcement unit for mining activities, with
a mandate to ensure the protection of
the environment. Given that the Ministry
of Energy and Mines is at high risk of
regulatory capture, primarily because
MEM’s mandate includes a responsibility
to both promote and regulate mining, our
expectation is that this new unit would not
reside within this ministry.
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RESPONSE FROM GOVERNMENT
PART 2: RECOMMENDATIONS FOR MINISTRY OF ENERGY AND MINES AND MINISTRY OF ENVIRONMENT
Recommendation by OAG

Ministry Response

RECOMMENDATION 1.1

A Mining C&E Board will be established to oversee an integrated and
coordinated regulatory approach to mining in the Province of B.C. The
Board will be accountable to the Deputy Minister of Energy and Mines,
the Deputy Minister of Environment and the Associate Deputy Minister of
the Environmental Assessment Office.

Strategic Planning—We recommend
that government develop a strategic plan
that would detail the activities of an
integrated and coordinated regulatory
approach, and the necessary capacity,
tools, training and expertise required to
achieve its goals and objectives.

The Board will develop compliance and enforcement plans to map out
proactive annual activities based on a risk-based approach. The board will
also be responsible for furthering longer term strategic improvements in
other areas such as: enhancing training; developing policies, procedures
and tools; conducting evaluations; and expanding public reporting.
MEM will appoint a new Deputy Chief Inspector of Mines for compliance
and enforcement to oversee and implement improved C&E.

RECOMMENDATION 1.2
Permit Language—We recommend that
government ensure both historical and

The ministries agree that permits must be written with measureable and
enforceable requirements. Both ministries will develop policy to ensure
enforceable and measurable requirements are used in all new and
amended permits.

current permit requirements are written
with enforceable language.
RECOMMENDATION 1.9
Incentives—We recommend that
government create effective incentives
to promote environmentally responsible
behavior by industry.
RECOMMENDATION 1.10
Risk-Based Approach—
We recommend that government develop
a risk-based approach to compliance
verification activities, where frequency
of inspections are based on risks such

The ministries agree that it is useful to consider incentives as part of the
compliance and enforcement regime governing mines and will continue
to consider additional opportunities to recognize and reward good
environmental performers. Furthermore, it is expected that expanded
public reporting of compliance and enforcement activities will serve
as a very effective incentive for promoting environmentally
responsible behaviour.
Compliance verification activities conducted by the ministries are founded
on a risk-based approach; however, the ministries commit to review
policies in this regard.
The annual compliance and enforcement planning that will take place at
the Mining C&E Board, established under recommendation 1.1, will also
be risk-based to optimize the capacity and effectiveness of the ministries’
collective compliance and enforcement resources.

as industry’s non-compliance record,
industry’s financial state, and industry’s
activities (e.g., expansion), as well as risks
related to seasonal variations.
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RESPONSE FROM GOVERNMENT
PART 2: RECOMMENDATIONS FOR MINISTRY OF ENERGY AND MINES AND MINISTRY OF ENVIRONMENT
Recommendation by OAG

Ministry Response

RECOMMENDATION 1.12

MEM’s efforts are guided by the Mines Act and the Health, Safety and
Reclamation Code for Mines in British Columbia. In particular, the Code
Review currently underway is considering specific matters such as the
need for a qualified individual designated as a mine dam safety manager to
oversee all work associated with a tailings storage facility and will clarify
the roles and responsibilities of the Engineer of Record at a mine.

Qualified Professionals—
We recommend that government establish
policies and procedures for the use and
oversight of qualified professionals (QP)
across the natural resources sector. These
policies and procedures should have the
following:
 guidance for staff that outlines
the specific nature and amount of
oversight expected of a QP’s work
 guidance for staff as to expected
timeframe for review and
response to QP reports

The Mining C&E Board, established under recommendation 1.1, will
consider how MoE and MEM can strengthen the use and oversight of
qualified professionals in the mining sector specifically.
The Ministry of Forests, Lands and Natural Resource Operations
has established a Qualified Persons in the Natural Resource Sector
Framework. This framework guides the development and implementation
of Qualified Persons policies and procedures specifically for the mining
sector. The framework is based on the three essential components of
guidance, competency and accountability and ensures the interests of
government, resource users, qualified persons and other stakeholders are
recognized and addressed.

 updated guidance for staff for
recognizing and responding to
misconduct by a QP
 controls in place to ensure that
there is no undue influence on the
QPs by industry
 controls in place to ensure that
recommendations by QPs are
adhered to

RECOMMENDATION 1.14
Policies, Procedures and Tools—We
recommend that government develop
policies, procedures and enforcement tools
for responding to non-compliances when
industry does not meet government’s
specified timeline.

The ministries agree on the importance of clear policies, procedures and
tools to aid in their compliance and enforcement activities. The ministries
will review these in light of the recommendations. The establishment of
the Mining C&E Board, under recommendation 1.1, will serve to further
inter-ministry collaboration and sharing of best practices.
Government will also introduce amendments to the Mines Act to provide
for Administrative Monetary Penalties in the spring 2016
legislative session.

Auditor General of British Columbia | May 2016 | An Audit of Compliance and Enforcement of the Mining Sector

24

1170

RESPONSE FROM GOVERNMENT
PART 2: RECOMMENDATIONS FOR MINISTRY OF ENERGY AND MINES AND MINISTRY OF ENVIRONMENT
Recommendation by OAG

Ministry Response

RECOMMENDATION 1.15

Annual compliance and enforcement planning and reporting will
provide a means to evaluate the effectiveness of the program, to ensure
ongoing improved targeting of areas of concern and recognition of strong
performers. The ministries will address this recommendation through the
establishment of a Mining C&E Board under recommendation 1.1.

Evaluation and Adjustment—
We recommend government regularly
evaluate the effectiveness of its compliance
promotion, compliance verification, and
enforcement activities and tools, and
make changes as needed to ensure
continuous improvement.
RECOMMENDATION 1.16
Public Reporting—We recommend that
government report publicly the:
 results and trends of all mining
compliance and enforcement
activities
 effectiveness of compliance
and enforcement activities in
reducing risks and protecting the
environment
 estimated liability and the
security held for each mine.

The ministries support public reporting and have been making progress in
this area. The Ministry of Environment has been reporting its enforcement
actions for many years through published reports and an online searchable
database. It reports all of its enforcement actions including orders,
administrative sanctions, administrative monetary penalties, violation
tickets and court prosecutions. The ministry will work with Ministry of
Energy and Mines to explore including their enforcement actions in the
reporting.
In 2012, the Ministry of Environment published all of its permits
for industrial and municipal facilities that discharge waste into the
environment, including mines. This dataset provides the opportunity
for citizens to access province-wide data on those facilities, including
information on fees, locations and discharges.
The Ministry of Energy and Mines published all dam safety inspections,
emergency response plans and related documents online in 2015. The
ministry will continue to publish further documents for all major mines in
British Columbia.
The ministries will report on trends and effectiveness of C&E in the
mining sector.
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RESPONSE FROM GOVERNMENT
PART 3: RECOMMENDATIONS FOR MINISTRY OF ENERGY AND MINES
Recommendation by OAG

Ministry Response

RECOMMENDATION 1.3 Security—

As seen in the 2014 Chief Inspector’s Annual Report,
“In the past few years, the value of security deposits
has increased to reflect more closely the true costs of
reclamation. The total value of securities held by the
Province has risen from $10 million in 1984 to more than
$773 million by the end of 2014.”

Adequate Coverage—We recommend that government
safeguard taxpayers by ensuring the reclamation liability
estimate is accurate and that the security held by government
is sufficient to cover potential costs.
RECOMMENDATION 1.4 Security—
Catastrophic Events—We recommend that government
review its security mechanisms to ensure taxpayers are
safeguarded from the costs of an environmental disaster.

Environmental disasters, like the one seen as a
result of the Mount Polley tailing facility breach, can
result in damage both on and off a mine site. It is the
responsibility of the mine operator to ensure sufficient
environmental liability insurance is held to meet the risk
of such disasters.
The Environmental Management Act contains authority
for spill response actions and cost recovery to require
persons in possession or control of any polluting
substance to prepare contingency plans and to
implement those plans at their expense in the event of
a spill. The Act also provides for the recovery of costs
should action to respond to a spill be declared by the
Minister.
This Act is being amended to proactively require
potential polluters to pay into a spill preparedness and
response organization. These amendments are due for
introduction to the Legislature this year.

RECOMMENDATION 1.8
Reclamation Guidance—We recommend that government
develop clear and comprehensive reclamation guidance

Internal work has begun on developing additional
guidance materials on a range of reclamation aspects,
including erosion and sediment control plans, closure
management manuals, reclamation security, etc.

for industry.
RECOMMENDATION 1.11
Systematic Compliance Verification—We recommend
that government systematically monitor and record

As with Recommendation 1.10 above, a risk-based
approach to compliance and enforcement workforce
planning will uncover poor performers for closer
scrutiny.

compliance with high-risk mine permit requirements.
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RESPONSE FROM GOVERNMENT
PART 3: RECOMMENDATIONS FOR MINISTRY OF ENERGY AND MINES
Recommendation by OAG

Ministry Response

RECOMMENDATION 1.13 Mine Design—We

This recommendation is presented at the conclusion
of the Audit Report section on the Mount Polley TSF
breach.

recommend that government adopt appropriate standards,
review mine designs to ensure that they meet these standards,
and ensure that mines, as constructed, reflect the approved
design and standards.

There had been nine design stages over the life of the TSF
at Mount Polley Mine. All stages, including the design
stage in place at the time of the breach had been prepared
by the design engineer; a qualified professional. MEM
reviewed and authorized permit amendments for each
stage of the TSF. Each stage of construction was certified
by the Engineer of Record in the as-built reports. The
failure of the TSF was not an enforcement issue.
Through legislation like the Engineers and Geoscientists
Act, government has created technical bodies to
formalize accountability and protect the public interest.
As appropriate in their role, in response to the Expert
Panel findings on Mount Polley the Association
of Professional Engineers and Geoscientists BC is
developing professional practice guidelines for dam
site characterization assessments. Government is also
undertaking a review of the Mining Code with labour,
First Nations and industry representatives to determine
how best to implement the expert panel findings.
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RESPONSE FROM GOVERNMENT
PART 4: RECOMMENDATIONS FOR MINISTRY OF ENVIRONMENT
Recommendation by OAG

Ministry Response

RECOMMENDATION 1.5 Environmental

The Ministry of Environment is committed to reviewing
the fee structure for waste discharges under the
Environmental Management Act. Work has already been
initiated to assess current fees, as well as conduct a crossjurisdictional scan of fees imposed by other provinces
and territories.

Management Act Waste Discharge Fees—We recommend
that government review its fees under the Environmental
Management Act and ensure that the fees are effective in
reducing pollution at mine sites.
RECOMMENDATION 1.6
Cost Recovery—We recommend that government adopt
a cost recovery model for permitting and compliance
verification activities that is consistent across all ministries in
the natural resources sector.

RECOMMENDATION 1.7
Decision Making—Use of section 137 of the
Environmental Management Act—We recommend that
government publically disclose its rationale for granting a
permit under section 137 of the Environmental Management
Act. Specifically, information should include how factors

The Ministry of Environment recognizes that other
natural resource sector ministries, including the
Environmental Assessment Office, have begun imposing
fees on industry for permitting and compliance
verification activities. The ministry will be examining the
imposition of fees for these activities.
Effective April 1, 2015 permit fees were introduced
under the Mines Act and the existing inspection fees were
raised. This enabled a budget increase of approx. $9.3M
to the Ministry of Energy and Mines in Budget 2016.
As provided for in Section 137 of the Environmental
Management Act, Cabinet may consider factors that
are in the public interest and beyond those that a
ministry director may consider. Discussions underlying
the approval of an OIC are a matter of Cabinet
confidentiality. However, the results of Cabinet decisions,
when they are issued in the form of OICs, are published
on the BC Laws website.

such as economic, environmental, and social attributes were
considered in the determination of public interest.

Auditor General of British Columbia | May 2016 | An Audit of Compliance and Enforcement of the Mining Sector

28

1174

BACKGROUND
MIN I N G I N B . C .
Mining has been

a part of B.C.’s economy since the mid-1800s. Starting with coal mines on Vancouver
Island and gold placer mining in the Cariboo, mining has expanded to all parts of the province.

Today, mining is a key driver of B.C.’s economy. Coal
and metal mines are the largest revenue-generating
commodities, and mining and related sectors employ
more than 30,000 people. In 2013, the total value of
production at B.C. mines was about $7 billion. Mineral
exploration spending was $476 million in 2013 and $338
million in 2014. Currently in operation, are six coal mines,
seven metal mines, more than 30 industrial mineral
mines, and hundreds of quarries and aggregate pits.
B.C. is Canada’s largest copper producer, largest
exporter of metallurgical coal, and the only producer
of molybdenum. Coal and metal mines are referred to
as major mines and are the focus of this report
(see Exhibit 1).
Mining is a temporary activity: it only lasts as long
as the economically extractable resource (e.g. coal,
copper) is available. This could be up to 30 years or
more. Mining is also a volatile industry that relies on
commodity prices, resulting in cycles of “boom and
bust.” Currently, B.C. mines are being affected by a
sharp decline in commodity prices.

In addition to the 13 operating major mines, the
province has about 160 others that are temporarily
closed or permanently closed. Over one-third of these
closed mines are still the responsibility of the mining
companies and continue to have environmental
obligations under their permits. Government’s role,
through continued monitoring and inspections, is to
ensure that mine operators meet these obligations.
The remaining sites are generally older, smaller mines
that predate 1969 – the year that government enacted
legislation requiring mine operators to meet more
stringent environmental standards. For these older
mines, government could be left with the full cost of
remediation if water quality issues were to develop at
these mine sites.
The Government of B.C. supports the continued
growth of the mining industry, as indicated in the 2012
BC Jobs Plan. That plan included a target of having
eight new major mines in operation by the end of 2015
and expanding nine existing mines. MEM reported in
June 2015 that two new mines had started operation
and seven had expanded. The ministry cited that low
commodity prices during 2014/15 impacted the rate of
mine expansions.

Click on the terms that are bold and blue
to go to the definition in the glossary
(Appendix B).
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BACKGROUND
Exhibit 1: Major mines in British Columbia as of August 2015
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Source: Created by GeoBC for the Office of the Auditor General of British Columbia
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BACKGROUND
At the same time, government has a long-standing
commitment to ensure that mining activities protect
the province’s environmental values. There is a tension
between fulfilling this commitment and working to
grow the economy and create jobs, but government
has stated that it embraces this dynamic. Mining
activities inherently involve several environmental
risks such as erosion, loss of habitat, carbon
emissions, dust and sedimentation. However,
the greatest environmental risk from mining is
water contamination.
Given the tension and these risks, a robust
compliance and enforcement program is essential
to ensure that the environment is protected.
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BACKGROUND
Exhibit 2: The life cycle of a mine
MEM supports the concept of progressive reclamation – that is, pro-active and ongoing reclamation that begins early
in mine development and continues over the life of the mine. In many cases, reclamation continues after closure for a
defined period (until closure obligations are met by the mine operator). However, a mine that is generating, or has the
potential to generate, contaminated water must be monitored indefinitely by the mine operator, and may require longterm or perpetual water treatment.

ENVIRONMENTAL MONITORING, AND IN SOME CASES,
WATER TREATMENT, MAY BE REQUIRED IN PERPETUITY
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Source: Office of the Auditor General of British Columbia, adapted from Mineral Resources Education Program of BC

Auditor General of British Columbia | May 2016 | An Audit of Compliance and Enforcement of the Mining Sector

32

1178

BACKGROUND

EN VI R O N MEN TA L
C O N C ER N S W I T H
MA J O R M I N E S

environment. The extracted ore also includes large
quantities of waste rock (material not containing the
target mineral) that gets stored at the mine site. These
waste rock piles, which may contain acid-generating
sulphides, heavy metals and other contaminants, can
become a source of pollution.

The mining process
The life cycle of a mine begins with geoscience surveys
and exploration to discover valuable coal or mineral
deposits. Discovery leads to construction, operation
and eventual closure when the extractable resource is
depleted or no longer economically viable to extract
(see Exhibit 2).

How the mining process can
generate pollution
Ore is mineralized rock containing a valued metal
(such as gold or copper) or other mineral substances
(such as coal). In open pit mines, ore is extracted from
an excavated open pit. Acid and metals, if contained
in exposed pit walls, can leach into the surrounding

The ore that contains the valued metal or mineral
is crushed and ground into fine particles the size of
sand or silt. This ore is then processed using various
chemicals and separating methods to extract the
final desired metal or mineral. The by-products of
this process are the tailings. Mine tailings often
contain the same potentially toxic heavy metals and
acid-forming minerals as waste rock, and may also
contain the chemical agents used in processing, such
as cyanide or sulphuric acid. Tailings are usually stored
above ground in containment areas or ponds.
Both waste rock and tailings, if improperly secured,
can leach out contaminants into surface water and
groundwater, resulting in significant pollution and
adverse effects (see Exhibit 3).

Exhibit 3: Potential sources of water pollution in an open pit mine: pit walls, waste rock piles and tailings

Processing
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storage
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Source: Office of the Auditor General of British Columbia, adapted from the International Network for Acid Prevention’s Global Acid Rock
Drainage Guide and adapted from the Elk Valley Water Quality Plan.
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BACKGROUND
Advances in mechanization and technology in the
mining industry make it profitable for companies
to mine more materials than ever before. The result,
however, is that mine waste in some of Canada’s larger
mines has multiplied enormously – from 100s of
tonnes per day in the early 1900s to 100,000–200,000
tonnes a day in some of Canada’s larger mines now.

This creates a greater potential source of pollution
(see Exhibit 4).
In B.C., metal mines are typically low grade, meaning
greater quantities of waste material are now being
generated in order to extract target minerals
(see Exhibit 5).

Exhibit 4: Growth of production in Canada’s largest mines

Coal mining in the early 1900’s

Present-day haul trucks have the capacity to move
hundreds of tonnes of material.

Source: www.brooklineconnection.com

Source: Stock image

Daily milling capacity from the early 1900's to present day
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Source: Office of the Auditor General of British Columbia, adapted from Robertson
GeoConsultants Inc., Mine Water Solutions in Extreme Environments
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BACKGROUND
Exhibit 5: Highland Valley copper mine’s production
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Source: Photograph, courtesy of the Office of the Auditor General of British
Columbia. Data adapted from Wikipedia, InfoMine and Teck Resources Ltd.’s
2014 Annual Report

Water pollution and environmental
impacts from mining
The most serious environmental issues facing the
mining industry, government and the public is water
contamination resulting from the chemical processes
associated with acid rock drainage (ARD) and heavy
metal and non-metal leaching (leaching).
ARD can occur when mineral deposits are excavated
from an open pit or exposed in an underground mine
and then react with air and water to produce acid
(see Exhibit 6). While ARD is a natural process, the

0

tonnes/day
Ore waste material

Copper target material

scale can be magnified as a result of mining
activities. ARD has the potential to severely degrade
water quality, kill aquatic life and make water
virtually unusable.
Leaching can occur when minerals containing heavy
metals and non-metals (such as arsenic, copper,
cadmium, lead, zinc and selenium) in excavated rock
or exposed mine walls come into contact with water
and then seep from the rock into the environment.
Metal and non-metal dissolving and transportation
may be accelerated in the acidic conditions created
by ARD.
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BACKGROUND
Exhibit 6: Acid rock drainage on land and in water

Within the U.S. and Canada, ARD and leaching
have contaminated rivers, caused significant
ecological damage, loss of aquatic life and resulted in
multimillion-dollar clean-up costs for industry and
government (see Exhibit 7).

Challenges in dealing with
ARD and leaching
Planning and working to prevent ARD and leaching
is an important part of avoiding environmental
degradation and declining quality of aquatic
habitat and drinking water. From a regulatory and
environmental risk perspective, considerable emphasis
in mine development is placed on preventing or
mitigating ARD and leaching. There are various
provincial and national committees focused on
conducting research and sharing good practices
between government and industry.

Source: iStock (top) and Office of the Auditor General of British Columbia
(bottom)

The contaminants that result from ARD and leaching
can be carried from a mine site and deposited into
streams, rivers, lakes and groundwater. The result can
be a slow, but severe, degradation of water quality
and subsequent damage to fish populations and
aquatic life. In the case of a sudden tailings dam
breach, the result can be immediate and cause
catastrophic damage.

In recent years, technological advances and
improvements to mining practices have helped in
this regard, though significant environmental risks
remain. ARD and leaching are dynamic and complex
chemical processes that are challenging to predict.
The actual environmental impact varies, depending on
factors such as the size and location of the mine and
the characteristics of the surrounding environment.
Furthermore, the rates and timing of ARD and
leaching onset vary in response to a wide range of
site-specific mining, geological and environmental
factors. For example, at some mine sites, onset is
instantaneous; at others, it has taken anywhere from
10 to 20 years.
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BACKGROUND
Exhibit 7: The Faro Mine, Yukon

The Faro Mine, located in south central Yukon, is one of the largest and most complex contaminated
sites in Canada. It was an open-pit lead-zinc mine from 1969 until it went into receivership in 1998 and
ultimately closed. The site covers approximately 2,500 hectares and includes nearly 400 million tonnes
of tailings and waste rock. These materials contain high levels of heavy metals that could leach into the
environment in the absence of remediation. Yukon taxpayers will pay an estimated $700 million for the
clean up of this site.
Source of photograph: Aboriginal Affairs and Northern Development Canada

Once initiated, these processes can persist for
hundreds or even thousands of years (see Exhibit 8).
Mine companies can mitigate the effects of ARD and
leaching, but there is no walk-away solution. A mine
that is generating, or has the potential to generate,
contaminated water must be monitored indefinitely,
and may require long-term or perpetual
water treatment.

permanently flooded. There are other mitigation
options, such as surface covers, but MEM’s ARD
and leaching guidelines state that these options are
less reliable than underwater storage. Where other
strategies are unsuccessful, drainage collection and
chemical treatment may be the only feasible means
of preventing impacts. MEM also states in these
guidelines that water treatment should generally be the
mitigation strategy of last resort.

A common practice in B.C. to prevent ARD and
reduce leaching is to store the acid-generating
rock under water in tailings ponds to minimize
the oxidation process. These ponds must remain

In practice, however, water treatment is not unusual in
B.C., and government does approve mines that require
water treatment from the outset — 14 major mines
currently have water treatment facilities. MEM has
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BACKGROUND
ranked 45 additional mines as having moderate to
high potential of ARD and/or leaching, and has
estimated that 12 of these mines will require perpetual
water treatment.

Exhibit 8: Roman era mine in Spain dating back
2,000 years, but still producing acidic wastewater.

While water treatment is a common practice in B.C.
and other jurisdictions, some areas – the Northwest
Territories, Manitoba and Wisconsin – do not allow
mining operations that require long-term water
treatment. This is due to the increased risk that
taxpayers will ultimately be left with the cost
of remediation.
These water treatment plants (see Exhibit 9) must be
monitored by industry and government, maintained
and periodically replaced, in perpetuity. This assumes
that mining companies are willing and able to take on
these costs indefinitely – a risky assumption given the
boom and bust nature of mining and the reality that
companies do not exist forever.
If industry is unable to maintain and replace these
facilities or fulfill the environmental obligations in
their permit, there is a risk that the taxpayer will have
to bear these costs. In B.C., to reduce the possibility
of taxpayers being left with the financial burden of
these facilities and environmental reclamation costs
of mine sites, mining companies must provide a
financial security deposit. This deposit is designed
to ensure, with “reasonable assurance” (as decided by
the Chief Inspector of MEM), that taxpayers will not
have to contribute to reclamation costs if a company
defaults on its reclamation obligations. This includes
any ongoing requirements for management and
monitoring to achieve environmental protection.

Source: The International Network for Acid Prevention’s Global
Acid Rock Drainage Guide
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G O VE R N M E N T ’ S
ROLE A S A N
EN VI R O N MEN TA L
PRO T E C T I O N
REGU LAT O R
Under existing B.C. legislation and policies, mining
companies are fully responsible for environmental
protection and reclamation at their mine sites. The
companies must demonstrate that their plans for
the development, operation and closure phases of
the mines will be effective. It is government’s role
to ensure that the activities undertaken by the mine
operators are protecting the environment.
Legislation and regulations under several agencies
apply to mining in B.C. For this audit, however, we
focused on those that are the responsibility of MEM
and MoE because these two ministries:
 are the primary permitting agencies for major
mine operations, and
 have environmental protection mandates
and associated compliance and enforcement
responsibilities under provincial legislation.
While their mandates overlap somewhat, there are
also key differences.
MEM’s responsibilities apply generally within the mine
site. The Chief Inspector of Mines, appointed by the
Minister of Energy and Mines, administers the Mines
Act and the Health, Safety and Reclamation Code for
Mines in British Columbia to ensure the protection
and reclamation of the land and watercourses
affected by the mine. MEM grants a permit under
the Mines Act to ensure mines are designed, built,

Exhibit 9: The water treatment facility at Equity Silver
Mine in central B.C.

Source: Office of the Auditor General of British Columbia

This mine operated from 1980 to 1994, and did
not include a plan for water treatment, as ARD
was not predicted to become an issue. However,
ARD did occur and the costs to treat it have
continued to grow, even though the mine is
closed. Costs include $8 million to build the
new water treatment facility shown above, and
increasing lime costs to neutralize the acid.
The mining company has borne these costs.
A security deposit is currently held by MEM
of $62 million which provides a safety net
for taxpayers.
operated and reclaimed to an acceptable standard.
MEM collects a financial security deposit from mining
companies to help ensure that reclamation obligations
are kept.
MoE’s responsibilities are generally defined as
extending beyond the borders of the mine site. MoE
regulates, through the granting of a permit under
the Environmental Management Act, the quantity and
quality of any waste discharges from metal and coal
mines to ensure the protection of the environment.
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AUDIT OBJECTIVE
AND CONCLUSION
We conducted this

audit to determine whether the regulatory compliance and enforcement
activities of the Ministry of Energy and Mines and the Ministry of Environment pertaining to the mining sector
are protecting the province from significant environmental risks.

We expected the compliance and enforcement
program of the two ministries to have the seven key
elements – defined by good practice – that would
make such a program effective (shown below). We
also expected that MEM and MoE would be working
together to achieve their combined objective of
protecting the environment. (For more details on the
audit expectations and scope, see Appendix A).

We concluded that MEM and MoE’s compliance
and enforcement activities of the mining sector are
inadequate to protect the province from significant
environmental risks.
The following two sections of the report address our
key audit findings for each ministry. The first section
pertains to MEM and the second section to MoE.

Seven key elements of a comprehensive compliance and enforcement program

7

1
PLANNING

REPORTING

6
EVALUATION &
ADJUSTMENT

PERMITTING

COMPLIANCE &
ENFORCEMENT

2

COMPLIANCE
PROMOTION

3
5 ENFORCEMENT

COMPLIANCE
VERIFICATION

4
Source: Office of the Auditor General of British Columbia, adapted from the Organisation for Economic Co-Operation and
Development’s Ensuring Environmental Compliance: Trends and Good Practices and MOE’s Compliance Management Framework
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MEM C O N C LU S I ON
We concluded that the Ministry of Energy and Mines’
compliance and enforcement activities of the mining
sector are inadequate to protect the province from
significant environmental risks.

S UM M A RY O F KE Y
FIN D I N G S
MEM’s compliance and enforcement program
is limited. As a result, the ministry is deficient in
carrying out most of the expected regulatory activities,
such as creating guidance documents, undertaking
inspections, monitoring data provided by industry,
and enforcing non-compliance. The ministry lacks the
resources, training and tools necessary for compliance
and enforcement. Furthermore, MEM does not
coordinate its compliance and enforcement activities
with those of MoE. MEM has not publicly reported on
the effectiveness of its regulatory oversight. MEM has
estimated that its financial security deposits for major
mines are under-secured by more than $1.2 billion, yet
the ministry has not disclosed this to the public or to
legislators, or communicated the potential risk
this poses.

MEM’S ROLES AND
R E S PO N S I B I L I TI E S
MEM’s service plan has two goals:
 Goal 1: Globally competitive energy and
mining sectors that create jobs and grow
the economy
 Goal 2: Safe, environmentally and socially
responsible energy and mineral resource
development and use
To achieve these goals, MEM has two main regulatory
tools: the Mines Act, which governs all activities
that occur on mine sites; and the Health, Safety
and Reclamation Code (Code) for Mines in British
Columbia, which regulates all mining activities.
The purpose of the Mines Act and the Code is to:
 Protect the health and safety of workers and
public from mining activities.
 Protect and reclaim the land and watercourses
affected by mining.
 Support and monitor the efficient development
of the Crown’s mineral and coal resources,
while managing environmental impacts.
 Facilitate successful reclamation (see sidebar)
and closure of mine operations.
 Regulate environmental and reclamation
liabilities at mines through permitting and
bonding to ensure that public funds will not be
required to pay the costs of mine clean up.
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Health, Safety and
Permitting Branch
Within MEM’s Health, Safety and Permitting
Branch is the permitting group. Unlike MoE, staff
responsibilities within this group include both
permitting and compliance and enforcement. There
are two sections within this group: geotechnical
and reclamation.
The geotechnical section is responsible for many
activities, including:
 technical review of proposed mining projects
 geotechnical review of incidents and
responding to mine inquiries
 geotechnical advice and policy development
 inspections that focus on a range of activities,
including the performance of tailings dams,
waste rock dumps, open pit slopes and
underground openings
WHAT IS RECLAMATION?
Mining companies are required to reclaim all
lands disturbed by mining. While MEM has not
defined what it means to reclaim all lands, MEM
has established broad reclamation standards
within the Health, Safety and Reclamation Code
for revegetation, growth media, metal uptake,
landforms, watercourses, water quality, disposal
of chemicals and reagents, and monitoring and
post-closure land use.
The Act and the Code require that mine or mineral
exploration operators place an adequate financial

The reclamation section is responsible for many
activities, including:
 technical review of proposed mining projects
 conducting ARD and leaching
(water quality) assessments
 review of various environmental plans
and reports
 administering reclamation security deposits on
behalf of the province
 inspections of mine reclamation activity
As of July 2015, the permitting group consisted of
nine staff, including two geotechnical engineers,
two reclamation scientists, four environmental
geoscientists specializing in geochemistry and water
quality, plus the Deputy Chief Inspector of Mines.

security in trust with the province before receiving
their permit to operate. This security is returned
only after reclamation is completed to a level
deemed satisfactory by the Chief Inspector. It
ensures that the costs of reclamation will not be
borne by taxpayers if a mining company defaults on
its obligations. Companies continually reclaim land
throughout the life of a mine in order to reduce
their reclamation liability at closure.
MEM must collect sufficient security for mines that
require long-term or perpetual management, which
includes monitoring and maintenance of water
treatment facilities and waste rock dumps.
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O U R E X P EC TAT I O N S
We expected MEM to have a strategic plan that
would detail the activities of the ministry’s regulatory
approach, including how MEM works with the
Ministry of Environment (MoE). This plan would
demonstrate how these activities intend to achieve
MEM’s objective of ensuring the protection of the
environment; and, it would include all the elements –
defined by good practice – that are critical to ensuring
compliance (see page 28). Such practices include:
 setting regulatory requirements that
are enforceable
 promoting compliance (to achieve high rates
of voluntary regulatory compliance)
 verifying compliance
(to ensure that industry is meeting
government’s regulatory requirements)
 enforcing regulatory requirements to compel
the mining industry to swiftly return
to compliance.
As well, we expected MEM to be ensuring
continuous improvement of its compliance
and enforcement program through evaluation
and adjustment, and to be reporting out to the
Legislature and the public on the results of
their activities.
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1. Planning
We expected MEM to have an overall compliance and
enforcement program underpinned by a strategic plan.
This plan would set goals, objectives and performance
indicators; in addition, it would indicate how MEM
was working with MoE to achieve the objective of
protecting the environment. We also expected MEM’s
strategic plan to be supported by the resources,
training, expertise and tools needed to make an
effective compliance and enforcement program.
We found, however, that MEM lacks strategic
direction, goals, objectives and performance indicators
to provide a framework for an effective compliance
and enforcement program that ensures the protection
of the environment.
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MEM has not focused on developing a compliance
and enforcement program. Most of MEM’s efforts are
devoted to supporting the development of mining
through processing permits for new and existing
mines. This emphasis reflects MEM’s mandate to
promote the development of mining in B.C. However,
we found that this emphasis on mining promotion
combined with a weak compliance and enforcement
program creates the risk of regulatory capture for the
ministry (see sidebar).
We found that MEM exhibits most of these signs
which can give rise to a reasonable perception of, and
increase the actual risk of, regulatory capture.

REGULATORY CAPTURE
Regulatory capture occurs when the regulator,
created to act in the public interest, instead
serves the interests of industry.
Possible signs of regulatory capture
can include:
 The regulator is located within the
agency responsible for promoting the
economic interests of the industry.
 In agency publications, environmental
protection is merely one goal alongside
others such as economic development.
 The regulator has a low level of
prosecution activity.
 The legislation applying to the
regulator gives the regulator wide
discretion to act.
 The regulator’s budget and resources
are not comparable with those in
the industry.
 The regulator shows a marked
preference for giving informal
recommendations and advice,
which are not properly recorded.
 There is a high shift of enforcement
officers from the agency to the industry,
where they are able to earn significantly
more than they did working as
enforcement officers.
 Regulatory work often takes place in
isolated regional communities, and
there is frequent social collaboration
between industry and the regulator.
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OVERALL RECOMMENDATION
WE RECOMMEND THAT THE
GOVERNMENT OF BRITISH
COLUMBIA: create an integrated and
independent compliance and enforcement unit
for mining activities, with a mandate to ensure
the protection of the environment.
Given that the Ministry of Energy and Mines
(MEM) is at risk of regulatory capture,
primarily because MEM’s mandate includes
a responsibility to both promote and regulate
mining, our expectation is that this new unit
would not reside within this ministry.

Coordination with MoE
In 2009, the provincial government introduced a
policy for a coordinated and integrated approach
to natural resource management in the mineral
exploration and mining sectors of B.C. Because both
MEM and MoE have an overlapping mandate of
protecting the environment, a protocol agreement
between the ministries was created in 2009 and
updated in 2014. It states, “In the interests of
efficiency, efforts will be made to coordinate through
the inspector of mines, inspection and monitoring
activities relating to tailings impoundments.”
We therefore expected the ministries to be
coordinating their compliance and enforcement
planning work and activities. Instead, however,
we found that MEM’s inspection planning is not

coordinated with that of MoE, nor does MEM
regularly advise MoE of non-compliances, and
subsequent enforcement actions that it has taken.
And although the two ministries have developed
a “Memorandum of Understanding for the
Environmental Management of Mining Projects,” this
document has been in draft form since 2012.
This lack of coordination may reduce the effectiveness
and efficiency of MEM’s compliance and enforcement
actions, and creates a risk that environmental impacts
are not being addressed.

Resources, expertise,
training and tools
To do their work effectively, regulatory authorities
need access to the physical, technical and financial
resources they require to meet their mandate and
scope of work. Management should therefore aim
to attract and retain qualified and experienced
program staff by offering reasonable remuneration
and professional development opportunities. As
well, management should ensure that staff have the
necessary tools to do their work effectively.

Resources
We expected MEM to have determined the resources
it needs to undertake an effective compliance and
enforcement program. We found this was not the case.
MEM had not completed comprehensive analyses to
identify its required resources.
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Exhibit 10: The number of inspectors in the Ministry of Energy and Mines’ permitting group, 2000–2015

5

Number of inspectors

4

3

2

1

0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Year
Reclamation inspectors

Geochemical inspectors

Geotechnical inspectors
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In the early 2000s, MEM dramatically reduced its
number of inspectors,2 by 50% – from nearly 80
in 2001 to about 40 in 2006. Specifically, in the
permitting group, staffing levels dropped from eight
full-time employees in 2001 to a low of two in 2011. By
the end of 2015, there were 11 inspection staff in the
permitting group (see Exhibit 10). The geotechnical
manager position was vacant for over three years until
being filled in 2011. As of Spring 2015, the position
was again vacant (although, MEM had temporarily
placed a senior geotechnical staff member in an acting
manager position).

As stated in MEM’s Annual Chief Inspector Report (2006), this
includes Health and Safety Inspectors, in addition to specialist
inspectors, such as Electrical, Mechanical, Geotechnical,
Reclamation, Ergonomic and Occupational Health.
2

Throughout these years of declining full-time staff
at MEM, the number and complexity of permit
applications increased substantially. MEM used
contractors to assist with workloads, which required
significant oversight to ensure consistency of approach
between projects, and consistency with provincial
policy. The demand on staff time through this
approach resulted in increased stress and workload.
From 2011 to 2015, MEM did not receive adequate
funding for its programs and relied on contingency
funding to supplement its budget. In 2015, MEM
received a substantial increase to its budget to create
a Major Mines Permitting Office and to create
additional capacity.
Click on the terms that are bold
and blue to go to the definition in
the glossary (Appendix B).
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Expertise and training
Mining is a complex and constantly changing industry
that requires knowledge and expertise in many
technical disciplines. We expected all MEM staff to
have the necessary qualifications and experience to
carry out inspections and enforcement and to review
industry’s self-reporting data. We found that staff in
MEM’s permitting group during the period of 2012–
2014 were qualified for their positions and did have
the required technical expertise. Nevertheless, we also
noted that MEM has struggled to fill vacant positions
and to retain individuals with experience in mining
– a challenge the ministry has attributed to the more
competitive salaries offered by industry.
We also found MEM’s training in compliance and
enforcement was inadequate in that the ministry does
not have a formal inspector training program. Budget
constraints have created limited opportunities for
training in this area.

Tools
We expected MEM inspectors to have necessary and
appropriate tools, such as data tracking systems, and
policy and guidance, to perform their compliance
and enforcement roles. The ministry’s data system to
track compliance and enforcement activities has been
in place since 2000, but we found it was incomplete,
cumbersome and does not link to other natural
resource sector systems.

addendum to the original permit. This results in a
stack of documents that together make up the mine
permit. The eight mines in our audit sample each
had between 6 and 80 amendment documents.
This practice can make it difficult to understand the
permit requirements in detail, especially when the
amendments can span several decades.
We also found that MEM has provided staff with little
policy and guidance about its overall approach to
compliance and enforcement. The ministry’s
inspection procedures are broad and include vague
statements without clear guidance for staff or
contractors. For example: “Reclamation inspectors
should satisfy themselves that the company is fulfilling
the requirements of their reclamation plan;” and,
“closed mines should be inspected from time to
time as practical.”

RECOMMENDATION 1.1
Strategic planning—We recommend that
government develop a strategic plan that
would detail the activities of an integrated
and coordinated regulatory approach, and the
necessary capacity, tools, training and expertise
required to achieve its goals and objectives.

As well, tracking of permit requirements is difficult,
because MEM’s does not incorporate amendments
into the overall permit, and instead, creates an
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use of regulatory language that would make permit
requirements difficult to implement, measure
and enforce.
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2. Permitting
Most of MEM’s efforts are devoted to supporting
mine development through processing permits for
new and existing mines in the province. The ministry
has stated that its focus on permitting plays a crucial
role in preventing and reducing environmental risk.
We therefore expected MEM to ensure permits are
consistently written with enforceable language.
We also expected that permits would help to ensure
that taxpayers would be safeguarded from having to
pay costs associated with environmental impacts.

For some permit requirements, discretion is left to
the Chief Inspector of Mines to assess the mine’s
performance, such as: “All drainage collection and
treatment facilities shall be operated and maintained
for as long as is necessary to achieve environmental
protection requirements, as required by the Chief
Inspector.” There is no clear guidance for how the
Chief Inspector makes (or delegates) decisions,
nor are the decisions clearly documented. This lack
of transparency may lead to inconsistencies in the
enforcement of permits.
We also found that MEM does not regularly evaluate
or review permits to identify areas that might create
barriers to enforcement. This lack of review is
concerning, especially for permits that are for older
mines that may not have been designed to adequate
environmental standards.
RECOMMENDATION 1.2
Permit language—We recommend that
government ensure both historical and
current permit requirements are written
with enforceable language.

Enforceability
We selected a sample of MEM’s mine permits and
reviewed the wording of the requirements. We
expected to find consistent use of regulatory language
and measureable criteria, such as thresholds and
timing. However, for all of the permits we reviewed,
we found examples of vague phrasing and inconsistent

Safeguarding taxpayers
The polluter-pays principle states that the party
responsible for environmental damage should bear the
associated costs of the clean up. Consistent with this
principle, MEM’s policies aim to provide assurance
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Exhibit 11: Area disturbed and area reclaimed (hectares) by metal and coal mines in B.C., 1969–2013
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that certain costs will be borne by the mining
company, and not the public, through the collection of
a financial security deposit - a condition of a Mines Act
permit. This security is returned only after reclamation
is completed to a level deemed satisfactory by the
Chief Inspector of Mines.
The security is designed to ensure that the company
returns land, watercourses and cultural heritage
resources to a safe and environmentally sound state
after operations have ended. It is also intended to
ensure that the taxpayers will not have to contribute
to reclamation costs and any potential on-going
monitoring costs if a company defaults on its
permit obligations.

As shown in Exhibit 11, the total amount of land
disturbed by mining in B.C. has been steadily growing
over the past 50 years. Some of these areas will be
reclaimed, but there are areas that can never be
reclaimed, such as some pit mine walls and pit lakes.
The amount of the security required for each mine
(including any later amendments) is set in the
ministry’s mine permit. Although MoE also has the
power, under the Environmental Management Act, to
set its own requirement for security, it usually relies on
MEM to collect the entire security for each mine.
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Exhibit 12: The total reclamation security deposit held by the Province compared to the total liability estimated,
2010–2015
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We found that MEM could not provide evidence
that government is holding an adequate amount of
security to cover the reclamation costs, including
any ongoing management and monitoring to achieve
environmental protection. MEM has estimated the
total liability (costs of outstanding reclamation) for all
mines at more than $2.1 billion, yet MEM has stated
that it is holding less than half that amount ($0.9
billion) in total security (see Exhibit 12).
We found that $730 million of the total under-funded
liability ($1.2 billion) is for mines that will require
water treatment. This is contrary to MEM’s policy
requiring full security on mines that require long-term
water treatment.

The consequence of not collecting enough security
from mining companies is that the taxpayer may be left
to cover the costs, if the reclamation costs exceed the
mining company’s ability to pay. The Britannia Mine
is an example of what can happen when the Province
is left to pay remediation costs that include water
treatment. In this case, taxpayers are estimated to have
paid $46 million in order for the site to be remediated,
including installing a water treatment plant that has
an operating cost of over $3 million/year. The plant is
expected to operate in perpetuity (see Exhibit 13).
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We also found that the calculation of the liability may
not represent the actual risk. Specifically:
 there is uncertainty with predicting and
calculating the long-term costs for perpetual
water treatment.
 MEM provides limited oversight in terms
of confirming the accuracy of the liability
estimates that are provided by the
mining company.
We found that not all mining companies reported
annually their liability estimates, updated reclamation
costs or an update on the total area they had reclaimed.
MEM staff review these reports, but provide only

limited scrutiny. The ministry does not have a
designated costing specialist to assess the accuracy of
the values provided by industry and the sufficiency of
the security deposit.

RECOMMENDATION 1.3
Security—adequate coverage—We recommend
that government safeguard taxpayers by ensuring
the reclamation liability estimate is accurate and
that the security held by government is sufficient to
cover potential costs.

Exhibit 13: The Britannia Mine

largest sources of metal pollution, and one of the
most contaminated areas, in North America.

Source: Office of the Auditor General of British Columbia

This closed copper mine, located 50 kilometres
north of Vancouver, operated from the early 1900s
to 1974. As a result of the mining activity, the
surface and groundwater flowing from the mine
site became acidic; and every day, for over 70 years,
the mine released about 600 kilograms of metals
into Howe Sound. This made the mine one of the

In the mid-1990s, the Government of British
Columbia pursued the former mine owners to
pay for the costs of remediating the mine site.
The province accepted a $30 million settlement
that absolved the owners from any future liability.
However, this settlement covered only a small
portion of the $76 million Britannia Mine
Remediation Project.
A water treatment plant constructed in 2005
has resulted in plant and animal life returning to
Howe Sound. The annual operating cost of over $3
million will be borne by taxpayers in perpetuity.
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Moreover, if an environmental disaster occurred and
industry was unable to pay for the clean-up, MEM has
no funding mechanism to cover the costs of taking
action. Western Australia recently adopted a
mandatory Mining Rehabilitation Fund that covers the
rehabilitations of existing sites. The interest earned on
the monies (paid by industry) is used to rehabilitate
historical or abandoned sites. Such interest could,
perhaps, also be used to offset the cost of
environmental emergencies where a company does
not have the ability to pay.
RECOMMENDATION 1.4
Security— catastrophic events—We
recommend that government review its security
mechanisms to ensure taxpayers are safeguarded
from the costs of an environmental disaster.
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3. Compliance Promotion
Compliance promotion refers to any activity that
educates and increases awareness about regulations,
or that motivates or encourages voluntary changes in
behaviour to comply with regulatory requirements.
It is a preventative strategy that includes both
compliance assistance and compliance
incentive programs.
Given the reduction in government resources, most
countries recognize the growing importance of
compliance promotion. We therefore expected MEM
to have established an effective promotion program
incorporating compliance assistance and
compliance incentives.

Compliance assistance

practices with government and industry. While the
ministry has created documents for industry to guide
geotechnical and acid rock drainage/metal leaching
work at mines, it has not established guidance for
reclamation plans and activities. Guidance could
provide more specific expectations to help industry
meet the broad standards in the Health, Safety and
Reclamation Code for Mines in British Columbia. It
could also help government confirm whether industry
is meeting the standards.
RECOMMENDATION 1.8
Reclamation guidance—We recommend that
government develop clear and comprehensive
reclamation guidance for industry.

Compliance incentives
In collaboration with other agencies, MEM created
two annual award incentives to industry: the BC
Mining and Sustainability Award and the BC Mining
Reclamation Award. However, MEM has not assessed
how effective these incentives have been in promoting
compliance in the mining sector. We also found that,
overall, the ministry could not demonstrate that its
promotional activities and guidance materials were
achieving voluntary compliance.
RECOMMENDATION 1.9
Incentives—We recommend that government
create effective incentives to promote
environmentally responsible behavior by industry.

We found that MEM organizes and actively
participates in provincial and national committees that
are focused on conducting research and sharing good
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Our expectation was therefore that MEM would be
planning its inspections based on identified risks.
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Instead, we found that the permitting group does
not have a comprehensive, risk-based approach for
its inspection planning and no policy that required
one. The geotechnical and reclamation sections
assessed risk and prioritized inspections separately and
informally, based on criteria such as:
 policy to inspect all major operating mines
each year
 dam risk classification
 length of time since last visit
 inputs from other staff

4. Compliance Verification
Compliance verification refers to monitoring and
inspection to determine whether a mining company
is in compliance with legislative and regulatory
requirements, including the conditions of its permit.
We expected MEM to be:
 applying a risk-based approach to planning its
compliance verification activities,
 carrying out site inspections that meet its own
policies, and
 monitoring industry reporting on compliance.
We found that MEM was deficient in all of these areas.

Risk-based planning
According to good practices, inspections should be
based on a schedule that considers risk (impact to
the environment and the likelihood of occurrence).

 complaints
 gaps in knowledge areas
Also missing was any clearly organized analysis that
could be used to inform the annual planning of
mine inspections based on risk to the environment.
For example, MEM had ranked 45 mines as having
moderate to high potential impacts on water quality;
however, there was not a clearly documented rationale
for these risk-ranking decisions nor a clear link
between mine risk and planned annual inspections.
On several occasions in the last 10 years, ministry staff
told higher-level management that inadequate
monitoring and inspection, due to insufficient staffing
levels, was putting the province at risk. However, we
could not determine whether ministry executives fully
knowingly assumed and accepted this risk, given that
MEM does not have an internal risk management
framework. Such a framework would include an
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annual process for compiling risks identified by staff,
developing a plan to address key risks, and informing
executive decision-makers about the remaining
residual risks.
RECOMMENDATION 1.10
Risk-based approach—We recommend that
government develop a risk-based approach to
compliance verification activities, where frequency
of inspections are based on risks, such as industry’s
non-compliance record, industry’s financial state,
industry’s activities (e.g., expansion), as well as
risks related to seasonal variations.

Site inspections
The ministry’s reported data shows that the total
number of MEM inspections across the entire Health,
Safety and Permitting Branch has declined significantly
since the early 2000’s (see Exhibit 14).
While this graph may show a trend for the broader
organization, this audit focused specifically on
geotechnical and reclamation inspections. In these
areas, the data MEM provided to us indicates that
geotechnical and reclamation inspections at major
operating mines fluctuated significantly for the years
2005-2014. Overall, inspections fluctuated from a high
of nearly 20 (for both types of inspections) to a low of
zero geotechnical inspections in 2010. This includes
five years of single digit inspections for both types
of inspections.

Exhibit 14: Total number of inspections by the Ministry of Energy and Mines, 2001–2013.
These inspections include Health and Safety inspections, in addition to specialist inspections such as Electrical,
Mechanical, Geotechnical, Reclamation (includes geochemical inspections), Ergonomic and Occupational Health
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We reviewed MEM’s reclamation and geotechnical
inspection records for 2012, 2013 and 2014 for all
major operating mines. In addition, we performed a
detailed analysis of eight mines for those three years.
Our sample consisted of four operating mines and four
closed mines.

to determine (for any inspections) if the inspector had
ensured the company was “fulfilling the requirements
of their reclamation plan and complying with all the
conditions of their reclamation permit in regard to
stockpiling till or overburden; land use objectives;
productivity; and acid mine drainage provisions.”

We found that MEM does not systematically
evaluate whether a mine is compliant with its permit
requirements; therefore, there is a risk that some
permit conditions are not being complied with.

Geotechnical inspections

Below are the findings, based on our sample, for
reclamation and geotechnical inspections at major
operating mines and closed mines.

Reclamation inspections
MEM did not meet the minimum requirement of its
policy to conduct reclamation inspections at all major
mines at least annually, nor did it indicate where it
had increased inspections as a result of continued
non-compliance. Each of the four operating mines in
our sample should have received one inspection for
each of the three years sampled. Instead, we found that
from 2012 to 2014, MEM conducted four reclamation
inspections of the expected 12 for major operating
mines in our sample. Of note:
 Gibraltar mine received an inspection in 2012,
but it had not been inspected since 2008.
 Myra Falls mine has not received a reclamation
inspection since 2006.
Over half the reclamation inspections that we reviewed
were not completed according to the ministry’s
inspection procedures. For example, we were unable

In most cases, the geotechnical inspections were
completed according to MEM’s inspection procedures.
For the three years that we reviewed (2012–2014),
we found that the ministry generally met its policy
of inspecting all the major mines annually. However,
before this period, MEM did not consistently meet
the policy. For example, the ministry performed only
one geotechnical inspection in 2010 and six in 2011
(which corresponds with the absence of a geotechnical
manager). The number of inspections increased in
2012 after a geotechnical manager was hired. However,
in spring 2015, this manager left MEM and the
ministry has not been able to permanently fill
the position.

Closed mines inspections
We found that the number of inspections of closed
major mines were inadequate, given the risks that
are associated with these sites. In our sample of four
closed mines, only one reclamation inspection and five
geotechnical inspections occurred over the three year
period of our review. According to its policy, MEM is
responsible for ensuring that safe conditions prevail
at closed or non-operating mines. This responsibility
includes preventing pollution of land and water.
However, the policy states that inspection frequency at
these mines should be “from time to time as practical.”
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This lack of a specific timeline, coupled with the
reduction of staff, has resulted in MEM inspections
of closed mines being insufficient to identify
significant risks.

RECOMMENDATION 1.11
Systematic compliance verification—
We recommend that government systematically
monitor and record compliance with high-risk
mine permit requirements.

Monitoring of industry reports
Over the last decade, the government has adopted an
approach to reduce the regulatory burden on industry.
This approach has increased dependence on qualified
professionals employed by industry to do the work
needed to meet government’s various mandates.
As professional reliance has grown, we expected
that MEM, at a minimum, would be ensuring that
reports required under permits were received and
reviewed by the ministry in a timely manner, and
would put into place policies and guidance about
working with qualified professionals. Overall, MEM
has not established any policy regarding qualified
professionals. Specifically:
 MEM has not established guidance for its
staff regarding what the ministry considers
an appropriate level of oversight of the
professionals employed by mining companies.
 MEM did not have a policy for tracking and
reviewing all industry self-reported data. Staff
do review some industry self-reports but,

because of resourcing constraints, are unable to
review every one that is submitted.
 MEM is not ensuring that mining companies
submit reports – as required under the Health,
Safety and Reclamation Code for Mines in
British Columbia – in a timely manner, or even
at all. For example, we found that only a little
over half of all mining companies submitted
their annual reclamation report in 2013 and
2014 (55% and 56%, respectively). Ministry
staff point out that they have no enforcement
tools to compel mining companies to
submit reports.
 While MEM expects the mine operator to
address the recommendations that qualified
professionals include in their reports, there
is no explicit, mandatory requirement
requirement compelling all the mine
operators to carry out the recommendations.
RECOMMENDATION 1.12
Qualified Professionals—We recommend that
government establish policies and procedures for
the use and oversight of qualified professionals
(QP) across the natural resource sector. These
policies and procedures should have the following:
 guidance for staff that outlines the specific
nature and amount of oversight expected of
a QP’s work
 guidance for staff as to expected timeframe
for review and response of QP reports
 updated guidance for staff for recognizing
and responding to misconduct by a QP
 controls in place to ensure that there is no
undue influence on the QPs by industry
 controls in place to ensure that
recommendations by QPs are adhered to
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compliance with permit requirements or industry’s
response to MEM’s identified non-compliance.
Therefore, we could not conclude whether MEM had
identified all cases of non-compliance and, for those
cases identified, whether there was a timely return
to compliance.
We did note, however, several instances in which
significant non-compliance persisted for years. For
example, MEM failed to compel the mine operator
to address the issue of seismic safety at the Myra Falls
mine on Vancouver Island for 14 years (see Exhibit 15).
Had a major earthquake (Magnitude 7 or higher)
occurred before 2013, there was a risk that the dam
could have failed.

5. Enforcement
Enforcement is the backbone to any compliance
program. It is the final line of defence against
environmental degradation. According to good
practice, strategies involving education, assistance,
incentives, monitoring and inspections are
effective only if backed by a credible threat of
enforcement sanctions.
To be effective, enforcement programs must involve:
 swift and predictable responses to violations
 responses that include appropriate sanctions

Swift responses to violations
MEM has no policy that requires its inspectors to
ensure that mines return to compliance. From our
sample of mines, we found that the ministry has
not been systematically tracking either industry’s

Predictable responses to violations
Regulators can adopt various strategies when
responding to non-compliance, ranging from strict
responses to more cooperative approaches. We
found that MEM has generally adopted the latter,
emphasizing cooperation rather than confrontation.
Its aim is to prevent environmental harm using such
tools as bargaining, persuasion and negotiation.
For example, we noted instances where MEM gave
industry extensions to respond to non-compliance
because of company claims of financial hardship.
The ministry’s rationale is that a mine that is allowed to
remain open and functioning will remain accountable
and is more likely to follow through with undertaking
environmental mitigation measures and responding
to other regulatory requests. If the mine is shut down
(as an enforcement response), it cannot generate
revenue, and so, is likely to be less able to undertake
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remediation work. That increases the risk of the
liability falling to the province, especially if the mine
is under-secured – a common situation, as discussed
earlier in this report.

Exhibit 15: Fourteen-year timeline for seismic
upgrades at the Myra Falls mine

We understand that this collaborative strategy is
viable in some circumstances, but it assumes that the
majority of mining companies are willing to comply
voluntarily. As we found for most of the mines we
reviewed for this report, this is not the case. For the
inspections reports we reviewed, there were incidences
of non-compliance in most cases.

Date

Activities at Myra Falls

In the early
1990s

MEM requests a seismic stability review

1996
1997

Myra Falls recognizes the need to
improve seismic stability

1998
1999

MEM amends the permit to require
seismic upgrades

2000

Responses to violations varied by type of inspection.
We found that when non-compliance was identified in
geotechnical inspections by MEM staff, the inspectors
followed a predictable response and issued a direct
enforcement order (although deadlines were not
always assigned to the activities in the enforcement
orders). Reclamation inspections rarely met MEM’s
procedures for enforcement.

2001

MEM approves the mine operator's
request to extend completion of the
seismic upgrade until 2005 due to
financial difficulties. This extension was
granted contrary to the advice provided
by MEM’s geotechnical staff.

2002
2003
2004
2005

Most of the actions specified for non-compliance had
no timelines associated with them, and the inspection
reports used weak or permissive language in directives
to industry (such as “should” and “it is recommended,”
as opposed to “must” and “shall”). MEM staff have
indicated that they use this language when there is
no contravention to the Act, Code or permit, but
recognize that action is needed. However, the mine
is not required to undertake actions that are merely
suggested. A lack of clear directives can leave mining
companies wondering whether action is actually
warranted and it may tempt them to disregard
the directive.

The mine receives an additional
extension to 2007 from MEM to
complete the seismic upgrades

2006
2007
2008
2009
2010

The seismic berm is near completion

2011

3

2012

MEM receives notification that the site
is too wet to complete construction. An
extension is granted until August 31,
2013

2013

On July 31, 2013, the seismic berm
is completed

Source: Office of the Auditor General of British Columbia, adapted
from MEM data

3

In 2011 the mine was acquired by another company.
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Responses that include
appropriate sanctions
The enforcement tools that MEM inspection staff have
at their immediate disposal are two extremes:
 written orders that compel the mine to act
 temporary suspension or shut-down
For mine operators with a history of non-compliance,
written orders are sometimes ineffective as a deterrent.
MEM usually avoids issuing a temporary suspension
or shut-down because of the social and economic
implications. Plus, this measure has little effect if the
mine is already temporarily shut down or permanently
closed (see sidebar).

MEM does have other tools available to it under the
Mines Act, such as fines, penalties, imprisonment and
Supreme Court orders. However, these tools include
the burden of prosecution – that is, they require
investigation time, resources and expertise to produce
evidence suitable for court and for a successful
conviction under the Mines Act. Unlike MoE, which
has an independent agency (the Conservation Officer
Service) to enforce compliance with environmental
legislation, MEM does not have an independent
body to do the required investigative work. The Chief
Inspector of Mines has the power under the Mines Act
to carry out investigations, but has rarely done so.

SHASTA-BAKER MINE
Shasta-Baker mine is located 450 kilometres north of Prince George. Sable Resources Limited initiated
operation there in 1989 and by 2007, had produced over 20,000 ounces of gold and 1.1 million ounces of
silver. The mine has a history of repeated non-compliances and violations. MEM issued a shut-down order
in 2013 as a result of dam safety concerns related to unresolved notices of non-compliance.
In a letter to Sable Resources in December 2014, MEM states that the company must meet MEM’s
requirements to properly manage the mine site, and that this inability has been “an increasing concern
to MEM over the last several years.” The letter continues, “Your inaction has increased the risk of an
environmental incident.” In that same month, the ministry also ordered the company to pay an additional
reclamation security bond of $150,000.
In January 2015, the company responded that it would be unable to pay the bond. MEM replied that it
would reconsider its decision requiring the additional bond. However, as of July 2015, the Chief Inspector
of Mines had not yet provided a response to the company. In addition, MEM could not provide evidence
that the company had complied with the order for more security.
The reclamation security bond for this site is currently $226,500, although MEM has estimated that the
reclamation and closure costs are $1.11 million.
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Overall, we concluded that MEM’s enforcement
approach does not convey to non-compliant mining
companies that the ministry has a strong enforcement
culture. For example, the Chief Inspector of Mines
recently issued letters to the Myra Falls mine operator
after repeated requests by MEM staff that the operator
adhere to orders. An October 2014 letter states, “The
ministry is becoming increasingly concerned with
Nystar’s [mine owner] lack of compliance with respect
to Ministry orders and geotechnical requirements for
its tailings facilities” and warns that further
enforcement action might be taken if the mine owner
does not respond accordingly. To date, no return to
compliance has resulted. This was also the case with
the Shasta-Baker mine, which still remained
non-compliant seven months after the ministry
issued an order.
RECOMMENDATION 1.14
Policies, procedures and tools—
We recommend that government develop policies,
procedures and enforcement tools for responding
to non-compliances when industry does not meet
government’s specified timeline.
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6. Evaluation & Adjustment
Evaluation is a critical yet often overlooked part of
environmental management that leads to greater
awareness of whether regulators are successfully
achieving the desired environmental outcomes, such
as preventing water contamination, improving mine
reclamation results, and deterring violators.

Without a commitment to evaluation, MEM is
unable to:
 determine whether its activities are effective
and aligned with government’s goals, and
whether improvements are necessary
 report to government or the public on the
effectiveness or impact of its activities.
RECOMMENDATION 1.15
Evaluation & adjustment—We recommend that
government regularly evaluate the effectiveness
of its compliance promotion, compliance
verification, and enforcement activities and tools,
and make changes as needed to ensure continuous
improvement.

We expected MEM to be regularly evaluating the
permitting, compliance promotion, compliance
verification and enforcement aspects of its program,
and to be making adjustments as needed to achieve
continuous improvement. We found, however, that the
ministry does not have a formal process to evaluate the
effectiveness of any of these activities.
MEM has not taken the steps necessary to create a
meaningful evaluation program. Those steps include
systematically collecting and tracking environmental
performance and compliance actions, and then
analyzing the data to identify trends, successes, areas
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We found that MEM:
7

1
PLANNING

REPORTING

PERMITTING

COMPLIANCE &
ENFORCEMENT

6
EVALUATION &
ADJUSTMENT

2

COMPLIANCE
PROMOTION

3
5 ENFORCEMENT

COMPLIANCE
VERIFICATION

4

7. Reporting
Regular, timely and fair reporting of results to the
Legislative Assembly and the public is important
to maintaining confidence in the activities of a
compliance and enforcement program. We therefore
expected MEM to be reporting on its performance
as a regulator and on the performance of the
mining industry.
We found instead a poor record of reporting by
the ministry.
A legislative requirement of MEM is that “The chief
inspector must publish an annual report showing
results during the previous year in achieving the
purpose of this Act.” However, we found that
the annual reports of the Chief Inspector do not
fully describe how the ministry’s compliance and
enforcement activities were protecting the province
from significant environmental risks – a key part of
MEM’s mandate.

 did not include specifics on how the ministry
facilitated successful reclamation and closure
of mine operations, managed its environmental
and reclamation liabilities, and protected and
reclaimed the land and water affected
by mining,
 did not inform the public of the long-term
environmental risks associated with managing
water contaminants,
 did not disclose the amount of liability for
mining sites and the risks associated with
underfunding, and
 did not include basic details of its compliance
and enforcement activities and the
environmental performance of regulated
parties (such as inspections completed, rates of
non-compliances, and enforcement actions).
MEM attributes these gaps to its lack of appropriate
records management and information management
systems.
However, as a result of the tailings dam breach at
Mount Polley in August 2014, MEM has publicly
posted all the dam safety reports for the first time.
Furthermore, government has publicly committed
to updating its information systems to enable this
reporting to continue.
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We concluded that MEM’s lack of meaningful
environmental reporting may mean that the public
and the Legislative Assembly do not have a complete
understanding of the ministry’s performance as a
regulator, or of the environmental performance of
B.C.’s mining sector.
RECOMMENDATION 1.16
Public reporting—We recommend that
government report publicly the:
 results and trends of all mining compliance
and enforcement activities
 effectiveness of compliance and enforcement
activities in reducing risks and protecting
the environment
 estimated liability and the security held for
each mine
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C O M P LI A N C E A ND
EN FO R C E M E N T AT
THE M O U N T P O L L E Y
TA ILI N G S D A M
Summary
On August 4, 2014, a breach occurred within the
Perimeter Embankment of the tailings storage
facility (or tailings dam) at the Mount Polley copper
and gold mine in south-central B.C. The breach
resulted in the release of an estimated 25 million
cubic metres of wastewater and tailings. The mining
company has since been working on the clean-up from
this event, but the full extent of the environmental
repercussions from the breach are still not known.
In response to this event, government convened an
independent, expert, engineering investigation and
review panel (panel) to determine the mechanics
of how the dam failed. Their report identified the
mechanics of the failure. Their conclusion was that the
primary cause of the breach was foundation failure
due to a weak layer in the Perimeter Embankment
foundation materials. However, the panel also
concluded that, had the downstream embankment
slope been flattened in recent years as proposed in the
original design, failure would have been avoided.
Our examination differed from the panel’s review
in that we focused on why the dam failed and the
Ministry of Energy and Mines’ (MEM) overall
compliance and enforcement activities. We found
that the ministry did not ensure that the tailings dam

was being built or operated according to the approved
design, nor did it ensure that the mining company
rectified design and operational deficiencies. MEM
continued to approve permit amendments to raise and
continue operating the tailings dam.
In relation to the Perimeter Embankment where
the dam failed, MEM’s weak regulatory oversight
allowed inconsistencies with the intended dam
design to persist over several years. This included: an
over-steepened Perimeter Embankment slope and
inadequate management of the tailings beach. At the
Main Embankment, in addition to accepting a steep
embankment slope and an inadequate tailings beach,
MEM also did not ensure that buttressing was built to
the height and extent included in the dam design.
We concluded that MEM did not enforce the design
due to the following:

Over reliance on qualified
professionals
It is not MEM’s practice to carry out its own technical
review (or to oversee an independent technical
review) to confirm that tailings dams are built in
accordance with the design.

Inadequate standards to guide both
inspectors and industry
We expected that MEM would have ensured that their
design standards were clear for both industry and
inspectors to enforce. However, MEM had adopted the
Canadian Dam Association’s Dam Safety Guidelines
for dam construction that were not specific to the

Click on the terms that are bold and blue
to go to the definition in the glossary
(Appendix B).
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conditions in B.C. or specific to tailings dams. These
guidelines were open to interpretation by the Engineer
of Record and MEM inspectors, and this resulted in
a tailings dam that was built below generally accepted
standards for tailings dams.

Inspections did not meet policy
MEM performed no geotechnical inspections for a
number of years, even though their policy requires
a minimum of an annual inspection. Although these
inspections would not have identified the weak
foundation layer, staff could have identified that the
operator was not actually building or operating the
tailings dam to the prescribed design and was raising
the dam without any long-term planning. Also,
additional inspections would have provided MEM the
opportunity for increased onsite vigilance.

Lack of enforcement culture
MEM has adopted a collaborative approach to
compliance and enforcement that emphasizes
cooperation and negotiation. In the case of Mount
Polley, this approach failed to produce the desired
results. MEM has the ability to compel a mining
company to take corrective action when necessary, and
has done so in the past using enforcement mechanisms
under the Act, Code and permit. However, at Mount
Polley, MEM did not use most of these enforcement
mechanisms to compel the mine operator to build or
operate the dam as designed and intended.

Background
The Mount Polley mine is an open-pit copper and
gold mine located in south-central B.C., 56 kilometres
northeast of Williams Lake (see Exhibit 16). It began
operation in 1997, was temporarily closed from
September 2001 to March 2005, and then reopened,
continuing to operate until the failure of the tailings
dam in 2014.
Exhibit 16: Location of the Mount Polley mine

Source: Times Colonist, August 5, 2014

On August 4, 2014, there was a breach within the
Perimeter Embankment of the approximately 4
kilometre long tailings dam (see Exhibit 17).
The tailings dam at the Mount Polley tailings storage
facility is subdivided into three sections referred to as
the Main Embankment, the Perimeter Embankment
and the South Embankment. The photo in
Exhibit 17 was taken after the breach at the
Perimeter Embankment.
Following the incident, government reported that
approximately 17 million cubic metres of wastewater
and 8 million cubic metres of tailings entered adjacent
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Exhibit 17: Description of Mount Polley dam embankments

The tailings dam at the Mount Polley tailings storage facility is subdivided into three sections referred
to as the Main Embankment, the Perimeter Embankment and the South Embankment. This image was
taken after the breach at the Perimeter Embankment.
Source: Terrasaurus Ltd., Photography

water systems and lakes (see Exhibit 18). The full
extent of the environmental repercussions from the
breach is still not known. Estimates reported in July
2015 indicate that the initial cleanup cost the company
$67 million, and the Ministry of Environment, $6
million. Long-term clean-up, however, will take years.
Shortly after the incident, the provincial government
convened an independent, expert, engineering
investigation and review panel (panel), directing them

to “investigate into and report on the cause of the
failure of the tailings storage facility.” On January 30,
2015, the panel released its report, titled: Report on
Mount Polley Tailings Storage Facility Breach.
The panel’s conclusion was that the primary cause of
the breach was dislocation of a part of the Perimeter
Embankment due to foundation failure. The specifics
of the failure were triggered by the construction of the
downstream rockfill zone at a steep slope. They noted
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Exhibit 18: The Mount Polley mine site before the tailings pond dam breach (July 24, 2014) and after
(August 5, 2014)

Source: NASA Earth Observatory images by Jesse Allen, using Landsat data from the U.S. Geological Survey
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that had the downstream embankment slope been
flattened in recent years as proposed in the original
design, failure would have been avoided.

Management and regulation of tailings
storage facilities
Professional engineers – Engineers of Record
(EOR), hired by mining companies – are responsible
for on-going design, construction, operation and
performance monitoring of the dam. The results of
an EOR’s monitoring are documented in the EOR’s
annual Dam Safety Inspection Report, which is a
standard requirement for major mines. The EOR
also issues recommendations to the mining company
in its annual reports (and from time to time as is
necessary or appropriate) for actions that, from the
EOR’s perspective, the company should implement to
address dam safety and stability concerns. However,
EORs have no legal authority to compel mining
companies to implement their recommendations.
Enforcement can only be done by MEM.
It is MEM’s responsibility for regulating all miningrelated activity in B.C., including design, construction,
operation, closure, and reclamation. The Chief
Inspector of Mines is given significant power and
discretion during all these phases. These powers
include ensuring the safety and stability of tailings
storage facilities.

Our Audit
The planning work for our audit on compliance and
enforcement in mining began several months before
the Mount Polley breach. When the breach occurred,

we considered but decided against including the
mine in our original audit sample. There was already
increased scrutiny from other agencies, and we did
not want to overlap with the investigations underway.
However, as our audit progressed and we noted gaps
with how MEM addresses mining non-compliances,
we became concerned that these gaps may have a
relationship with the failure at Mount Polley.
We also noted that there was limited scrutiny
by the panel on MEM’s regulatory oversight. It
therefore became evident that we could not exclude
an assessment of the ministry’s compliance and
enforcement performance concerning the Mount
Polley tailings dam.
Our audit differed from the investigation of the panel.
The panel’s primary mandate was to investigate and
report on the cause of the failure. As a result, their
report was highly technical and provided a thorough
explanation of the mechanics of the failure. In terms of
regulatory oversight, the panel focused mainly on one
aspect – inspections – and the panel reported that
overall the performance by the regulator (MEM) was
“as expected.”
However, our assessment included a comprehensive
review of all seven components of an effective
compliance and enforcement program
(see Exhibit 19). In the case of MEM’s oversight
of the Mount Polley mine, our significant findings
are in relation to MEM’s enforcement.
We focussed our audit on MEM, and not MoE, as
MEM has primary responsibility for the regulatory
oversight of the geotechnical components of the
tailings storage facility.
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Specifically, we focused on MEM’s actions as they
related to three significant and known dam deficiencies
on the Main Embankment and the Perimeter
Embankment. They were:
1. inadequate tailings beaches
(both embankments)
2. over-steepened dam slopes
(both embankments)
3. insufficient buttress
(Main Embankment only)
Exhibit 19: Seven key elements of a comprehensive
compliance and enforcement program
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that strategies involving education, assistance,
monitoring, inspections and incentives are only
effective if backed by a credible threat of
enforcement sanctions.
We expected MEM to be monitoring mine compliance
with permit requirements, the Mines Act, the Health,
Safety and Reclamation Code for Mines in British
Columbia and the EOR recommendations; and, to
be enforcing instances of non-compliance. We also
expected that MEM’s enforcement response would be
swift and predictable, include appropriate sanctions,
and result in a timely return to compliance.
MEM made nearly 850 documents (emails, industry
reports, inspections) available publicly that discuss
geotechnical details related to Mt. Polley. However,
these documents do not demonstrate how MEM
was ensuring that all of the permit requirements were
being met. It is not MEM’s practice to systematically
track compliance with permit conditions. As a result,
the ministry did not have comprehensive and readily
accessible compliance records of Mount Polley that we
could review.

4

Source: Office of the Auditor General of British Columbia,
adapted from the Organisation for Economic Co-Operation and
Development’s Ensuring Environmental Compliance: Trends and
Good Practices and MOE’s Compliance Management Framework

Audit Findings
Enforcement is the backbone to any compliance
program. It is the final line of defence against
environmental degradation. Good practices suggest

“

Something had to give, and the result
was over-steepened dam slopes, deferred
buttressing, and the seemingly ad hoc nature
of dam expansion that so often ended up
constructing something different from what
had originally been designed.”
~Panel report, page 75
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Specifically, MEM was unable to demonstrate how
the mine performed against its permit requirements
for the last two decades. Over several design stages,
the panel identified departures from the approved
design of the tailings storage facility. These departures
related to the dam slope and beach on the Main
and Perimeter embankments, and the buttress on
the Main Embankment. In particular, the panel
concluded that, had the downstream slope on the
Perimeter Embankment been flattened in recent years
as proposed in the original design, failure would have
been avoided.

“

The specifics of the failure were triggered by
the construction of the downstream rockfill
zone at a steep slope of 1.3 horizontal to 1.0
vertical. Had the downstream slope in recent
years been flattened to 2.0 horizontal to 1.0
vertical, as proposed in the original design,
failure would have been avoided.” ~Panel
report, page iv

embankments (see Exhibit 20).
The Stage 5 design, approved by MEM in 2006,
allowed the amended design to include a steeper
“interim slope” of 1.4 horizontal to 1 vertical
(1.4H:1V) for the Main and Perimeter embankments.
The mine operator stated that this interim 1.4H:1V
slope would be returned to the more moderate 2H:1V
slope once the stage 5 lift was completed. We expected
that MEM would have ensured compliance with
this permitted design – the return to a 2H:1V slope.
Instead, the mine operator never flattened the slope,
and MEM continued to approve subsequent
dam raises.
In 2011, during the stage 7 dam raise, all dam
embankments were built to an even steeper slope of
Exhibit 20: Downstream dam slope4

A) Lower risk: Original design for Mount Polley
dam slope 2.0 horizontal (H) to 1.0 vertical (V)

MEM accepted over-steepened
downstream embankment slopes
An over-steepened Perimeter Embankment slope
contributed to the tailings dam failure at Mount
Polley. According to the panel, had the embankment
slope been consistent with the original design for
the Perimeter Embankment, failure would have been
avoided (see quote above).

1
2

B) Higher risk: Over-steepened slope of Mount Polley
dam at 1.3 horizontal (H) to 1.0 vertical (V)

1

The original design for Mount Polley’s tailings storage
facility specified a downstream embankment slope
of 2.0 horizontal to 1.0 vertical (2H:1V) for all the

1.3
Source: Office of the Auditor General of British Columbia

4
This exhibit is only intended to conceptualize the Mount Polley
dam slope design and construction. It is not intended to depict the
actual design, construction, or scale of the Mount Polley tailings
storage facility.
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1.3H:1V, thus exceeding the interim slope. During
this time when the slope became steeper across all the
embankments, MEM did not provide the required
oversight. MEM’s inspection procedures require at
least one geotechnical inspection per year; however,
no such inspection were carried out for 2009, 2010
and 2011.
The result was that the steep slope was allowed to
persist, reaching a level that was described by the panel
as “unprecedented” (see Exhibit 21).
As the regulator, it was MEM’s responsibility to ensure
that the dam was being built as designed, including
with the intended embankment slope. This, MEM did
not do.

MEM did not enforce the development
of an adequate tailings beach
An above-water tailings beach is a gently sloping
surface of tailings against the upstream face of a tailings
dam embankment (see Exhibit 22).
A wide beach was included as a fundamental design
element for all embankments at the Mount Polley
dam, deemed necessary for dam stability. The absence
of a beach adjacent to the Perimeter Embankment was
noted as a fundamental flaw by the panel. The panel
stated, “Had the water level been even a metre lower and
the tailings beach commensurately wider, this last link
might have held until dawn the next morning, allowing
timely intervention and potentially turning a fatal
condition into something survivable.”

Exhibit 21: Perimeter Embankment slope with area stripped for buttress, submitted by the EOR to MEM in March, 2014

Source: Tailings Storage Facility Stage 9 2013 As-Built and Annual Review Report
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We expected MEM to ensure that the tailings beaches
adjacent to the dam embankments were maintained.
Instead, we found a lack of oversight by MEM to
adequately address what became a chronic issue along
all the embankments of the facility.
The Dam Safety Review in 2006 noted a lack of
adequate beach development that represented “a
deficiency that should be rectified as soon as practical.”
The report further explained at length that adequate
beaches along all the embankments are generally
considered an integral requirement of the design. The
report included a recommendation for the mine to
“aggressively create a beach.”
In 2008, a MEM geotechnical inspector identified the
lack of tailings beach at the Main Embankment. It was
noted as a deficiency that contravened the permitted
design, and an enforcement order was issued, stating:
“The design requires that an above water beach be
developed against the upstream face of the dam. There
was no beach observed in the vicinity of the SE corner of
the Main Embankment. A beach shall be re-established as
soon as possible in this area to meet the design objectives.”

We did not find evidence that MEM followed up on
the order from the 2008 inspection report.
Two years later, in the 2010 Annual Dam Safety
Inspection Report sent to MEM, the mine operator
was reminded of the beach deficiency, again, by the
EOR: “Develop a tailings deposition plan to deposit
tailings around the perimeter of the facility to facilitate
the development of tailings beaches and manage the
location of the tailings pond. The lack of tailings beach
development was a deficiency identified in a 2008
geotechnical inspection by the Ministry of Energy,
Mines, and Petroleum Resources (MEMPR).” We
did not find evidence that MEM enforced the 2010
recommendation of the EOR. No further MEM
inspections took place until 2012.
As the regulator, it was MEM’s responsibility to
ensure that the dam was being built as designed,
including with the intended tailings beach. MEM
did not provide adequate oversight and enforce the
requirement to consistently maintain a wide tailings
beach against all the embankments.

Exhibit 22: Example of a tailings beach5

Tailings beach
Tailings storage facility
Tailings dam embankment

Source: Office of the Auditor General of British Columbia

5
This exhibit is only intended to conceptualize a beach feature. It is
not intended to depict the actual design, construction, or scale of
the Mount Polley tailings storage facility.
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MEM did not enforce the establishment
of buttressing, as designed, along the
Main Embankment
A buttress is a support constructed outside of a
structure (such as a tailings storage facility) to increase
stability (see Exhibit 23). In the original 1995 tailings
dam design, a buttress along the Main Embankment
was contemplated as a possible requirement for
stability at the final dam elevation. In 2007, a buttress
was incorporated into the mine permit to address
stability concerns. However, the buttress was never
built to the height and extent of the intended design.
MEM allowed the mine operator to continually defer
construction of the buttress, and the buttress was
never extended along the entire length of the
Main Embankment.
Throughout the life of the dam, the Mount Polley dam
engineers and other expert reviewers were concerned
with the possibility that there may be a weak layer
in the dam foundation materials. However, as noted
by the panel, the site investigations by the mine

operator over the years were insufficient to identify
any weaknesses. This became more of a concern as
the dam was built higher and steeper. Moreover,
engineering reports identified greater risks with the
stability of the Main Embankment due to factors such
as its large height in comparison to the other
two embankments.
As the dam was raised, buttressing along the Main
Embankment was eventually deemed necessary and
partially constructed in Stage 5. In 2007, the Stage
6 design to raise the dam included the construction
of a buttress along the entire Main Embankment
to account for a potentially weak layer in the dam
foundation materials. MEM issued a permit on the
basis of this design in 2007. Consistent with all of
MEM’s permits, it also stated that the company was to
notify the Chief Inspector, in writing, of any intention
to depart from the design plan to any substantial
degree. We expected MEM to ensure that the
requirements specified in the design and permit
were upheld.

Exhibit 23: Example of a buttress6

Tailings storage facility
Tailings dam embankment
Buttress

Source: Office of the Auditor General of British Columbia

6
This exhibit is only intended to conceptualize a buttress feature. It
is not intended to depict the actual design, construction, or scale of
the Mount Polley tailings storage facility.
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Instead, we found that MEM did not ensure that the
mine operator established a buttress along the Main
Embankment in accordance with the design. The
height was approximately 5m lower than the design
specifications, and the buttress did not extend along
the entire length of the embankment. We found no
evidence that the mine operator notified the Chief
Inspector in advance about the proposed departure,
as required in the permit. The EOR reported the
design contravention to MEM in the 2010 Annual
Dam Safety Inspection Report. However, we found
no evidence that MEM followed up to enforce
compliance with the required buttressing. Instead,
MEM continued to permit subsequent raising of the
dam for Stages 7, 8 and 9.
As the regulator, it was MEM’s responsibility to
ensure that the dam was being built as designed and
permitted, including with the intended buttress.
While the dam was out of compliance with its 2007
permit by not completing the intended buttress on the
Main Embankment, the buttress that was in place at
this embankment did provide some support. As the
panel stated: “the steep slopes were effectively flattened by
the addition of its buttress, which explains why the failure
did not occur at the highest part of the dam.” There was
no buttressing on the Perimeter Embankment, and the
EOR did not recommend buttressing until 2013.

“

By 2013, as the panel noted,

buttressing could no longer be deferred for
either embankment.” ~Panel report, page 71

Why did MEM not enforce the
tailings storage facility design
at Mount Polley?
For many years before the breach happened, there
were structural and operational deficiencies (beach,
buttressing and slope) that contravened the permitted
design, but MEM did not enforce the correction of
those flaws.
We concluded that MEM did not enforce the design
due to the following factors:

Over-reliance on qualified
professionals
MEM relies on the EOR’s confirmation (signed and
sealed “as-built” report) that tailings storage facility
construction is consistent with the design. It is not
MEM’s practice to carry out its own technical review
(or to oversee an independent technical review) to
confirm that tailings dams are built in accordance
with the design and government standards. In the
case of Mount Polley, MEM failed to carry out its own
regulatory oversight resulting in a dam that was not
being built as designed.
MEM relies on an EOR to design a mine that is
safe and to confirm it is operating as intended.
However, MEM should not delegate its regulatory
responsibilities to the EOR. Furthermore, as the
panel noted, the designer cannot be presumed to
act correctly in every case, which is why, it is MEM’s
responsibility to apply appropriate regulatory
oversight.
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Inadequate standards to guide both
inspectors and industry
We expected MEM would have ensured that their
design standards were clear for both industry and
inspectors to enforce. However, MEM had adopted the
Canadian Dam Association’s Dam Safety Guidelines
for tailings dam construction that were not specific
to the conditions in B.C. or specific to tailings dams.
These guidelines were open to interpretation by the
EOR and the inspector, and this resulted in a tailings
dam that was built below generally accepted standards
for tailings dams.

Inspections did not meet policy
According to MEM’s inspection procedures, all
major producing metal and coal mines must receive a
geotechnical inspection at least once a year, or more

often as necessary. However, we found that MEM
performed no geotechnical inspections for the years
2002, 2003, 2004, 2009, 2010 and 2011, even though
the tailings dam was being raised during many of
these years. Construction of the Mount Polley tailings
dam began in 1996. The height of the dam was later
increased in nine stages, as shown in Exhibit 24, until
it reached a height of approximately 40 metres - about
as tall as a 13-storey building.
The panel concluded that additional inspections of the
tailings storage facility would not have identified the
weak foundation materials beneath the dam. However,
additional inspections would have provided MEM the
opportunity for increased onsite vigilance.
Furthermore, MEM’s inspection procedures require
that a geotechnical inspector review the current mine

STAGE 9 (2014)

STAGE 8 8/A

STAGE 7

STAGE 6B

STAGE 6A

STAGE 5

STAGE 4

STAGE 3C

STAGE 3A/B

STAGE 2C

STAGE 2A/B

980

STAGE 1A/B

990

STAGE 9 (2013)

Exhibit 24: Elevation increases in the Mount Polley tailings dam, 1996–2014
At the time of the failure on
August 4, 2014, the height
of the dam was approximately
40 metres, as tall as a
13-storey building.
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960
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940
930
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Year
Top of zone elevation (M)

Source: Office of the Auditor General of British Columbia, adapted from Independent Panel Report on Mount Polley Tailings Storage Facility Breach
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plan with the mine manager, review any proposed
activity related to existing or future approvals, and
note any cases of non-compliance with the approval.
Had MEM followed this procedure in the required
annual inspections, ministry staff would have had
an opportunity to formally identify that the mine
operator was not actually building the dam to the
prescribed design, and was raising the dam without
any long-term planning.

Lack of enforcement culture
MEM has adopted a collaborative approach to
compliance and enforcement that emphasizes
cooperation and negotiation. This type of an
enforcement culture may, in some circumstances,
motivate a mining company to return to compliance,
but the approach depends on the company’s
willingness to meet government’s standards and
regulatory requirements, and to implement the EOR
recommendations. In the case of Mount Polley,
MEM’s culture of collaboration failed to produce the
desired results.
MEM has the ability to compel a mining company
to take corrective action when necessary. This
enforcement action, typically in the form of an order,
must be directly related to a requirement of the Mines
Act, the Code or the particular mine permit. MEM
must also take enforcement action if there is
an imminent danger posed to workers or
the environment.
We found specific enforcement mechanisms under
the Act, Code and permit that MEM has used in
the past for other mines. These could have been used

to compel the mine operator to build and operate
the Mount Polley tailings dam to the intended, and
prudent, design specifications.

MEM can enforce EOR
recommendations
As noted earlier, EORs have no legal authority
to compel mining companies to implement their
recommendations. This type of enforcement can
only be done by the regulator: MEM. However,
EOR recommendations are not always linked to a
pre-existing regulatory requirement or a perceived
imminent danger–making enforcement challenging.
In these cases, MEM still has a mechanism to
act. Under the Mines Act, the Chief Inspector and
the Minister of Energy and Mines have broad,
discretionary powers, including the ability to impose
additional conditions in the permit at any time. As
a result, EOR recommendations can be included as
a condition of the permit which would make them
enforceable by MEM staff. This has been done in the
past for other mines.

MEM can enforce design requirements
MEM’s permits have standard clauses, including
“Departure from Approval.” It states that the permitholder shall notify the Chief Inspector, in writing, of
any substantial departure from approval and shall not
proceed to implement the proposed changes without
the authorization of the Chief Inspector. This is also
a requirement in the Health, Safety and Reclamation
Code for Mines in British Columbia under Section
10.1.11. We found no evidence that the Chief Inspector
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of Mines approved departures from the intended
design related to the beach, buttressing and dam slope.
Had MEM noted that there was a departure from
the approved design, they could have enforced this
non-compliance.

MEM has broad powers to
enforce dam safety
MEM staff have also made the argument to us that
under the Health, Safety and Reclamation Code for
Mines in British Columbia, if an inspector notes an
issue that is not explicitly stated as a requirement in
the permit, the inspector has broad powers to compel
the company to take action. Specifically, section 1.1.2
of the Code states: “Notwithstanding the absence of a
specific code requirement, all work shall be carried out
without undue risk to the health or safety of
any person.”

To summarize:
the Mount Polley mine operator made substantial
changes to the design of its tailings dam, did not build
the dam to the design, and did not operate the tailings
dam as was intended. In all of these instances, MEM,
as the regulator, had a responsibility to require the
mining company to complete the dam as designed. No
other government or private actor has that ability or
responsibility.

RECOMMENDATION 1.13
Mine design—We recommend that government
adopt appropriate standards, review mine designs
to ensure that they meet these standards, and
ensure that mines, as constructed, reflect the
approved design and standards.
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C O N C LU S I O N
We concluded that the Ministry of Environment’s
compliance and enforcement activities of the mining
sector are not protecting the province from significant
environmental risks.

S UM M A RY O F
KEY FI N D I N G S
MoE has a compliance and enforcement program,
but it is deficient in carrying out most of the expected
regulatory activities, such as undertaking inspections,
reviewing monitoring data provided by industry and
enforcing where there is non-compliance. The ministry
lacks the resources, expertise and training and tools
necessary to pursue compliance and enforcement.
Furthermore, it does not coordinate its compliance
and enforcement activities with those of the Ministry
of Energy and Mines (MEM), which has led to
inefficiencies and a lack of overall effectiveness in
protecting the environment.
MoE has not disclosed to the public and legislators
the effectiveness of its regulatory oversight and
the impacts that have resulted. We looked at the
degradation of the water quality in the Elk Valley
and MoE’s response. We found that MoE was slow to
regulate rising selenium levels in this area and has not
publicly disclosed the ongoing risks that the ministry’s
recent Elk Valley Permit is posing on the environment.

M oE ’ S R O L E S A N D
R E S PO N S I B I L I TI E S
MoE’s objective is the effective management of
environmental risks through the monitoring and
enforcement of environmental laws and regulations
(see sidebar).
MINISTRY OF ENVIRONMENT
SERVICE PLAN
Goal 2: Clean and safe water, land and air
Objective 2.4: Effective management of
environmental risks
 Implement new compliance approaches
that allow the Ministry to improve
response to environmental risks and
provide increased public accountability
 Minimize creation of future
contaminated sites and manage
remediation of high-risk
contaminated sites
 Conduct investigations into noncompliance with regulatory requirements
designed to protect
the environment, human health and
public safety

Auditor General of British Columbia | May 2016 | An Audit of Compliance and Enforcement of the Mining Sector

79

1225

PART 2: MINISTRY OF ENVIRONMENT
Key among the enabling legislation is the
Environmental Management Act, which includes
requirements ensuring the protection of the
environment through the monitoring and enforcement
of the quantity and quality of any waste discharges
from metal and coal mines.
Because both MoE and MEM have a responsibility to
ensure the protection of watercourses, we expected the
two ministries to be working together to achieve
this objective.

Regional Operations Branch
MoE’s Regional Operations Branch within the
Environmental Protection Division is responsible
for: reviewing Environmental Management Act permit
applications for new and existing mines; conducting
environmental assessment application reviews;
conducting inspections; and, taking administrative
action to enforce, or support the enforcement of,
the Act.
The Regional Operations Branch includes
environmental quality specialists, biologists,
meteorologists, engineers, and environmental
management analysts who live and work across the
province. In 2014, the branch was reorganized. This
resulted in Environmental Protection Officers being
assigned to a number of different groups, including
two that focus on mining:

 The Provincial Compliance Team is
responsible for planning province-wide
compliance activities and inspecting all
permits issued under the Environmental
Management Act – permits that apply to about
70 types of industries or activities including
mining. This team had 13 full-time staff.
Important to note in this new model is that the
inspectors for mines no longer carry out dual roles of
permitting and compliance work. This is one of the
material differences between MoE’s approach and
that of MEM’s. At MEM, inspectors issue permits and
carry out compliance work.
Another notable difference between MoE’s regulatory
framework and that of MEM’s, is enforcement. MoE’s
compliance staff may use administrative sanctions or
penalties to enforce non-compliance. MoE may also
use an independent investigation unit, housed in the
Conservation Officer Service, to investigate suspected
cases of non-compliance (by using searches, evidence
seizures, surveillance, interviewing witnesses), to
issue tickets or recommend formal charges to
Crown counsel.
Within the Conservation Officer Service, the Major
Investigations Unit specializes in investigating
industrial non-compliance. This unit currently has 10
full-time staff and 6 vacancies.

 The Mining Operations Team is responsible
for issuing mine permits. At the time of our
audit it had 33 full-time-staff.
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O U R E X P EC TAT I O N S
A comprehensive compliance and enforcement
program should have, in keeping with recognized
good practices, seven key elements
(see diagram on page 40).
We expected MoE to have a strategic plan that would
detail the activities of MoE’s regulatory approach,
including how the ministry intended to work with
MEM. The plan would show how MoE’s activities
would achieve the objective of ensuring the protection
of the environment. We also expected these activities
to be:
 setting regulatory requirements that are
enforceable,
 promoting regulatory compliance (aimed at
achieving high rates of voluntary compliance),
 verifying compliance (aimed at ensuring that
industry is meeting government’s regulatory
requirements), and
 enforcing requirements (aimed at compelling
the mining industry to meet all compliance
requirements).
In addition, we expected MoE to be ensuring
continuous improvement of its compliance and
enforcement program through evaluation and
adjustment, and to be reporting the results of its
activities to the Legislature and the public.
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KEY FI N D I N G S

requirements. However, we found that MoE’s
implementation of these activities for mining has been
constrained by limited resources.
1

REPORTING

6
EVALUATION &
ADJUSTMENT

Coordination with MEM

PLANNING

7

PERMITTING

COMPLIANCE &
ENFORCEMENT

2

COMPLIANCE
PROMOTION

3
5 ENFORCEMENT

COMPLIANCE
VERIFICATION

4

1. Planning
We expected MoE’s compliance and enforcement
program to be based on a clear strategic plan
that included goals, objectives and performance
indicators. It would also describe how the ministry
was coordinating its activities with MEM. We also
expected MoE’s strategic plan to be supported by
appropriate resources, training, expertise and tools.
We found that MoE has developed a compliance
management framework that outlines its approach to
ensuring compliance. This program structure, which
has been in place since 2007, includes the principles,
goals and objectives that guide compliance-related
work. The ministry has also established policies and
objectives for setting permit requirements, promoting
compliance, verifying compliance and enforcing

In 2009, the provincial government introduced a
policy for a coordinated and integrated approach
to natural resource management in the mineral
exploration and mining sectors of B.C. We expected
MoE and MEM to coordinate their compliance
and enforcement planning and activities because
they have an overlapping mandate to protect the
environment. Instead, however, we found that MoE’s
inspection planning is not coordinated with that
of MEM, nor does MoE regularly advise MEM of
the non-compliance and enforcement actions it has
taken. Although MoE and MEM have developed
the “Memorandum of Understanding for the
Environmental Management of Mining Projects,” that
document has been in draft form since 2012.
This lack of coordination reduces the effectiveness
and efficiency of MoE’s compliance and enforcement
actions and increases the likelihood of environmental
risks not being addressed.

Resources, expertise, training
and tools
To do their work effectively, regulatory authorities
need access to the physical, technical and financial
resources they require to meet their mandate and
scope of work. Management should therefore aim
to attract and retain qualified and experienced
program staff by offering reasonable remuneration
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and professional development opportunities. As
well, management should ensure that staff have the
necessary tools to do their job.

Resources
We expected MoE to have determined the resources
it needs to undertake an effective compliance and
enforcement program. We found this was not the case.
Over the past decade, workloads within the Regional
Operations Branch have been increasing, and
resources decreasing. According to the branch, its
number of full-time employees in 2014 was a 29% drop
from 2012 levels. At the same time, the number of
authorizations under the Environmental Management
Act has been increasing since 1967, by an average of
14% a year (see Exhibit 25).

We found numerous examples of declining staff
morale. Many of the staff we interviewed indicated that
this decline was due to increasing workloads and their
inability to adequately meet the ministry’s mandate of
protecting the environment.
MoE reorganized the branch in 2014 to create a
dedicated compliance team. The 13 members of
the team are tasked with ensuring compliance in
dozens of complex industries, from municipal sewage
management and pulp and paper, to oil and natural gas
and mining. These industries account for more than
5,500 Environmental Management Act authorizations,
meaning each compliance team member could have
around 400 authorizations to monitor and/or inspect.
We found that inspectors are not managing this
workload. For instance, inspectors are not meeting

Exhibit 25: Total authorizations issued under the Environmental Management Act, 1967–2012*
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Average growth rate since 2004 = 14% per year
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*This includes total authorizations issued related to permit amendments, Codes of Practice and Regulations, and Operation Certificates. It also
includes abandoned, cancelled, expired, suspended, and withdrawn transations.
Source: Office of the Auditor General of British Columbia, adapted from MoE data
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MoE’s policy to annually inspect mine sites. We
concluded that MoE’s resourcing levels are likely
the causation.

Expertise and training
Mining is a complex and constantly changing
industry that requires knowledge and expertise in
many technical disciplines. We expected MoE staff to
have the necessary qualifications and experience to
carry out inspections and enforcement and to review
industry’s self-reporting data. We found that MoE’s
compliance team, as a whole, has an insufficient
level of expertise in mining. Under the ministry’s
compliance and enforcement model, staff are
expected to inspect a range of industries: there is no
requirement for inspectors to have experience
in mining.
MoE has recently seen an exiting of staff with mining
experience, the result of both natural attrition (such
as retirements) and in some cases, low-morale issues.
As a cost-saving measure, the ministry had filled some
positions with less experienced staff. This was due to
the requirements of MoE’s available funding and the
inability to attract experienced individuals within a
highly competitive mining sector.
Training for MoE staff in mining is also inadequate,
and while the ministry states that it relies on
mentoring, it has no formal mentorship program.
According to some new staff, they are concerned that
lack of training is hampering their abilities to carry
out inspections.

Tools (data systems, guidance)
We expected that MoE inspectors would have
necessary and appropriate tools, including data
tracking systems, and policy and guidance, to perform
their compliance and enforcement roles.
We learned that before 2012, MoE relied on Excel
spreadsheets and hard copies of records to track its
inspection and enforcement activities. A new data
system was adopted in 2013, but was created on a
limited budget and, as a result, had several problems:
 it contained only a partial history of
compliance and enforcement activities
 it was time consuming to use
 it did not connect to other data systems
 it was missing critical information, such
as industry response to findings of
non-compliance
MoE does provide general guidance to its compliance
staff on the procedural steps necessary to complete an
inspection under the Environmental Management Act
and on the appropriate enforcement action, given
prescribed circumstances. In addition, we found that
MoE does have specific guidance for mine sites;
however, it was developed by senior inspectors on
their own initiative and has not been formally adopted
as policy across all regions.
RECOMMENDATION 1.1
Strategic planning—We recommend that
government develop a strategic plan that
would detail the activities of an integrated
and coordinated regulatory approach, and the
necessary capacity, tools, training and expertise
required to achieve its goals and objectives.
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consistent use of regulatory language and measureable
criteria such as thresholds and action timelines. We
found that permit conditions relating to monitoring
and reporting do generally include measureable
criteria; however, we also found examples of imprecise
and ambiguous language, such as, “in a timely fashion”
and “appropriately qualified.” Although MoE has a
project underway to standardize clauses for new
permits and amendments, little progress has been
made and there are no plans to systematically review
and update all historical permits.

4

2. Permitting
We expected permit requirements to reflect the
purpose of the Environmental Management Act –
namely, protection of the environment – and, for
MoE to ensure permits are consistently written with
enforceable language. We also expected that permits
would ensure taxpayers are safeguarded from having to
pay costs associated with the environmental impacts
of mining activities (known as the polluter-pays
principle).
In fact, we found the permits were not consistently
written with enforceable language, and we found
examples where the polluter-pays principle was
not upheld.

Enforceability
We selected a sample of MoE’s mine permits to review
the wording of the requirements. We expected to see

RECOMMENDATION 1.2
Permit language—We recommend that
government ensure both historical and current
permit requirements are written with
enforceable language.

Polluter-pays principle
Under the Environmental Management Act’s Waste
Discharge Regulation, industry is charged a fee
for each type of pollutant it discharges into the
environment (see Exhibit 26).
This fee is intended to reflect the environmental
impact of the pollutant. We found that the fee schedule
has not been reviewed or revised since 2004. Thus,
for some pollutants, the fees do not reflect MoE’s
current assessment of the environmental impacts. For
example, although the element selenium can be toxic
in trace amounts, MoE still classifies it as a metal and
calculates the fee at the tonnage level. As a result, the
fee charged to industry for discharging selenium is not
proportional to the impact the element is having on
the environment.

Click on the terms that are bold and blue
to go to the definition in the glossary
(Appendix B).
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Exhibit 26: Excerpt from the Waste Discharge Regulation, Table 3: Contaminant fees for effluent

Contaminant

Fee per tonne discharged

if payment date before
March 31, 2005

if payment date between
April1, 2005 March 31, 2006

if payment date after
April 1, 2006

$90.09

$96.50

$102.91

AOX

$239.20

$256.22

$273.24

Arsenic

$239.20

$256.22

$273.24

$18.07

$19.36

$20.64

Chlorine

$239.20

$256.22

$273.24

Cyanide

$239.20

$256.22

$273.24

Fluoride

$90.09

$96.50

$102.91

$239.20

$256.22

$273.24

Nitrogen and Nitrates

$36.01

$38.57

$41.13

Oil and Grease

$60.06

$64.33

$68.61

Ammonia

BOD

Metals

Source: Office of the Auditor General of British Columbia, from the Environmental Management Act - Waste Discharge Regulation

RECOMMENDATION 1.5
Environmental Management Act waste
discharge fees—We recommend that government
review its fees under the Environmental
Management Act and ensure that the fees are
effective in reducing pollution at mine sites.

partial cost recovery for a range of services, including
application assessments ($25,000–75,000),
inspections ($1,700–6,500) and review of industry
compliance reports ($75). The Environmental
Assessment Office reports that the fees provide partial
recovery of the costs incurred in delivering a
high-quality program and to maintain appropriate
staffing levels.

The Regional Operations Branch does not recover
from mine operators the cost of permitting or the cost
of MoE compliance verification activities. The base fee
for all Environmental Management Act permits is a
nominal $100. This is in contrast to the province’s
Environmental Assessment Office, which charges a

RECOMMENDATION 1.6
Cost recovery—We recommend that government
adopt a cost recovery model for permitting and
compliance verification activities that is consistent
across all ministries in the natural resources sector.
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We also found that MoE offers no incentives to
industry, despite the Environmental Management Act,
which allows government to create regulations “for the
purpose of providing economic incentives to promote
environmentally responsible behaviour.”
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5 ENFORCEMENT

COMPLIANCE
VERIFICATION

2

COMPLIANCE
PROMOTION

3

RECOMMENDATION 1.9
Incentives—We recommend that government
create effective incentives to promote
environmentally responsible behavior by industry.

4

3. Compliance Promotion
Compliance promotion is any activity that educates
and increases awareness about regulations, or that
motivates or encourages voluntary changes in
behaviour to comply with regulatory requirements.
It is a preventative strategy that includes both
compliance assistance and compliance
incentive programs.
Globally, given the reduction in government resources,
most countries recognize the growing importance of
compliance promotion. We therefore expected MoE
to have established an effective promotion program
that included both compliance assistance and
compliance incentives.
We found that, while MoE has created guidance
documents to help promote industry compliance,
the ministry does not know whether these materials
are effectively resulting in voluntary compliance or
achievement of B.C.’s environmental objectives.
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4. Compliance Verification
Compliance verification refers to monitoring and
inspection activities used to determine whether a
mine is in compliance with legislative and regulatory
requirements, including the conditions of its permit.
We expected MoE to be:
 applying a risk-based approach to planning its
compliance verification activities
 carrying out site inspections in keeping with its
own policies
 monitoring industry reporting on compliance
We found that MoE was deficient in all these areas.

Risk-based planning

appropriate level of contact with the regulated parties.
Our expectation was that MoE would be planning its
inspections based on identified risks. We recognized
that MoE would be limited in addressing all the risks
identified, but we expected it to identify key risks for
dealing with and reporting on the residual risks.
We found that MoE used to prioritize sites based
on analysis using an electronic risk-ranking tool.
However, in 2014, MoE determined that staff were
applying the tool inconsistently across the regions and
finding it complicated and subjective to use. In the
summer of 2015, MoE implemented a new risk-based
planning tool to assess the risks of permits under the
Environmental Management Act; however, it is too soon
for us to conclude on the effectiveness of this new tool.
In 2014, MoE shifted its resources to assessing
compliance of high risk mining operations. This focus
limited MoE’s ability to inspect other industries that
also have Environmental Management Act permits – a
situation that poses a risk to the ministry’s overall
regulatory performance.
In 2015, MoE identified this risk in its risk register,
stating that there was a high risk that regulatory
requirements are not adequately verified and enforced.
Shifting of resources to mining has left minimal to
no resources for addressing low to moderate risk
activities, such as agriculture and sewage. MoE also
stated that its existing mitigations to address these
issues are inadequate to address this risk.

According to good practices, inspections should be
based on a schedule that considers risk (weighing
actual or potential impact to the environment and the
likelihood of occurrence) and the need to maintain an
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Site inspections
We reviewed MoE’s inspection records for 2012, 2013
and 2014 in a sample of eight mines. Among our
key findings:
 MoE did not meet the minimum requirement
of its policy to inspect high-priority sites
annually. Only three of the eight mines we
examined had received an onsite inspection by
the ministry for all three years. For example,
Myra Falls mine had no site inspection for
2012, 2013 or 2014 – a finding of particular
concern given this site is located in a provincial
park and is close to drinking water sources.
 Inspection reports were completed to the
standard described in MoE’s Inspectors Manual.
However, although the manual states that such
reports should be sent to the mine operator in a
“timely” manner, “timely” is not defined. Some
reports we reviewed were not sent to operators
for months.
 An average of three different MoE inspectors
conducted inspections at each of the eight
mines. Given the complexity of these sites,
this lack of continuity creates a risk that an
inspector may not know the history of the site,
and therefore may not follow up on a noncompliance issue. In addition, this situation
creates the potential for inefficiencies – both
for MoE staff and for mine site staff. However,
this turnover of inspectors may have been the
result of MoE’s 2014 branch re-organization.

MoE rarely shared with MEM staff inspection plans,
the findings of MoE inspections, or MoE enforcement
actions taken.
We also found, from our review of four closed mines,
that only one had been inspected between 2012 and
2014. For example, Shasta-Baker mine received no
inspections, despite a history of significant noncompliance issues (see sidebar on page 60).
RECOMMENDATION 1.10
Risk-based approach—We recommend that
government develop a risk-based approach to
compliance verification activities, where frequency
of inspections are based on risks such as industry’s
non-compliance record, industry’s financial state,
and industry’s activities (e.g., expansion) as well as
risks related to seasonal variations.

Monitoring of industry reports
We expected that MoE would, at a minimum, ensure
that reports required under each permit were being
received and reviewed in a timely manner and
would have policies and guidance around Qualified
Professionals (QP).
Each effluent permit for a mine has reporting
requirements that include annual, quarterly and/or
monthly reporting. We found that MoE does not have
a clear process for MoE staff that identifies when and
to what level of scrutiny a mine’s self-reported data,
typically prepared by QPs, is reviewed. In the sample
of mines we reviewed, all were missing MoE reviews of
either the annual or quarterly reports submitted by
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industry. We could not determine statistics for
monthly reports, as they were not logged into MoE’s
system. The ministry was also not ensuring that all
reports submitted by QPs were received according to
the timeline specified in the permits. MoE told us that
it does not have the resources to review all reports
submitted by industry.
RECOMMENDATION 1.12
Qualified Professionals—We recommend that
government establish policies and procedures for
the use and oversight of qualified professionals
(QP) across the natural resource sector. These
policies and procedures should have the following:
 guidance for staff that outlines the specific
nature and amount of oversight expected of
a QP’s work
 guidance for staff as to expected timeframe
for review and response to QP reports
 updated guidance for staff for recognizing
and responding to misconduct by a QP
 controls in place to ensure that there is no
undue influence on the QPs by industry
 controls in place to ensure that
recommendations by QPs are adhered to
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MoE’s inspection policy and procedures do not call for
inspectors to track an industry’s timely return to
compliance, we cannot conclude whether even those
timelines from the sample were met.
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RECOMMENDATION 1.14
Policies, procedures and tools—We recommend
that government develop policies, procedures
and enforcement tools for responding to noncompliances when industry does not meet the
timeline specified by the ministry.

4

Predictable responses to violations
5. Enforcement
Enforcement is the backbone to any compliance
program. It is the final line of defence against
environmental degradation. According to good
practices, strategies involving education, assistance,
monitoring, inspections and incentives are
effective only if backed by a credible threat of
enforcement sanctions.
To be effective, enforcement programs must involve:
 swift and predictable responses to
violations, and

MoE has a number of guidance documents that
assist inspectors in applying a predictable response
appropriate for a particular infraction. We noted that
MoE relied heavily on notifications and warnings
of future enforcement actions rather than applying
a stronger tool, such as an order, that would require
immediate action to remedy the non-compliance.
MoE’s own review of compliance responses from
2012 to 2014 indicates that advisories and warnings
in response to infractions identified during mining
inspections accounted for an average of 89% of all
enforcement actions.

 responses that include appropriate sanctions.

Swift responses to violations
We concluded that MoE generally does not have a
swift response to non-compliance. In our sample of
mines, only half of the enforcement responses
specified timeframes as to when the ministry expected
remedy actions to be completed. However, because

Responses that include
appropriate sanctions
MoE has a range of tools available to address noncompliance (see Exhibit 27). Until recently, this
suite of tools did not include the ability to impose a
financial penalty without going to court.
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In 2014, the ministry addressed this gap by adding
administrative penalties – where penalties for
contravention can range from $2,000 to $75,000 a day.
Previously, MoE staff could only issue a ticket with a
maximum financial penalty of $575.
Bringing these administrative penalties into effect took
over 30 years: they were recommended by the Auditor
General in 1981 and were also suggested by staff in
MoE’s Pollution Prevention Review in 2001.
We cannot comment on the effectiveness of this new
tool as MoE had not yet used it, at the time of
our audit.
In MoE’s compliance model, Environmental
Protection Officers who carry out the inspection of
mine sites are empowered to issue only advisories
or warnings. Higher levels of enforcement – such as
orders, administrative sanctions and administrative
monetary penalties – must be authorized by the
Director (statutory decision-maker). Other actions,
such as tickets or an investigation that may lead to
prosecution, are directed to the Conservation
Officer Service.
The Major Investigations Unit of the Conservation
Officer Service may receive enforcement referrals
on mining-related issues from the Environmental
Protection Officers. As noted earlier, this unit currently
has 10 full-time staff and six vacancies. During our
audit, six of these staff members were working full time
on the Mount Polley mine investigation. This level of
staffing creates a risk that enforcement actions at other
mine sites will not be swift and non-compliances
may persist.

Exhibit 27: Ministry of Environment’s tools to
address non-compliance

Advisory: Written notice sent to a non-compliant
party about the non-compliance and with the
expected course of action often recommended.
Warning: Similar to an advisory; however,
warnings differ in that they warn of the possibility
of an escalating response should non-compliance
continue.
Order: Written legal instruments issued by
designated ministry officials. Non-compliance
with an order creates an offence and may be
prosecuted accordingly.
Administrative sanction: Revocation or
suspension of a ministry-issued permit, licence
and other administrative instrument.
Administrative monetary penalty (NEW):
Discretionary financial penalty that can be
imposed by designated ministry statutory
decision-makers on those failing to comply with a
particular provision of a statute, regulation or the
terms of an authorization. These penalties can be
administered with less onerous procedural and
legal requirements than done by a court.
Restorative justice: Uses dispute resolution
principles to create an inclusive forum designed to
promote offender accountability, repair the harm
caused by the offence, and restore compliance.
Ticket: A summary means of dealing effectively
and quickly with the most minor offences.
Court prosecution: A legal proceeding that is
recommended by the Ministry of Environment
but initiated by Crown counsel to hold
accountable a person or company alleged to have
committed an offence.
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Ministry staff have indicated that because they do
not have the resources for evaluation, identifying key
performance indicators and evaluating performance
information is not a priority.
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6. Evaluation & Adjustment
Evaluation is a critical, yet often overlooked part of
environmental management that leads to greater
awareness of whether regulators are successfully
achieving the desired environmental outcomes.
We expected MoE to be regularly evaluating the
permitting, compliance promotion, compliance
verification and enforcement aspects of its program,
and to be making adjustments as needed to achieve
continuous improvement.
We found, however, that the ministry does not have
a formal process to evaluate the effectiveness of any
of its activities in compliance promotion, compliance
verification or enforcement. While MoE does track the
outputs of its compliance verification activities, it has
not developed performance measures and does not
track the effectiveness of those activities.

We concluded that MoE, by not having a commitment
to formal evaluation, is:
 not meeting the good practices it has set for
itself (for example, MoE’s 2012 Compliance
Summary states, “Compliance activities must
be linked to the effectiveness of the existing
tools, the effectiveness of the preventative
measures taken, and the assurance that
significant pollution concerns are identified on
an on-going basis”),
 unable to determine whether its activities are
effective and aligned with government’s goals,
and whether improvements are necessary, and
 unable to report to government or the public on
the effectiveness or impact of its activities.
RECOMMENDATION 1.15
Evaluation & adjustment—We recommend that
government regularly evaluate the effectiveness
of its compliance promotion, compliance
verification, and enforcement activities and tools,
and make changes as needed to ensure continuous
improvement.
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For example, MoE does not report on the number
and type of inspections completed, rates of noncompliance, enforcement actions, or effectiveness
of its activities in reducing non-compliance and in
mitigating environmental impacts of non-compliance.
Most importantly, MoE does not communicate
the long-term environmental risks associated with
managing water contamination.
All of these deficiencies in reporting are inconsistent
with MoE’s compliance and enforcement framework.

4

7. Reporting
Regular, timely, and fair reporting of results to the
Legislative Assembly and the public is important
to maintaining confidence in the activities of the
environmental management program. We therefore
expected MoE to be reporting on its performance
as a regulator and on the performance of the
mining industry.

RECOMMENDATION 1.16
Public reporting—We recommend that
government report publicly the:
 results and trends of all mining compliance
and enforcement activities
 effectiveness of compliance and enforcement
activities in reducing risks and protect ting
the environment
 estimated liability and the security held for
each mine

We found that MoE publicly reports the enforcement
actions it takes on cases of non-compliance that meet
the ministry’s test of administrative fairness (orders,
administrative sanctions, administrative monetary
penalties, tickets, restorative justice forums, and
court convictions). However, MoE does not publicly
report on its annual compliance activities, or on the
performance of regulated parties in a comprehensive
and meaningful manner.
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DEGR A D ED WAT E R
Q U A LI T Y I N T HE
ELK VA LLE Y
Summary
The lack of sufficient and effective regulatory oversight
and action by the Ministry of Environment (MoE)
to address known environmental issues has allowed
degradation of water quality in the Elk Valley (located
in southeastern B.C.).
Coal mining in the area for over 100 years, has resulted
in high concentrations of selenium in the water system.
As selenium accumulates up the food chain, it can
affect the development and survival of birds and fish,
and may also pose health risks to humans.
For 20 years, MoE has been monitoring selenium
levels in the Elk Valley and over that time has
noted dramatic annual increases of selenium in the
watershed’s tributaries. MoE tracked this worsening
trend, but took no substantive action to change it.
Only recently, has the ministry attempted to control
this pollution through permits granted under the
Environmental Management Act.
We examined the Line Creek Expansion Permit, the
Area-Based Management Plan and the Area-Based
Management Permit (Valley Permit)7 to understand
how they support MoE’s responsibility to minimize
risks to the environment. We found that these
documents do not address several risks, including
the following:

 MoE staff, with input from external experts,
concluded that the selenium levels in the
proposed Line Creek Expansion Permit were
not likely protective of the environment. The
statutory decision-maker could not approve the
permit. Subsequently, the permit was granted
by Cabinet. This was the first time that Cabinet
used this approval process. The rationale for
the decision was not publicly disclosed.
 The Line Creek Expansion Permit allows
mining activities to be extended into an area
inhabited by Westslope Cutthroat Trout, a
species listed as being of “special concern”
under the federal Species at Risk Act. This
approved expansion of mining operations
creates a risk of further decline of this species.
 The Area-Based Management Plan commits
industry to developing six water treatment
facilities in the Elk Valley. This creates a future
economic liability for government to monitor
these facilities in perpetuity and ensure that
they are maintained.
 There is a risk that if MoE is unable to enforce
the Area-Based Management Permit and the
mine exceeds its permit limit for selenium
at Lake Koocanusa, the outcome could be a
violation of the 1909 Treaty relating to boundary
Waters and Questions arising along the Boundary
between Canada and the United States (the
Treaty). The Treaty forbids the pollution of
water bodies on either side of the border.
 The levels for selenium in the Area-Based
Management Permit are inconsistent with the
precautionary principle.a

Line Creek mine is one of 5 coal mines that Teck is operating in
the Elk Valley.
7
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The ministry has not disclosed these risks to legislators
and the public.

Exhibit 28: Location of the five operating coal mines
in the Elk Valley

Ultimately, despite the addition of water treatment
facilities, the current permit levels of selenium are
above the water quality guidelines set by B.C. to
protect aquatic life, and for human health and safety.
Selenium from both historical mining activities and
the ongoing expansion is likely to continue to impact
the environment far into the future.

Background
The Elk Valley is located in the southeastern corner
of B.C. and includes the communities of Elkford,
Sparwood and Fernie. Within the valley’s watershed
is Lake Koocanusa, which extends south, crossing the
Canada–U.S. border into Montana and feeding into
the Columbia River system. Some of the river systems
in the valley support the Westslope Cutthroat Trout, a
species officially listed under the federal Species at Risk
Act as being of “special concern.”
Coal has been mined in the Elk Valley for over 100
years, but only in the past four decades has large-scale
extraction resulted in open pits and massive waste
dump sites. Currently, there are five major coal mines
operating in the valley (see Exhibit 28). In 2008, Teck,
which owned a minor stake in the Elk Valley Coal
Partnership, purchased all of these coal mines. Several
of these mines were operating for many years before
Teck’s purchase. Both past and recent mine operations
and expansions have resulted in a significant increase
in the concentration of selenium in river and
tributaries in the Elk Valley.

Source: Office of the Auditor General of British Columbia, based
on Teck Coal Ltd.’s Elk Valley Area-Based Management Plan

While selenium is naturally occurring and trace
amounts are necessary for the health of many
organisms, including humans, it is toxic in
excess amounts.
The accumulation of selenium occurs over time
as water leaches the element from the waste rock
generated by mining activities. Once selenium gets
into streams, lakes and other waterways, it is carried
up the food chain, becoming more concentrated
in the process. The result in fish is reduced growth,
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behavioural changes, greater incidence of deformity
and increased rates of mortality. For birds, the result
is reduced egg hatchability and greater incidence of
deformity in the chicks that do hatch.
Selenium was not identified by MoE as an
environmental issue in the Elk Valley until 1995,
even though studies from the U.S. were citing it as a
concern as early as the 1970s. In 1996, MoE began a
selenium monitoring program and in 1998 established
the Elk Valley Selenium Task Force (EVSTF) - a
group consisting of representatives from MoE, MEM,
Environment Canada and the mine company.

The EVSTF commissioned an independent group
to monitor selenium levels in the valley and conduct
research over the next 10 years. In 2008, the EVSTF
held a workshop to determine regulatory limits for
selenium in the Elk Valley. It then recommended, as its
highest priority, site-specific water quality objectives.
None of these objectives were put into the permits
until 2014.
MoE monitoring data from 1996 to 2012 shows that
selenium levels in the Fording River are increasing
annually at a rate of approximately 13% within the
Fording River, and 8% within the Elk River. These
levels are well above B.C.’s guidelines for drinking
water and aquatic life (see Exhibit 29).

Exhibit 29: Selenium levels in the Fording River, Elk Valley, 1996–2012
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Fording River between Swift and Cataract Creeks

B.C. Drinking Water Guideline: 10 micrograms/L
B.C. Aquatic Life Guideline: 2 micrograms/L

Source: Office of the Auditor General of British Columbia, adapted from MoE data
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In 2009, Teck proposed to expand its mine at Line
Creek. This expansion, on top of growing MoE and
public concern about pollution in the area, prompted
the Minister of Environment to issue a ministerial
order in April 2013, calling for the mine company to
develop an Elk Valley Area-Based Management Plan.
This plan (and associated management permit) was to
apply to all of the company’s mines in the valley.

The Line Creek mine in the Elk Valley was one of the
mines our Office selected to sample for this audit.
Early in our review, we learned that Line Creek
was part of a larger government initiative to better
manage the selenium issue in the entire Elk Valley
region. That initiative, the creation of an Area-Based
Management Plan and resulting Valley Permit, was a
new undertaking for MoE.

The plan was approved by the Minister of
Environment and the permit was approved by
the Director in 2014. The permit directs the mine
company to:

We therefore reviewed the permits and the AreaBased Management Plan to determine whether the
regulatory requirements would enable the ministry,
through its compliance and enforcement of these
permits, to achieve its objective of protecting
the environment.

 immediately take action to stabilize water
quality concentrations of selenium
 in the medium term, set targets for the
progressive reduction in water quality
concentrations of selenium
 in the longer term, take action to reduce
concentrations of selenium further
 sets timelines for the establishment of water
treatment plants
 set out monitoring and reporting requirements
The desired outcomes of the plan and permit include
protection of the health of aquatic ecosystems,
groundwater and humans.

Our Audit
Permit requirements are the means through which
outcomes, such as the protection of the environment,
are expected to be achieved.

We expected MoE to be proactive in setting
precautionary limits in the permits, and to be writing
the permits in a way that supports enforceability and
reflects the polluter-pays principle.

Line Creek Expansion Permit
The Line Creek operation is located about 25
kilometres north of Sparwood. It has been in
production for the past 33 years and produces 3.5
million tonnes of coal annually. The permit would
allow an extension of the current operation and would
extend the life of the mine for an estimated additional
18 years (see Exhibit 30).
The Line Creek Expansion Permit allows mine
development into an area that is currently not affected
by selenium accumulation. This area also provides
habitat to Westslope Cutthroat Trout, a fish species
listed under the federal Species at Risk Act as being

Click on the terms that are bold and blue
to go to the definition in the glossary
(Appendix B).

Auditor General of British Columbia | May 2016 | An Audit of Compliance and Enforcement of the Mining Sector

98

1244

PART 2: MINISTRY OF ENVIRONMENT
Exhibit
65750030: Map of Line Creek
660000 Expansion

When MoE scientists reviewed the selenium levels
proposed for the Line Creek expansion, they
concluded that the levels “are not likely protective
of environmental resources in the Elk Valley.” These
concerns were echoed by the U.S. Environmental
Protection Agency and other scientific experts.
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The “statutory decision-maker” (see sidebar) could
not approve the permit under section 14 of the
Environmental Management Act (EMA) which states
that the statutory decision-makers may authorize a
permit only if it includes requirements for the protection
of the environment.
ROLE OF THE STATUTORY
DECISION-MAKER

“

Statutory Decision-Makers must be impartial
and independent. They are required to make
decisions fairly and in accordance with the
applicable legislation. They cannot be fettered
in the exercise of their statutory powers;
they must make decisions independently, free
from undue influence of any party within or
external to the Ministry.”~ Source: Ministry
of Environment, Statutory Decision-Making
Handbook, 2013

Subsequently, a decision was made by government
to approve the permit under section 137 of EMA.
This clause, which allows Cabinet to approve a
permit where it is in the public interest to do so, had
never been used before. There is no definition in
the Environmental Management Act as what defines
“public interest,” but the Act states that Cabinet may
consider factors outside the scope or mandate of the
Act. Cabinet did not provide the public or legislature
with the rationale for why the permit was in the public
interest. This creates a risk that the public or
legislature will not be informed about what factors
(economic, environmental, social) were considered
in decision-making.

We also found that the Line Creek Expansion Permit
has a site performance objective for selenium that
allows five times the amount set in B.C.’s water
quality guidelines for aquatic fish. We concluded that
government, in granting the permit, did not publicly
disclose the implications these permit levels will have
in this area where the expansion will extend the life of
this mine for an additional 18 years and produce an
additional 3.5 million tonnes of coal annually.
As well, we expected MoE’s permits to reflect the
polluter-pays principle. We found, however, that under
the Line Creek Expansion Permit, the mine company
is charged only about $5,000 a year for emitting
selenium pollution. This is not reflective of the known
environmental impact of selenium.

The Area-Based Management Plan
Under the ministerial order, Teck was directed to
create an Area-Based Management Plan. The plan
commits the mine company to building six water
treatment facilities in the Elk Valley, one of which has
already been constructed at the cost of $105 million
to the company. Teck and the Province anticipate
that these water treatment facilities will operate in
perpetuity, resulting in long-term obligations for
both parties. The mine company must maintain these
facilities, and the province must monitor the facilities
to ensure that permit conditions are met. In addition,
the provincial government has oversight of these
activities and would accept additional responsibilities
if the mine operator was to default on its obligations.
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The Area-Based Management Permit
The Area-Based Management Permit was meant to
reflect the ministerial order of stabilizing and reducing
selenium. We therefore expected the levels of selenium
set in the permit to reflect the order. Instead, we found
that the permit levels of selenium for most areas
exceed the known historical levels in the Elk Valley
(see Exhibit 32).
MoE has stated that this increase in permitted level
is necessary because of greater leaching of selenium
from old waste rock. However, this permitted level
was modelled based on data not only for historic sites
– but also for the planned expansion, which will see a
doubling, by the year 2034, of the waste rock in the Elk
Valley from 2012 levels.

Once water treatment facilities are in place there will
be a reduction in the permitted selenium; however,
the selenium levels allowed in the permit for 2023 still
range from being 10 to 30 times the ministry’s aquatic
guidelines of 2 micrograms of selenium per litre of
water (see Exhibit 33).
It is not clear how these high selenium levels will
meet government’s objective to protect the health of
aquatic ecosystems, groundwater and humans in the
Elk Valley.
The Area-Based Management Permit sets out the
amount of selenium that the mine company is
permitted to discharge into the Elk Valley. Rivers in the
valley drain into Lake Koocanusa, which spans the

Exhibit 32: Historical levels and permitted levels of selenium in the Fording River8
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The historical and permit levels are not from the exact same site
on the Fording River.
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Canada–U.S. border. The Area-Based Management
Permit creates a risk that if MoE is unable to enforce
the permit and the mine company exceeds its permit
limit for selenium at Lake Koocanusa, the outcome
could be a violation of the 1909 Treaty relating to
boundary Waters and Questions arising along the
Boundary between Canada and the United States (the
Treaty) that forbids the pollution of water bodies on
either side of the border.

EPA, the selenium levels contemplated by the B.C.
government will result in an increase in selenium in
the area, not a stabilization or reversal of levels, as was
promised in the ministerial order issued in 2013.
These risks have not been clearly reported to
legislators or the public.

RECOMMENDATION 1.7
Decision-making—Use of section 137 of
the Environmental Management Act—
We recommend that government publicly disclose
its rationale for granting a permit under section
137 of the Environmental Management Act.
Specifically, information should include how
factors such as economic, environmental, and social
attributes were considered in the determination
of public interest.

Over the past three years, the U.S. Environmental
Protection Agency (EPA) has written to MoE with
concerns about the cumulative effect of contaminants
from the coal mines in the Elk Valley on Lake
Koocanusa and the Kootenai River in Montana. The
EPA has stated that the current limit for selenium of
2 micrograms per litre (in freshwater) specified in the
valley-wide permit is higher than the current average
selenium concentrations in the lake. According to the

Exhibit 33: Permitted selenium (monthly averages) for all Teck mines in the Elk Valley
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APPENDIX A:
Exhibit A1: Seven key elements of a comprehensive
compliance and enforcement program

7

6
EVALUATION &
ADJUSTMENT

 promoting compliance (to achieve high rates
of voluntary compliance)

PLANNING
PERMITTING

COMPLIANCE &
ENFORCEMENT

2

COMPLIANCE
PROMOTION

3
5 ENFORCEMENT

to ensure compliance (see Exhibit A1).
Such practices include:
 setting regulatory requirements that
are enforceable

1

REPORTING

AUDIT EXPECTATIONS AND SCOPE

COMPLIANCE
VERIFICATION

4
Source: Office of the Auditor General of British Columbia,
adapted from the Organisation for Economic Co-Operation and
Development’s Ensuring Environmental Compliance: Trends and
Good Practices and MoE’s Compliance Management Framework

O U R E X P EC TAT I O N S
In this audit, we expected the Ministry of Energy and
Mines (MEM) and Ministry of Environment (MoE)
to have strategic plans that would detail the activities
of their compliance and enforcement programs,
including how the two ministries intended to work
together. We also expected the plans to demonstrate
how the ministries were achieving their objectives
of ensuring the protection of the environment.
We looked for activities that would include all the
elements of what good practice states are crucial

 verifying compliance (to ensure that
industry is meeting government’s regulatory
requirements)
 enforcing requirements (to compel the mining
industry to swiftly return to compliance)
As well, we expected MEM and MoE to be ensuring
continuous improvement of their compliance and
enforcement program through evaluation and
adjustment, and to be reporting out to the Legislative
Assembly and the public on the results of
their activities.
We based our audit expectations on:
 regulatory requirements of the Ministry of
Energy and Mines Act, the Mines Act, the
Health, Safety and Reclamation Code
for Mines in British Columbia, the
Environmental Management Act, and the
Waste Discharge Regulation
 MEM’s and MoE’s policies and guidance
 advice of subject matter experts
 international good practice, including that of
the International Network for Environmental
Compliance and Enforcement
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A UD I T S C O P E
We conducted this audit in accordance with the
standards for assurance engagements set out by the
Chartered Professional Accountants of Canada (CPA)
in the CPA Handbook – Assurance and Value-forMoney Auditing in the Public Sector, Section PS 5400,
and under the authority of section 11(8) of the Auditor
General Act.
We carried out our work between November 2014
and July 2015. This included a detailed examination of
compliance and enforcement activities that took place
at a sample of mines from 2012 to 2014. However, the
long and complex history of mining meant that we
reviewed documentation outside this timeframe.

Our work involved:
 interviewing:
 MEM and MoE executives and program
area staff
 Natural Resources Canada staff
 First Nations Energy and Mining
Council staff
 mining company employees
 qualified environmental professional
contractors
 mining engineers
 verifying MEM and MoE policies, business
practices and processes
 reviewing mine permits, inspection reports,
enforcement actions and other documentation
 making site visits to a selection of regional
MEM and MoE offices, and operating and
closed mines in B.C.
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The scope of our audit work is summarized below:
In Scope

Out of Scope

MoE (mainly the Environmental
Protection Division) and MEM
(Permitting Branch)

 The Ministry of Forests, Lands and Natural
Resource Operations

Program
area

Provisions in the Mines Act, the Health,
Safety and Reclamation Code for
Mines in British Columbia, and the
Environmental Management Act related
to the protection of the environment

 Health and safety of mine workers

Mine
phases

operation/production and closure

 exploration, development/construction

Entities

 Environmental Assessment Office

 Cultural heritage resources

 abandoned mines (i.e. permit obligations have
been satisfied and the mineral claims have
reverted to the government)
 closed mines that predated 1969 (when
reclamation was added to the Mining Act)

Mine type

Major mines (metal and coal)

 Small mines (Gravel pits, quarries, industrial,
and placer mines)
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Abandoned mines: As defined under the Mines Act,
mines are classified as abandoned when all permit
obligations have been satisfied and mineral claims have
reverted to government.
Acid rock drainage: Acid rock drainage is formed by
the natural oxidation of sulfide minerals when they
are exposed to air and water. Activities that involve the
excavation of rock with sulfide minerals, such as metal
and coal mining, accelerate the process.
Beach: A gently sloping surface of tailings against
the upstream face of a tailings dam embankment.
Beaches can serve as a buffer to maintain separation
between water in the tailings pond and the
embankment structure.
Buttress: An external support built to reinforce
a structure (such as a tailings storage facility) by
increasing stability.
Closed mine: As defined under the Mines Act, mines
are classified as closed when all mining activities
have ceased; however, the permit holder remains
responsible for compliance with the legislated
requirements and the permit.
Contingency fund: Funding that government sets
aside to accommodate the financial consequences of
unanticipated events.
Financial security deposit: The Government of
British Columbia collects a financial security deposit
from mining companies that can be used if a company

GLOSSARY

defaults on its reclamation obligations. This security is
only returned once the mine site has been reclaimed
to a satisfactory level and there are no ongoing
monitoring or maintenance requirements. The intent
of the government’s reclamation legislation is to
help ensure that modern mine sites in B.C. do not
leave an ongoing legacy or require public funds for
clean-up activities.
Heavy metal and non-metal leaching: Leaching can
occur when minerals containing heavy metals and
non-metals (such as arsenic, copper, cadmium, lead,
zinc and selenium) in excavated rock or exposed mine
walls come into contact with water and then seep from
the rock into the environment. Metal and non-metal
dissolving and transportation may be accelerated in
the acidic conditions created by acid rock drainage.
Mine operator: The mining company, under Section
21 of the Mines Act, appoints a mine operator to be
responsible for the management and operation
of mine
Ore: Mineralized rock containing a valued metal
(such as gold or copper) or other mineral substances
(such as coal).
Open pit mining: A method of surface mining that
can be utilized when valued substances are found near
the surface—it involves extracting rock or minerals
from open pits.

Auditor General of British Columbia | May 2016 | An Audit of Compliance and Enforcement of the Mining Sector

106

1252

APPENDIX B: GLOSSARY
Pollution: The presence in the environment of
substances or contaminants that substantially alter or
impair the usefulness of the environment.
Polluter-pays principle: States that the party
responsible for environmental damage should bear the
associated costs of the clean up.
Placer mining: A type of mining that involves
mining stream bed deposits for minerals. Placer
mining is frequently used for precious metal deposits,
particularly gold and gemstones.
Precautionary principle: When human activities
may lead to unacceptable harm that is scientifically
plausible but uncertain, the precautionary principle
states that actions should be taken to avoid or diminish
the harm.
Reclamation: The process of restoring land,
watercourses and cultural heritage resources that
have been mined to a safe and environmentally
sound state and to an acceptable, productive end use.
For successful site reclamation, activities must be
carried out concurrently with mining activities, rather
than being left until mine closure; this is referred
to as progressive reclamation. Since 1969 in British
Columbia, mining companies have been required
by law to reclaim all lands disturbed by mining
and related activities. There are broad reclamation
standards within the Health, Safety and Reclamation
Code (Part 10.7) for revegetation, growth media,
metal uptake, landforms, watercourses, water quality,
disposal of chemicals and re-agents, and monitoring
and post-closure land use.

Regulatory Capture: This is the process by
which regulatory agencies eventually come to be
dominated by the very industries they were charged
with regulating. Regulatory capture happens when
a regulatory agency, formed to act in the public’s
interest, eventually acts in ways that benefit the
industry it is supposed to be regulating, rather than
the public.
Qualified professional: For the purposes of this
report, qualified professionals are individuals
employed or contracted by a mining company that
are qualified to practice in B.C. in their relevant
professional discipline (engineers, biologists, etc…).
Species of “special concern:” Under the federal
Species at Risk Act, a species of special concern is
wildlife species that may become a threatened or
an endangered species because of a combination of
biological characteristics and identified threats.
Tailings: A by-product of the mining process that is
left over after separating the valuable materials from
the uneconomic portion of ore. Tailings are typically a
mixture of sandy silt with a trace of clay particles.
Tailings Storage Facility: A structure built for the
purpose of storing tailings. Conventional facilities
typically consist of one or more embankments.
Underground mining: A mining method that is used
when minerals occur deep below the Earth’s surface
and require tunneling.
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Ms. Denise Woollard, MLA
Chair
Standing Committee on Legislative Offices
I am honoured to send my Report of the Auditor General of Alberta—July 2015 to
Members of the Legislative Assembly of Alberta, as required by Section 20(1) of
the Auditor General Act.
[Original signed by Merwan N. Saher, FCA]
Merwan N. Saher, FCA
Auditor General
Edmonton, Alberta
June 26, 2015
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Auditor General’s Message
We believe the best way for Albertans to get what they want—their government delivering first class public
services—is focus on results. We call this results management and published a results management
framework in our July 2014 report.
Results management can and should operate at three levels:
• the government level—the key being ministerial oversight (not operational management) of the
public service
• the cross-government, deputy minister level—we see this level as a virtual entity. This level is where
evidence-based long-term planning, enterprise-wide risk management, resource allocation and
government-wide results analysis has to be overseen.
• the individual organizational level—a Crown agency or department, for example, in which the board or
deputy minister oversees operational management
Each level will be successful by practicing oversight focused on achieving desired results.

Environment and Parks—Systems to Manage Grazing Leases (page 15)
The department manages some 5,700 grazing leases on more than five million acres of public land on behalf
of Albertans. The province receives about $4 million annually from these leases, which are intended for
leaseholders to graze livestock. Albertans benefit by having leaseholders who help ensure long-term
sustainability of the land, and who protect animals and plants at risk where needed.
Overall, the department’s processes ensure that public land used for grazing is in good health. However, the
department cannot demonstrate that the grazing lease program is meeting defined objectives. Personal
financial benefits are being derived from public assets. Current legislation allows an unquantified amount of
personal financial benefit to some leaseholders over and above the benefits of grazing livestock on public
land. These benefits arise from compensation for allowing industry operators access to sub-surface
resources, and from selling or transferring their lease to another leaseholder.

Environment and Parks and the Alberta Energy Regulator—Systems to Ensure Sufficient
Financial Security for Land Disturbances from Mining (page 25)
We repeatedly recommended to the department to implement a system for obtaining sufficient financial
security to ensure that the conservation and reclamation of mine sites is completed. This audit confirmed
that the department has developed and implemented the Mine Financial Security Program. Thus the focus of
our current audit was whether the MFSP constitutes an approach that provides sufficient financial security.
For the design and operation of the MFSP to fully reflect the intended objectives of the program, we have
concluded that improvements are needed to both how security is calculated and how security amounts are
monitored. Without these improvements, if a mine operator cannot fulfill its reclamation obligations and no
other private operator assumes the liability, the province is at risk of having to pay substantial amounts of
public money.
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Environment and Parks—Systems to Manage the Specified Gas Emitters Regulation (page 39)
The Specified Gas Emitters Regulation is a key action in Alberta’s strategy to reduce emissions. The
department’s progress in implementing our recommendations has been slow—it has not implemented two
of the five, with the result that it still lacks effective processes to manage key risks in its systems to regulate
large emitters. The department does not know if oil sands facilities followed its guidance for tailings ponds
emissions. With respect to offsets, it lacks assurance that offsets from no till farming are real, and lacks
process and evidence that all offsets used for compliance purposes are claimed only once.
The department stated it has faced significant challenges, such as the ongoing cross-ministry review of
Alberta’s climate change strategy and changes in emission measurement methods. In our view, such
challenges don’t negate the need for good systems. Such systems are critical for the program to achieve
desired results.

Health and Alberta Health Services—Systems to Manage the Delivery of Mental Health Services
(page 53)
Severe and persistent mental illness is a chronic disease and should be treated like one. Mental illness
affects one in five Albertans during their lifetime. With this follow-up audit, we applied the chronic disease
management model—the key to which is a patient-centred care plan—to examine how well the healthcare
system is delivering mental health services.
The department has failed to properly execute its 2011 addiction and mental health strategy. There is no
need to redesign the strategy; rather the department needs to arrange for it to be carried out. The
department also has not done any detailed analysis or reporting on the strategy. Without analysis it is not
possible to know if, and how, the plan has led to significant and meaningful change in how mental health
and addictions patients are cared for. Alberta Health Services has made important improvements since our
original 2008 mental health audits. For the most part, however, the delivery of frontline addiction and mental
health services remains unintegrated and allows ongoing gaps in service continuity.
In our opinion, based on the evidence we have from this and other recent audits of healthcare service
delivery, AHS has both the mandate and capacity to coordinate the efforts of those entities that should be
involved in integrating public mental health and addictions services.

Transportation—Systems to Manage the Structural Safety of Bridges (page 97)
In October 2012 we reported the results of our audit of the department’s systems to manage the structural
safety of bridges. We had several significant findings resulting in nine recommendations to improve
processes.
With this follow-up audit, we can state that the department has made significant improvement to processes
to inspect and monitor the structural safety of Alberta’s bridges. We did not find evidence of unsafe bridges
when completing our follow-up audit procedures. However, processes to contract inspections to
independent third parties still require improvement. Also, the department’s decisions on selecting
contractors lack clarity, and it should complete an analysis on the cost effectiveness of contracting out these
services.
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July 2015 Recommendations
We conducted our audits in accordance with the Auditor General Act and the standards for assurance
engagements of the Chartered Professional Accountants of Canada.
This report contains four repeated and seven new recommendations to government. The repeated
recommendations have been made because we do not believe there has been sufficient action taken to
implement our previous recommendations. We also state that 11 prior recommendations have been
implemented.
As part of the audit process, we provide recommendations to government in documents called
management letters. We use public reporting to bring recommendations to the attention of
Members of the Legislative Assembly. For example, members of the all-party Standing Committee on
Public Accounts refer to the recommendations in our public reports during their meetings with
representatives of government departments and agencies.
The auditor general is the auditor of every ministry, department, regulated fund and provincial agency.
Under the Government Organization Act, ministers are responsible for administering departments and
provincial legislation. Deputy ministers are delegated responsibility to support the minister in his or her
role, and to act as the chief operator of a department. Ministers may also establish any boards,
committees or councils they consider necessary to act in an advisory or administrative capacity for any
matters under the minister’s administration. A minister is responsible for oversight of the work and
actions of the department and any provincial agencies under his or her administration. However, we
make our recommendations to departments and provincial agencies rather than to the minister directly
given the delegated operational responsibilities and that they are in the best position to respond to and
implement our recommendations. With respect to recommendations related to ministerial oversight of a
provincial agency, we generally make the recommendation to the department supporting and providing
advice to the minister.
We believe all of the recommendations in this report require a formal public response from the
government. In instances where a recommendation has been made to a board-governed organization,
we expect the organization to implement the recommendation and report back to its respective
government ministry as part of proper oversight of the organization. By implementing our
recommendations, the government will significantly improve the safety and welfare of Albertans, the
security and use of the province’s resources, or the oversight and ethics with which government
operations are managed.

Reporting the status of recommendations
We follow up on all recommendations. The timing of our follow-up audits depends on the nature of our
recommendations. To encourage timely implementation and assist with the planning of our follow-up
audits, we require a reasonable implementation timeline on all recommendations accepted by the
government or the entities we audit that report to the government. We recognize some
recommendations will take longer to fully implement than others, but we encourage full implementation
within three years. Typically, we do not report on the progress of an outstanding recommendation until
management has had sufficient time to implement the recommendation and we have completed our
follow-up audit work. However, when we consider it useful for MLAs to understand management’s
actions, we will do a progress report.
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We repeat a recommendation if we find that the implementation progress has been insufficient.
We report the status of our recommendations as:
• Implemented—We explain how the government implemented the recommendation.
• Repeated—We explain why we are repeating the recommendation and what the government must
still do to implement it.
On occasion, we may make the following comments:
• Satisfactory progress—We may state that progress is satisfactory based on the results of a
follow-up audit.
• Progress report—Although the recommendation is not fully implemented, we provide information
when we consider it useful for MLAs to understand management’s actions.
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SYSTEMS AUDITING—NEW AUDITS
Environment and Parks—Systems to Manage Grazing Leases
Page 20

RECOMMENDATION 1: CLARIFY OBJECTIVES, BENEFITS AND RELEVANT PERFORMANCE MEASURES

We recommend that the Department of Environment and Parks define and communicate the
environmental, social and economic objectives it expects grazing leases should provide all Albertans as
well as relevant performance measures to monitor and ensure those objectives are met.
Implications and risks if recommendation not implemented
Without clearly defined objectives and relevant performance measures for grazing leases on public land
in Alberta, the department cannot ensure those objectives are being met, or that Albertans are receiving
the benefits they should.
Further, without relevant performance measures and effective systems to monitor and analyze them, the
department cannot know what it must do to improve its processes to better manage grazing leases on
behalf of Albertans.

Environment and Parks and the Alberta Energy Regulator—Systems to Ensure
Sufficient Financial Security for Land Disturbances from Mining
Page 29
RECOMMENDATION 2: IMPROVE PROGRAM DESIGN

We recommend that the Department of Environment and Parks, as part of its regular review of the
Mine Financial Security Program:
• analyze and conclude on whether changes to the asset calculation are necessary due to
overestimation of asset values in the methodology
• demonstrate that it has appropriately analyzed and concluded on the potential impacts of
inappropriately extended mine life in the calculation
Implications and risks if recommendation not implemented
If there isn’t an adequate program in place to ensure that financial security is provided by mine operators
to fund the conservation and reclamation costs associated with their mine operations, mine sites may
either not be reclaimed as intended or Albertans could be forced to pay the reclamation costs.
If incentives are not in place to reclaim lands as soon as reclamation is possible, mine sites may remain
disturbed for longer than necessary and Albertans face a larger risk that they will end up having to pay
the eventual reclamation costs.
Page 31
RECOMMENDATION 3: IMPROVE PROGRAM MONITORING

We recommend that the Alberta Energy Regulator, as part of its enterprise risk assessment process,
develop and execute on a risk-based plan for its Mine Financial Security Program monitoring activities
to ensure it is carrying out the appropriate amount of verification.
Implications and risks if recommendation not implemented
Without an effective and timely monitoring program, necessary adjustments to security amounts may not
be promptly identified, which increases the risk that Albertans will end up having to pay for the
conservation and reclamation of mine sites.
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SYSTEMS AUDITING—FOLLOW-UP AUDITS
Environment and Parks—Systems to Manage the Specified Gas Emitters Regulation
Page 43

RECOMMENDATION 4: CLARIFY SGE REGULATION GUIDANCE DOCUMENTS—REPEATED

We recommend for a third time that the Department of Environment and Parks clarify the guidance it
provides to facilities, verifiers, offset project developers and offset protocol developers, to ensure they
consistently follow its requirements to achieve the Alberta government’s emission reduction targets.
Implications and risks if recommendation not implemented
Without robust systems that ensure the validity of emission offsets, facilities may not be meeting their
compliance obligations.
Without clear guidance, effective monitoring and consistent treatment of SGE Regulation participants,
the government will not achieve the emission reductions it expects from this program.
Page 46
RECOMMENDATION 5: ENSURE OFFSET PROTOCOLS MEET NEW STANDARD AND IMPROVE
TRANSPARENCY—REPEATED

We again recommend that the Department of Environment and Parks implement processes to ensure
that all approved protocols adhere to its protocol development standard.
Implications and risks if recommendation not implemented
If protocols do not conform to the same standard, the department does not have a level playing field for
assessing offset projects or assurance that the offset claims are legitimate.
Without a robust process to regularly evaluate the industry’s level of adoption for practices that reduce
or remove emissions, the department may be allowing facilities to claim commonly adopted activities as
offsets.

Health and Alberta Health Services—Systems to Manage the Delivery of
Mental Health Services
Page 63
RECOMMENDATION 6: USE ACTION PLAN AND PROGRESS REPORTING TO IMPLEMENT STRATEGY

We recommend that the Department of Health:
• use an action plan to implement the strategy for mental health and addictions
• monitor and regularly report on implementation progress
Implications and risks if recommendation not implemented
Without following a clear and measurable path toward integrated healthcare services, there is a risk that
the department and AHS will expend their efforts on incremental changes and basic maintenance of the
existing system without making the needed comprehensive and significant changes which have been
identified.
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Without an effective means to measure and analyze the results from projects associated with strategy
implementation, it is difficult to determine if, and how, these efforts are actually integrating the current
disjointed model of mental health and addictions care and service delivery. Regular detailed public
reporting is required for transparency and accountability, and is necessary to demonstrate to Albertans
what actual results are being achieved from strategy implementation and how these are improving
delivery of mental health and addiction services to the public.
Page 67
RECOMMENDATION 7: INTEGRATE MENTAL HEALTH SERVICE DELIVERY AND
ELIMINATE GAPS IN SERVICE

We recommend that Alberta Health Services for its own community and hospital mental health and
addictions services:
• work with physicians and other non-AHS providers to advance integrated care planning and use of
interdisciplinary care teams where appropriate for clients with severe and persistent mental illness
who need a comprehensive level of care
• improve availability of mental health resources at hospital emergency departments
• improve its system to monitor and ensure community mental health clinics comply with AHS’s
expectations for treatment planning and case management
• improve its process to identify and evaluate good operational practices used by local mental health
and addictions staff, and deploy the best ones across the province
Implications and risks if recommendation not implemented
Without integrated service delivery, coordinated care planning and service providers acting as one team,
the healthcare system may not meet the needs of mental health and addictions patients. The needs of
patients at rural emergency departments may also not be met if they cannot receive a level of support
and assessment comparable to that offered in larger urban centres.
Page 75
RECOMMENDATION 8: IMPROVE INFORMATION MANAGEMENT IN MENTAL HEALTH AND ADDICTIONS

We recommend that Alberta Health Services make the best use of its current mental health and
addictions information systems by:
• providing authorized healthcare workers within all AHS sites access to AHS mental health and
addictions clinical information systems
• strengthening information management support for its mental health treatment outcomes
measurement tools
Implications and risks if recommendation not implemented
If care providers do not have timely access to relevant health information at the point of care, they may
not be able to meet the care needs of their patients and help them stay on the right care path.
Lack of effective clinical information management compromises AHS’s ability to evaluate patient
outcomes, assess performance of care providers, and direct resources to treatments and programs that
are best for the patients.

REPORT OF THE AUDITOR GENERAL OF ALBERTA ǀ JULY 2015

11

1270
JULY 2015 RECOMMENDATIONS

Page 79
RECOMMENDATION 9: COMPLETE ASSESSMENT AND DEVELOP WAITLIST SYSTEM FOR ALBERTANS
WHO NEED COMMUNITY HOUSING SUPPORTS

We recommend that Alberta Health Services in supporting the work of the cross-ministry housing
planning team established under the mandate of the Minister of Seniors:
• complete its assessment and report on gaps between supply and demand for specialized
community housing support services for mental health and addictions in the province
• develop a waitlist management system to formally assess the housing support needs of AHS’s
mental health hospital and community patients and coordinate their placement into specialized
community spaces funded by AHS
Implications and risks if recommendation not implemented
If patients with serious mental health and addictions problems do not receive appropriate housing
supports, any treatment success gained in the hospital or community will be jeopardized.

Transportation—Systems to Manage the Structural Safety of Bridges
Page 99
RECOMMENDATION 10: IMPROVE CONTRACTING FOR LEVEL 1 BRIDGE INSPECTIONS—REPEATED

We again recommend that the Department of Transportation improve its process to contract its visual
inspections by documenting how it establishes criteria for assessing candidates and awards points
for each criterion.
Implications and risks if recommendation not implemented
Without a rigorous, fair and transparent contract process, the department risks not obtaining the best
services for the best price.
Page 101
RECOMMENDATION 11: ASSESS WHETHER TO CONTRACT OUT PROGRAM DELIVERY—REPEATED

We again recommend that the Department of Transportation regularly assess whether it should
contract out inspections or do them itself.
Implications and risks if recommendation not implemented

Without a regular assessment of the costs and benefits of contracting out bridge inspections, the
department does not know if it is getting value for the money it spends on these services.
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Environment and Parks—Systems to
Manage Grazing Leases
SUMMARY
Approximately 60 per cent of Alberta’s land is owned by the Crown on behalf of Albertans. The various
surface uses of this public land fall under the administration of the Department of Environment and Parks
through the Public Lands Act. The department oversees some 5,700 grazing leases on more than five
million acres of public land. The province receives about $4 million annually from these leases.
Grazing leases are intended for leaseholders to graze livestock 1 on public land. Albertans benefit by
having leaseholders who help ensure long-term sustainability of the land and protect animals and plants
at risk where needed.
The Public Lands Act allows the department to let some Albertans use public land in this way. However,
as a general principle, no Albertan should derive personal benefits from Alberta public assets beyond
uses the assets are intended to provide.

What we examined
We examined the department’s systems to:
• identify objectives for and benefits expected from grazing leases on public land
• ensure all Albertans benefit from its management of grazing leases
• analyze and report on whether grazing leases are meeting objectives or what is needed to improve
how the department manages leases

Overall conclusion
The department’s processes ensure that, overall, public land in Alberta used for grazing is in good
health. However, the department cannot demonstrate that the grazing lease program is meeting defined
objectives. Further, current legislation allows an unquantified amount of personal financial benefit to
some leaseholders over and above the benefits of grazing livestock on public land.

What we found
Some leaseholders receive significant compensation for allowing operators 2 onto leased public land, or
from selling or transferring their lease to another leaseholder. In some cases the amount of surface
compensation paid to leaseholders as required under the Surface Rights Act is many times the amount
of the rent they pay on a grazing lease. We were told by the department that the Surface Rights Act
provides for compensation, which is intended to offset the costs of damage and disruptions to the
leaseholder’s grazing operations.
The department told us it does not have the regulatory or legal authority to collect information on surface
access compensation. Therefore, the department had no way to confirm whether the fees paid to
leaseholders simply cover the costs as intended or are greater than the actual costs incurred, providing
a personal financial benefit for the leaseholder.

1
2

Usually cattle are grazed but livestock can also include horses, sheep and sometimes bison.
“Operators” means companies, exploring for or exploiting natural resources, or using the land for pipeline, electricity line or
similar types of access.
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We found unproclaimed legislation, Bill 31, from 1999 that would have allowed the province to collect a
portion of the surface access compensation fees from industry operators that are currently paid to
leaseholders.
The department requires leaseholders to keep the land under lease in good health and to keep other
requirements such as fencing, record keeping, and taxes in good shape and up to date. Other than
these requirements, the department has not clearly identified, defined and communicated its objectives
for grazing leases, set relevant performance metrics associated to those objectives, or collected the
information necessary to analyze and ensure grazing leases provide expected benefits to all Albertans.

What needs to be done
The department needs to:
• identify the information necessary to decide if grazing livestock is the best use of public land as
required by the Public Lands Act
• define its environmental, social and economic goals and objectives for grazing leases
• define relevant performance measures and use them to assess whether grazing leases achieve the
expected objectives and benefits

Why this is important to Albertans
Public land is set aside for the benefit of all Albertans, who rely on the department to make sure they
benefit from the various uses of public land. To protect these benefits and the land itself, the department
must consider the needs of everyone who has an interest in how the land is used and then set clear
objectives for uses such as grazing cattle or other livestock.

AUDIT OBJECTIVE AND SCOPE
The objective of our audit was to determine whether the department has adequate systems to:
• define and communicate its objectives for offering grazing leases on public land
• ensure grazing leases provide the best mix of benefits to current and future Albertans
• develop an effective results management framework 3 to make sure it is meeting its objectives for
grazing leases
• report on the achievement of grazing lease objectives

Timing of audit work and extent of auditor responsibilities
We conducted our field work between December 2014 and March 2015. We substantially completed our
audit on June 5, 2015. Our audit was conducted in accordance with the Auditor General Act and the
standards for assurance engagements set by the Chartered Professional Accountants of Canada.

3

In our Report of the Auditor General of Alberta—July 2014 we recommended that the government improve its results analysis by
using an effective results management framework.
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BACKGROUND
About 60 per cent—100 million acres—of Alberta is held as public land that Albertans have entrusted to
the department to manage on their behalf. The department has issued over 5,700 leases to graze cattle
and other livestock on public land. These leases cover over five million acres, in 14 of the 21 natural
sub-regions 4 in the province. The leases range from a few acres to many thousands of acres and are
held by individual ranchers, grazing associations or co-operatives, and corporations.
Grazing leases have been a part of Alberta since the late 1800s—before Alberta became a province.
Initially, grazing leases were a way to allocate public land for use by settlers and ranchers. Over the
years, the rationale for grazing leases has changed from land allocation to goals such as supporting
agriculture in Alberta, provision of ecological goods and services to all Albertans and ensuring that
Albertans use public land in an environmentally sustainable way.
About 300,000 head of privately owned cattle are grazed on these leases each year. The department’s
agrologists determine the number of animals each lease can support. Leaseholders pay rent to the
province based on the number of Animal Unit Months (AUMs) 5 that are appropriate for each lease. The
formula to set rental rates was developed in the 1960s and the rental rates per AUM have been frozen
since 1994. Grazing leases support about 1.3 million AUMs annually.
The department administers an additional million acres of public land for grazing livestock under
programs such as grazing reserves, grazing allotments and grazing permits. Because different
regulations apply to those programs, we excluded them from this audit. Given the similarity in these uses
of public lands, our audit findings and recommendations would likely be useful for grazing reserves,
allotments and permits.
Balancing stakeholders’ changing needs and often conflicting views on how public land should be used
is difficult. The various stakeholders involved in grazing leases include:
• current and future Albertans
• First Nations
• government
• leaseholders (individual ranchers, lease associations and corporations)
• oil and gas and other companies involved in resource extraction and use
• hunters
• recreational users
• environmental groups
Grazing leases generate revenue to the province through annual rental fees and lease transfer or
assignment fees. 6 In 2013–2014 the province collected $3.8 million dollars from grazing leases. Industrial
operators also pay an industrial site rental fee to the province and surface access compensation to
leaseholders when those sites overlap onto leased land.

4

5

6

There are six natural regions in Alberta; Rocky Mountain, foothills, grassland, parkland, Boreal forest and Canadian shield. There
are 21 subdivisions of these regions generally characterized by vegetation, climate, elevation, and latitudinal or physiographic
differences within a given region.
An Animal Unit Month is the amount of forage required each month by one mature cow weighing approximately 1,000 pounds
that is either dry (not nursing) or has a calf up to six months old. For example a lease with 100 AUMs can support 20 mature
cows with calves less than six months old for five months, or about 13 cattle weighing about 1500 lbs. for five months.
Transfer or assignment fees are collected by the department from leaseholders when a new or different leaseholder is added to
the grazing lease title. The department is planning to change and standardize transfer fees.
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FINDINGS AND RECOMMENDATIONS
Personal financial benefits derived from public assets
Background
Leaseholders are required to steward the land for long-term sustainability. Rent leaseholders pay to the
province is much lower than rent on private land, but leaseholders incur costs such as fencing and water
development and payment of municipal taxes that may cause their costs to be similar to owners of
deeded land. Both leaseholders and Albertans benefit from the use of public land to graze livestock.
Leaseholders benefit through their use of the land and Albertans benefit through the leaseholders’
stewardship of public lands.
In 1999, after significant consulting with stakeholders throughout Alberta, the government introduced
changes to the laws governing grazing leases. Bill 31 was passed in 1999 but never proclaimed into law.
It would have made Alberta’s management of grazing leases closer to that in Saskatchewan and
British Columbia. Bill 31 would have allowed the department to:
• remove from the grazing leases the area of land that industry operators need for access to subsurface resources, and proportionally reduce the leaseholders’ rent
• receive, as government revenue, the surface access compensation fees that industry operators pay
to leaseholders
• ensure that operators still pay leaseholders for the actual cost of industrial activity on the leased land
FINANCIAL BENEFITS FROM GRAZING LEASES

We have not made a recommendation to the Department of Environment and Parks. The department
does not have the ability to implement a recommendation to change their systems to identify or collect
revenue generated by grazing leases without changes to legislation.
Criteria: the standards for our audit
The Department of Environment and Parks should have effective systems to identify leaseholders who
receive revenue from oil and gas exploration and extraction or the sale of their leases and ensure
leaseholders are not deriving personal benefits from Alberta public assets beyond uses the assets are
intended to provide.
Our audit findings
KEY FINDINGS

•

•

•

Certain leaseholders receive surface access compensation fees in excess of the actual rent they
pay to the province for grazing livestock on public land and the costs incurred from allowing
industrial access to their leased land.
The department does not know:
- how many grazing leases have oil, gas or other industrial sites on them
- the amount of money leaseholders receive in surface access fees
- the value of leases when they are sold or transferred
The province charges less rent for grazing leases than private landowners charge.
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Department does not keep track of how many leases provide industry access
The department told us it is possible that up to half of the grazing leases in Alberta have oil, gas or other
industrial sites. But it had no regulatory or legal authority to confirm that estimate.
Leaseholders are entitled to compensation for disruptions or damage from industrial operators in the
form of surface access fees. Although the land belongs to all Albertans, the Surface Rights Act requires
industry operators to pay leaseholders for surface access to their grazing leases. This payment is
intended to compensate leaseholders for damage to the land or structures on the lease, or to pay for
disruptions to the leaseholder’s ability to graze livestock.
With the department’s help we identified 63 grazing associations that held 85 grazing leases on over
700,000 acres. We were able to obtain publicly available information on 54 of these associations and the
72 leases they hold for just over 600,000 acres. This accounts for about 10 per cent of the approximately
six million acres of public land that is used for grazing leases in Alberta. From the information we were
able to obtain we found that 40 of the 54 grazing associations reported receiving surface access fees.
Together they received about $3 million from industry operators.
By our estimates, the 54 leases covered about 10 per cent of the total acres of grazing leases on public
land. They received about $2.7 million more in access compensation fees than the $326,000 they paid in
lease rents to the province. If those amounts were consistent throughout the province, Albertans would
be forgoing over $25 million in access fees currently paid to leaseholders. A precise figure is not
available as the department is presently unable to collect all the information necessary to determine the
amounts received by leaseholders.
In 2013 one of the largest of the 54 grazing associations paid the province $68,875 in rent for its multiple
leases and collected $348,068 in payments from industry operators for activity on its leased land.
The department does not track private transactions or lease transfers to know what
grazing leases are worth
The Surface Rights Act requires industry operators to pay leaseholders directly for surface access to
grazing leases. As these are considered private transactions the department does not have regulatory
authority to keep track of:
• how many leaseholders receive surface access compensation from operators
• how much money leaseholders receive from surface access fees
• the value of a lease when leaseholders sell or transfer it to someone else
In our audit we found that leaseholders can use grazing leases to obtain a mortgage or as collateral on
loans. We also found that leaseholders can sell or transfer a lease and they keep the entire amount for
which the lease is sold. By law, mortgages and the sale of grazing leases are private matters; it is,
therefore, difficult to find information on the exact value of owning a lease.
The price of a grazing lease varies significantly throughout the province because of variables such as
location, size and grazing AUMs. In one example we found two grazing leases on public land that were
listed for sale together in southwest Alberta. The leases had a total of 1,134 acres and 166 AUMs. The
yearly rent paid to the province for both leases was $486. The two grazing leases, including the rights to
graze cattle on them, which must be renewed in 2018, were being sold for $265,000. The current
leaseholder will keep the total amount for which the leases are sold.
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Private land rental rates are higher than government rental rates
It is difficult to accurately compare rental rates on leased public land to rates private landowners charge.
Leaseholders on public land are liable for all capital investments such as fencing, upkeep of the land
(e.g., controlling noxious weeds) and paying taxes on the value of the land. It is unclear whether these
costs fully reflect the difference in rental rates. Leaseholders also cannot develop the land and must
provide reasonable recreational access.
Private landowners can develop the land and can deny recreational access to their land. When private
land is leased the landowner is responsible for capital investment, upkeep of the land and ensuring taxes
are paid. The renter just pays for the privilege of grazing cattle for a specified period.
A survey by the Department of Agriculture in 2012 showed that privately owned land in Alberta rented for
$20.00 to $30.50 per AUM. 7 This is more than 10 times the $1.39 to $2.79 per AUM the department
currently charges for grazing leases throughout Alberta (see appendix), and the average of $2.19 per
AUM that the 54 grazing associations paid. The department does not track or take the market value of
private land rental into consideration for setting rental fees.
Implications and risks
There is a risk of leaseholders deriving personal financial benefits from Alberta public assets beyond
those the assets are intended to provide.

Lack of objectives
Background
Historically, the government used grazing leases as a way to allocate land and to support agriculture and
settlement. The role of grazing leases and Albertans’ expectations for them are changing. Grazing leases
are now a tool to help ensure the long-term sustainability of public land and protect native plant and
animal species.
It is always good practice to set clear goals and objectives for programs. Defined goals help program
managers identify how best to help the program meet its objectives and provide the expected benefits.
Clear objectives also help set performance measures to help analyze results and identify areas for
improvement.
RECOMMENDATION 1: CLARIFY OBJECTIVES, BENEFITS AND RELEVANT PERFORMANCE MEASURES

We recommend that the Department of Environment and Parks define and communicate the
environmental, social and economic objectives it expects grazing leases should provide all Albertans, as
well as relevant performance measures to monitor and ensure those objectives are met.
Criteria: the standards for our audit
The Department of Environment and Parks should have effective systems to:
• clearly define objectives and priorities for managing leases and providing Albertans with the expected
benefits of grazing leases
• collect the information it needs to make decisions on the objectives and benefits
• report on whether grazing leases are achieving the goals and objectives and providing the expected
benefits to Albertans

7

Alberta Agriculture and Rural Development, Custom Rates 2013 - Land Leasing. (first posted November 28, 2012)
http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/inf14267
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Our audit findings
KEY FINDINGS

The department does not have:
• defined environmental, social and economic objectives for grazing leases
• relevant performance measures and processes to assess and report whether grazing leases
achieve expected objectives
Lack of defined objectives for and benefits from grazing leases
Through regional land use frameworks, the Government of Alberta identified some high-level objectives
for private and public lands in Alberta. We reviewed the two regional land use plans completed in 2014.
Our review of the Lower Athabasca and South Saskatchewan regional plans found high-level references
to grazing leases as a tool for meeting land use objectives. However, the plans did not state what those
objectives are and did not provide details on how grazing leases support the government’s objectives
for its land use plans.
The department’s Grazing Lease Code of Practice defines best practices for the use and health of
grazing leases and provides high-level comments for the support of agriculture and allowing recreational
access. However, the code itself is not mandatory.
We were able to identify the department’s objectives for rangeland health of leased land. As each lease
is different in size, location, area or topography, the department gives its agrologists the authority to use
their professional knowledge and judgement to decide on the exact requirements for each lease to be in
good health. The department also has processes to regularly assess and report on the health of the
leased land, usually in the two years before the lease renewal date.
The department has not documented its economic objectives for grazing leases, such as stating what
revenue it expects from grazing leases. The department was also unable to tell us if grazing leases
generate or should generate revenue for the province above the costs to manage the leases or for other
initiatives associated to public land.
We confirmed that, other than requiring leaseholders to keep their leases in good health, pay rental fees
and taxes, and allow recreational access, the department has not defined any other objectives for
grazing leases.
Throughout our audit the department used the term “optimum mix of benefits” from grazing leases to
include ideas such as protecting rangeland, native grasslands and species at risk; providing access for
recreational use; supporting agriculture and ranchers; or improving environmental sustainability of public
land. However, the department has not documented these concepts, defined the benefits it expects
grazing leases to provide or assigned a priority to each expected benefit.
Performance measures are lacking
We confirmed that the department does not currently have any formally defined performance measures.
The department did not meet its previous performance measure, to have 90 per cent of all grazing
leases in good standing—for 2007–2008 through 2011–2012.
In its 2014 annual report the department stated it would report only on those performance measures
that best reflected the integration of the newly formed Ministry of Environment and Sustainable
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Resource Development, now the Ministry of Environment and Parks. As a result, some performance
measures, including rangeland sustainability, were no longer reported in the annual report. 8
The department told us they are currently developing new internal performance measures for grazing
leases and systems to monitor and assess the achievement of those measures. However, these were
not ready to review and assess before we completed our audit field work in March 2015.
Implications and risks if recommendation not implemented
Without clearly defined objectives and relevant performance measures for grazing leases on public land
in Alberta, the department cannot ensure those objectives are being met, or that Albertans are receiving
the benefits they should.
Further, without relevant performance measures and effective systems to monitor and analyze them, the
department cannot know what it must do to improve its processes to better manage grazing leases on
behalf of Albertans.

8

Environment and Sustainable Resource Development (2014). Annual Report 2013–2014. Alberta: Government of Alberta.
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Appendix

ALBERTA RENTAL RATES AND RENT SASKATCHEWAN COLLECTS
FROM GRAZING LEASES
Lease rental rates
We confirmed the department developed and is implementing a new system and formula 9 to set rental
rates for grazing leases. It is difficult to develop a system and rental rate formulas for all 5,700 leases
across Alberta. The department is currently using a system and formula for setting rentals developed in
the 1960s; rental rates have been frozen since 1994.
The current formula is:
Rent per AUM =

ZONES

Zone—A
Zone—B
Zone—C

(300 lb. wt. gain/AU/yr) x (average lvstk. $/lb) x (zonal %)
12 months

ZONAL %
FOR FORMULA

RENTAL RATE
PER AUM

RATE PER AUM IN 2014
IF RATE WAS NOT
FROZEN IN 1994

DIFFERENCE
RECEIVED IF RATE
NOT FROZEN

10%
8.33%
5%

$2.79
$2.32
$1.39

$3.32
$2.76
$1.66

$0.53
$0.44
$0.27

The department spent considerable effort to work with grazing lease stakeholders to develop a new
system and rental rate formula. However, the new system and formula cannot be used until they are
introduced and debated in the legislature and then included in the Public Lands Act.
The new system and formula for annual grazing lease rental rates were developed by the department
with the help of external expertise. The department also consulted with four grazing lease industry
groups: Alberta Beef Producers, Alberta Grazing Lease Holders Association, Western Stock Growers
and the Northern Alberta Stock Grazing Association.
Similar to the current rental rate formula, the new formula is based on the number of Animal Units per
Month (AUM) that a lease can support. The new system and rental rates were developed so that there is
a minimum annual rent and then a variable “sliding or dynamic rate” that increases as cattle prices rise.
The variable rate would be set on the selling price of cattle in September of the year before. This means
the province obtains a set minimum rent and receives additional rent when cattle prices are high and
leaseholders make more profit from public lands.
We confirmed the proposed new grazing lease rental rate system considers costs that leaseholders
must incur. The costs were evaluated and defined in a cost survey from 2005 and there is a process
underway to update the cost survey.
9

Grazing Lease Royalties—Alberta’s Grazing Lease Framework. Background, proposed changes, rational and implementation.
Department of Environment and Sustainable Resource Development, February 18, 2015.
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Saskatchewan grazing leases
Saskatchewan obtains more revenue than Alberta does from grazing leases on public land. From
information we obtained from the Saskatchewan Department of Agriculture’s website, about 6.2 million
acres is grazing and forage land. Although this is a similar area to Alberta’s grazing leases, we were
unable to break out or directly compare the number of Saskatchewan’s grazing leases, or other types of
leases to similar ones in Alberta. However, Saskatchewan collected $9.7 million in rent from grazing
leases in 2014–2015. Alberta collected $3.8 million in 2013–2014.
Saskatchewan also collected another $11.5 million in surface lease rentals paid to the Crown by oil and
gas companies operating on leaseholds based on Schedule 6 of Saskatchewan’s Provincial Land
Regulations.
We realize that we cannot directly compare the revenue Alberta and Saskatchewan receive from leases
on public land. However, from each province’s financial statements, we can confirm Saskatchewan
collects over $20 million compared to Alberta’s $4 million.
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Environment and Parks
and the Alberta Energy Regulator—
Systems to Ensure Sufficient Financial
Security for Land Disturbances from Mining
SUMMARY
What we examined
We followed up our recommendation, originally made to the former Department of Environment in 1999,
to implement a system for obtaining sufficient financial security to ensure that the conservation and
reclamation of mine sites is completed. We have repeated the recommendation three times.
Since the time of our last follow-up audit, the Department of Environment and Parks developed and
implemented the Mine Financial Security Program (MFSP). The focus of our current audit was on this
program, and whether it constitutes an approach that provides for sufficient financial security. Our audit
approach included assessing whether the methodology is logical and in agreement with the stated
objectives of the MFSP and whether adequate ongoing monitoring of the security being provided is
taking place. The design of the MFSP resides with the department and the administration was
transferred to the Alberta Energy Regulator, effective March 2014. Therefore, our audit was conducted at
both organizations.
As of December 31, 2014, $1.57 billion of security is currently being held in comparison to estimated
reclamation liabilities of $20.8 billion. Because the MFSP applies an “asset to liability approach,” both
the security held and the value of the resource in the ground are considered assets in the program,
which is designed to offset liabilities. As the resources are depleted, the security requirements increase
to reflect greater liability exposure. The security required is reduced as reclamation takes place and the
liability is reduced.

Overall conclusion
Implementing the MFSP was an important step towards a system that obtains sufficient financial
security for mining related land disturbances. However, for the design and operation of the MFSP to
fully reflect the intended objectives of the program, improvements are needed to both how security is
calculated and how security amounts are monitored.

What we found
There is a significant risk that asset values calculated by the department are overstated within the MFSP
asset calculation, which could result in security amounts inconsistent with the MFSP objectives. The
MFSP asset calculations do not incorporate a discount factor to reflect risk, use a forward price factor
that underestimates the impact of future price declines, and treat proven and probable reserves as
equally valuable.
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The extent of the department’s and AER’s audit verification activity since 2011 has been limited. There is
no documented risk-based plan to outline the extent of activities necessary to provide the necessary
assurance that security amounts are appropriate.

What needs to be done
We are assessing the recommendation as implemented because the deployment of the MFSP satisfies
the intent of what was originally recommended. However, we are making a new recommendation as the
department needs to analyze and decide upon the various factors overstating asset values in the MFSP
calculation. Additionally, the department should consider the impact of factors that may inappropriately
extend the mine life within MFSP security calculations.
We are also making a new recommendation to the AER as the administrator of the MFSP. The AER
needs to develop a plan, informed by external and operator risks, to decide when and how many audits
of operator submitted information it will complete. Additionally, the AER could cost-effectively enhance
its monitoring activities by keeping a closer eye on current events that may signal risks to the operating
and financial condition of mining operators.

Why this is important to Albertans
In the event that a mine operator cannot fulfill its reclamation obligations, and no other private operator
assumes the liability, the province may have to pay a potentially substantial cost for this work to be
completed. Thus, a robust and responsive system to calculate and collect security from mine operators
is essential.

AUDIT OBJECTIVE AND SCOPE
Our audit objective was to determine if the department and the AER implemented our recommendation
to implement a system for obtaining sufficient financial security to ensure that conservation and
reclamation of mine sites is completed.
We conducted our field work from October 2014 to March 2015. We substantially completed our audit
on June 11, 2015. Our audit was conducted in accordance with the Auditor General Act and the
standards for assurance engagements set by the Chartered Professional Accountants of Canada.

BACKGROUND
By law, coal and oil sands mine operations are responsible for reclaiming land that is disturbed by
mining and the operation of related plants. Standards for reclamation are set by the Government of
Alberta.

Audit history
In 1998, we performed an audit of the systems used by the Department of Environment to collect
financial security for land disturbances in the oil sands and coal mining sectors. We determined that
financial security was usually in the form of a letter of credit from a bank, intended to cover the costs
related to eventual site reclamation by industry operators. However, we found that the department did
not have a consistent process to determine the amount of financial security required from the operators
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and there were varying practices being followed by different operators and industries. Our original
recommendation was reported in our 1998–1999 report, and we repeated the recommendation in our
follow-up reports in 2000–2001, 2004–2005 and 2009.

Developments since our 2009 follow-up audit
The government has moved forward with a number of reclamation initiatives to improve clarity, security,
and environmental performance within the oil sands and coal mining sectors. These new reclamation
initiatives include the MFSP, enhanced reclamation reporting, and a strategy to encourage quicker
reclamation.
The Mine Financial Security Program
The fundamental principle of the MFSP is that the Environmental Protection and Enhancement Act
approval holder is responsible for carrying out suspension, abandonment, remediation and surface
reclamation (going forward, referred to as reclamation in this report) work to the standards established
by the province and to maintain care and custody of the land until a reclamation certificate has been
issued.
The MFSP was initiated by the department in 2011 to ensure that financial resources will be available to
reclaim disturbed lands if an operator is unable to complete the reclamation. The MFSP intends to strike
a balance between protecting Albertans from incurring costs associated with reclamation work and
maximizing opportunities for responsible and sustainable resource development. The amount of
security and when it needs to be provided are key elements that factor into that balance.
By June 30, mine operators are required to provide annual reporting for the previous year ended
December 31. This annual reporting includes the information necessary to calculate the required security
deposit. Responsibility for the administration of the program was transferred from the department to the
AER in March 2014. The department continues to be responsible for establishing the overall MFSP
policy and design.
The program requires a base amount of security for each mine project, which is intended to provide the
funds necessary to safely secure the mine site and place the project in a care and custody state.
The MFSP uses an asset-to-liability approach to managing financial risks relating to reclamation
liabilities. This approach recognizes that the resource value associated with an approved project is an
asset in terms of its ability to generate cash flow through operations. When a project has MFSP assets
at least three times larger than its MFSP liability, is 15 years or more from the end of its reserves and is
keeping current with its reclamation plans, additional security above the base amount is not required.
When a project has MFSP assets less than three times its MFSP liability, is nearing the end of its
productive mine life, or is not meeting its targeted reclamation plans, additional financial security is
required. (See appendix for base and other types of security deposits.)
Because the MFSP has been designed using an asset-to-liability approach rather than a full security
approach, Albertans bear a degree of risk that reclamation will not be completed by the mine operator.
The MFSP attempts to manage this risk by requiring these various deposits.
The MFSP is not designed to respond quickly to sudden fluctuations in the price of oil. This was a
deliberate decision made by the department to avoid potentially widely fluctuating security amounts
from year to year. If an abrupt financial and operational decline were to occur in the oil sands sector it
would likely be difficult for an oil sands mine operator to provide this security even if the need for the
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security was identified through the program. It is important to recognize that the department has
accepted the risk of not protecting against a broad based and rapid structural decline in the oil sands
sector, having designed the program with the intent of capturing what they believe are a reasonable
range of economic conditions.

FINDINGS AND RECOMMENDATIONS
Improvements needed to the design of the mine financial security program
Background
Asset safety factor deposit
The MFSP incorporates an asset safety factor deposit which is only required if a mine’s resource assets
are worth less than three times the total anticipated costs for conserving and reclaiming the mine site.
The asset safety factor calculation was created to ensure that a mine will have assets of sufficient value
in place to ensure that a new operator will be motivated to take over the mine and complete the required
reclamation activities if the existing operator is not able to do so.
Under the MFSP, the value of an oil sands mine’s resource assets is based on the income that those
assets are likely to generate over the life of the mine. The assets are calculated as:
MFSP Assets = N * R * F
Where N = 3-Year Average of Annual Netbacks 1
R = Gross Proven and Probable Reserves
F = Forward Price 2 Factor
Outstanding reclamation deposit
The outstanding reclamation deposit is intended to encourage the prompt reclamation of disturbed
lands. The operator posts security when they do not complete planned reclamation according to the
reclamation schedule approved by the department within the operator’s mine reclamation plan. The
amount of security is $75,000 per hectare of work planned but not performed.
Operating life deposit
An operator is required to start posting financial security when there are less than 15 years of reserves
left. Security gradually increases so that all outstanding reclamation costs are fully financially secured by
the time there are less than six years of reserves left.
Presently, no oil sands mining operator has posted more than the base amount of security. In other
words, no security is currently required under the various other forms of deposit based on data
submitted by oil sands mine operators.

1

2

Netback is a term used in oil and gas extraction that is calculated by taking revenue from oil and gas production and deducting
all the costs associated with bringing oil and gas to market. It is typically presented on a “per barrel” basis.
A forward price is the predetermined delivery price for an underlying commodity, currency, or financial asset decided upon by
the buyer and the seller to be paid at a predetermined date in the future.
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RECOMMENDATION 2: IMPROVE PROGRAM DESIGN

We recommend that the Department of Environment and Parks, as part of its regular review of the
Mine Financial Security Program:
• analyze and conclude on whether changes to the asset calculation are necessary due to
overestimation of asset values in the methodology
• demonstrate that it has appropriately analyzed and concluded on the potential impacts of
inappropriately extended mine life in the calculation
Criteria: the standards for our audit
The department should demonstrate that the Mine Financial Security Program:
• is designed consistently with its principles
• is operating as intended
• mitigates the risk of taxpayers having to assume costs of reclamation work in case of operators’
possible non-compliance with legislation
Our audit findings
KEY FINDINGS

• The MFSP asset calculation overstates the economic value of mining assets.
• The department needs to review and resolve opportunities it identified within the MFSP to
inappropriately extend an oil sands mine’s life.
• The department reviews and approves planned yearly reclamations.
Asset calculation methodology results in overstated estimated asset values
We have identified three significant inconsistencies between the MFSP objectives and the approach to
the asset calculation that is likely to result in overvaluation of mine assets:
• The reserve estimate used under the program includes both proven and probable reserves. Probable
reserves, defined as a 50 per cent likelihood of commercial extraction, are less likely to be
productive than proven reserves, defined as a 90 per cent likelihood of commercial extraction.
Treating both proven and probable reserves as equally valuable on a per barrel basis increases the
risk that the department is overestimating the value of these assets. Furthermore, there is no
consideration in the calculation of the development costs necessary to bring undeveloped proven
reserves and probable reserves into production.
• The resource asset valuation calculation applies a forward price factor to the average netback for
the last three years. This methodology is intended to adjust past earnings to reflect expected future
declines in oil prices. Using this approach implies that commodity price declines will have an equally
proportional impact on revenues as they do on operating costs, which is not consistent with the
reality of oil sands operations. Applying the forward price factor to the average netback instead of
applying it only to average revenues and then deducting average operating expenses
underestimates the impact of future price declines on the valuation of a mine’s resource assets.
• The resource asset valuation calculation does not reflect any risks associated with the future
economic value of the reserves. Oil sands mines are long-term operations and it takes many years to
completely extract a site’s reserves. Over that long time frame, there are numerous risks to the
profitability of a mine operation. These include oil price fluctuations, foreign exchange rate changes,
technological change and regulatory change. These risks are typically reflected by applying a
discount rate to the expected future income stream when valuing a long-term asset. No discount
rate, or risk-based adjustment, is applied in determining the asset value under the program, which
overstates the value of a mine’s resource assets.
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While correcting for these overstatements may not immediately result in any change to the security
required, it could result in additional required security earlier than presently anticipated or in the event of
prolonged oil price weakness.
Possible inappropriate extension of mine life
The department has identified two circumstances that could result in unnecessary deferrals in the
collection of security under the program:
• Some oil sands mine operators are using in situ techniques to extract oil reserves and augment their
open pit mine reserves. These in situ techniques involve the drilling of wells and the injection of heat
into the reservoir to extract bitumen as opposed to extracting it through open pit mining. This
technique creates less land disturbance than does an open pit mine. However, the inclusion of the oil
reserves made available through this process in the calculations under the program serves to
increase the mine’s resource assets and extend the life of the mine. This delays the collection of
security for the open pit mining operation as it reaches the end of its life.
• Oil sands mine operators may be able to amend the areas covered by their mine approvals or
combine multiple mines into one approval. The effect of this may combine an old mine operation with
a new one and thus increase the resource assets associated with the approval. This delays the
collection of security for the older mining operation as it reaches the end of its life.
We understand that the department is currently analyzing the first of these issues as part of its MFSP
review process. The second issue will not be part of the MFSP review process.
Planned yearly reclamation is being reviewed and approved
One of the stated principles that guided the development of the MFSP is that “lands available for
reclamation should be reclaimed and returned to the province or landowner as soon as possible.”
If operators do not complete their planned yearly reclamation, any shortfall translates into higher security
at a rate of $75,000 per hectare. Operator mine reclamation plans are reviewed and approved by the
department, and now by the AER, and we were provided evidence of detailed technical questions and
challenges to operators’ mine reclamation plans. This review is completed outside the context of the
MFSP as it has broader implications to other areas within the department. Within this review, we found
evidence that the yearly reclamation planned had been assessed for adequacy. This assessment is
important as the amount of security posted is impacted if planned reclamation is not completed.
The review of planned reclamation is a key control for the MFSP. The more optimistic an operator’s
yearly reclamation forecast is, the more likely an operator will have to post security; thus, there is a
potential disincentive for operator’s to plan to reclaim more disturbances earlier.
Implications and risks if recommendation not implemented
If there isn’t an adequate program in place to ensure that financial security is provided by mine operators
to fund the conservation and reclamation costs associated with their mine operations, mine sites may
either not be reclaimed as intended or Albertans could be forced to pay the reclamation costs.
If incentives are not in place to reclaim lands as soon as reclamation is possible, mine sites may remain
disturbed for longer than necessary and Albertans face a larger risk that they will end up having to pay
the eventual reclamation costs.
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Monitoring of the security provided can be improved
Background
The AER assumed responsibility for monitoring the program in March 2014. The program was previously
monitored by the department.
Under the program, operators are required to file a brief annual report that discloses their conservation
and reclamation liability, their resource assets and the components of the resource asset calculation,
and the amounts required for each security deposit under the program. This report is certified by the
operator’s chief executive officer or chief financial officer. No supporting documentation is required with
the report.
The AER is able to “audit” the information provided in the annual report and there are four levels of audit
under the program.
• Level 1 audit—Phone or in-person discussions with the operator seeking clarification of information
in the annual report.
• Level 2 audit—Written questions and responses confirming scope and methodology used in
preparing the annual report.
• Level 3 audit—Detailed audits performed by AER staff, with possible involvement of the Department
of Environment and Parks or Department of Energy staff, on all or a portion of the data and
assumptions in the annual report. These audits are typically performed at the operator’s offices.
• Level 4 audit—Detailed audits performed by a third party auditor. These audits are typically
performed at the operator’s offices.
The MFSP guidance document indicates that audits may be conducted; however, it doesn’t prescribe
the number and type of audits to be completed.
RECOMMENDATION 3: IMPROVE PROGRAM MONITORING

We recommend that the Alberta Energy Regulator, as part of its enterprise risk assessment process,
develop and execute on a risk-based plan for its Mine Financial Security Program monitoring activities
to ensure it is carrying out the appropriate amount of verification.
Criteria: the standards for our audit
Environment and Parks and the Alberta Energy Regulator should demonstrate that the Mine Financial
Security Program is implemented, is being followed and is being monitored adequately.
Our audit findings
KEY FINDINGS

• A risk-based plan has not been developed to direct the nature and extent of monitoring activity.
• The level of audit verification is not sufficient to mitigate risk.
• Monitoring activities to mitigate risk could be enhanced.
Risk-based plan has not been developed
When the MFSP was initiated, the department intended to complete two level 4 audits per year, one in
the coal sector and one in the oil sands sector. The department was responsible for conducting audits of
submissions prior to AER taking over the monitoring of the program.

REPORT OF THE AUDITOR GENERAL OF ALBERTA ǀ JULY 2015

31

1290
SYSTEMS AUDITING—NEW AUDIT ǀ ENV & AER—FINANCIAL SECURITY FOR LAND DISTURBANCES FROM MINING

The AER has not established an audit plan that identifies the level 3 and level 4 audits that should be
completed over a given timeframe. A risk assessment has been recently developed to help identify
which operators should be monitored more closely. However, there presently is no evidence that the
level of audit activity is commensurate with the risks that exist.
Insufficient level of audit verification
The previous program for collecting security for the reclamation of mine operations required operators to
provide detailed support for the calculations used to support the amount of security provided. When the
MFSP was developed by the department, this requirement was removed. The MFSP only requires a
certified annual report and allows for the AER to request additional information to review, or conduct
more detailed audits of the calculations. The self-reporting nature of the MFSP enhances the importance
of the level 3 and level 4 audits, which verify the information being submitted by operators.
There are 19 coal mines that provide financial security under the program. Since the inception of the
program, only two of these mines have been subject to level 3 audits. One level 4 audit had begun at the
time of our audit. There is a high degree of financial risk associated with coal mine operations due to the
decline in coal prices. As a result, the entire coal sector elected to provide full financial security for the
reclamation of their mines. However, very little audit activity has been undertaken in the coal sector to
ensure that the amount of financial security provided by the operators is adequate.
Since the program was implemented in 2011, only two level 4 audits have been completed in the oil
sands sector and three level 3 audits have been completed.
Given that $1.57 billion of financial security was provided under the program in 2014 and a significantly
greater liability exists in relation to unsecured reclamation costs for existing mine operations, the level of
verification activity has been insufficient.
AUDITS COMPLETED
LEVEL 3

LEVEL 4

Oil Sands

Coal

Oil Sands

Coal

2012

1

1

0

0

2013

2

1

1

0

2014

0

0

1

1

Note: There are 8 oil sands mines and 19 coal mines

Since 2011, the department and the AER have completed a total of 32 level 2 audits, which entails
requesting additional information based on areas of risk or potential concern with an annual submission.
The level 2 audit is an important part of the monitoring process as it can identify potential issues.
However, they don’t involve verifying supporting information from company records. As such, they
provide less assurance on the accuracy of amounts used to calculate security.
Monitoring activities to mitigate risk could be enhanced
The MFSP is designed for an annual review, driven by an annual report that mine operators are required
to submit due at the end of June following the reporting year ended December 31. However, significant
changes in the intervening period can erode an operator’s financial situation. The AER presently does
not have a process to monitor information that might identify material changes to an operator’s
continuing operations and financial condition. For example, keeping apprised of significant corporate
press releases, interim financial statements and share prices.
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The AER does receive information from its field staff that have a more direct line of sight to the
operators. This information may alert the AER to changing circumstances that may warrant further
review in the context of the MFSP.
Implications and risks if recommendation not implemented
Without an effective and timely monitoring program, necessary adjustments to security amounts may not
be promptly identified, which increases the risk that Albertans will end up having to pay for the
conservation and reclamation of mine sites.
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Appendix

TYPES OF FINANCIAL SECURITY DEPOSITS UNDER THE
MINE FINANCIAL SECURITY PROGRAM
The Mine Financial Security Program includes four types of financial security deposits, focusing on
various potential risks during the lifecycle of a mine:

Base Security Deposit—Existing and new projects are required to provide a base amount of
security. Among other things, this security will be used for suspension care and custody to maintain
security and safety at the site until a new operator takes over or the site is closed. For existing projects,
the base security deposit will be the amount of security each project had posted with the government
effective December 31, 2010. For existing projects, the security amount as of December 31, 2010
that is being held is:
APPROVAL HOLDER, PROJECT NAME
AND EPEA APPROVAL NUMBER

Canadian Natural, Horizon, 149968
Imperial, Kearl, 46586
Shell Albian, Jackpine, 153125
Shell Albian, Muskeg River, 20809
Suncor, Base Mine, 94
Suncor, Fort Hills, 151469
Syncrude, Mildred Lake and Aurora North, 26

BASE SECURITY DEPOSIT

$61,200,000.00
$64,655,000.00
$72,361,895.00
$111,277,441.29
$359,096,654.00
$38,958,605.00
$205,303,024.00

For new projects, the base security will be:
MINE TYPE

Mine-mouth coal mine
Export coal mine
Oil sands mine
Oil sands mine with upgrader

BASE SECURITY DEPOSIT

$2,000,000
$7,000,000
$30,000,000
$60,000,000

Operating Life Deposit—to mitigate the risks at the end of mine life. An operator is required to start
posting financial security when there are less than 15 years of reserves left so that all outstanding
abandonment, remediation and surface reclamation costs are fully financially secured by the time there
are less than six years of reserves left.

Asset Safety Factor Deposit—to mitigate the risks if an operator’s cash flow falls below a level
deemed adequate to ensure that all MFSP liabilities can be fully funded. The operator posts financial
security when the MFSP asset to MFSP liability ratio falls below 3.00. Sufficient financial security must
be posted to bring the ratio to 3.00.

Outstanding Reclamation Deposit—to mitigate the risks posed by an operator deferring
reclamation. The operator posts security when they do not complete planned reclamation according to
the reclamation schedule approved by the government.
Approval holders can elect to place full security at any time in the life of the project based on the MFSP
liability calculation. In this case, the approval holder would no longer be subject to the four security
deposits described above. The entire coal sector has elected to provide full financial security.
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Environment and Parks—Systems to
Manage the Specified Gas Emitters
Regulation Follow-up
SUMMARY
Alberta’s Specified Gas Emitters Regulation 1 requires large industrial facilities 2 to meet annual emission
intensity 3 limits. Facilities that exceed their limit have three options:
• pay into Alberta’s Climate Change and Emissions Management Fund at $15 per tonne for emissions
over the limit
• use emission credits from previous years or buy credits from facilities that have not exceeded their
limit
• buy emission reductions (or offsets) from emission lowering activities such as wind energy generation
The department estimates that the SGE Regulation helped reduce emissions by 61 million tonnes and
paid $578 million into the Climate Change and Emissions Management Fund, from 2007 to 2014. 4 In
contrast, all other actions in Alberta’s climate change strategy reduced emissions by approximately
10 million tonnes.

What we examined
We followed up on the recommendations from our 2009 5 and 2011 6 reports. By 2015 we expected the
department to:
• clarify its guidance to facilities and to those who verify that facilities are meeting their emission
intensity limits
• ensure that facilities follow the department’s requirements when they estimate their emission levels
• improve its approach to ensure legitimacy of emission reductions that facilities could use as offsets
• make sure all protocols for offset projects followed the department’s standard for activities that could
legitimately claim to reduce emissions
• assess whether its regulatory process was cost effective

Overall conclusion
The Specified Gas Emitters Regulation is a key action in Alberta’s strategy to reduce emissions. The
department’s progress in implementing our recommendations has been slow—it has not implemented
two of the five recommendations.
The department has implemented improvements in some areas where we previously found weaknesses.
However, the department still needs to improve its systems to regulate large emitters. Our findings
illustrate that there continue to be weaknesses in the consistency and timeliness of key processes,

1
2
3
4

5
6

Climate Change and Emissions Management Act , S.A. 2003, Alberta Regulation 139/2007.
Large industrial facilities are facilities that emit 100,000 tonnes or more carbon dioxide equivalent annually.
Emissions intensity is defined as a facility’s annual emissions divided by its production.
Greenhouse Gas Reduction Program. http://esrd.alberta.ca/focus/alberta-and-climate-change/climate-change-and-emissionsmanagement-fund.aspx
Report of the Auditor General of Alberta—October 2009, nos. 3-5, pages 40-52.
Report of the Auditor General of Alberta—November 2011, nos. 1-2, pages 17-23.
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including its review of compliance with guidance for tailings ponds emissions, and its review and
analysis of protocols.
The department stated that it has faced significant challenges, such as the ongoing cross-ministry
review of Alberta’s climate change strategy and changes in emission measurement methods. In our
opinion, external challenges do not negate the need for good systems. Such systems are critical for the
program to achieve desired results.

What we found
The department still has not completed its review of oil sands facilities fugitive emissions from tailings
ponds in 2013. 7 It does not yet know if the facilities followed the department’s guidance or if it should
change the guidance to improve 2015 estimates. Facility verifiers found non-compliance with sampling
requirements that could materially misstate the facility’s emissions and compliance obligations.
Three years after the department strengthened its record requirements for no till offsets, it still does not
know whether those requirements are sufficiently robust or whether those who create the offsets comply
with them. 8
The department does not know whether there are any duplicate offsets in the Alberta registry or offsets
posted to both the Alberta and other registries. The department still has not updated the methods to
estimate offsets to meet the more robust standard it adopted in 2011. The department lacks evidence
that it has a sufficiently robust review of whether activities approved to claim offsets have in fact become
standard practice throughout the industry. 9
Eight years after the SGE Regulation came into effect, the department completed its first assessment of
the program’s cost effectiveness. 10 It showed that the program provides a net benefit, but we identified
issues with method and data used in the analysis. Future assessments must use robust methods, and
complete and accurate data to produce information the government can rely on to make decisions.
The department implemented our recommendations to clarify its guidance on what information facilities
must include in their annual emission reports and how verifiers should conduct verifications to a more
robust (or reasonable assurance) standard.

What needs to be done
If the government decides to renew the SGE Regulation, the department must implement system
improvements to make sure it manages the program well. 11
Fugitive emissions are releases of gases or vapours from pressurized equipment due to leaks and other unintended or irregular
releases of gases, mostly from industrial activities. These include releases of airborne contaminants such as methane and
solvent lost from tailings ponds. After the oil sands have been mined, oil is separated from the sand and sent for further
processing. Tailings are the leftover liquid mixture of mostly sand, some water and clay and residual bitumen. Tailings ponds are
large engineered dam and dyke systems designed to contain and settle the water, sand, fine clays, silts, residual bitumen and
other residual hydrocarbons of the oil sands mining and extraction process.
8
Tilling is disturbing the soil for placing seeds and fertilizer and to aerate it. Tilling results in faster breakdown of organic matter in
the soil and release of greenhouse gas emissions into the atmosphere. Shifting to no till farming can reduce greenhouse gas
emissions by increasing carbon dioxide sequestered in the soil, reducing nitrous oxide emissions from less soil disturbance and
lowering emissions from farm equipment due to few passes on farm field.
9 Activities that become common practices in the sector no longer qualify as offsets under the Specified Gas Emitters Regulation.
The department chose a 40 per cent adoption level of the activity in the sector as representing a common practice.
10 Cost effectiveness is a type of analysis used to compare the relative costs and outcomes of two or more courses of action. It is
typically expressed as a ratio where the denominator is a gain from an action and numerator is the cost associated with that
gain.
11
The Specified Gas Emitters Regulation was due to expire on June 30, 2015.
7
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Why this is important to Albertans
If the SGE Regulation fails to reduce emissions as expected, the government may not meet its climate
change goals. Effective systems for managing the program will help improve the quality of emission
reports, ensure facilities meet their obligations and provide reliable information on the program. Regular
assessment of the SGE Regulation’s cost effectiveness, based on credible methods and data, provides
the government with reliable information from which to make decisions about the program.

AUDIT OBJECTIVE AND SCOPE
Our objective was to determine if the department had implemented our recommendations from
2009 and 2011. To perform the audit, we:
• interviewed management and staff to learn what they did in response to our recommendations
• examined the department’s processes for administering the SGE Regulation
• tested facility and offset reports for compliance with the department’s requirements
• examined the department’s analysis of the SGE Regulation’s cost effectiveness
We conducted our field work from September 2014 to May 2015. We substantially completed our audit
on May 8, 2015. Our audit was done in accordance with the Auditor General Act and the standards for
assurance engagements set by the Chartered Professional Accountants of Canada.

BACKGROUND
Specified Gas Emitters Regulation
The SGE Regulation requires all facilities that emit 100,000 tonnes or more of carbon dioxide
equivalent 12 annually to meet emission intensity limits. The limit for established facilities is a 12 per cent
reduction from the facility’s baseline emission intensity. Over 100 Alberta facilities from 13 industrial
sectors must comply with the regulation. If a facility’s annual emissions exceed its emission intensity
limit, its owners must do one of the following:
• pay into the Climate Change and Emissions Management Fund—The fund invests in technologies to
reduce emissions and in clean energy projects.
• use or buy emission performance credits—When regulated facilities keep emissions below their
intensity limit, they create emission performance credits. A facility can use its own credits from
previous years or buy credits from other facilities.
• buy offsets—When non-regulated facilities or sectors engage in activities that reduce emissions (for
example, wind energy projects) or help remove emissions from the atmosphere (for example, no till
farming), they create offsets. Regulated facilities can buy offsets from the Alberta Emissions Offset
Registry.

12

Carbon dioxide equivalent (CO2e) is the 100-year global warming potential average of a unit of greenhouse gas (for example,
methane) compared to an equivalent unit of carbon dioxide (reference gas).
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FINDINGS AND RECOMMENDATIONS
Clarify SGE Regulation guidance documents—repeated from 2009 and 2011
Background
Department’s guidance for reporting and verifying emissions
The department uses guidance documents to describe:
• the types of emissions facilities must report and methods they must use to measure samples of those
emissions
• what project proponents must do to estimate the amount by which their project will reduce emissions
and provide a legitimate emission offset 13
• what protocol developers must do to develop protocols for Alberta’s regulatory system 14
• how verifiers 15 at facilities and on contract with the department should verify a facility’s reports and
the offsets it uses to comply with the SGE Regulation
In 2009 16 and 2011 17 we recommended that the department clarify its guidance by clearly stating:
• how facilities should sample and calculate their estimates of tailings ponds emissions
• what evidence it expects verifiers to collect to support the validity of offsets from no till farming, and
what competencies it requires of agrologists providing services to verifiers or project developers
• what process verifiers should follow when forming conclusions about whether emissions and offset
claims are valid
• how offset protocol and project developers should use discount factors and uncertainty calculations
when they develop protocols and projects
Fugitive emissions at oil sands facilities
The department’s guidance for estimating fugitive emissions from tailings ponds and mine faces
provides minimum requirements for using the flux chamber method. This is the method oil sands
operators use to gather air samples to estimate these emissions. Oil sands facilities were supposed to
meet these requirements as of 2013. 18 The enhanced requirements are designed to improve the
estimates by focusing sampling in areas of greatest emissions and uncertainty.
The guidance has minimum requirements for annual sampling of carbon dioxide and methane emissions
based on the area the ponds cover, computation of standard error for each area and additional sampling
based on the standard error, to reduce uncertainty. Facilities report the calculated emissions in their
annual compliance reports, for which they must also submit supporting information. The support
includes a report on the annual sampling results, raw emissions data, full calculation of fugitive
emissions and area of the ponds.

13

14

15

16
17
18

Offset project developers are non-regulated parties that develop offset projects. The projects are activities or technologies that
help reduce or remove emissions.
Protocols are government approved policies that outline methods that offset project developers must follow to estimate the
emission reductions or removals from offset projects. Offset protocol developers are parties that develop protocols.
Verifiers are independent third parties hired by facilities, offset project developers or the department to check reported
emission information.
Report of the Auditor General of Alberta—October 2009, no. 4, page 46.
Report of the Auditor General of Alberta—November 2011, no. 1, page 17.
Quantification of Area Fugitive Emissions at Oil Sands Mines, June 2014. http://esrd.alberta.ca/focus/alberta-and-climatechange/regulating-greenhouse-gas-emissions/greenhouse-gas-reduction-program/compliance-information-forindustry/documents/AreaFugitiveEmissionsOilSandsMines-2014.pdf
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Alberta Emissions Offset Registry
Various alternative energy, technology and agricultural projects can either generate energy from sources
that produce fewer emissions or remove emissions from the atmosphere. When following governmentapproved protocols, these projects create offsets that project developers can sell as offset credits
through the Alberta Emissions Offset Registry. 19 To register offset credits, project owners must be able
to prove they have reduced or removed emissions, using protocols approved by the department.
Once registered, offset credits can be bought and sold in the Alberta offset market. Offset credits remain
active in the registry until a regulated facility buys and submits them to the department for compliance.
Offset credits can also be sold outside the Alberta market.
Our 2011 audit found that the department needed to document the results of its checks for duplicate
offsets. Checking for duplicate offsets helps ensure that the same offsets are not being sold again in
Alberta and other markets.
RECOMMENDATION 4: CLARIFY SGE REGULATION GUIDANCE DOCUMENTS—REPEATED

We recommend for a third time that the Department of Environment and Parks clarify the guidance it
provides to facilities, verifiers, offset project developers and offset protocol developers, to ensure they
consistently follow its requirements to achieve the Alberta government’s emission reduction targets.
Criteria: the standards for our audit
The department should clearly communicate its requirements for facilities, verifiers, offset project
developers and offset protocol developers. The department should ensure these stakeholders meet
regulatory requirements.
The department should document its activities to check for duplicate offsets.
Our audit findings
KEY FINDINGS

• The department improved guidance on how facilities must estimate tailings ponds emissions but
still has not determined if oil sands facilities followed it in 2013, or if it needs to change it to improve
2015 estimates.
• The department lacks assurance that its protocol for offsets from no till farming is sufficiently robust
to ensure the offsets are real.
• The department lacks processes and evidence to detect duplicate offsets.
• The department improved guidance for offset protocol and project developers.
Department has not determined if oil sands facilities followed its guidance for tailings ponds emissions
More than a year after receiving the oil sands facilities’ 2013 reports, the department still does not know
whether the four facilities met the new requirements for estimating tailings ponds and mine face
emissions:
• Verifiers for one of the oil sands facilities reported that the facility did not meet the minimum
requirements from the 2013 guidance. The facility’s compliance obligations could be materially
misstated as a result. 20 The verifiers initially reported that the department allowed the facility to
deviate from the guidance and collect less than one-quarter of emission samples required for this
facility. They also reported that the facility’s tailings pond emission estimates were significantly lower
than in some previous years, despite the tailings ponds having increased in size. Subsequent to the

19
20

Alberta Emissions Offset Registry. http://www.csaregistries.ca/albertacarbonregistries/home.cfm
The four facilities reported 2013 fugitive emissions ranging from 5 to 22 per cent of their total annual emissions.
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•

completion of the audit, the department sought out verification from the verifiers on their conclusion
and received a response that the verifiers now believe that the facility’s approach was acceptable.
Verifiers for another facility did not notice that the facility had not collected the required samples at
one mine site. Nor did the department notice the error when it first reviewed the report. The
department reviewer only noticed this deviation from its guidance when assessing the facility’s
request to restate its 2013 fugitive emissions.
The department analysis of the restatement request concluded that the facility collected insufficient
samples in 2015 at another site, and that the guidance should change to further clarify sampling
requirements. However, it still allowed the restatement. This gave the facility $4.5 million of emission
performance credits, reversing the facility’s original report that it owed this amount to meet its
2013 emission intensity target.

In May 2015 the department still had not completed its review of emissions from the four oil sands
facilities and the associated verification reports. The review results are important to assess the
compliance and could inform changes to the guidance to improve future estimates. Because of the
timing of its review, it may be too late for the department to update its guidance in time for the collection
of 2015 emission samples, which typically starts in June.
The department told us it intends to improve its review process, starting with the 2014 compliance
period, by completing a focused assessment of all oil sands facilities’ compliance with the guidance for
fugitive emissions.
Department lacks assurance that offsets from no till farming are real
At the conclusion of our 2011 audit, we reported that the department should assess whether its record
requirements for offsets from no till farming were strong enough. The department revised the protocol in
2012 21 but still allows project developers to use farm records with corroborating evidence that is not
necessarily from an independent source. Independent corroborating evidence, such as equipment
purchase receipts or crop insurance records, is not a requirement.
Verification is the step that provides key information to assess whether protocols are sufficiently robust.
For no till projects, third-party verifiers review the claims of project developers and department staff also
re-verify the claims. The department’s verifier checked the only project used for compliance under the
SGE Regulation since the revised protocol took effect in 2012. The verifier found that the project
developer did not fully meet the protocol’s evidence requirements and the claimed offsets could be
materially misstated as a result. The project’s third-party verifier had not detected this deviation. The
department told us it needs to re-verify additional projects once facilities use them for compliance, to
assess if the protocol record requirements are sufficient. However, it could have collected data from
verification reports for the other no till projects posted on the registry.
Emission reduction claims from no till farming account for 35 per cent of reductions that facilities used
as offsets between 2007 and 2013. 22 Three years after the department updated the protocol and project
developers used it to estimate emission reductions from no till farming, the department still does not
have enough assurance that the protocol’s record requirements are robust enough to ensure the offsets
are valid.

21
22

Quantification Protocol for Conservation Cropping. http://environment.gov.ab.ca/info/library/8561.pdf
These reductions include those generated under both the previous protocol for no till farming and the 2012 protocol. Emission
reduction claims generated under the 2012 protocol account for two per cent of reductions facilities used as offsets in 2012
and 2013.
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Department lacks processes and evidence that can detect duplicate offsets
In September 2014 the Canadian Standards Association (CSA) began administering the Alberta
Emissions Offset Registry. The previous administrator, C3 (formerly Climate Change Central), no longer
exists. The department’s contract with C3 required annual checks for duplicates within the Alberta
registry and quarterly scans for offsets posted to both Alberta and other key registries.
We found no evidence that C3 completed all of the required checks between 2012 and 2014 or that the
department reviewed the results. One annual report the department received from C3 identified 500
potential duplicates in the Alberta registry. The department’s senior management told us they assumed
C3 resolved these potential duplicates because they did not receive further information. The department
needs a higher degree of assurance to know that all offsets used for compliance under the
SGE Regulation are claimed only once and are therefore valid offsets.
CSA, the new managers of the Alberta registry, plans to complete the first annual check for duplicates in
the summer of 2015. However, the department’s contract with CSA does not require them to scan
registries outside Alberta for duplicates. The department intends to develop procedures for an annual
inter-jurisdictional scan of common registries by July 2015, and complete the first scan by
October 2015.
The department continues to require project developers to submit statutory declarations attesting that
the offsets they are registering have not been posted to another registry. It also expects project
developers to notify the department when they become aware of duplicate offsets.
Department improved its guidance for offset project and protocol developers
The department revised its guidance for offset project and protocol developers. The guidance now
clarifies how they should use discount factors and uncertainty calculations in developing protocols and
projects.
The Alberta Institute of Agrologists released a practice standard for agrologists who provide services
under the protocol for no till offsets. It defines mandatory requirements for the agrologists’ education,
skills and experience. The department intends to update the protocol by July 2015 to explicitly require
that agrologists working with the protocol hold approval from the institute to operate under the standard.
This will mitigate the risk that no till offsets generated under the protocol are not valid.
Implications and risks if recommendation not implemented
Without robust systems that ensure the validity of emission offsets, facilities may not be meeting their
compliance obligations.
Without clear guidance, effective monitoring and consistent treatment of SGE Regulation participants,
the government will not achieve the emission reductions it expects from this program.
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Ensure offset protocols meet new standard and improve transparency
—repeated from 2011
Background
Our 2011 audit 23 found that many of the existing protocols did not meet the current protocol
development standard and the department had no plan for how it would update them. 24 The department
expects the current standard to result in protocols that are more technically robust, verifiable and
transparent, and to require stronger evidence that the offsetting activities are in addition to normal
industry practices. Our previous audit also found that documents providing technical information about
the protocol were not always publicly available.
The department’s guidance states that all protocols must undergo a review every five years, at which
time the department should also assess the level of adoption in the sector. When the adoption level
reaches 40 per cent, the activity or technology is no longer an eligible offset. 25 The department does not
otherwise monitor these adoption levels.
RECOMMENDATION 5: ENSURE OFFSET PROTOCOLS MEET NEW STANDARD AND IMPROVE
TRANSPARENCY—REPEATED

We again recommend that the Department of Environment and Parks implement processes to ensure
that all approved protocols adhere to its protocol development standard.
Criteria: the standards for our audit
Approved protocols should meet the department’s protocol development standard. Sufficient
information for offset protocols should be available as the basis for deciding whether offsets are valid.
This information should also be available to allow the public to understand how the department
approves protocols.
Our audit findings
KEY FINDINGS

• New processes for protocol review are planned to be in place by December 2015.
• Only one-third of the department’s protocols meet their standard for protocols.
• The department does not have sufficient evidence that activities covered by protocols are still
eligible as offsets.
• The department improved its transparency by updating its website with contact information.
In March 2015 the department began implementing a new process to track protocols for review. Senior
management told us they rate the risks associated with protocols using criteria such as protocol
frequency of use, volume of offsets generated and known issues. For example, a protocol would rate as
higher risk if the emission reduction claims from the associated projects were significant. The
department will use its protocol risk rating to decide how often to review each protocol.
Under the new risk rating, the review period for some low-risk protocols will exceed five years. This
practice is inconsistent with the department’s current guidance.
23
24

25

Report of the Auditor General of Alberta—November 2011, no. 2, page 23.
The department’s protocol development standard provides requirements and criteria that protocol developers must follow in
developing quantification protocols for use in the Alberta offset system. Offset protocols describe the methods offset project
developers must follow to estimate the emissions reductions from offset projects.
For an activity to be considered an offset, the protocol developer must demonstrate that the activity results in a reduction in
greenhouse gas emissions that are additional or incremental to business as usual/sector common practice and regulatory
requirements. Sector level adoption is one of the tests for assessing additionality. If adoption levels are high, the activity is
determined to be business as usual. In other words, if a significant number of other people have engaged in the same activity it
is assumed that remaining members of the sector can also adopt the activity and/or practice change.
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The department does not include non-adherence to its own protocol standard in its rating of protocols
for review. We found that only one-third of the 35 approved protocols meet the department’s standard
for developing offset protocols. This creates a risk that the offset claims from the associated projects are
not legitimate.
We tested three protocols the department reviewed since our 2011 audit—biofuel production and usage,
solution gas conservation, and landfill gas capture and combustion. The department stated that the first
two protocols cover activities that are regulated, therefore it assumed their adoption levels to be below
40 per cent and no analysis was required. The department had no records to support the
reasonableness of this assumption. The technical seed document for the landfill protocol included a
calculation of the activity adoption level, but the calculation only considered half of Alberta’s landfills for
which the department had data. We found insufficient evidence that it was reasonable to omit the other
landfills from the calculation. Since the adoption level is a key factor in determining whether an activity is
still an offset, and the department typically assesses adoption levels on a five-year cycle, it needs to
have a more robust assessment process, including good data.
The department intends to finish implementing its new protocol review and development processes by
December 2015. The improved process will include focused assessment of activity adoption levels.
The department improved its transparency by updating its website with contact information. It is now
possible for stakeholders to ask the department for technical information on the protocols. We did not
test whether this process is working.
Implications and risks if recommendation not implemented
If protocols do not conform to the same standard, the department does not have a level playing field for
assessing offset projects or assurance that the offset claims are legitimate.
Without a robust process to regularly evaluate the industry’s level of adoption for practices that reduce
or remove emissions, the department may be allowing facilities to claim commonly adopted activities as
offsets.

Assess cost effectiveness of SGE Regulation—implemented
Background
In 2009 26 we recommended that the department assess the cost effectiveness of the Specified Gas
Emitters Regulation.
We found the department had no information on what costs the facilities incur to comply with the
SGE Regulation. Therefore, it could not compare the SGE Regulation to other regulatory options or to
existing systems elsewhere.
Cost effectiveness analyses of regulations help the government make decisions and explain their
rationale. Knowing whether a regulation is cost effective can also help the government compare
proposed and existing courses of action with alternatives and evaluate which option provides the most
benefits at the lowest cost. 27

26
27

Report of the Auditor General of Alberta—October 2009, no. 5, page 51.
Anderson, Fred, et. al., Regulatory Improvement Legislation: Risk Assessment, Cost-Benefit Analysis, and Judicial Review.
Duke Environmental Law & Policy Forum, 2000, Vol 11, pages 89-138. http://scholarship.law.cornell.edu/facpub/776/
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Criteria: the standards for our audit
The department should monitor the cost effectiveness of the SGE Regulation.
Our audit findings
KEY FINDING

The department assessed the cost effectiveness of the SGE Regulation and concluded the regulation is
cost effective and provides a net benefit. However, the methods the department used for this
assessment had flaws and the data contained errors.
In March 2015 the department completed its first internal assessment of whether the SGE Regulation is
cost effective. The assessment covered the period from 2009 to 2013. It concluded that the program’s
benefits exceed its costs by 50 per cent. However, we found errors in the data and flaws in the methods.
Costs included:
• department’s administration costs
• facilities’ costs to comply with the regulation
Benefits included emission reductions from:
• operational improvements at facilities
• offsets
• use of cogeneration 28
Benefits also included avoided societal damages. 29
The estimate of costs to comply with the regulation are based on incomplete data. The department
obtained facility costs from a voluntary survey it conducted in 2012. Only one-quarter of all regulated
facilities, representing only half of the industrial sectors, provided cost data. The department’s
assessment did not consider facility costs in sectors such as coal mining, refining and fertilizing. Costs in
those sectors could differ significantly from costs at oil sands facilities and power plants but the
assessment assumed these costs to be the same.
The benefits calculation included reductions from no till farming. We previously reported our view that
the department should not include such offsets in determining reductions from this program because no
till has been a standard practice in Alberta since 2006. 30 Excluding these offsets reduces the net benefit
the government can claim for its regulatory system. 31
The costs and benefits did not include funds granted to facilities for reduction projects through the
Climate Change and Emissions Management Fund and facility costs for these projects. Costs also did
not include the amounts facilities saved from reduced royalty obligations to offset their SGE Regulation
compliance costs. Neither did the department consider costs facilities incurred for operational
improvements, despite including the associated emissions reductions as benefits.

28

29

30
31

Cogeneration is the facility’s use of heat generated from production to also generate electricity. It improves the overall
efficiency of the facility and can displace electricity from coal, which produces higher emissions.
This is called the social cost of carbon. It represents the benefit to the society, expressed in monetary value, from avoiding the
damage caused by each additional metric tonne of carbon dioxide released into the atmosphere. The department used a social
cost of carbon of $25 per tonne of emissions reduced as a result of the Specified Gas Emitters Regulation.
Report of the Auditor General of Alberta—July 2014, no. 2, page 43.
Our understanding is that management has decided to treat no till farming as offsets even though adoption rates for this
activity in Alberta already exceeded the rate that is considered common practice. Normally, activities that become common
practice no longer qualify as offsets under the Specified Gas Emitters Regulation.
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Additionally, the assessment used an incorrect number of surveyed and regulated facilities in its
calculations and used budgeted rather than actual costs of re-verifications.
Although we were unable to estimate the overall impact of all of the methodology flaws and errors, the
credibility of the calculated net benefit is reduced.
The department plans to assess the SGE Regulation’s cost effectiveness again in 2016 and every five
years afterwards.
We report the recommendation status as implemented because the department completed the first
assessment. However, we intend to examine the quality of the 2016 assessment and publicly report our
findings.
Implications and risks if recommendation not implemented
Robust analysis of the costs and benefits of the SGE Regulation will provide information the government
decision makers can rely on when making decisions about the program.

Improve greenhouse gas data quality—implemented
Background
In 2009 32 we recommended that the department strengthen its guidance for facilities’ reporting by:
• clarifying when uncertainty calculations 33 must be done
• prescribing data quality standards for the minimum required frequency of measurement and
connection to the reporting period
• describing data controls facilities should have in place
Our 2012 follow-up audit found that the department improved its guidance for facilities. To fully
implement the recommendation, the department needed to demonstrate that it used the results of its
subsequent compliance reviews to determine if it needs to further clarify its guidance for these areas.
Our audit findings
As of 2013, oil sands facilities must provide uncertainty calculations for their annual estimates of fugitive
emissions from tailings ponds and mine faces. 34 The department does not require uncertainty
calculations for emissions from other sources unless facilities use the least accurate (or alternative)
methods to estimate them and the emissions are not negligible. 35 This approach reflects the
department’s 2011 and 2012 compliance review results, which identified no other emission sources or
quantification methods that could pose a significant degree of uncertainty. Based on our testing of
2013 verification reports from facility and department’s verifiers, we found the department’s approach
reasonable.
The department clarified its requirements for the content of facilities’ annual emissions reports. Facilities
must provide detailed information on their operations, processes, methods and assumptions including
32
33

34

35

Report of the Auditor General of Alberta—October 2009, unnumbered recommendation, page 40.
Facilities using alternate, less precise calculation methods must include a statement regarding the uncertainty associated with
the calculation method. http://esrd.alberta.ca/focus/alberta-and-climate-change/regulating-greenhouse-gasemissions/greenhouse-gas-reduction-program/compliance-information-for-industry/documents/
GuideSpecifiedGasEmissionApplication-2012.pdf
Quantification of Area Fugitive Emissions at Oil Sands Mines, June 2014. http://esrd.alberta.ca/focus/alberta-and-climatechange/regulating-greenhouse-gas-emissions/greenhouse-gas-reduction-program/compliance-information-forindustry/documents/AreaFugitiveEmissionsOilSandsMines-2014.pdf
Negligible emissions are very small in magnitude compared to facility’s total annual emissions and do not vary significantly on
an annual basis. The negligibility threshold is the lesser of 1,000 tonnes and one per cent of facility’s total annual emissions.
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what data controls and processes they use to ensure quality of their reports. The department had
previously updated its guidance that requires verifiers to understand facility data controls, which is key
to designing a valid verification strategy. These changes intend to improve the quality of facility reporting
and efficiency of verifications and the department’s reviews. Our testing found that facilities’
2013 reports complied with the guidance.
As of 2012, a facility’s annual reports must contain information on frequencies of emissions
measurement. The department’s guidance defines minimum frequency of measurement only for
oil sands fugitive emissions and for emissions quantified with the intermittent measurement method. 36
Verifiers and reviewers for the 2013 facility reports we tested did not identify any areas where facilities
would require more guidance for frequency of measurement when using other methods.

Improve guidance to verifiers of facility reports—implemented
Background
In 2009 37 we recommended that the department improve its guidance for verifiers by better describing
the requirements for the nature and extent of testing, content of verification reports and assurance
competencies.
We found that the verifiers were not always clear about the extent of work the department expected
them to perform. Verification reports we examined varied in content and did not always contain all the
information the department required. There was no guidance on what audit training the verifiers should
have.
Our audit findings
The department’s guidance for verifications at a reasonable level of assurance 38 took effect in 2012. The
guidance includes detailed requirements for planning and carrying out verifications, assessing
verification results and forming conclusions. For example, the guidance is now clear on materiality
levels 39 and assessment of errors, required testing for consistency of methods between baseline and
compliance, and audit team qualifications.
Our testing of 2013 facility reports and associated verification reports found that verifiers complied with
the guidance. We found one exception—the department’s verifiers were not consistently attesting to
audit team competencies and reporting conclusions using standard templates. However, the
department’s contracting process ensured the verifiers had the required qualifications and the report
contained all the information the conclusion template would otherwise include.
To improve the efficiency of the department’s review of verification reports for compliance with the
required content, the department is developing reporting templates that all verifiers must use starting
with the 2015 compliance period.

36

37
38

39

Intermittent (periodic) measurements use source (stack) testing which is a “snapshot measurement in time.” Several
measurements are taken periodically over a year and each measurement is extrapolated over a period of time to determine
emissions for that period. http://ccemc.ca/_uploads/CCEMC-458-Validation-Guidance3.pdf
Report of the Auditor General of Alberta—October 2009, no. 3, page 42.
Reasonable level of assurance is the accumulation of evidence necessary for the verifier to conclude that the facility or project
developer assertion is not materially misstated.
Materiality is used to distinguish between significant and non-significant misstatements. Information is material if its omission
or misstatement could influence decisions of its intended users taken on the basis of the greenhouse gas assertion.

REPORT OF THE AUDITOR GENERAL OF ALBERTA ǀ JULY 2015

50

1309
SYSTEMS AUDITING—FOLLOW-UP ǀ ENVIRONMENT & PARKS—MANAGING SGE REGULATION

Appendix

OUTSTANDING RECOMMENDATIONS FROM PREVIOUS
CLIMATE CHANGE AUDITS
Recommendations from our October 2008 report
RECOMMENDATION 11: PUBLIC REPORTING—REPEATED OCTOBER 2012 40

We recommend that the Department of Environment and Parks improve the reliability, comparability
and relevance of its public reporting on Alberta’s results and costs incurred in meeting climate change
targets.
RECOMMENDATION 9: PLANNING—REPEATED JULY 2014 41

We recommend the Department of Environment and Parks improve Alberta’s response to climate
change by:
• establishing overall criteria for selecting climate change actions
• creating and maintaining an implementation plan for the actions necessary to meet the emission
intensity target for 2020 and the emission reduction target for 2050
• corroborating—through modeling or other analysis—that the actions chosen by the ministry result in
Alberta being on track for achieving its targets for 2020 and 2050
RECOMMENDATION 10: MONITORING—REPEATED JULY 2014 42

We recommend that for each major action in the 2008 Climate Change Strategy, the Department of
Environment and Parks evaluate the action’s effect in achieving Alberta’s climate change goals.

Recommendations from our October 2009 report
RECOMMENDATION: OUTSOURCED SERVICE PROVIDERS 43

We recommend that the Department of Environment and Parks develop controls to gain assurance that
data hosted or processed by third parties is complete, accurate and secure.
We also recommend that the Department of Environment and Parks formalize its agreement with its
service provider for the Alberta Emissions Offset Registry.

40
41
42
43

Report of the Auditor General of Alberta—October 2008, page 101.
Ibid, page 97.
Ibid, page 100.
Report of the Auditor General of Alberta—October 2009, page 49.
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Health and Alberta Health Services—
Systems to Manage the Delivery of Mental
Health Services Follow-up
SUMMARY
Mental illness affects one in five Albertans during their lifetime. Severe and persistent mental illness is a
chronic disease and should be treated like one. Even minor or episodic mental health problems can
easily deteriorate into lifelong chronic illness, without proper and timely treatment. Mental illness is often
experienced along with other chronic diseases and significantly complicates their treatment.

What we examined
With this follow-up audit, we applied the chronic disease management model to examine how well the
health system meets the care needs of people with serious mental illness. We frame our findings within
the model described in our September 2014 report on chronic disease management. 1
The key feature of that model is patient-centred care—care organized around the needs of patients
rather than around the structure of the health system.

Overall conclusions from our follow-up audit
Systems to deliver mental health services in Alberta should be improved.
The Department of Health has failed to properly execute its addiction and mental health strategy. 2 There
is no need to redesign the strategy; rather the department needs to carry it out. The department also has
not done any detailed analysis or reporting on the strategy. Without analysis it is not possible to know if,
and how, the plan has led to significant and meaningful change in how mental health and addictions
patients are cared for.
AHS has made important improvements since our original 2008 mental health audits. For the most part,
however, the delivery of frontline addiction and mental health services remains unintegrated and allows
ongoing gaps in service continuity. We found this lack of integration affected healthcare services in the
following three areas.
Disjointed care planning and delivery among healthcare providers and programs
Healthcare providers continue to treat patients in isolation, often not knowing what services the patient
is receiving from someone else. AHS indicated this is primarily because it does not have control over all
key elements of the public healthcare system and lacks clear authority to deploy a provincial integrated
case management mechanism.

1
2

Report of the Auditor General of Alberta—September 2014, page 3.
2011 Creating Connections: Alberta’s Addiction and Mental Health Strategy
http://www.health.alberta.ca/documents/Creating-Connections-2011-Strategy.pdf
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Limited sharing of clinical information among service providers within AHS
AHS’s mental health information systems remain incompatible, are outdated and do not support
integrated care delivery. AHS told us it has not developed specialized mental health information
management systems because it is developing a province-wide central clinical information system that
would serve all its clinical areas.
Uncoordinated frontline delivery of housing support services
There has been no significant change in this area. In many parts of the province patients, their families
and individual care providers must navigate the system on their own to find the right housing placement
and the right level of support. AHS believes it does not have a clear responsibility for mental health
housing support delivery as there are numerous other government entities involved in this area.
In our opinion, AHS has both the mandate and capacity to coordinate the efforts of those entities that
should be involved in integrating public mental health and addictions services in Alberta.
Overall key findings
AHS has made improvements in a number of areas we examined in our original 2008 audits. It has:
• made progress by better coordinating services offered through its community mental health clinics
and addictions clinics
• improved processes at community mental health clinics to manage wait lists and reduce wait times
for mental health programming
• partnered with several primary care networks to enhance mental health treatment available to
patients at these clinics
However, the department and AHS still need to deal with shortcomings in Alberta’s mental health and
addictions service delivery system. The formation of AHS as a single entity delivering health care in
Alberta offered significant opportunities to integrate mental health service delivery across the entire
continuum of care. These opportunities were largely missed. In our 2011 progress report we noted that
the department and AHS planned to implement our recommendations from 2008, and were starting to
take action in key areas. 3 In 2014 we found that the momentum from 2011 was either lost or had failed
to bring about significant change in the delivery of health care. Several key initiatives were discontinued
or changed direction.
Progress on implementing the addictions and mental health strategy
Since our last progress report, the action plan 4 to implement the addiction and mental health strategy
has not been followed. The department needs to identify, monitor and report on specific tasks, targets,
timelines and deliverables to ensure measurable progress is being made to implement the strategy.
There has been no meaningful reporting on, or evaluation of, implementation progress. Although the
department and AHS have improved coordination and are working on a number of activities intended to
move the strategy forward, we were unable to determine whether, and when, these projects will achieve
the improvements to mental health and addictions service delivery envisioned by the strategy.

3
4

Report of the Auditor General of Alberta—November 2011, pages 27-32.
Creating Connections: Alberta’s Addiction and Mental Health Action Plan 2011–2016
http://www.albertaaddictionserviceproviders.org/ccactionplan2011.pdf

REPORT OF THE AUDITOR GENERAL OF ALBERTA ǀ JULY 2015

54

1313
SYSTEMS AUDITING—FOLLOW-UP ǀ HEALTH & AHS—DELIVERY OF MENTAL HEALTH SERVICES

Integration of provincial addiction and mental health service delivery
Overall, delivery of frontline addiction and mental health services remains unintegrated and there are
gaps in service.
Between the various publicly funded providers of mental health and addictions services there is no
integrated case management system. An integrated system would provide Albertans who have severe
and persistent mental illness with a comprehensive care plan that follows them through the healthcare
system, and a care team responsible to help keep them on an optimal care path. AHS indicated the main
reason for this is that it does not have control over all key elements of the public healthcare system and
lacks clear authority to deploy a provincial integrated case management mechanism.
We found that:
• AHS does not have an operational model for integrated case management for its community and
hospital mental health and addictions services that clearly defines:
- who prepares the integrated care plan and where
- how the care teams are to be organized and managed
- who is responsible to help patients stay on an optimal care path
- how patient outcomes are to be evaluated
• Emergency departments in many rural hospitals have limited access to support from mental health
and addiction services. Emergency room staff at both rural and urban hospitals do not have access
to patient information in AHS community addiction and mental health information systems.
• The 4,000 family physicians in the province and AHS’s 1,800 community mental health and
addictions staff do not have an effective means of sharing patient records and they develop different
treatment plans for the same patient, in isolation from one another.
• Staff compliance with case management expectations at AHS community clinics remains a problem
in some areas.
• AHS needs to improve its process to formally identify and evaluate potential good practices in
operational service delivery and deploy the best ones across the province.
Clinical information management in mental health and addictions
AHS uses incompatible and outdated systems it inherited from the former health regions for its inpatient
and community mental health and addictions services. This does not support sharing of information and
integration of frontline service delivery; many hospitals and community care providers are unable to
exchange clinical information from health records electronically.
Most caregivers continue to use cumbersome paper-based methods, when records are exchanged at
all. AHS has not created specialized mental health and addictions health information management
systems because it continues to develop a unified province-wide health information management
solution to serve all clinical areas. This unified clinical information system may take five to ten more years
to materialize, at an estimated cost of $1 billion; $1.5 billion if physician offices are included. In the
interim AHS does not have a plan to identify opportunities to integrate care through better use of clinical
data in the existing mental health and addictions information systems.
AHS does not have an efficient system to collect, enter and process individual patient assessment data.
Clinicians use a treatment outcome measurement tool to gather this data in a variety of clinical
programs. The current system is cumbersome and does not ensure compliance with the measurement
tool’s requirements.
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Community housing supports for people with mental illness
The importance of community housing support services to treat chronic mental illness may not be
immediately obvious. A shortfall in such services has led to hundreds of people with mental illness
occupying expensive acute care hospital beds for thousands of days longer than necessary every year,
as they are forced to wait to find a suitable placement in the community. Treatment in the community
may also be less effective if safe and stable housing is not available.
Delivery of community support services does not require AHS to deliver affordable housing. What is
required is a stronger effort to support people where they live and an organized approach to
placements. Some in-home support services are as simple as weekly visits to help with basic activities
of daily life. Appendix C notes progress underway related to housing.
AHS does not have a formal coordinating mechanism to connect its community and hospital patients
with the appropriate housing supports available in the 550 mental health community spaces it funds
directly, and about 1,850 spaces independently provided by various community agencies. AHS does not
have a formal instrument to assess the community housing support needs of these patients. In most
parts of the province AHS does not maintain waitlists. Finding a community placement for a patient is
largely based on persistence and the advocacy skills of their family and care providers.
AHS continues to prepare an assessment of gaps between supply and demand for mental health and
addictions housing supports, which it hopes to finish in 2015. However, it is not clear who will fill any
identified gaps. AHS indicated it has no process at the corporate level to develop and manage housing
and support services because it has no clear responsibility or mandate to do so. Because other
government organizations have a mandate over various aspects of community housing, AHS believes it
does not have the authority to lead or direct work to ensure a sufficient supply of mental health and
addictions placement options in the community.

What we found
Treatment of mental illness in Alberta shows some movement in the direction of patient-centred care. In
many cases these incremental improvements are driven by local Alberta Health Services staff and
community service providers. However, the current framework of healthcare delivery does not support a
coordinated, province-wide approach to providing patient-centred care.

What needs to be done
With this follow-up audit, we replace 11 recommendations (see Appendix A) to the department and AHS
with one new recommendation to the Department of Health and three to AHS. The department needs to
provide the leadership and resources for fulfilling its goal of providing patient-centred care for Albertans
who have mental illness or addictions. To provide patient-centred care, AHS needs to better integrate its
services and eliminate gaps in the services it provides to individual patients.
Under patient-centred care, patients with severe and persistent mental health and addictions problems
would benefit from:
• a single, comprehensive care plan
• a single health record, available to healthcare providers at the point of care
• teamwork among providers of different services to guide the patient along a single, clear, optimum
care path
• active contributions by patients and their families to the care plan and the health record
• community housing support services that are an integral part of treatment
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Our recommendations
We make one recommendation to the Department of Health and three to Alberta Health Services:
Recommendation: Use action plan and progress reporting to implement strategy
We recommend that the Department of Health:
• use an action plan to implement the strategy for mental health and addictions
• monitor and regularly report on implementation progress
Recommendation: Integrate mental health service delivery and eliminate gaps in service
We recommend that Alberta Health Services for its own community and hospital mental health and
addictions services:
• work with physicians and other non-AHS providers to advance integrated care planning and use of
interdisciplinary care teams where appropriate for clients with severe and persistent mental illness
who need a comprehensive level of care
• improve availability of mental health resources at hospital emergency departments
• improve its system to monitor and ensure community mental health clinics comply with AHS’s
expectations for treatment planning and case management
• improve its process to identify and evaluate good operational practices used by local mental health
and addictions staff and deploy the best ones across the province
Recommendation: Improve information management in mental health and addictions
We recommend that Alberta Health Services make the best use of its current mental health and
addictions information systems by:
• providing authorized healthcare workers within all AHS sites access to AHS mental health and
addictions clinical information systems
• strengthening information management support for its mental health treatment outcomes
measurement tools
Recommendation: Complete assessment and develop waitlist system for Albertans who need
community housing supports
We recommend that Alberta Health Services in supporting the work of the cross-ministry housing
planning team established under the mandate of the Minister of Seniors:
• complete its assessment and report on gaps between supply and demand for specialized
community housing support services for mental health and addictions in the province
• develop a waitlist management system to formally assess the housing support needs of AHS’s
mental health hospital and community patients and coordinate their placement into specialized
community spaces funded by AHS

Why this is important to Albertans
Mental illness and addiction take a significant toll on the health of Albertans, and on the cost of providing
health care. They also have a significant direct and indirect societal impact.
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AUDIT OBJECTIVES AND SCOPE
We changed our approach in this follow-up audit, as a result of the work we did on the September 2014
Chronic Disease Management systems audit. 5 Our 2014 CDM audit report focused on the Department of
Health and AHS’s system-wide approach for managing all chronic diseases and conditions, which
include serious mental illness and addictions.
Our overarching objective was to determine whether the department and AHS have achieved
fundamental change and improvement in key areas identified in our 2008 reports. We frame our findings
in the context of the chronic disease treatment model.
In performing this audit of mental health services we:
• reviewed relevant documentation from the department and AHS and interviewed management at
both entities
• visited hospitals and community mental health and addiction clinics in the five AHS geographic
zones and interviewed management and staff at these locations
• examined a sample of files at each location for adult patients and clients admitted or discharged
between January 2013 and February 2014
The original audit and this follow-up focused on publicly funded inpatient and community-based mental
health services for adults (those aged 16 to 64). We did not look at mental health services for children,
seniors or forensics.
We carried out our work between January 2014 and March 2015. We substantially completed our audit
on April 29, 2015. Our audit was conducted in accordance with the Auditor General Act and the
standards for assurance engagements set by the Chartered Professional Accountants of Canada.

BACKGROUND
In 2008 we performed an audit of systems used to deliver mental health services in Alberta. We reported
our audit findings and recommendations in two phases. Phase one, reported in April 2008, examined
whether the then Alberta Mental Health Board 6 and the Department of Health had adequate systems to
monitor and report on the implementation progress of the priorities set out in the 2004 Provincial Mental
Health Plan for Alberta. 7
The second phase, reported in October 2008, examined the then regional health authorities’ 8 mental
health operations and service delivery across the province, focusing on inpatient and community-based
mental health services for adults. 9

5
6
7
8
9

Report of the Auditor General of Alberta—September 2014.
In April 2009 this entity and its role in the area of mental health became part of the newly formed Alberta Health Services (AHS).
Report of the Auditor General of Alberta—April 2008, pages 63-93.
In April 2009 the nine geographically based health regions were replaced by AHS.
Report of the Auditor General of Alberta—October 2008, pages 151-205.
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Mental illness and addiction in Alberta
One in five Albertans (about 20 per cent of the population) will suffer a mental disorder in their lives. 10
Suicide, for example, is a primary cause of death among some age groups and populations. Nationally,
seven times more Canadians died by suicide than assault in 2011 (3,726 and 521, respectively). 11 Each
year suicide accounts for about 500 deaths in Alberta, 12 which is roughly 50 per cent more than the
number of traffic fatalities. 13 About 90 per cent of people who end their own life suffer from a mental
illness. 14 Each year, there are over 6,000 emergency room visits and over 2,000 hospitalizations due to
intentional self-inflicted injuries. 15
The results from a 2012 Statistics Canada mental health prevalence survey 16 show 10.9 per cent
(325,124 people) of responding Albertans aged 15 and older reported having symptoms consistent with
a least one of six mental or substance abuse disorders 17 in the previous 12 months. The economic
burden of mental health problems is one of the costliest in Canada, estimated at $14.4 billion. 18
The department and AHS’s Creating Connections: Alberta’s Addictions and Mental Health Strategy
makes a compelling case for change. 19
“Everyone is affected by mental illness. One in five people experience a mental
illness in their lifetime, and the remaining four have a friend, family member or
colleague who has been or will be affected (Health Canada 2002). Everyone is
similarly affected by substance abuse: as many as 10 per cent of people over age
15 may be dependent on alcohol or drugs (Centre for Addiction and Mental Health:
Mental Health and Addiction Statistics 2010), and some are experiencing both
mental disorders and substance abuse problems (Rush et al., 2008).
The consequences of addiction, mental health problems and mental illness reach
well beyond individuals. When prevention programs are unavailable, or when
affected individuals are not able to access treatment and assistance, people’s
functioning is impacted in all areas – work productivity, family stability, health and
quality of life. This, in turn, impacts the well-being of the entire population.

10
11

12
13
14
15
16

17

18
19

http://www.health.alberta.ca/documents/GAP-MAP-Report-2014.pdf, page 18.
Statistics Canada: http://cansim2.statcan.gc.ca/cgiwin/cnsmcgi.exe?Lang=E&ArrayId=V892&ResultTemplate=NoMenus&RootDir=CII/&Interactive=1&OutFmt=HTML2D&Array_Re
tr=1&Dim=-&C2Sub=HEALTH&accessible=1
Centre for Suicide Prevention: https://suicideinfo.ca/Library/AboutSuicide/Statistics.aspx
Alberta Traffic Collision Statistics 2012: http://www.transportation.alberta.ca/Content/docType47/Production/AR2012.pdf
Canadian Mental Health Association: http://alberta.cmha.ca/mental_health/statistics/
http://www.albertahealthservices.ca/2774.asp
http://www5.statcan.gc.ca/cansim/a26?lang=eng&retrLang=eng&id=1051101&paSer=&pattern=&stByVal=
1&p1=1&p2=31&tabMode=dataTable&csid
The six disorders measured by the survey were major depressive episode, bipolar disorder, generalized anxiety disorder, and
abuse of or dependence of alcohol, cannabis or other drugs.
http://alberta.cmha.ca/mental_health/statistics/
Creating Connections: Alberta’s Addictions and Mental Health Strategy, pages 4-5.
http://www.health.alberta.ca/documents/Creating-Connections-2011-Strategy.pdf
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The economic burden of addiction, mental health problems and mental illness is
staggering. For example:
• The World Health Organization estimates that 40 per cent of all the days ‘lived
with disability’ throughout the world are because of mental health or alcohol
problems (World Health Organization 2001).
• The World Health Organization estimates that by 2020 the burden to individuals
and society caused by mental illness will outstrip that of all physical disorders
except for coronary heart disease (World Health Organization 2004).
• Every day, 500,000 Canadians are absent from work due to mental illness
(Institute of Health Economics 2008).
• Twenty per cent of Canadian seniors currently have some form of mental
illness. It is expected that the prevalence of dementia in Canada and Alberta
will double between 2008 and 2038. In Alberta, this means almost 102,000
Albertans (2.2 per cent of the total population) would have some form of
dementia by 2038, compared to 40,000 Albertans (1.1 per cent of the total
population) in 2008. With the population of seniors expected to increase
significantly in Alberta, their mental health issues will continue to require
appropriate programs and services.
• Alcohol abuse costs Albertans $855 million in lost productivity, $407 million for
direct healthcare services, and $275 million for law enforcement annually (AHS
2006; AADAC and AGLC 2007).
• Alcohol-attributed illness accounts for approximately 1.6 million hospital days,
representing $1.5 billion in direct costs to the health system, and $3.3 billion in
indirect costs to the Canadian economy annually (CCSA 2010).
While the economic burden of mental illness constitutes more than 15 per cent of
the burden of disease in Canada, these illnesses only receive 5.5 to 7.3 per cent of
healthcare dollars (Institute of Health Economics 2008).”

Structural changes in the healthcare system since 2008
Since the original reporting of our recommendations, the healthcare system has been significantly
restructured. The Alberta Mental Health Board, Alberta Alcohol and Drug Abuse Commission and the
nine geographically based health regions were replaced with Alberta Health Services in 2009. This
fundamentally changed the management structure and accountability for addiction and mental health
service delivery in Alberta.
In September 2011 the department released Creating Connections: Alberta’s Addiction and Mental
Health Strategy. The 2011 strategy replaced the 2004 Provincial Mental Health Plan we reported on in
April 2008. The objectives of the 2011 strategy are to “transform the addiction and mental health system
in Alberta” with an ultimate goal “to reduce the prevalence of addiction, mental health problems and
mental illness in Alberta through health promotion and prevention activities and to provide quality
assessment, treatment and support services to Albertans when they need them.” 20

20

http://www.health.alberta.ca/documents/Creating-Connections-2011-Strategy.pdf, page 3.
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Overview of Alberta’s current publicly funded mental health and addictions services
Most of the mental health and addictions services in Alberta are provided by AHS and physicians, at an
annual cost of about $700 million and $121 million, respectively.
Hospitals
• Emergency departments: emergency departments are a key point of entry into the healthcare system
for Albertans with mental illness and addictions. There are 98 emergency departments in the
province, 89 of which are accessible 24 hours a day. About 59,000 individuals diagnosed with a
primary mental disorder accounted for 89,700 emergency department visits (4.2 per cent of all
emergency department visits) across Alberta in the fiscal year 2012–2013.
• Inpatient psychiatric units: There are 16 hospitals with 672 acute care psychiatric beds in Alberta. 21
An additional 805 beds are associated with programs at Alberta Hospital Edmonton, Centennial
Centre (Ponoka), the Claresholm Care Centre and the Southern Alberta Forensic Psychiatric Centre. 22
Across these facilities, 16,430 individuals had a total of 22,085 inpatient stays 23 for a total of
616,750 inpatient days in fiscal year 2012–2013. The average length of stay for mental health and
addictions patients was about 28 days, which is 4.5 times longer than for patients without a mental
health diagnosis. The average cost per day at a hospital is estimated at $1,500.
• Outpatient supports: Discharged patients come to the hospital to get continuing support, either
individual therapy or group counseling.
AHS community clinics
There are 132 community mental health and addictions clinics in Alberta staffed with approximately
1,200 full-time equivalent (FTE) therapists and counsellors, including 39 clinics where mental health
therapists and addictions counselors are co-located.
AHS’s mental health and addictions clinics are located in communities throughout Alberta. These clinics
offer assessment, treatment and a variety of programs, including:
• individual therapy ranging from several sessions for short-term situational problems to long-term
ongoing support for those with chronic and complex needs
• group therapy and activities
• walk-in crisis management (typically a single session)
Each year, there are about 1,000,000 patient visits to all of AHS’s community mental health and
addictions services. We were not able to obtain detailed service utilization data for mental health clinics.

21

22

23

Based on number of beds reported in the AHS Beds Staffed and in Operation Survey completed on September 30, 2014. We
have excluded 12 acute care psychiatric beds at the Alberta Children’s Hospital from this total.
This does not include 150 standalone psychiatric beds at Villa Caritas, an acute mental health facility focusing on the care of
seniors with complex mental health illness.
This is for patients with a primary diagnosis of mental disorder upon admission who were discharged from hospital during the
2012–2013 fiscal year. Costs are based on average inpatient rates for Alberta.
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Outreach and emergency mobile support
Typically based out of community clinics, these mental health and community living support services
can be taken to the client rather than having the client come to the service. Services offered can include:
• street outreach for the homeless
• mobile crisis response teams that go to peoples’ homes 24
• assertive community treatment (ACT) for high needs, long-term clients who require ongoing and
intense support to be able to remain in the community
• Independent Living Support (ILS) for lower need clients who require help with day to day tasks such
as appointments, shopping or home maintenance
AHS has approximately 600 FTE staff positions providing these services throughout Alberta. We were
not able to obtain detailed service utilization data for community outreach and emergency mobile
services.
Community primary care
General practitioners are often the first point of contact and treatment for many mental health patients.
Specialist practitioners, mainly psychiatrists, are also important providers of mental health services in the
community and in hospitals.
• 573,500 individuals presenting with a mental illness or disorder accounted for 1,867,000 visits to
3,800 family physicians in fiscal 2012–2013
• 162,100 individuals had a total of 1,782,000 visits to 2,200 specialists
Community housing support services
Many people with mental illness and addictions live and receive treatment in the community. Many can
live a successful life if they receive the right level of support in their own home. Others may need a safe
and appropriate placement with the regular presence of healthcare providers. Generally, it is better for
the patient and much more cost effective for the healthcare system, to help patients succeed in the
community and avoid hospitalization.
Not-for-profit organizations own and operate community housing, including about 2,400 spaces for
people with mental illness and addictions, with varying levels of on-site support. AHS currently funds
about 550 of these mental health spaces throughout the province. AHS also funds 452 community beds
specifically for patients with addictions.
AHS also provides in-home community supports to mental health and addictions patients through
outreach and emergency mobile support services. These supports help patients stay in their own home
and successfully continue their treatment in the community by providing assistance with often basic
activities of daily living or get them care in the appropriate setting if they are observed to be going into
crisis.

24

This can include Police and Crisis Teams (PACT), which pairs a police officer with a mental health worker. There are PACT
teams in place in a number of regions including Edmonton, Calgary, Grande Prairie and Red Deer. For more information see
http://justice.alberta.ca/programs_services/safe/Pages/PACT.aspx.

REPORT OF THE AUDITOR GENERAL OF ALBERTA ǀ JULY 2015

62

1321
SYSTEMS AUDITING—FOLLOW-UP ǀ HEALTH & AHS—DELIVERY OF MENTAL HEALTH SERVICES

FINDINGS AND RECOMMENDATIONS
Progress on implementing the addictions and mental health strategy
Background
The 2004 Provincial Mental Health Plan aimed to improve mental health delivery across Alberta through
integration of mental health services across the continuum of care. The goal was to incorporate services
into the broader healthcare system and fill gaps in service delivery.
The department and AHS replaced the 2004 plan in 2011 with Creating Connections: Alberta’s Addiction
and Mental Health Strategy. 25 Unlike the 2004 plan, this strategy included an accompanying detailed
five-year action plan. The 2011 strategy reflects structural changes introduced with the formation of
AHS, but otherwise endorses the same concepts in mental health service delivery as the 2004 plan. With
development led by the department and AHS, the strategy included the active collaboration of other
government ministries and various community stakeholders and not-for-profit organizations. The
strategy identifies five strategic directions, 26 each having its own priorities, expected key results and
initiatives (or actions) to achieve these priorities.
In 2008 we concluded that systems intended to implement the plan were not well designed. We
identified the following weaknesses:
• There was no system to establish what entity or group had the overall authority and responsibility to:
- assign specific parties to work on the priorities
- monitor work on individual priorities and take required remedial action
- regularly and publicly report on implementation progress
• Because the plan resulted from a collaborative effort by many organizations, it was not clear who was
accountable for its implementation or reporting on its progress.
RECOMMENDATION 6: USE ACTION PLAN AND PROGRESS REPORTING TO IMPLEMENT STRATEGY

We recommend that the Department of Health:
• use an action plan to implement the strategy for mental health and addictions
• monitor and regularly report on implementation progress
Criteria: the standards for our audit
• Responsibility for each priority should be clearly assigned.
• An implementation plan and/or process should be created for each priority.
• Progress in implementing the strategy should be monitored and
periodically reported.

25

26

Creating Connections: Alberta’s Addiction and Mental Health Strategy, September 2011 http://www.health.alberta.ca/documents/Creating-Connections-2011-Strategy.pdf
The five strategic directions are:
1. Build health and resilient communities
2. Foster the development of healthy children, youth and families (including seniors)
3. Enhance community-based services, capacity and supports
4. Address complex needs
5. Enhance assurance

REPORT OF THE AUDITOR GENERAL OF ALBERTA ǀ JULY 2015

63

1322
SYSTEMS AUDITING—FOLLOW-UP ǀ HEALTH & AHS—DELIVERY OF MENTAL HEALTH SERVICES

Our audit findings
KEY FINDINGS

• The 2011 Addiction and Mental Health Strategy, like the 2004 Provincial Mental Health Plan before
it, identifies all the right things that need to be done. There is no need to drastically redesign the
strategy. There is a need to deliver on the solid goals already set by following an existing action
plan to make these concepts a reality.
• The department has not followed its detailed five-year action plan. This plan identifies
implementation timelines for each priority initiative, entities primarily responsible for implementation
and potential performance measures. We were not able to determine the progress made by the
department and AHS in implementing their strategy.
• The department has not done detailed analysis or reporting of progress in implementing the 2011
strategy. Without this it is not possible to determine if, and how, the work done to date on the
strategy has resulted in significant and meaningful change in how mental health and addictions
patients are cared for.
Action plan not followed
The department’s addiction and mental health strategy sets solid high-level strategic directions and
goals. Like the 2004 plan, the 2011 strategy emphasizes integrated service delivery across the
continuum of care, patient and family centred care, comprehensive care planning, interdisciplinary
teams, community-based services and housing supports, outcomes measurement and accountability.
The 2011 strategy stated specific desired outcomes and outlined specific initiatives to achieve those
outcomes. It contained priority initiatives to, among other things:
• implement a chronic disease management approach to addictions and mental health
• establish an integrated case management approach to delivering client-centred housing, and
addiction and mental health services
• leverage technology for better information sharing
• improve access to addiction and mental health services in primary care
• increase the capacity of rural communities to provide addiction and mental health services
• establish a clear framework for supportive housing, treatment and care options, provider roles and
funding accountabilities
• identify major housing and service gaps across the age span and level of need, and develop
initiatives to target these areas
However, the strategy itself contains no timelines, no endpoint when it should be fully implemented, or
any milestone review dates for making adjustments. The accompanying detailed five-year action plan
identified potential quantitative performance measures for each of the strategy’s priorities, established
implementation timelines and identified entities responsible. Of the 77 strategy initiatives across the five
strategic directions, 50 were shown as the primary responsibility of AHS and/or the department; the
remainder required coordinated action with other government ministries or non-government
organizations. The action plan also stipulates that implementation timelines would be reviewed and
updated annually, and that the plan would be evaluated in its last year (2015–2016).
We found no evidence that the action plan has been followed nor were we able to determine the
progress made by the department and AHS in implementing their strategy. According to the action
plan’s timeline, many of these priority initiatives were supposed to be completed by now.
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Implementation progress is not measured and not reported
Although numerous projects are ongoing, and some completed, there has been no analysis done to
assess if, and how, these projects have produced the desired result: patient centred coordinated service
delivery across the continuum of care. We were not able to determine whether and when these activities
will achieve the improvements to mental health and addiction services envisioned in the strategy.
In April 2015 the department released its only interim report on implementing the 2011 strategy. 27 We do
not view this document as an example of adequate assessment and reporting of implementation
progress. It offers no detail on what was completed and what measurable impact it had at the front line,
what remains to be done, by whom and by when.
The 2015 report provides a high level view only and contains no analysis or detailed information to
demonstrate how any of the projects associated with the strategy have improved the mental health
delivery system. Progress and final reports for some individual projects have been completed separately.
Most of these have not been made public. Reporting needs to be regular, complete and public, and
needs to show the operational impact of the Addictions and Mental Health Strategy on the frontline of
healthcare delivery and on the patients’ health outcomes.
Improvements noted
In contrast to the 2004 plan, a governance framework is in place to facilitate implementation of the
2011 strategy, with each level having specific terms of reference, roles and responsibilities. See
Appendix D for a description of this governance structure. This framework puts in place a process for an
Executive Steering Committee, with input from an Advisory Committee to identify and rank projects for
the coming year. There is also an established process for the execution of each project.
Documents we reviewed showed 25 projects across the five strategic directions of the strategy were
initiated in 2012–2013, with work on 21 of these continuing into 2013–2014 along with six new projects
started that year. However, despite these improvements, what is lacking is a process for the steering
committee to evaluate if, and how, these individual projects collectively will improve the delivery of
mental health and addictions services and meet the goals and objectives set out under the strategy.
A Secretariat maintains an internal Implementation Summary Dashboard which tracks the progress of all
current strategy initiative projects and provides a synopsis of expected deliverables, a summary of work
completed and what needs to be done for each of these. Updated dashboard reports are provided
quarterly to the steering committee for discussion at its meetings. The most recent dashboard report we
reviewed 28 shows 30 active projects across the five strategic directions, with seven of these shown as
being complete. However, these dashboard reports are not a replacement for the action plan, because
of their limited scope. They only focus on the execution of current projects and do not provide an overall
implementation framework for the strategy as a whole or the level of performance measurement as set
out in the action plan.
Implications and risks if recommendation not implemented
Without following a clear and measurable path toward integrated healthcare services, there is a risk that
the department and AHS will expend their efforts on incremental changes and basic maintenance of the
existing system without making the needed comprehensive and significant changes which have been
identified.

27
28

http://www.health.alberta.ca/documents/Mental-Health-Creating-Connections-Report-2015.pdf
For the September 2014 to August 2015 reporting period.
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Without an effective means to measure and analyze the results from projects associated with strategy
implementation, it is difficult to determine if, and how, these efforts are actually integrating the current
disjointed model of mental health and addictions care and service delivery. Regular detailed public
reporting is required for transparency and accountability, and is necessary to demonstrate to Albertans
what actual results are being achieved from strategy implementation and how these are improving
delivery of mental health and addiction services to the public.

Integration of provincial addiction and mental health service delivery
Background
The fundamental premise of integration is that by acting as one team, healthcare providers can achieve
more for their patients than by acting in isolation. An integrated system ensures that providers in various
settings and at various levels of care:
• work together to plan and deliver care to each patient
• use and contribute to a single health record
• guide each patient along an optimal care path through the healthcare system
• provide for clear accountability for care outcomes
Not all Albertans who suffer from mental health or addictions problems require complex ongoing care.
Some patients present with episodic conditions that, with prompt and proper treatment, can be resolved
without the need for ongoing intervention. On the other hand, there are patients whose mental health
and addictions problems are severe and persistent and follow a pattern similar to that of chronic
disease. Such chronically mentally ill patients benefit from an integrated approach to treatment,
complete with a single comprehensive care plan, multidisciplinary care team, and a robust case
management process.
No healthcare professional group alone can meet the care needs of patients suffering from serious
mental illness or addiction. Physicians are experts in treating medical conditions and managing
medications. Non-medical interventions are the expertise of psychologists, addictions counsellors,
social workers and registered psychiatric nurses. Patients receive the best care when all these
professionals operate as one team and follow a single care plan.
These concepts are not new. The 2004 Provincial Mental Health Plan aimed to improve mental health
delivery across Alberta through integration of mental health services across the continuum of care. The
goal was to incorporate services into the broader healthcare system, and fill existing gaps in service
delivery.
Community Treatment Orders were introduced in 2010 by an amendment to the Mental Health Act, for
individuals with mental illness meeting the requirements outlined in legislation. 29 Application of a CTO is
appropriate only for some patients, and can be one of the tools for supporting comprehensive case
management across the continuum of care. 30 CTOs are for individuals with serious and persistent mental
illness who have shown that without community treatment and support they may end up in a recurring
cycle of formal hospitalization, deterioration after discharge and subsequent readmission to hospital.
AHS’s various mobile community mental health teams deal with these individuals to ensure they comply
with their orders. The makeup of these teams vary by zone but typically involve both mental health
29
30

Mental Health Act, (RSA 2000 cH M-13), s. 9.1(1).
A Community Treatment Order is not court ordered; rather it is a treatment and care plan tailored to an individual’s specific
needs and is intended to help them comply with treatment in a community setting rather than a mental health facility. For more
information on Community Treatment Orders see http://www.health.alberta.ca/newsroom/community-treatment-ordersMHA.html.
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therapists and independent living support type workers. AHS currently monitors about 579 individuals on
CTOs across the province. 31
In 2008 we found that the system was not integrated and there was no clear corporate direction or
concrete action plan to achieve integration of mental health and addiction services along the continuum
of care. The 2004 plan outlined all the right high level goals and objectives, but there was no action plan
to make them a reality. Community mental health clinics, substance abuse programs, family physicians,
hospital emergency departments and inpatient programs worked in operational silos. Patients and their
families were often left to navigate through the system without a clear care path and without anyone
clearly in charge of coordinating their care. A patient could have multiple care plans created by various
providers across the system, all working in isolation from one another. Without a mechanism to
coordinate transition from one provider to another, patients were at a risk of “falling through the cracks.”
The 2011 addiction and mental health strategy recognizes that people with complex mental health and
addiction problems often require specialized services from a variety of service sectors and
stakeholders. 32 A priority of this strategic direction is to ensure people with complex service needs can
access a full range of appropriate addiction and mental health services and supports. This includes an
integrated system case management model where the individual’s various services providers work
together to meet the patient’s needs.
In 2008 we also identified that service delivery expectations for public community mental health services
were not standardized and not consistently followed by community mental health services staff. In most
community mental health clinics the initial triage of new clients was done by qualified and experienced
mental health professionals, but at some clinics this critical task was performed by administrative staff.
Case management procedures around treatment planning, case conferencing, file closure, and postdischarge follow up differed across the province. Our review of treatment files showed the existing
procedures were not always followed by community mental health clinic staff.
RECOMMENDATION 7: INTEGRATE MENTAL HEALTH SERVICE DELIVERY AND
ELIMINATE GAPS IN SERVICE

We recommend that Alberta Health Services for its own community and hospital mental health and
addictions services:
• work with physicians and other non-AHS providers to advance integrated care planning and use of
interdisciplinary care teams where appropriate for clients with severe and persistent mental illness
who need a comprehensive level of care
• improve availability of mental health resources at hospital emergency departments
• improve its system to monitor and ensure community mental health clinics comply with AHS’s
expectations for treatment planning and case management
• improve its process to identify and evaluate good operational practices used by local mental health
and addictions staff, and deploy the best ones across the province

31
32

Numbers provided by AHS; active CTOs as of March 31, 2014.
Creating Connections: Alberta’s Addiction and Mental Health Strategy, Strategic Direction 4.0 Address Complex Needs,
page 27.
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Criteria: the standards for our audit
AHS should have systems to:
• promote continuity and coordination of care on discharge, using a chronic disease management
approach to addictions and mental health
• triage and intake mental health clients at points of access into the system
• provide mental health crisis intervention
• treat mental health clients in the community
• plan inpatient discharge to facilitate successful transition
• prepare hospital emergency rooms for mental health cases
Our audit findings
KEY FINDINGS

• Between the various publicly funded providers of mental health and addictions services, there is no
integrated case management system for Albertans who are chronically mentally ill. AHS indicated
that it does not have control over all key elements of the publicly funded healthcare system and
lacks clear authority to deploy a provincial integrated case management mechanism. This may be a
serious obstacle to improving the mental health system in Alberta and must be resolved. Broader
provincial coordination around community housing was outside the scope of this follow-up audit.
• For its community and hospital mental health and addictions programs, AHS does not have an
operational model for integrated case management. This model would clearly define:
- which patients need an integrated care plan
- who prepares the plan and where
- how the care teams are to be organized and managed
- who is responsible to help patients stay on an optimal care path
- how patient outcomes are to be evaluated
• AHS has piloted promising innovative approaches in a number of communities to identify and
provide focused coordinated treatment to small groups of patients with high care needs who
consume significant AHS resources. These small scale projects have shown promising results but
are very resource intensive. It isn’t clear how they can be expanded under the current operating
model.
• Critical gaps in service:
- Emergency departments do not have access to patient information in the community mental
health information systems, and many rural emergency departments do not have access to
adequate mental health support at the point of care.
- Family physicians and AHS do not have access to each other’s health information systems and
separately develop and implement their own treatment plans for the same patient. We are not
making a recommendation to deal with this finding at this time. We intend to include this finding
in subsequent audit work dealing with healthcare integration.
• Compliance with patient case management expectations at AHS community mental health clinics
remains a problem in some areas.
• We observed a number of improvements and good frontline operational practices at individual
service locations across the province. Some of these good practices we already noted in 2008.
AHS needs to improve its process to identify and evaluate local good practices and deploy the
best ones across the province.
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Integration of addictions and mental health service delivery
AHS does not have an operational model for integrated case management for its community and
hospital mental health and addictions programs. This model would clearly define:
• which patients need an integrated care plan
• who prepares the care plan and where
• how care teams are to be organized and managed
• who is responsible to help patients stay on an optimal care path
• how patient outcomes are to be evaluated
In a number of communities, AHS staff have piloted very promising innovative approaches to identify
and provide focused coordinated treatment to small groups of patients with highest care needs and
highest use of AHS resources. This is a step in the right direction, but it isn’t clear how these can be
expanded under the current operating model. The overall model of frontline delivery of addiction and
mental health services in Alberta hasn’t changed significantly, remains unintegrated and does not
support seamless transition and integrated case management between different parts of the healthcare
system.
AHS made incremental improvements in a number of areas and increased its involvement on the boards
of primary care networks. However, these changes have not resulted in a significant shift towards
integration of care between hospital, community and primary care service providers for individual
Albertans suffering from chronic mental illness and addictions.
AHS and other stakeholders recognize the benefits of integrating care and helping mental health and
addictions patients navigate through the system. However, there is currently no process in place to do
this. No one we talked to felt this could be accomplished under Alberta’s current framework of publicly
funded healthcare delivery.
The diagram on the following page shows the current level of integration of publicly funded mental
health service delivery in the province. 33

33

This diagram is intended to provide a basic overview and does not depict every provider of services in the province, which
includes various medical specialists, government ministries and not-for-profit organizations.
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Overall, there is very little joint care planning and service delivery among various healthcare providers.
Individual care providers and programs continue to treat patients in isolation, often not knowing what
services the patient is receiving from someone else. As a result, patients may end up with multiple care
plans that are not connected. Care providers’ access to each other’s patient health records remains very
limited across the public system; access is limited even between treatment programs that are part of
AHS.
One notable improvement made by AHS was the consolidation of community mental health services
with addictions services under the same management structure in 2009. 34 Although joint treatment
planning and care delivery are not yet the norm across the province, we noted improvements in this
area, particularly at locations where mental health therapists and addictions counsellors work in the
same building or office.

34

Before AHS was formed in 2009, community mental health services were provided by regional health authorities separately
from addictions treatment services, which were provided by AADAC. Before 2009 there was no coordination of care between
mental health and addiction service providers both at the management level and frontline treatment.
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Critical gaps in service
While all the gaps identified in the diagram above are important, three areas are of particular
significance.

Lack of mental health and addiction support in hospital emergency departments
In many communities, particularly in rural Alberta, hospital emergency departments have limited access
to and support from mental health and addiction services. Emergency department staff at both rural and
urban hospitals do not have access to patient information in community addiction and mental health
information systems. Access to this information would help them evaluate and treat patients presenting
with mental illness or addictions.
Emergency departments are one of the two main entry points into the healthcare system. It is the
primary entry point for people in distress, including those with addiction and mental health problems.
Our analysis of emergency department data shows that multiple emergency visits are a common trend
among some patients with mental health and addiction problems. We identified a list of over 59,000
patients who visited emergency at least 89,700 times (4.2 per cent of all emergency department visits) in
2012–2013, for which a diagnosis was a mental disorder. 35 Of these individuals, over 13,800 patients
visited an ER more than once, of whom more than 400 visited 10 times or more. The highest number of
visits by one individual was 98. Over 11,400 visits were revisits for a mental disorder within 10 days of a
previous visit to the emergency department. The number of mental health emergency department visits
has been increasing at the rate of about 5 per cent per year over the past five years. 36
Many people with mental illness who present at emergency departments do not have an acute care
condition that warrants hospitalization. It is in the best interest of such patients to avoid hospitalization.
This can be done safely for the patient through close coordination of care between emergency
departments and community mental health and addiction service providers. Point of care support and
access to mental health and addictions health records are vital.
Most emergency departments in larger urban centres have a mental health worker on site or on call
seven days a week. Please see Appendix C for some examples we saw at hospitals we visited. In
contrast, rural emergency departments may receive some on call support from therapists at the local
community mental health clinic when it is open (usually weekdays from 8 a.m. to 4:30 p.m.). At all other
times rural emergency department staff often have little or no access to mental health support. Medical
staff at several rural emergency department sites we visited expressed frustration at this lack of access
to adequate or dedicated mental health support, especially on weekends or early morning hours.
Emergency department staff at both urban and rural hospitals have no access to community mental
health and addictions information systems. They cannot check whether a patient before them has a
diagnosed mental illness, is a known suicide risk, has a history of violence, has a treatment plan, or
whether there is a list of community caregivers to be contacted in an emergency. In other words, at this
critical point, the healthcare system proceeds as if it doesn’t know the patient.
Without access to information and coordination with community mental health service providers, an
admitting physician may be faced with a choice to hospitalize the patient for safety reasons rather than
for an acute medical condition.

35
36

Totals include ER visits for which one or more of the three main recorded diagnoses was a mental disorder.
Alberta Health Services, System Level Performance Report for Addictions and Mental Health Services in Alberta 2012/13,
page 22.
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Lack of integration between AHS’s community mental health and addiction programs and services
provided by family physicians
Family physicians and AHS are two main providers of publicly funded mental health and addictions
services in Alberta.
• Physicians—Together with hospital emergency departments, family physicians are another key point
of entry into the healthcare system. Mental health and/or addiction concerns are raised in at least
nine per cent of all visits to family physicians, and amount to about $121 million each year in
physician billings to the Department of Health. 37 Each year, family physicians prepare and maintain
about 125,000 care plans for Albertans with chronic illness, 38 and about 6,600 of these plans (billed
by physicians at about $200 per plan) list mental illness as one of the underlying health conditions. 39
• AHS—Of total base operating funding of about $10.5 billion 40 received from the department in
2013–2014, AHS spent about $700 million 41 on its mental health and addictions programs. AHS
employs about 1,800 mental health and addictions staff across its 132 community clinics and a
number of community support, outreach and crisis intervention programs. Each mental health
therapist and addictions counsellor prepares their own treatment plan for the patient.
The 4,000 family physicians in the province and AHS’s 1,800 community mental health and addictions
staff have no access to each other’s health information systems. They separately develop and
implement their own treatment plans for the same patient. The health records and care plans do not
follow patients as they go from one service provider to another.
The 42 primary care networks include over 3,000 family physicians and employ the equivalent of
73.6 full-time mental health workers (16.9 therapists, 37.4 behavioural consultants, 0.8 nurse,
3 psychiatric nurses, 0.6 occupational therapist, 3 social workers and 11.9 psychologists). 42 About
66 per cent of these resources are concentrated primarily at four primary care networks. Half of Alberta’s
42 primary care networks have no mental health workers and seven others have less than one FTE. 43
Access to patient health data and direct involvement in joint planning and delivery of care to individual
patients for AHS staff working at or visiting primary care network clinics is limited to those sites.
The Department of Health has the overall responsibility and authority to directly engage family
physicians. AHS management has indicated that its role and authority in this area are limited.
Engagement of physicians is critical for integration of healthcare service delivery in Alberta and any
challenges in this area must be resolved. We are not making a recommendation at this time, because we
intend to examine this area in a broader system-wide context.

Lack of coordinated approach to community housing supports for people with mental illness
AHS’s ability to successfully treat mental health and addictions patients in the community depends
heavily on the availability and effectiveness of community housing supports. We provide a separate
recommendation for this important area later in this report.

37
38

39
40
41
42

43

Based on our analysis of data provided by the department.
See Report of the Auditor General of Alberta–September 2014 (Chronic Disease Management), pages 25 to 31 for a description
of care plans.
Based on our analysis of the fee for service claims data provided by the department.
Ministry of Health Annual Report 2013/14, page 75, http://www.health.alberta.ca/newsroom/pub-annual-reports.html
Based on information provided by AHS; amount shown is net of revenue.
Sixty-eight of these mental health workers are AHS employees. AHS recruits and employs these workers on behalf of the PCNs
but their wages are covered by PCN funding while they work at network clinics.
Based on our analysis of data provided in PCN 2013–2014 annual reports of actual full time equivalents.
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Continuing lack of compliance with case management expectations at AHS community
mental health clinics
AHS has improved consistency of service delivery expectations at its community clinics, but staff
compliance with expectations around patient case management remains a problem. AHS does not have
a formal mechanism to monitor and ensure compliance.
AHS does not currently have a common set of standard practices for planning and delivering treatment
at its mental health and addictions clinics. Some zones have developed their own, while others continue
to use legacy procedures which predate AHS. Standards for case management in community clinics
settings should be the same across the province to ensure consistency in expectations of how patients
are to be treated and how their clinical information is recorded.
We reviewed 251 patient files at 10 community mental health clinics across five zones of AHS and at
mental health outpatient clinics in three acute care hospitals. We found compliance with existing case
management expectations at community clinics remains a problem, specifically in such areas as case
conferencing with other care providers, involvement of patients in care planning, documentation of
treatment progress, post discharge follow up and analysis of treatment. Compliance oversight is done
through periodic file reviews by frontline managers and supervisors, and for the most part remains
informal.
See Appendix B for examples of current differences in case management expectations across the
province and a summary of our file review findings.
We did not review patient care planning documentation at family physician offices.
Improve the processes to identify and evaluate good frontline operational practices for province-wide
implementation
We observed a number of improvements and good practices at individual service locations across the
province. Some of these were a result of a centralized corporate effort by AHS while others were driven
mainly by the initiative of local AHS staff. Some of these initiatives and good practices are new, while
others we previously noted in our 2008 report.
For example, Calgary’s Access Mental Health is a centralized point of access/intake that makes
appointments for 85 per cent of that city’s adult mental health programs. This mechanism provides a
single point of access for all major community mental health services, with the exception of several
specialty programs. Central intake coordinators assess patient needs and direct them to the most
appropriate service.
In a much more basic example of a good practice, one community mental health clinic found that
phoning patients to remind them about upcoming appointments helped reduce the number of no-shows,
which in turn reduced wait times and improved the use of therapists’ time. This simple step is not a
standard practice across all AHS clinics, even though its benefits are clear and it is a practice routinely
used in a variety of settings such as dental and veterinary clinics.
We did not see any evidence that AHS currently has a process to formally identify and evaluate these
good local frontline operational practices and deploy the best ones provincially. Rather than developing
a new process, AHS feels its existing Addiction and Mental Health Strategic Clinical Network can be
used to do this. 44 In order to be successful the strategic clinical network will have to evaluate and
44

For more information on this SCN see http://www.albertahealthservices.ca/7698.asp.
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communicate information about already existing and new local best practices to other care providers in
a timely and efficient manner.
Please see Appendix C for more examples of good practices and improvements we observed. These
represent important opportunities for AHS to improve quality of care and patient outcomes, and better
manage costs.
Implications and risks if recommendation not implemented
Without integrated service delivery, coordinated care planning and service providers acting as one team,
the healthcare system may not meet the needs of mental health and addictions patients. The needs of
patients at rural emergency departments may also not be met if they cannot receive a level of support
and assessment comparable to that offered in larger urban centres.

Clinical information management in mental health and addictions
Background
Integration of health information is essential for successful coordination of health service delivery across
the continuum of care. Clinical information captured by mental health and addictions service providers is
an important part of a patient’s overall health record.
Mental health and addictions patients move between service providers and between hospital and
community settings. Their health information, including their care plan and treatment history, should
move with them and be available at point of care. Both providers and patients should be able to access
and contribute to the health record.
All care providers generate health information on their patients – mental health therapists, addictions
counsellors, community support workers, crisis teams, family physicians, emergency departments and
acute care units at hospitals. They all need access to the relevant information to provide the right
treatment at the right time. For example, if an emergency department nurse had access to the patient’s
community treatment file, including a care plan and a list of community care providers, this would help
provide the most appropriate care and could help avoid hospitalization.
In 2008 we found that mental health information systems in Alberta were not integrated. Health regions
were developing IT solutions that were redundant and incompatible. There was virtually no health
information flow between or within regions. Information flow between community and hospital settings
was often restricted to communications by fax. Hospitals couldn’t share information even when they
were located in the same community or were using the same software. Information sharing between
community service providers was not much better.
Confidentiality, privacy and security of health information is an important risk, but it is a risk that can be
managed. As with a paper health record, there must be proper security measures in place and providers
should have access based on what they need to know to care for their patients. However, it would be
wrong to use confidentiality and privacy as an excuse not to share health information where it could
significantly improve quality of care, patient outcomes, performance measurement and accountability of
healthcare providers.
The department and AHS are jointly considering the acquisition or development of a unified central
clinical information system (CIS). In the fall of 2014, we were told that a request for proposals for a CIS
solution would be issued in 2015. AHS estimates the cost of this system, if implementation begins in
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2015 or 2016, would be $1 billion over the six year roll-out period. A further estimated $500 million would
be required to deploy the CIS’s electronic medical records (EMR) module into physician offices in the
community.
In 2009 AHS began introducing a treatment outcome measurement tool for mental health clients in a
variety of its clinical programs. 45 At a minimum, an assessment using this tool should be done at the
beginning and end of each treatment program a patient is enrolled in. Comparing pre- and postassessment scores for each patient helps the therapist evaluate the success of the treatment and
degree of improvement in key functional areas.
RECOMMENDATION 8: IMPROVE INFORMATION MANAGEMENT IN MENTAL HEALTH AND ADDICTIONS

We recommend that Alberta Health Services make the best use of its current mental health and
addictions information systems by:
• providing authorized healthcare workers within all AHS sites access to AHS mental health and
addictions clinical information systems
• strengthening information management support for its mental health treatment outcomes
measurement tools
Criteria: the standards for our audit
• Mental health information systems should make summary information available to staff who need it.
• Information systems should capture data completely, accurately and on a timely basis.
Our audit findings
KEY FINDINGS

• Mental health information systems remain incompatible, are outdated and do not support
integrated care delivery. AHS has not proceeded with developing specialized mental health
information management systems because it is developing a central clinical information system—a
province-wide health information management solution that would serve all clinical areas.
• While the unified central health information system may take five to ten years to materialize, AHS
does not have a process to identify opportunities to integrate care through better use of existing
mental health and addictions information systems.
• The process for capturing data for AHS’s clinical outcome measurement process is inefficient and
does not support timely and complete data entry and analysis.
Mental health information systems remain incompatible and outdated
Information management systems for inpatient and community mental health and addictions services
remain incompatible. Various incompatible legacy systems that AHS inherited from the health regions
are still in use. This does not support integration of addiction and mental health services across the
continuum of care. 46 This also results in inconsistent data capture and a lack of standard data
45

46

Health of the Nations Outcome Scale was developed by the British Royal College of Psychiatrists in the mid-1990s to help
measure the health and social functioning of people with severe mental illness. It consists of 12 individual categories, each
one measuring a type of problem commonly presented by clients with mental illness. Clinical staff score these on a scale
from 0 to 4, 0 indicates no problem and 4 indicates a severe problem. A completed HoNOS score sheet provides a profile of
12 severity ratings and a total score for the client at that point in time. At a minimum an assessment is done at the beginning
and end of a particular course of treatment; comparing these scores helps clinicians determine outcome measures for the
patient in these 12 areas from the provided treatment. HoNOS is the most widely used routine clinical outcome measure tool
used by mental health services in the UK; it is also used in New Zealand, Australia and Canada. See
https://www.rcpsych.ac.uk/clinicalservicestandards/honos.aspx.
This includes the ability to integrate client information with the appropriate clinical decision support tools at the point of care;
linking client/patient care between inpatient and community settings, as well as between various healthcare providers in the
community.
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definitions, which hampers AHS’s ability to monitor and benchmark performance at the zone, program
and individual healthcare provider levels.
The current information management environment presents a number of challenges:
• Some of the mental health and addiction information systems are rapidly becoming technologically
obsolete, which makes them difficult to maintain and increases risk of failure.
• The current mix of electronic and paper systems does not support integration of care across the
continuum, including healthcare provider access to a patient’s records at the point of care, and the
ability to allow patients and their families to look at and contribute to their health record.
• Without access to clinical information systems, care providers often rely on patients for information
on prior assessments and treatments, which poses a risk when dealing with people who suffer from a
mental health disorder. Inability to view and safely share information with other care providers, such
as suicide risk and medication reactions, can result in serious harm to the patient and others.
Healthcare providers need to know in a timely manner what treatments were tried in the past to avoid
interventions that are ineffective and could harm the patient.
• Patients and their families complain that they have to repeat the same information and answer the
same questions every time they contact a healthcare system. This is not just a matter of
inconvenience for a patient who is already in distress. Rather, this is an indication that a system does
not know the patient, does not manage his or her care across the continuum and that care providers
are not working together as a team. Redundant collection of information also wastes time that should
be spent treating patients.
Many frontline staff we talked to expressed frustration with the status quo and raised concerns similar to
those noted above.
AHS’s work on developing a single provincial clinical information system is in the early design stages.
We are not able to assess whether it will meet the needs of care providers and support integration of
mental health and addiction services across the continuum of care. While AHS is working on this longterm solution, which could take anywhere between five and ten years to materialize, healthcare providers
must continue to rely on clinical information systems that are currently in place.
No short-term plan to make better use of existing clinical information systems
AHS does not have a process to identify opportunities to integrate care through better use of existing clinical
information systems. The cost of acting on such opportunities needs to be considered in relation to the
benefits they offer to patients. In some cases, significant improvement may be accomplished without
extensive IT development effort.
At its creation in 2009 AHS inherited various legacy mental health and addictions information systems.
At the same time, employees of health regions became employees of AHS, which removed many
barriers to the flow of health information. Despite the transition to a single organization, AHS staff
continue to have limited access to a patient’s health information.
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For example, mental health workers and addictions counsellors do not have access to each other’s
information systems, even though about half of all people with mental illness have a concurrent drug or
alcohol addiction. Addictions counsellors and community mental health clinic therapists are now
employees of AHS and there should be no legal barriers to sharing information. Other examples include
information access in hospital emergency departments and primary care, as discussed in detail under
the previous recommendation.
Another potential opportunity would be to provide access to specific mental health information through
Netcare. 47 Such information could include alerts for suicide risk and violent behaviour, diagnoses,
treatment plans (if available), and care providers to be contacted in crisis. Family physicians and hospital
emergency departments already have access to Netcare.
Process to support collection and analysis of clinical outcomes data
The current initiative to introduce standardized outcomes measurement may be hindered because AHS
does not have an efficient system to collect, enter and process the patient assessment data gathered by
individual clinicians. The current system is paper based and the assessment results for every patient are
entered twice. First, clinicians record their patient assessments on paper, which is collected and stored
at their local clinic until someone has the time to enter it. Second, each zone transfers the data from
paper to an electronic database. Program staff complained that the paper process is cumbersome, does
not support an easy, timely and complete data capture and causes data entry backlogs. We found that
the required assessments are not always done, particularly the post-treatment assessments. Without
timely electronic data entry, local managers cannot effectively monitor and ensure clinician compliance
with outcome measurement requirements.
Implications and risks if recommendation not implemented
If care providers do not have timely access to relevant health information at the point of care, they may
not be able to meet the care needs of their patients and help them stay on the right care path.
Lack of effective clinical information management compromises AHS’s ability to evaluate patient
outcomes, assess performance of care providers, and direct resources to treatments and programs that
are best for the patients.

Supportive living and home care services for mental health and addictions
Background
Availability of an appropriate and supportive living environment is not a nice-to-have, but a prerequisite
for successful treatment and management of mental illness and addictions in the community. It is also a
key consideration in deciding whether a patient can be safely discharged from the hospital. Housing
support needs cover the entire spectrum from in-home supports for relatively high functioning
individuals to secure facility living for people with severe mental illness.
When we talk about providing mental health and addictions patients with housing supports in the
community, we do not imply that AHS needs to be in the business of building and operating mental
health housing. AHS can do this by supporting patients in existing community placements, whether in
the patient’s apartment or family home, or in a group home operated by a community agency. AHS is
47

Alberta Netcare is a provincial electronic health record system. Various healthcare providers submit key patient health
information to Netcare which is combined into a single integrated patient record which can be accessed by authorized
healthcare providers through a secure internet connection. Netcare does not provide a patient’s full medical record, but
includes information such as laboratory test results, diagnostic images and reports, hospital visits, surgeries, drug alerts and
immunizations. See http://www.albertanetcare.ca/InfoForAlbertans.htm for more information about Netcare.
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not in the business of managing infrastructure 48—it is in the business of providing healthcare services to
Albertans in settings that are best for them.
Many government and non-government organizations are involved in providing mental health and
addictions services to Albertans who live with mental illness and addictions in the community. However,
AHS is responsible for delivering healthcare services to Albertans in a setting that is best for the patient,
including their own home. Of all these organizations, AHS has by far the strongest inherent interest in
making sure that Albertans have access to appropriate services that make their home a safe and
supportive living environment.
Much of the support that patients need to function in the community and stay healthy does not require
complicated therapeutic interventions. In some cases, all it takes to keep a patient on the right care
path, and away from the hospital, is for someone to visit their home once or twice a week and help with
some basic activities of daily living. For example, even patients with serious mental illness can
successfully function in the community if somebody periodically comes over to talk to them, helps them
schedule appointments, reminds them to fill their prescriptions and take their medications, helps them
make better food choices and alerts other treatment providers to the earliest signs of them going into
crisis.
The idea of supporting Albertans in their own homes as a key to their treatment success in the
community is not new and is not unique to mental health. For example, AHS’s continuing care program
for seniors effectively stimulates the supply of supportive living and home care services by contracting
private service providers to offer support services to Albertans in residential settings. 49 AHS’s home care
staff offer a variety of support services directly in patients’ homes, or AHS contracts third party providers
to do this work. In other words, under the continuing care model, AHS takes a strong lead in deciding
what services are needed and where, controls the waitlist and the patient placement process, and
directly manages the supply of community housing supports through contracts with care providers.
In 2008 we reported that there was no coordinated approach to manage community housing support
services for people with mental illness in Alberta. There was no provincial system to analyze and manage
gaps between supply and demand for mental health housing services. Formal coordinated placement
mechanisms for mental health housing existed only in a handful of communities. Community support
and crisis intervention services were a patchwork of programs and initiatives across the province that
were developed in isolation without coordinated provincial direction and support.
As a result, patients and families often had to navigate the system on their own when trying to find the
right place to live in the community. Mental health workers who were trying to help were only in a
marginally better position, having to rely mainly on their personal connections with housing resources in
the community. The same situation often applied to mental health patients who needed an appropriate
housing option lined up before they could be discharged from a hospital.
There are a number of recent provincial and local initiatives which aim to end homelessness or provide
appropriate housing for Albertans. 50 These initiatives are funded by various levels of government. While
48

49

50

The only notable exception where AHS owns some housing infrastructure is in long-term care. The long-term care facilities
owned by AHS are mainly small rural auxiliary hospitals that were converted for long-term care use.
See the Report of the Auditor General of Alberta—October 2014 follow-up audit report on Seniors Care in Long-term Care
Facilities, pages 71-103.
These include “A Plan for Alberta-Ending Homelessness in 10 years”
http://humanservices.alberta.ca/documents/PlanForAB_Secretariat_final.pdf and Edmonton Homeward Trust
http://www.homewardtrust.ca/home.php
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none of these initiatives are specifically directed at people with mental illness or addiction, a sizeable
percentage of their target populations have a mental health condition. AHS was part of a cross ministry
working group 51 which developed an Addiction and Mental Health Housing and Supports Framework. 52
This document was intended to provide:
• a consensus on the range of housing options and community services needed for this population
• a snapshot of the inventory and capacity of existing housing options and services in Alberta for the
different populations with mental illness and addictions and an analysis of gaps and barriers
associated with these options
• recommendations to deal with identified concerns around housing capacity, access and client needs
This framework, and an accompanying implementation plan, has now been sent to the InterAgency
Council on Housing and Homelessness. 53 It will be considered as part of an Integrated Housing and
Supports Framework for Alberta, which is being developed for all affected populations, including those
with mental health and addictions. AHS is one of the council partners.
During our 2011 progress report we noted that AHS was working to compile an inventory of community
placement options that can meet the needs of Albertans with mental illness and addictions.
RECOMMENDATION 9: COMPLETE ASSESSMENT AND DEVELOP WAITLIST SYSTEM FOR ALBERTANS
WHO NEED COMMUNITY HOUSING SUPPORTS

We recommend that Alberta Health Services in supporting the work of the cross-ministry housing
planning team established under the mandate of the Minister of Seniors:
• complete its assessment and report on gaps between supply and demand for specialized
community housing support services for mental health and addictions in the province
• develop a waitlist management system to formally assess the housing support needs of AHS’s
mental health hospital and community patients and coordinate their placement into specialized
community spaces funded by AHS
Criteria: the standards for our audit
• AHS should have systems to determine the supply and demand for housing supports for people with
mental illness
• AHS should collaborate with service providers to develop mental health housing support services.
• There should be systems to link people with mental illness with support services and appropriate
community placements.

51
52

53

This also included representation from Human Services, Alberta Health and Municipal Affairs.
This was one of the projects associated to implementing the Strategy (specifically Strategic Direction #3.0, Enhance
Community-based Services, Capacity and Supports).
http://humanservices.alberta.ca/homelessness/16051.html
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Our audit findings
KEY FINDINGS

• Although much was done since 2008 to develop a provincial housing framework and improve
cross-entity coordination, there has been no significant change in the frontline delivery of housing
support services for people with mental illness. It remains largely uncoordinated. While we noted
several good practices, in many parts of the province patients, their families, and individual care
providers must navigate the system on their own to find the right housing placement and the right
level of support.
• The gap analysis for community mental health housing supports is not complete, although AHS
expects to finish it later in 2015. A much greater concern is that it is not clear who will fill these
gaps for AHS’s hospital and community mental health patients. AHS indicated it does not have a
clear responsibility for mental health housing support delivery, as there are numerous other
government entities involved in this area. This may be a serious obstacle to improving the mental
health system in Alberta and must be resolved. Broader provincial coordination around community
housing was outside the scope of this follow-up audit.
• AHS does not have a formal mechanism to coordinate placement of its community and hospital
patients with the appropriate housing support services and the 550 mental health community
spaces it funds directly.
• AHS does not have a formal instrument to assess the community housing support needs of its
mental health and addiction patients
• In most parts of the province, AHS does not maintain waitlists and has no formal placement
process for its community and hospital patients who require mental health housing supports to
function in the community
• AHS often does not control the placement of patients into mental health community spaces it
funds through contracts with community service providers.
• We observed a number of improvements and good practices in frontline operations that were
mainly driven by the initiative of local staff and community service providers. AHS needs to
improve its process to formally identify, assess and deploy these good practices to other parts of
the province.
Lack of change in frontline delivery of community housing support services for mental health
and addictions
AHS is involved in a number of high level initiatives with other government and non-government
organizations to develop a provincial framework for community housing, and to better coordinate efforts
in this area. However, much of this work remains either in conceptual development or at such a high
level that its impact has not had significant impact at the front line. Aside from a number of successes in
some communities, the delivery of housing support services remains uncoordinated for mental health
and addiction patients waiting to be discharged from hospitals, or for those treated by AHS in the
community.
If mental health and addictions patients do not have a safe home environment that meets their needs
and supports their treatment objectives in the community, therapeutic interventions provided by
healthcare workers at hospitals and in the community are likely to fail in the long run. When community
supports fail, mental health patients end up in hospital emergency departments and inpatient units again
and again.
Without properly supported options lined up, it may be unsafe for a hospital to discharge mental health
and addictions patients into the community. As a result, patients may be hospitalized without an acute
health condition. Although Canadians hospitalized with mental health illness are less than one per cent
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of the total population, they represent 12 per cent of all hospitalizations, and account for 25 per cent of
all hospital bed days. 54
Patients hospitalized for a few weeks or more are at risk of losing their current placements in the
community, which makes it even more difficult to discharge them from hospital. Based on delayed
discharge data compiled by AHS for 2012–2013, there were over 2,900 mental health patients whose
hospital discharge was delayed, representing over 109,000 hospital bed days and accounting for
22 per cent of all available psychiatric beds during the period. Waiting for a facility placement or
connection with a community resource were major reasons for discharge delays.
On the community side, AHS does not centrally track how many of its mental health and addictions
patients require some form of housing support.
With intensive inpatient treatment, over 80 per cent of mental health and addictions patients show
significant improvement by the time they are discharged from the hospital. 55 If community housing
supports fail upon discharge, all previous therapeutic investment and success can be quickly lost as
patients relapse and end up back in the emergency department. Across Alberta, the 30-day unplanned
readmission rate for mental health was about 10 per cent in 2012–2013. Almost 20 per cent of people
with primary mental health diagnosis were back in the emergency department within 30 days of leaving
the hospital. 56
This revolving door cycle harms the patient, wastes resources and is extremely demoralizing to the
frontline healthcare providers. AHS cannot afford to take a passive role on community housing supports
for people with mental illness.
Lack of process to manage gaps in supply and demand for community housing support services
AHS continues to work on an assessment of gaps between supply and demand for mental health and
addictions housing supports. AHS indicated the assessment will be finished later in 2015. It will provide
a comprehensive assessment of mental health and addictions housing needs by community, number of
spaces and support level required.
The key point we raise is that it is not clear who will fill gaps in mental health housing that AHS may
identify, and how. AHS indicated that it does not have a central system to develop and manage housing
supports for mental health and addictions because it does not have a clear responsibility and mandate
over this area. Because other government organizations have a mandate over various aspects of
community housing, AHS maintains it does not have the authority to lead or direct work to ensure a
sufficient supply of mental health and addictions placements and housing supports in the community.
While this may be a serious obstacle to improving the mental health system in Alberta and must be
resolved, broader provincial coordination around community housing was outside the scope of this
audit.
In other words, the situation has not fundamentally changed since 2008. AHS zone staff continue to
manage existing contracts for available community mental health housing placements, figure out what
housing options are needed and where, and do their best to convince private housing providers to offer
spaces for people with mental illness. In every zone we visited, housing supports and community
54

55
56

Alberta Health Services, System Level Performance Report for Addictions and Mental Health Services
in Alberta 2012/13, page 71.
Ibid, page 79.
Ibid, pages 99-103.
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placements for mental health and addictions were in short supply and AHS staff we interviewed
expressed frustration with the current situation.
AHS does not maintain a provincial inventory of available mental health placements in the community. A
province-wide inventory was compiled in 2012 (supply side only) but this has not been updated since
then.
Lack of coordinated placement and waitlist management
AHS does not have a formal mechanism to coordinate placement of its community and hospital patients
with the appropriate housing support services available in the 550 mental health community spaces it
funds directly. AHS indicated that it often does not have control over patient placement into housing
spaces that it contracts and funds directly. Coordinating patient placement with independent community
providers is even a greater challenge.
AHS has not formally adopted an assessment tool to determine the housing support needs of individuals
with mental illness and addictions. This is a contrast to the internationally validated care needs
assessment instrument 57 used by AHS in its continuing care program. For seniors and Albertans with
various disabilities, AHS uses this internationally validated instrument to assess their functional needs
and determine the level of support each patient requires. In continuing care, this helps local
management make placement decisions based on the relative support needs of each patient. By
contrast, in mental health and addictions, finding a community placement for the patient is based almost
exclusively on persistence and the advocacy skills of their family and care providers.
Locally and centrally, AHS does not maintain a comprehensive waitlist of people who need mental health
housing. Individual mental health workers in the community and in hospitals often rely on their own
relationships with community housing providers to find placements for their patients. They often do so
independently and in competition with their colleagues. The only exception we saw was in Calgary,
where a web-based centralized referral and booking system is used to manage placement into
specialized community housing funded by AHS. All housing referrals are directed through one central
intake coordinator, who assesses each client and places them on waiting lists for a suitable contracted
site. 58 Each site notifies the coordinator as vacancies arise, who in turn provides the facility operator with
the contact information of the next suitable candidate; once housed, the individual is removed from all
waiting lists. 59 The coordinator regularly monitors all waiting lists and provides updates to referring
sources and clients as needed.
AHS zones periodically generate statistics on delayed discharges from hospitals, but this information is
used mainly for aggregate reporting and is not used to manage placement of individual patients. 60 No
similar data is reported for patients cared for in the community.

57
58

59

60

For more information on interRAI, see http://www.interrai.org/.
If the coordinator feels an individual is not a suitable candidate for AHS contracted housing, they will provide the referring
source with other housing options available in Calgary such as the Calgary Homeless Foundation, Mustard Seed, Calgary
Housing, etc.
Most sites will do their own secondary intake with a prospective client to ensure they are a good fit for that location. This is
especially true in group home type settings where operators want to be sure newcomers don’t upset any existing dynamics
and harmonies.
Alberta Health Services, System Level Performance Report for Addictions and Mental Health Services in Alberta 2012/13,
pages 60-69.
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Adoption of good practices
We observed a number of improvements and good practices in frontline operations such as Calgary’s
web-based centralized referral and booking system. Although AHS improved communication and
provincial coordination of community mental health support services after it took over from the health
regions, it needs to improve its process to formally identify and assess local good practices, and deploy
the best ones across the province as we note in our findings under integration of provincial addiction
and mental health service delivery, starting on page 69. See Appendix C for a list of improvements and
good practices we observed.
Implications and risks if recommendation not implemented
If patients with serious mental health and addictions problems do not receive appropriate housing
supports, any treatment success gained in the hospital or community will be jeopardized.
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Appendix A

RECOMMENDATIONS FROM ORIGINAL 2008 REPORTS
Recommendations from our April 2008 report
RECOMMENDATION 3: IMPLEMENTATION SYSTEMS 61

We recommend that the Alberta Mental Health Board and the Department of Health, working with
other mental health participants, strengthen implementation of the Provincial Mental Health Plan by
improving:
• implementation planning
• the monitoring and reporting of implementation activities against implementation plans
• the system to adjust the plan and implementation initiatives in response to changing circumstances
RECOMMENDATION 4: ACCOUNTABILITY FRAMEWORK 62

We recommend that the Department of Health ensure there is a complete accountability framework
for the Provincial Mental Health Plan and mental health services in Alberta.

Recommendations from our October 2008 report
RECOMMENDATION 16: MENTAL HEALTH STANDARDS 63

We recommend that the Department of Health and Alberta Health Services create provincial
standards for mental health services in Alberta.
RECOMMENDATION 17: HOUSING AND SUPPORTIVE LIVING 64

We recommend that Alberta Health Services encourage mental health housing development and
provide supportive living programs so mental health clients can recover in the community.
RECOMMENDATION 18: CLIENTS WITH CONCURRENT DISORDERS 65

We recommend that Alberta Health Services strengthen integrated treatment for clients with severe
concurrent disorders (mental health issues combined with addiction issues).
RECOMMENDATION (FIRST UNNUMBERED): RELATIONSHIPS WITH NOT-FOR-PROFIT
ORGANIZATIONS 66

We recommend that Alberta Health Services improve relationships with not-for-profit organizations to
provide better coordinated service delivery.

61
62
63
64
65
66

Report of the Auditor General of Alberta—April 2008, page 72.
Report of the Auditor General of Alberta—April 2008, page 77.
Report of the Auditor General of Alberta—October 2008, page 162.
Report of the Auditor General of Alberta—October 2008, page 164.
Report of the Auditor General of Alberta—October 2008, page 168.
Report of the Auditor General of Alberta—October 2008, page 169.
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Recommendations from our October 2008 report (cont’d.)
RECOMMENDATION 19: OPPORTUNITIES TO REDUCE GAPS IN SERVICE 67

We recommend that Alberta Health Services reduce gaps in mental health delivery services by
enhancing:
• mental health professionals at points of entry to the system
• coordinated intake
• specialized programs in medium-sized cities
• transition management between hospital and community care
RECOMMENDATION (SECOND UNNUMBERED): PROVINCIAL COORDINATION 68

We recommend that Alberta Health Services coordinate mental health service delivery across the
province better by:
• strengthening inter-regional coordination
• implementing standard information systems and data sets for mental health
• implementing common operating procedures
• collecting and analyzing data for evidence-based evaluation of mental health programs
RECOMMENDATION (THIRD UNNUMBERED): IMPROVING COMMUNITY-BASED SERVICE DELIVERY 69

We recommend that Alberta Health Services strengthen service delivery for mental health clients at
regional clinics by improving:
• wait time management
• treatment plans, agreed with the client
• progress notes
• case conferencing
• file closure
• timely data capture on information systems
• client follow up and analysis of recovery
RECOMMENDATION (FOURTH UNNUMBERED): FUNDING, PLANNING AND REPORTING 70

We recommend that the Department of Health and Alberta Health Services ensure the funding,
planning and reporting of mental health services supports the transformation outlined in the
Provincial Mental Health Plan as well as system accountability.
RECOMMENDATION (FIFTH UNNUMBERED): ABORIGINAL AND SUICIDE PRIORITIES 71

We recommend that the Department of Health and Alberta Health Services consider whether the
implementation priority for aboriginal and suicide issues is appropriate for the next provincial strategic
mental health plan.

67
68
69
70
71

Report of the Auditor General of Alberta—October 2008, page 171.
Report of the Auditor General of Alberta—October 2008, page 176.
Report of the Auditor General of Alberta—October 2008, page 181.
Report of the Auditor General of Alberta—October 2008, page 186.
Report of the Auditor General of Alberta—October 2008, page 190.
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Appendix B

CONSISTENCY AND COMPLIANCE WITH CASE MANAGEMENT
EXPECTATIONS AT AHS’S COMMUNITY MENTAL HEALTH CLINICS
AHS does not currently have common patient file documentation standards in place for its mental health
clinics. Rather, individual zones are responsible for developing and implementing these. This leads to a
variety of inconsistent practices across the province.
Examples are:
• Case conferencing. 72 All zones require this to be done, although practices around which cases should
be conferenced, when, who should be present and how it should be documented in the file vary from
zone to zone and also between clinics in zones.
• Contact (or progress) notes. These are an important part of any file and provide a documented
chronological summary of a client’s treatment progress. While all zones have similar requirements
around what type of information should be captured in these notes 73 the time required to have these
completed and placed on a patient’s file varies between zones. Some zones mandate this be done
within two business days of each contact, others a week.
• File closure. Some zones require automatic closure after three months of non-contact with a client.
One clinic we visited follows a “three strike rule”; if a client does not show up for three consecutive
appointments, despite attempts by their assigned therapist to contact them, the file is closed. All
zones do require some sort of closure summary or note be placed on a file regardless of when or why
it is closed but what summary information should be documented in the files varies between zones.

72

73

Case conferencing is a common yet important clinical procedure where therapists in a clinic or a specific program gather at
predetermined times to discuss selected cases and get peer feedback and consensus on proposed treatment. If treatment
does not produce expected results, a case can be conferenced, or presented, again to get feedback from peers on alternative
approaches.
This includes such details as date of contact, who was present, location, how contact was made (in person or by phone), and a
full description of what occurred including focus of the session, observed mental state, any changes in the client’s situation,
progress being made or any changes to an agreed treatment plan, date of next appointment, etc.
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File review results
Treatment plans, 74 agreed with
the client

Found in 78 per cent of applicable files

Case conferencing

Full and complete documented evidence found in 39 per cent of
applicable files. Documentation in the remaining files was either
partially completed or missing.
The most prevalent shortcomings noted around insufficient
documentation were:
• Where there was a case conference or equivalent form in the
file it was not filled out completely.
• Where summary information was documented, there was no
outcome relevant to consensus reached about the client’s
treatment plan.

Progress notes

Full and complete progress notes found in 89 per cent of
applicable files.

Timely data capture

Noted in 98 per cent of files.

File closure (form)

82 per cent of applicable files contained required file closure
documentation.

Analysis of treatment

Full and complete documentation prepared at the end of a course
of treatment analysing whether it helped the client recover was
found in 66 per cent of applicable files.

These results show AHS has work to do to improve its case management oversight and review
processes to ensure compliance with file documentation standards.

74

This should include descriptions of proposed therapy, frequency of visits, expected duration of treatment and documentation it
has been discussed and agreed to with the client. Referred to as an assessment in some zones.

REPORT OF THE AUDITOR GENERAL OF ALBERTA ǀ JULY 2015

88

1347
SYSTEMS AUDITING—FOLLOW-UP ǀ HEALTH & AHS—DELIVERY OF MENTAL HEALTH SERVICES

Appendix C

GOOD PRACTICES NOTED BY THE OAG DURING THIS
MENTAL HEALTH FOLLOW-UP SYSTEMS AUDIT
Mental health and addiction support in hospital emergency departments
Some examples we saw at hospitals we visited:
• The Royal Alexandra hospital now has an embedded mental health nursing team in its emergency
department, which is staffed 24/7 and has six dedicated beds. This team takes over patient care for
any individual assessed by the triage nurse as having primarily mental health or addiction symptoms.
It will also make any necessary follow-up appointments for the patient with outpatient and community
resources. Team staff also phone patients within 24 hours of discharge to check on their status.
• At the Foothills Medical Centre, a team of mental health professionals are located in an office beside
the emergency department and has five dedicated treatment rooms. Available seven days a week
from 7 a.m. to 2 a.m., staff provide support and advice to emergency department medical staff and
make referrals to community or outpatient programs as needed.
• The Red Deer Regional Hospital is supported by a mental health therapist from the Crisis Response
Team based out of the community mental health clinic who will respond to the ER when requested by
medical staff. Available seven days a week from 8 a.m. to 11 p.m., the therapist will also make
referrals and appointments for the patient with necessary mental health or addiction programs.

Common operating procedures
AHS has developed and implemented a number of common province wide operating standards and
procedures in some areas of adult mental health, with more continuing in development. Addictions and
mental health has a dedicated policy development manager who is responsible for leading this process.
Some examples of these are:
• A new suicide risk management policy suite (2011) to standardize this process across all acute
inpatient psychiatric units; consists of three policies and seven related procedures. 75
• Revised policies and procedures for staff who provide mental health services to inmates in provincial
correctional facilities. This includes who should conduct a screening and risk assessment for suicide
and when and what procedures should be followed for those patients identified as being suicidal or
mentally unstable.
• A new procedure for protocols around restraining adult psychiatric unit patients during behavioural
emergencies has been drafted and is in the final stages of review before going to senior management
for approval and roll out.

Shared Care Mental Health
In the Calgary zone, AHS has greatly expanded Shared Care Mental Health. 76 The adult side of this
program is supported by twelve mental health clinicians and thirteen psychiatrists. An AHS mental health
clinician will attend at a doctor’s practice 77 to assess and provide treatment to an individual patient. The
doctor is also present during each session, interacting where necessary and appropriate. The intent of
the program is to help doctors become more comfortable and experienced in dealing with mental illness
so they can deal with patients’ concerns rather than immediately referring them to a community clinic.
75

76
77

Mental Health Observation Policy (one procedure), Suicide Risk Assessment and Management Policy (three procedures) and
Mental Health Safety Precautions Policy (three procedures).
http://www.albertahealthservices.ca/services.asp?pid=service&rid=1009052
This can be a private stand-alone practice or the doctor could be part of a Primary Care Network.
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The manager who oversees this program told us that there are currently 750 participating doctors in
Calgary, with a waiting list of 80.

Partnerships with Primary Care Networks
AHS also partners with a number of Primary Care Networks (PCNs) throughout the province to enhance
mental health treatment available to these patients at these primary care clinics. This is done through the
Behavioural Health Consultation service which is intended to support patients whose behavioural and
mental health concerns 78 can be resolved through short-term treatment. Patients are given access to
brief (up to 30 minutes) and frequent (typically four to six) therapy sessions with a qualified mental health
clinician to help them either resolve their concerns or develop long-term coping strategies. If the doctor
and mental health clinician feel the patient requires additional or ongoing therapy not available at the
PCN they will be referred to the appropriate community mental health clinic or other AHS program.
Some PCNs have funding in place to hire mental health clinicians and use this money to cost-share with
AHS to recruit and staff the Behavioural Health Consultation service. These clinicians are AHS
employees but their salaries are covered from PCN budgets and they work full time in PCN clinics. In
Calgary there are currently 45 clinicians working under this model at five of the area’s seven PCNs; it is
also currently being utilized at two PCNs in the Edmonton zone and 15 clinics associated to the Chinook
PCN (which serves Lethbridge and area in the south zone).
Central zone offers similar mental health support to some of its rural PCNs using a different approach.
AHS Mental Health Liaison workers spend part of their time at PCN clinics seeing patients whose
doctors feel would benefit from this type of short-term treatment in the primary clinic setting.
We talked to AHS staff and PCNs associated to these programs and the consensus was that patients
benefit. Those suited to this type of treatment are assessed and treated in a timely manner and in a
familiar and less stigmatizing environment. They do not have to access other finite community mental
health resources unless it is deemed necessary after assessment by a qualified mental health clinician,
who ensures they are referred to the appropriate program.

Wait time management
Mental health programs at the community clinics we visited continue to be heavily subscribed. Wait
times for new patients to see therapists for individual counselling between initial intake and the first
appointment still exist. These varied from an average of 30 days (for the adult short-term program) and
90 days (adult long-term program) at one large city clinic to as short as five to ten days at a clinic in a
smaller locale.
Some clinics were able to reduce wait time length by changing their practices. One clinic found that
phoning clients to remind them of upcoming appointments helped reduce the number of no shows and
resulting unproductive use of therapists’ time. They were also able to reuse these time slots when the
contacted client advised they would be unable to make their booked appointment and wanted to
reschedule. This freed up time was then used to move up another client further back on the wait list or
provide a new intake a more timely appointment.
Other clinics have managed wait lists by offering new services using existing staff resources. Some now
offer a recurring brief intervention clinic, which is similar in concept to the behavioural health
78

These include non-chronic and situational conditions such as anger, anxiety/panic, grief and loss, depression, stress, sleeping
problems, relationship concerns and a variety of other lifestyle problems.
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consultation service AHS operates with PCNs. Clients who are identified by intake as needing short-term
support for a situational crisis (such as getting over the death of someone close or a failed relationship)
are given the next available appointment with the therapist who runs this clinic. The therapist meets the
person individually, typically for between one to four sessions, to help them deal with their situation.
Clinics have found clients get the help they need through this process and don’t have to wait for a spot
to open up in the short-term program.
A number of clinics now offer clients immediate access to different group sessions while they wait for
their first scheduled appointment with a therapist. The purpose is to provide clients with insight into what
they can expect from therapy and a level of support while they are waiting. Other groups help clients
deal with such concerns as stress management, relationship dynamics, budgeting and finances. These
groups have helped reduce wait times since some clients find they get the help they need from the
group settings and end up cancelling their individual therapy appointment, thereby freeing that time for
someone else to use.

Coordinated intake at mental health clinics
The intake function at community mental health clinics remains the primary means for clients to access
that system. Clients make contact with intake in a variety of ways: they can walk into or call a clinic or be
referred by a doctor, social worker, hospital in-patient unit, etc.
Intake in all zones we visited is now staffed with mental health professionals. They conduct an initial
triage assessment with a client to evaluate what their primary mental illness is and what program(s) are
best suited for them and where—whether a specific program in the AHS continuum or one offered by
other community partners. Intake staff will then make an initial appointment for the client with the
appropriate AHS program or provide them with the necessary contact information for the community
resource.
With the exception of Calgary zone, all zones continue to operate stand-alone intake functions at
individual mental health clinics and for specialty programs. Calgary’s Access Mental Health is a
centralized point of access/intake process which makes appointments for 85 per cent of that city’s adult
mental health programs; seven rural clinics 79 in the east part of the zone have also set up a similar
functionality for all programs offered at those sites.
Individual AHS addiction clinics also operate their own stand-alone intake functions. In several locations
where mental health and addiction clinics were either co-located or immediately adjacent to each other
we saw examples of joint intake between the two functions.
People looking for information on community mental health or addictions resources can contact two
toll-free numbers listed on AHS’ website. 80 This service is run by Health Link Alberta and staff there have
access to a provincial data base of community mental health and addictions resources.

Improved relationships with not-for-profit organizations
AHS continues to rely heavily on not-for-profit organizations to help it provide a continuum of care to
mental health clients, especially in the community. It contracts with a variety of these organizations
across the province to provide services such as housing, supportive living, distress lines and outreach
programs.
79
80

These are clinics in Strathmore, Didsbury, Airdrie, Chestermere, Black Diamond, Okotoks and High River.
https://myhealth.alberta.ca/Pages/Emergency-Phone-Numbers.aspx
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We talked with representatives from a number of these contracted organizations. For the most part they
indicated that their organizations had good working relationships with AHS; if problems or concerns
arose there were processes in place for both parties to meet and deal with these in a timely fashion. We
were given examples where AHS and not-for-profit organizations’ staff worked together in partnership to
deliver programs in the community and where AHS provided access to training and education. We did
not hear of any situations that were as problematic as those mentioned in our 2008 report. 81
We noted no significant problems with contractual reporting requirements; a number of the contracted
organizations’ representatives told us AHS is quite flexible around this requirement. We spoke to AHS
zone contract managers who said they will work with their not-for-profits to try and keep this process as
simple as possible for them, especially the smaller ones with limited administrative resources.
One common concern raised by not-for-profits was the level of funding. Many organizations find the
demand for their services exceeds their capacity. More money would help them increase wages to retain
and attract qualified staff and reduce the pressure on many of their program areas.

Strengthening treatment for clients with concurrent disorders
With AADAC becoming part of AHS in 2009, integrated treatment for patients with concurrent
disorders 82 has become much easier. Previous barriers around sharing of patient clinical information
between the two programs have been removed. Mental health therapists and addictions counsellors can
now freely collaborate and work together to coordinate and jointly provide treatment for clients with
concurrent disorders. Clinicians we spoke to in every zone confirmed this.
This works best where mental health and addictions community clinics and staff are co-located in either
same facility or adjacent to each other in the same building. AHS has already co-located a number of
clinics throughout Alberta and is planning to add more as new sites are developed.

Working with community partners to find housing for homeless individuals
We saw a number of good practices in different parts of the province where AHS works with community
partners to find housing for homeless individuals with complex mental health and other needs, and AHS
staff provide the supports necessary to keep them housed. We already identified some of these
programs as good practices in our 2008 report.
Two newer initiatives are:
DiverseCity Housing Team (Edmonton)
• Helps referred clients find permanent, affordable rental accommodation or interim transitional
housing. Team works with closely with Homeward Trust Edmonton 83 and has good partnerships with
a number of local landlords.
• Team provides all necessary on-site 1:1 supports to enable the individual to remain in this housing;
goal is to eventually wean clients off this level of support as they become used to routine and more
self-sufficient and responsible.
• Demand for service currently exceeds available rental supply. Currently supporting 35 housed clients
and looking for spaces for ten active referrals.

81
82
83

Report of the Auditor General of Alberta—October 2008, page 170.
These are clients who have both a mental illness and addictions.
http://www.homewardtrust.ca/programs/housing-first.php
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Clinical Intervention and Support Team (Lethbridge)
• Funded by the City of Lethbridge, this is a joint venture between AHS and the City of Lethbridge
Police Service. Suitable candidates are referred by Home Base 84 (a non-profit agency funded by the
CMHA).
• The team provides necessary mental health and living supports to help keep clients stable and from
being evicted. Staff will also develop a treatment plan and connect a client with any suitable
community resources.
• Currently supporting 15 individuals who would otherwise be homeless.
Demand for these types of programs is high.
Housing managers in a number of zones work directly with local developers to try and increase access
to existing or planned housing spaces for mental health and addiction clients. They have also helped
non-profit housing providers build business cases to obtain alternative sources of funding for
construction of these housing spaces. However, these efforts were typically done on the initiative of an
individual manager and not as part of any overall zone or AHS strategy.

Working with other Government of Alberta partners to help populations with
complex service needs
Community Support Teams are the result of a joint initiative between AHS and Human Services (People
with Developmental Disabilities) which began in 2013. These teams are comprised of local AHS zone
and PDD regional staff who work together to jointly serve a population who have complex service
needs: people with developmental disabilities who require intensive community services and have
significant mental health or chronic substance abuse/dependency problems. These multidisciplinary
teams 85 work directly with various community service providers to help them provide the necessary
supports to keep these complex needs clients stable and in their own communities. Edmonton and
Calgary currently each have a Community Support Team in place, who will provide support to the other
zones as needed. AHS is currently in the process of establishing CST teams in each of its other zones.

Working with inner city homeless population
The Inner City Supports Team (based out of the 108 Street Mental Health Clinic in Edmonton) was
started in 2010. It currently comprises four mental health therapists and an independent living support
worker who act as an outreach resource for the inner city population who are chronically homeless and
have mental illness and addictions. 86 Team members attend at the various inner city agencies (such as
the Bissell Centre, Hope Mission, George Spady Centre and Herb Jamieson Centre) to connect with
clients and provide any required counselling and identify and facilitate access to whatever community

84

85

86

A Housing First Service providing centralized intake, assessment and triage for the homeless, and those who are at risk of
becoming homeless. Works with other local non-profit agencies and co-operative landlords to place homeless clients in
available residential spaces in Lethbridge.
Teams may be comprised of behaviour therapists, occupational therapists, social workers, psychologists, nurses, mental
health therapists, therapy assistants and ILS workers.
Another registered nurse who works out of the Boyle McCauley Health Centre and sees clients there is also considered part of
the team.
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supports they may need, including AHS community mental health and addictions clinics. Each weekday
morning a team member also attends at the Royal Alexandra hospital emergency department to deal
with any patients identified by its embedded mental health nursing team as homeless. The goal of this
team is to try and remove barriers faced by the homeless inner city population in accessing mental
health and addiction treatment and supports. Team staff told us they are extremely busy and could use
three times their existing staff to deal with their volume of referrals.
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Appendix D

2011 ADDICTIONS AND MENTAL HEALTH STRATEGY
GOVERNANCE FRAMEWORK
The stated purpose of the strategy is to reduce the prevalence of addiction and mental illness in Alberta
through health promotion and prevention activities and providing better assessment, treatment and
support services. To accomplish this, the strategy identifies five strategic directions, with each strategic
direction having its own specific priorities, expected key results and initiatives (or actions) to achieve
these priorities. The five strategic directions are:
1. Build healthy and resilient communities
2. Foster the development of healthy children, youth and families (including seniors)
3. Enhance community-based services, capacity and supports
4. Address complex needs
5. Enhance assurance

Governance Structure
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DESCRIPTION

ROLE

Executive Steering Committee

• Executive body responsible for providing strategic direction for
strategy implementation and identifying projects for Initiative
Teams to work on.
• Authority to review and approve final deliverables of these
projects or any changes in their scope, costs or timelines.
• Includes senior management representation from AHS, Alberta
Health and other ministries (such as Human Services,
Education, Justice and Solicitor General) as well as the
Champions.
• Meets monthly.
• Chair 87 reports to the Deputy Minister of Health.

Advisory Committee

• Comprises representatives from Alberta Health, AHS and other
Government of Alberta (GOA) ministries (including Human
Services, Justice and Solicitor General and Education), the
Mental Health Patient Advocate and various community
stakeholders and not-for-profit organizations.
• Provides input to Executive Steering Committee (ESC) on
which strategic direction initiatives should be focused on to
move the strategy forward.

Secretariat

• Comprises representatives from AHS and Alberta Health senior
management.
• Advises and provides any necessary support to the Initiative
Teams, monitors progress of various projects and provides
monthly summary status reports to ESC.
• Meets regularly as required.

Champions

• Five in total, one for each of the strategy’s strategic directions.
Currently either an assistant deputy minister (GOA) or senior
management level (AHS).
• Provide oversight and direction to the initiative teams working
on projects falling under their assigned strategic direction to
ensure successful completion of task(s).
• Responsible for providing regular status updates on their
projects to ESC.

Initiative Team(s)

• Individuals or teams tasked with doing the work on projects
associated to specific strategic direction initiatives selected by
ESC. Formed as required and staffed with employees from
AHS, Alberta Health, other partner GOA ministries or
organizations or contract resources.
• Accountable to the strategic direction Champion responsible
for the initiative they are working on.
• Each team formed to work on a specific project has an
identified lead who:
- develops an implementation plan for approval by the
appropriate Champion
- submits quarterly written status reports to the Champion
and Secretariat and makes project progress presentations
as required to the ESC
- prepares a final project report for submission to ESC

87

Current chair is ADM of Alberta Health, Health Services Division.
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Transportation—Systems to Manage the
Structural Safety of Bridges Follow-up
SUMMARY
In 2012 1 we reported the results of our audit of the Department of Transportation’s systems to manage
the structural safety of bridges. We concluded that the department generally had well-designed systems
but identified several significant findings resulting in nine recommendations to improve processes
related to:
• inspection contracting, quality and frequency
• contractor certification
• bridge information system access
• maintenance activity reporting
• capital planning submissions
We have followed up on the department’s progress in implementing the recommendations and have
concluded the department has implemented seven of the recommendations.

Overall conclusion
The department has made significant improvement to processes to inspect and monitor the structural
safety of Alberta’s bridges. We did not find evidence of unsafe bridges when completing our follow-up
audit procedures. Processes to contract inspections to independent third parties still require
improvement. The department’s decisions on selecting contractors lack clarity, and it should complete
an analysis on the cost effectiveness of contracting out these services.

What we found
The department improved its systems to manage the structural safety of bridges by:
• collecting information on the duration of each bridge inspection
• re-designing the contractor certification process and ensuring all inspectors are certified
• implementing an overdue inspection process
• monitoring that contractors comply with standards
• monitoring access to the bridge information system
• reporting inspection activities and results to executive management
• improving its capital plan submissions

What needs to be done
We repeat two recommendations related to the department’s process to contract external parties to
monitor the safety of bridges. The department has not fully implemented recommendations to:
• improve contracting processes for visual inspections
• regularly assess if contracting out the inspections is cost effective

1

Report of the Auditor General of Alberta—October 2012, pages 17-33.
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Why this is important to Albertans
The Department of Transportation is responsible for ensuring the safety of bridges across Alberta. Wellmaintained bridges are necessary to ensure the safety of Albertans and protect their investment. Many
of Alberta’s major industries rely on the highway system to move goods.

AUDIT OBJECTIVES AND SCOPE
Our audit objective was to determine if the department implemented our nine October 2012
recommendations. To perform the audit, we:
• interviewed management and staff to learn what actions they took in response to our
recommendations
• examined the department’s systems, processes and policies for overseeing and delivering the bridge
program
• tested the department’s spot audit and inspection frequency for compliance with policy
We conducted our work from July 2014 to May 2015. We substantially completed our audit on
May 26, 2015. Our audit was done in accordance with the Auditor General Act and the standards for
assurance engagements set by the Chartered Professional Accountants of Canada.

BACKGROUND
The department is responsible for building and maintaining provincial highways, including all bridges and
culverts on the highway network. Bridges and culverts on local roads are generally the responsibility of
municipalities.
The number of bridge structures managed by the department is about 4,400, which includes both
bridges and culverts: 2
• Major bridges are typically built from site-specific drawings but can also be built from standard girder
drawings. Typically, major bridges are river crossings, highway interchanges or railway crossings.
• Standard bridges are built using standard bridge design drawings and generally are comprised of
standard precast girders, with steel or concrete substructure elements, and supported on steel or
concrete piles. Typically, standard bridges are river crossings.
• Culverts are cylindrical structures made of metal or concrete. They manage water flows under
roadways. Bridge sized culverts have a diameter at least 1,500 mm, or where several culverts are at
the same location, the total diameter of all of them is at least 1,500 mm.
The department designed an inspection program to assess the condition of bridges, identify if
maintenance is needed, and provide information to decide when bridges should be either rehabilitated or
replaced.
The department has established two levels of bridge inspections and documented the standards for
each type in inspection manuals:
• Level 1 inspections are visual assessments of the bridge’s condition, using basic tools and
equipment, performed on all bridges and culverts with diameter of 1,500 mm or larger.
• Level 2 inspections are in-depth inspections using specialized equipment. They are conducted on
bridges that have known structural defects or need frequent monitoring due to age, design or traffic.
2

http://www.transportation.alberta.ca/Content/docType30/Production/bis_v2_05.pdf
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The department’s manuals detail the:
• qualifications and training of bridge inspectors
• rating scale inspectors use in level 1 inspections to assess bridge conditions
• bridge information systems that store data on bridges and level 1 inspection results
All bridge inspectors must complete the department’s training and certification program. Two levels of
certification are available: Class A inspectors can inspect all bridges while Class B inspectors can only
inspect standard bridges and culverts.
The department outsources level 1 bridge inspections. Contracts are for three years, and include doing
the inspections, reviewing the results for completeness and compliance with standards, and data entry.
For the three-year period 2015–2018, the department will pay four contractors about $3.1 million.

FINDINGS AND RECOMMENDATIONS
Contracting level 1 bridge inspections—repeated
Background
In 2012 3 we recommended that the department improve its process to contract its level 1 inspections by:
• documenting how it establishes criteria for assessing candidates and awards points for each criterion
• ensuring proposal requirements do not limit qualified candidates
When contracting visual inspections for the three-year period 2012–2015, we found the department
excluded past performance and did not establish or document how it awarded points for the criteria it
used to evaluate proposals. The department’s Project Administration Manual requires that proposals be
evaluated using specified and established weightings.
The department also required that potential contractors must be Class A bridge inspectors that had
reviewed at least 50 inspection reports in the prior three years to be eligible. This limited candidates to
incumbent contractors and new contractors employing Class A bridge inspectors previously employed
by incumbents.
We repeat part of this recommendation as the department did not document how it selected criteria for
assessing the 2015–2018 contract proposals, did not establish how it awards points, and did not
demonstrate that it had applied criteria consistently.
RECOMMENDATION 10: IMPROVE CONTRACTING FOR LEVEL 1 BRIDGE INSPECTIONS—REPEATED

We again recommend that the Department of Transportation improve its process to contract its visual
inspections by documenting how it establishes criteria for assessing candidates and awards points
for each criterion.

3

Report of the Auditor General of Alberta—October 2012, no. 6, page 27.
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Criteria: the standards for our audit
The department should comply with its Project Administration Manual when contracting inspection work:
• The request for proposals should include criteria and the weighting assigned to each. A selection
committee consisting of three to five experienced and senior staff should review the proposal and
agree on the criteria.
• All criteria should initially be assigned the following minimum range value, and then adjusted based
on project requirements to give a total score of 100:
CATEGORY

Clarification and presentation
Project comprehension
Resource budget
Project control
Innovation
Project team
Past performance
Total

PERCENTAGE

0 – 10
10 – 30
10 – 20
5 – 10
0 – 25
20 – 30
30
100

Our audit findings
KEY FINDINGS

•
•

Contracting requirements were improved to reduce limitations on eligible contractors.
Contracting decisions do not demonstrate consistent application of criteria.

The department ensured candidates were not limited for 2015-2018 level 1 inspections by:
• removing the requirement that inspectors perform a minimum of 50 inspections in the previous
three years
• increasing the number of inspection contracts from four to ten and limiting the number of contracts
that could be awarded to one consultant to four
The department revised its criteria for 2015-2018 level 1 inspections to include relevant experience, both
past performance and other experience relevant to the inspections. The department considers the
following criteria and weightings to be reasonable and in compliance with the department’s current
practice:
CATEGORY

Project comprehension
Resource budget
Project team
Relevant experience
Total

PERCENTAGE

25
30
25
20
100

The department did not, however, establish the specific requirements to be met for each criteria and
points assigned for meeting each requirement. The department’s support for contracting decisions did
not demonstrate consistent application of criteria, and what distinguished the score for one proposal
from another.
Implications and risks if recommendation not implemented
Without a rigorous, fair and transparent contract process, the department risks not obtaining the best
services for the best price.
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Assessing whether to contract out inspections—repeated
Background
In 2012 4 we recommended that the Department of Transportation regularly assess whether it should
contract out inspections or do them itself. We found an analysis of the cost effectiveness of outsourcing
inspection work has not been completed since 1997.
For the year ended March 31, 2015, contracted inspectors performed approximately 2,000 inspections
in 400 working days at a cost to the department of $900,000.
We repeat this recommendation as the department has yet to complete a cost effectiveness analysis on
outsourcing inspections.
RECOMMENDATION 11: ASSESS WHETHER TO CONTRACT OUT PROGRAM DELIVERY—REPEATED

We again recommend that the Department of Transportation regularly assess whether it should
contract out inspections or do them itself.
Criteria: the standards we used for our audit
The department should periodically assess if it is more cost effective to outsource inspections or do
them itself.
Our audit findings
KEY FINDINGS

•
•

An analysis of the cost effectiveness of outsourcing inspections has yet to be completed.
The department plans to perform an analysis prior to awarding inspection contracts in 2018.

In February 2015 the department completed its process of contracting inspections for the three-year
period 2015–2018. No analysis of cost effectiveness of outsourcing the inspection work was done prior
to the department’s decision to award contracts.
The department plans to do a comprehensive review of its inspection process, before the current
contracts finish in 2018. It will document the inspection process, assess whether changes are required,
perform a risk assessment, and conclude whether contracting inspections is optimal.
Implications and risks if recommendation not implemented
Without a regular assessment of the costs and benefits of contracting out bridge inspections, the
department does not know if it is getting value for the money it spends on these services.

4

Report of the Auditor General of Alberta—October 2012, no. 5, page 26.
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Improving inspection processes—implemented
Background
In 2012 5 we recommended that the department improve its inspection processes by ensuring that it
collects all the information it needs to assess the quality of inspections.
We found the department had well-structured and comprehensive manuals to guide inspectors and the
inspection forms were clear and well organized. However, the department was not collecting information
on the time spent for inspections and the number of inspections done in a day. The department’s
assessment of the quality of the inspections should consider this information. Of the 40 spot audits
conducted in 2011 that we tested, 12 had recommendations not identified in the original inspection. We
also observed that one contractor appeared to perform a high number of inspections in one day.
Our audit findings
Since October 2013, the department requires inspectors to record their arrival and departure time for
each inspection. This information is recorded in the department’s Bridge Inspection and Maintenance
System (BIMS). We examined on a sample basis the duration of inspections and identified inspection
data outliers. The department acknowledged that it has not used the inspection duration information in
its quality assurance process but will use it when selecting bridges for its 2015 spot audits. The
department only had duration information on less than half its bridges prior to 2015.

Proper certification of contractors—implemented
Background
In 2012 6 we recommended that the department should only accept inspections if they are performed
and reviewed by inspectors that maintain valid certification. We found the department overrode controls
to ensure that only inspections completed by certified inspectors were entered into the bridge
information systems. As a result of overriding the control, approximately 50 per cent of inspections
entered into the system for the year ended March 31, 2011 were completed by inspectors whose
certification had lapsed.
Our audit findings
The department implemented our recommendation by verifying all inspectors are fully certified prior to
performing inspections. This verification is confirmed by documenting each inspector’s practical and
historical experience, training and certification requirements. Bridge inspector certification is required at
the start of every contract regardless of the contract duration.
The department also revised its certification requirements to include more stringent mentoring and
practical experience for inspectors. We examined a list of all bridge inspectors as of April 9, 2014 and
examined the department's documentation that inspectors were properly certified. We also confirmed
that all bridge inspectors that performed and recorded inspections in the BIMS from April 1, 2013 to
March 31, 2014 were properly certified as either a Class A or Class B inspector.

5
6

Report of the Auditor General of Alberta—October 2012, no. 1, page 21.
Report of the Auditor General of Alberta—October 2012, no. 3, page 24.
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Inspection frequency of bridges—implemented
Background
In 2012 7 we recommended that the department ensure bridges are inspected as frequently as standards
require. We found in one period about 150 inspections were done more than a year after they were due
in one of the department’s four inspection regions. The department’s reporting processes did not
identify that the bridge inspections were late or missed. The region could not explain why it did not
inspect several structures.
Our audit findings
The department implemented a quarterly process that identifies any overdue bridge inspections.
Overdue inspections are brought to the attention of the regional bridge managers to remedy.
We examined four bridge structures with inspections 18 months overdue as of March 26, 2015.
Management provided valid explanations for the overdue inspections and we observed the department
included the four structures in the next inspection cycle.

Assessing quality of inspections—implemented
In 2012 8 we recommended that the department regularly assess whether contractors perform
inspections following department standards and take corrective action if contractors do not.
We found the department’s process to monitor the quality of inspections was not followed consistently
as required spot audits had not been done for two of the prior four years. Spot audits that were done
reported inaccurate inspector ratings. The department lacked a process to remedy poor contractor
performance.
Our audit findings
In late 2012 the department implemented revisions to its quality assurance process by documenting the
goals, responsibilities, bridge spot audit selection and review processes. One goal is to identify
inspections that do not meet the department’s standards so that action can be taken. Inspectors found
to have poor performance are reported to the regional bridge managers for a corrective review within
one month of receiving the performance information.
The department completed about 40 spot audits in each of 2013 and 2014 applying its revised
procedures. Reports to regional bridge managers described how the bridges were selected, the results
of the audits, and maintenance recommendations not identified by the inspectors. Of the 39 spot audits
completed for 2014, the department assessed three as unacceptable. We examined the department’s
documentation of the actions taken by inspectors to correct their performance.
In April 2014 9 the department issued further detailed requirements and procedures for selecting bridges
for the spot audit process, where:
• a risk-based approach is applied focusing on bridges that had components rated as poor in the
previous bridge inspection—The department defines poor as structures with the presence of distress
or deterioration and not functioning as intended.
• a minimum 10 spot audits are completed in each region

7
8
9

Report of the Auditor General of Alberta—October 2012, no. 4, page 25.
Report of the Auditor General of Alberta—October 2012, no. 2, page 23.
Alberta Transportation, Bridge Inspection and Maintenance Systems Manual, December 20, 2005, Section 1.09.
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Monitoring access to the bridge information system—implemented
Background
In 2012 10 we recommended that the Department of Transportation improve its inspection processes to
monitor access to the computer system that manages bridge inventory and inspections. We found the
department did not regularly monitor access to the bridge inspections and maintenance system and
staff and contractors had access they did not need to perform their work.
Our audit findings
The department implemented the recommendation by:
• performing annual reviews of access for staff and contractors in 2013 and 2014—We examined
documentation of the results of the department’s monitoring of access and removal of inappropriate
access and assessed the process was adequate.
• issuing written documentation, effective April 1, 2015, of the Annual System Security Roles Review
Process—The process outlines roles and responsibilities and requires evidence of the annual access
rights review to be retained by the department’s information technology security staff.

Improving reporting of maintenance activities—implemented
Background
In 2012 11 we recommended that the department improve the information that senior management
receives on inspector activities, results, maintenance and other actions.
Bridge inspectors are required to assess the condition of each main bridge component and assign
ratings from 1 to 9, using guidance in the level 1 Bridge Inspection Manual. Bridge components
rated 3 or less should have a maintenance recommendation. Maintence recommendations can include
any of: replacement, repair, rehabilitation, assessment level 2 inspection, reduce inspection cycle or
monitoring.
The Bridge Inspection Manual states that the timing of bridge maintenance should generally follow
accepted timelines, depending on the rating assigned to the component. The timelines for components
that are rated as 1 is immediate, 2 is six months and 3 is before the next inspection cycle. Timelines for
components rated four to nine range from low priority to no action required.
In 2012 we found the department did not track the results of inspections, conclusions on bridge
elements ranked as high priority, and whether required maintenance was done in recommended
timelines. Senior management also did not receive good summary information on these areas.
Our audit findings
Bridge managers in each of the four regions report monthly to the regional directors on the status of all
inspections in the current and prior periods that identified major components in poor condition. We
reviewed the reports and found that the department’s plan to deal with the deficiency was reported, and
that the department tracked the status of the deficiency until it was corrected. If the department decided
to repair the deficiency, the report tracked the timing of the work and current status.

10
11

Report of the Auditor General of Alberta—October 2012, no. 7, page 28.
Report of the Auditor General of Alberta—October 2012, no. 8, page 29.
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The department reports annually to senior management on the bridge inspection activities. The reports
are comprehensive and include:
• the overdue inspections by region, with explanation for the delay and actions to correct
• findings from the spot audit process, and actions taken to remedy any poor performance
• confirmation that all inspections were performed by certified inspectors
• the monitoring of access to the bridge information system, findings, and actions taken to correct
access
• the listing of all inspections in the current and prior periods that identified major bridge components in
poor condition, and the department’s actions to respond to the deficiencies
• the department’s capital funding request for the next year and the funding approved

Enhancing the capital planning submission—implemented
Background
In 2012 12 we recommended that the department improve its capital plan submission to ensure that it
gives decision makers the information they need to assess the impact of funding alternatives on bridge
safety and protection of the province’s investment.
We found the department’s process to develop the capital plan submission was well-designed but did
not fully follow the prescribed format. The department did not provide sufficient information to the
Department of Treasury Board and Finance to allow decision makers to better understand the risks of
different funding levels on safety, service levels and future funding needs.
Our audit findings
The department improved its capital plan submission by preparing detailed presentations on bridges,
tailored for decision makers to easily understand the capital needs and expected outcomes. The
presentations provide information on the current condition of provincial bridges using photographs and
graphs to communicate specific and general examples of expected outcomes, costs, and safety risks.
The presentation also examines the impact funding levels have on bridge deferred maintenance
including the expected outcomes on the safety and condition of bridges and the optimal time to
rehabilitate or replace bridges.

12

Report of the Auditor General of Alberta—October 2012, no. 9, page 31.
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Accountability for results The obligation to show continually improving results in the context of fair and
agreed on expectations. For Albertans to receive value for money, all those who use public resources
must:
• set measurable results and responsibilities
• plan what needs to be done to achieve results
• do the work and monitor progress
• report on results
• evaluate results and provide feedback (results analysis)
Accrual basis of accounting A way of recording financial transactions that puts revenues and expenses
in the period when they are earned and incurred.
Adverse auditor’s opinion An auditor’s opinion that things audited do not meet the criteria that apply to
them.
Assurance An auditor’s written conclusion about something audited. Absolute assurance is impossible
because of several factors, including the nature of judgement and testing, the inherent limitations of
control and the fact that much of the evidence available to an auditor is only persuasive, not conclusive.
Attest work, attest audit Work an auditor does to express an opinion on the reliability of financial
statements.
Audit An auditor’s examination and verification of evidence to determine the reliability of financial
information, to evaluate compliance with laws or to report on the adequacy of management systems,
controls and practices.
Auditor A person who examines systems and financial information.
Auditor’s opinion An auditor’s written opinion on whether things audited meet the criteria that apply to
them.
Auditor’s report An auditor’s written communication on the results of an audit.
Business case An assessment of a project’s financial, social and economic impacts. A business case is
a proposal that analyzes the costs, benefits and risks associated with the proposed investment,
including reasonable alternatives.
Capital asset A long-term asset.
COBIT Abbreviation for Control Objectives for Information and Related Technology. COBIT provides
good practices for managing IT processes to meet the needs of enterprise management. It bridges the
gaps between business risks, technical issues, control needs and performance measurement
requirements.
COSO Abbreviation for Committee of Sponsoring Organizations of the Treadway Commission. COSO is
a joint initiative of five major accounting associations and is dedicated to development of frameworks
and guidance on risk management, internal control and fraud deterrence.
Criteria Reasonable and attainable standards of performance that auditors use to assess systems or
information.
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Cross‑ministry The section of this report covering systems and problems that affect several ministries
or the whole government.
Crown Government of Alberta
Deferred maintenance Any maintenance work not performed when it should be. Maintenance work
should be performed when necessary to ensure capital assets provide acceptable service over their
expected lives.
Enterprise risk management (ERM) The systems and processes within an organization used to identify
and manage risks so it can achieve its goals and objectives. An ERM creates linkages between
significant business risks and possible outcomes so that management can make informed decisions. An
ERM framework helps organizations identify risks and opportunities, assess them for likelihood and
magnitude of impact, and determine and monitor the organization’s responses and actions to mitigate
risk. A risk-based approach to managing an enterprise includes internal controls and strategic planning.
Enterprise resource planning (ERP) Abbreviation for enterprise resource planning. ERPs integrate and
automate all data and processes of an organization into one comprehensive system. ERPs may
incorporate just a few processes, such as accounting and payroll, or may contain additional functions
such as accounts payable, accounts receivable, purchasing, asset management, and/or other
administrative processes. ERPs achieve integration by running modules on standardized computer
hardware with centralized databases used by all modules.
Exception Something that does not meet the criteria it should meet—see “Auditor’s opinion.”
Expense The cost of a thing over a specific time.
IFRS International Financial Reporting Standards (IFRS) are global accounting standards, adopted by
the Accounting Standards Board of the Chartered Professional Accountants of Canada. They are
required for government business enterprises for fiscal years beginning on or after January 1, 2011.
GAAP Abbreviation for “generally accepted accounting principles,” which are established by the
Chartered Professional Accountants of Canada. GAAP are criteria for financial reporting.
Governance A process and structure that brings together capable people and relevant information to
achieve results (the cost-effective use of public resources).
Government business enterprise A commercial-type enterprise controlled by government. A
government business enterprise primarily sells goods or services to individuals or organizations outside
government, and is able to sustain its operations and meet its obligations from revenues received from
sources outside government.
Internal audit A group of auditors within a ministry (or an organization) that assesses and reports on the
adequacy of the ministry’s internal controls. The group typically reports its findings directly to the deputy
minister or governing board. Internal auditors need an unrestricted scope to examine business
strategies, internal control systems, compliance with policies, procedures, and legislation, economical
and efficient use of resources and effectiveness of operations.
Internal control A system designed to provide reasonable assurance that an organization will achieve its
goals. Management is responsible for an effective internal control system in an organization, and the
organization’s governing body should ensure that the control system operates as intended. A control
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system is effective when the governing body and management have reasonable assurance that:
• they understand the effectiveness and efficiency of operations
• internal and external reporting is reliable
• the organization is complying with laws, regulations and internal policies
Management letter Our letter to the management of an entity that we have audited. In the letter, we
explain:
1. our work
2. our findings
3. our recommendation of what the entity should improve
4. the risks if the entity does not implement the recommendation
We also ask the entity to explain specifically how and when it will implement the recommendation.
Glossary
Material, materiality Something important to decision makers.
Misstatement A misrepresentation of financial information due to mistake, fraud or other irregularities.
Outcomes The results an organization tries to achieve based on its goals.
Outputs The goods and services an organization actually delivers to achieve outcomes. They show
“how much” or “how many.”
Oversight The job of:
• being vigilant,
• checking that processes/systems, including the accountability for results system,
are working well, and
• signaling preferred behaviour,
all in the pursuit of desired results.
Performance measure Indicator of progress in achieving a desired result.
Performance reporting Reporting on financial and non-financial performance compared with plans.
Performance target The expected result for a performance measure.
PSAB Abbreviation for Public Sector Accounting Board, the body that sets public sector accounting
standards.
PSAS Abbreviation for public sector accounting standards, which are applicable to federal, provincial,
territorial and local governments.
Qualified auditor’s opinion An auditor’s opinion that things audited meet the criteria that apply to them,
except for one or more specific areas—which cause the qualification.
Recommendation A solution we—the Office of the Auditor General of Alberta—propose to improve the
use of public resources or to improve performance reporting to Albertans.
Review Reviews are different from audits in that the scope of a review is less than that of an audit and
therefore the level of assurance is lower. A review consists primarily of inquiry, analytical procedures and
discussion related to information supplied to the reviewer with the objective of assessing whether the
information being reported on is plausible in relation to the criteria.
Risk Anything that impairs an organization’s ability to achieve its goals.
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Sample A sample is a portion of a population. We use sampling to select items from a population. We
perform audit tests on the sample items to obtain evidence and form a conclusion about the population
as a whole. We use either statistical or judgemental selection of sample items, and we base our sample
size, sample selection and evaluation of sample results on our judgement of risk, nature of the items in
the population and the specific audit objectives for which sampling is being used.
Standards for systems audits Systems audits are conducted in accordance with the assurance and
value-for-money auditing standards established by the Chartered Professional Accountants of Canada.
Systems (management) A set of interrelated management control processes designed to achieve goals
economically and efficiently.
Systems (accounting) A set of interrelated accounting control processes for revenue, spending,
preservation or use of assets and determination of liabilities.
Systems audit To help improve the use of public resources, we audit and recommend improvements to
systems designed to ensure value for money. Paragraphs (d) and (e) of Subsection 19(2) of the
Auditor General Act require us to report every case in which we observe that:
• an accounting system or management control system, including those designed to ensure economy
and efficiency, was not in existence, or was inadequate or not complied with, or
• appropriate and reasonable procedures to measure and report on the effectiveness of programs were
not established or complied with.
To meet this requirement, we do systems audits. Systems audits are conducted in accordance with the
auditing standards established by the Chartered Professional Accountants of Canada. First, we develop
criteria (the standards) that a system or procedure should meet. We always discuss our proposed
criteria with management and try to gain their agreement to them. Then we do our work to gather audit
evidence. Next, we match our evidence to the criteria. If the audit evidence matches all the criteria, we
conclude the system or procedure is operating properly. But if the evidence doesn’t match all the
criteria, we have an audit finding that leads us to recommend what the ministry or organization must do
to ensure that the system or procedure will meet all the criteria. For example, if we have five criteria and
a system meets three of them, the two unmet criteria lead to the recommendation. A systems audit
should not be confused with assessing systems with a view to relying on them in an audit of financial
statements.
Unqualified auditor’s opinion An auditor’s opinion that things audited meet the criteria that apply to
them.
Unqualified review engagement report Although sufficient audit evidence has not been obtained to
enable us to express an auditor’s opinion, nothing has come to our attention that causes us to believe
that the information being reported on is not, in all material respects, in accordance with appropriate
criteria.
Value for money The concept underlying a systems audit is value for money. It is the “bottom line” for
the public sector, analogous to profit in the private sector. The greater the value added by a government
program, the more effective it is. The fewer resources used to create that value, the more economical or
efficient the program is. “Value” in this context means the impact that the program is intended to
achieve or promote on conditions such as public health, highway safety, crime or farm incomes. To help
improve the use of public resources, we audit and recommend improvements to systems designed to
ensure value for money.
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Mine Financial Security Program – Security and Liability
The Mine Financial Security Program (MFSP) security held by the AER and the MFSP liability for oil
sands and coal mines with approvals under the Environmental Protection and Enhancement Act (EPEA)
are provided in the table below.
The AER updates the liability and security amounts annually. Oil sands and coal mine approval holders
are required to provide liability estimates to the AER by June 30 every year.
MFSP liability and security, in billions of dollars

MFSP liability
MFSP security held

Reported by June
30, 2014

Reported by June
30, 2015

Reported by June
30, 2016

Reported by June
30, 2017

20.82

22.60

23.19

27.79

1.57

1.36

1.38

1.39

The following explains the changes in the liability and security amounts from year to year:
•

The estimated liability increased every year due to mining operations and the related disturbance.

•

In 2015, the security held by the AER decreased. An oil sands approval holder became eligible to use
a deemed netback in accordance with the program. As a result, the approval holder switched from
paying full financial security to paying the base security deposit.
−

Base security deposit is $30 000 000 for a new oil sands mine with no upgrader or
$60 000 000 for a new oil sands mine with an upgrader.

−

For oil sands mines with an EPEA approval in effect as of December 31, 2010, the base security
deposit equals the security held by the government to cover disturbances up to that date.

−

•

Additional financial security above the base security is not required if the mine
•

has MFSP assets at least three times greater than the MFSP liability,

•

is 15 years or more from the end of its reserves, and

•

is keeping current with its reclamation plans.

Since 2014, additional security has been collected from coal mine approval holders based on an
increase in disturbance at mining operations.

For more information about the MFSP, see the Guide to the Mine Financial Security Program.

September 28, 2017
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Leave it in the ground? Incorporating the social cost of
carbon into oil sands development
Branko Boskovicy
University of Alberta

Andrew Leachz
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December 24, 2017

Abstract
We evaluate the impact of internalizing the carbon emissions externality on new oil
sands projects. Using data from recent oil sands projects and estimates of the social
cost of carbon, we estimate the minimum prices required to make these projects economically viable. Our results indicate oil sands are a marginal resource before they
incur any carbon costs. Incorporating carbon costs, the viability of oil sands depends
on the equilibrium incidence of the social cost of carbon and an important interaction
between resource royalties and carbon charges.
Keywords: climate change, social cost of carbon, oil sands
JEL classi cation: Q3, Q4, Q54
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1

Introduction

The Intergovernmental Panel on Climate Change (2014) estimates that only a small fraction
of existing fossil fuel reserves can be exploited under an emissions budget consistent with
stabilizing climate change at 2 Celsius. Since estimated reserves re ect the quantities of
fossil fuels rms expect to extract in the near future, the IPCC ndings suggest that the
implications of stringent future policies aimed at mitigating climate change have not been
fully capitalized into the expected pro ts of current fossil fuel investments. This disconnect has prompted fears of signi cant nancial consequences in the fossil fuel industry {
an outcome sometimes referred to as the \carbon bubble."1 The potential consequences of
stringent action on climate change could be signi cant for countries, industries and regions.
Leaton (2011) analyzed whether large fossil fuel producers may be overvalued because they
held reserves that may become stranded, or undeveloped, under stringent climate policy and
found that, \up to 80% of declared reserves owned by the world's largest listed coal, oil and
gas companies would be subject to impairment as these assets become stranded," if the world
acts to meet 2 C climate change goals.2 Bank of England Governor Mark Carney has stated
that, \changes in policy, technology and physical risks could prompt a re-assessment of the
value of a large range of assets," while Lloyd's of London recently reported that, \society's
response to (climate change) could potentially strand entire regions and global industries
within a short timeframe, leading to direct and indirect impacts on investment strategies
and liabilities" (see Carney (2015, 2016) and Caldecott et al. (2017), respectively).
While we cannot test the rationality of expectations about future greenhouse gas policy
ex ante, we can examine the degree to which existing reserves are potentially at risk of being
stranded from internalizing the externality of greenhouse gas emissions from the reserves'
development. We examine a potential candidate for such an impact { oil sands resources in
Alberta, Canada { and test whether this resource would remain economically viable under
policies that internalize the externality. We price the externality using estimates of the
social cost of carbon, which represent the present value of climate change damages from
incremental carbon emissions.
The Canadian oil sands represent an ideal case study of the viability of resource extraction under policy which internalizes the social cost of carbon on new development for three
o

o

1 This

phenomenon goes by several di erent labels that indicate the same outcome, such as \re-evaluating
reserves," \resource sterilization," \stranded assets," and \unburnable carbon."
2 Several other authors have commented or analyzed this issue. For example, see Jakob and Hilaire
(2015), Grin et al. (2015), McGlade and Ekins (2015), and Zenghelis and Stern (2016), among others.
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reasons. First, oil sands have high production costs and, as a result, likely represent one of
the marginal resources in global oil supply. Second, oil sands production generates signi cant greenhouse gas emissions and has become a focal point of domestic and international
opposition to activities which exacerbate climate change. Together, these cost and emissions
characteristics imply that oil sands projects could be vulnerable nancially if subject to more
stringent greenhouse gas policies { in fact, they may only exist because these costs are external. Finally, oil sands represent an abundant source of oil reserves { 170 billion barrels of
established oil sands reserves constitute 10% of the world's reserves (Alberta Energy Regulator (2016b); BP (2016)) { and so the conclusions we reach could have important implications
for eventual climate change mitigation and global oil supply under carbon constraints.
We use a discounted cash ow model to calculate the levelized cost of energy from prototypical oil sands projects under carbon prices. We parameterize our model using oil price
forecasts and historic discounts for oil sands products along with cost and productivity data
from new oil sands projects that are currently under development as well as from operating
projects. Our model accounts for costs associated with construction, maintenance, operation, and reclamation, as well as revenues from oil sales. We track life-cycle greenhouse gas
emissions across production, re ning, transportation, and eventual downstream combustion.
Conditional on the extraction technology, an assumed opportunity cost of capital, and value
of the carbon tax, we compute the break-even or trigger price of oil such that lifetime present
value revenues equal costs and then compare this break-even price to existing and forecast
oil prices to evaluate the project's viability. To quantify the e ect of imposing the social cost
of carbon (SCC) on oil sands development, we use the Interagency Working Group on Social
Cost of Carbon (2015) (IWG) estimates, which are a product of an extensive meta-analysis
of existing studies. We impose these carbon costs through an emissions tax which we allow
to di er in coverage and point of application: we allow the tax rst to cover production
emissions alone and subsequently to cover all life-cycle emissions, and apply the tax both at
consumption and at production sites.
Our analysis yields three principal results. First, our analysis con rms that oil sands
projects are marginal and their viability depends primarily on the future price of oil. In
particular, the break-even prices for oil sands projects are above current oil futures prices,
implying these projects are not viable under current market expectations. However, oil sands
investments would more than recover their opportunity cost of capital under the more optimistic price projections developed by Energy Information Administration (2017), amongst
others. Given the uncertainty of oil price projections, we take these results as con rmation
2

1378

that oil sands are one of the world's marginal sources of oil.
Second, we nd that internalizing the GHG emissions externality has the potential to
materially a ect the viability of oil sands projects. We rst nd that when the cost of carbon
is applied only to production emissions, the likelihood of a material impact on oil sands
development is small. Under Energy Information Administration (2017) price projections,
the prototypical oil sands project remains viable under the entire range of IWG-estimated
SCC values, while under current prices or those predicted by futures markets, the same
project is unlikely to be viable with any GHG emissions costs imposed. We nd more
signi cant impacts when producers face some incidence of a carbon price applied to life-cycle
emissions. When the incidence of carbon prices falls on producers, the prototypical project
we analyze is viable only if the discount rate used to estimate the SCC is at or above 5%,
while an SCC estimated lower discount rate or an estimate admitting 95th percentile damage
estimates would result in a non-viable project. Thus, we argue that oil sands are potentially
signi cantly exposed to the carbon bubble: their viability depends on an assumption of
limited action on GHGs or on the costs of those actions being borne largely by oil consumers.
To our knowledge, ours is the rst paper to incorporate the emissions externality, particularly the IWG-estimated social costs of carbon, into the levelized cost of production for any
particular source of oil. Additionally, our paper o ers a unique focus on emissions through
the entire supply chain. Studies that have incorporated the SCC into levelized cost estimates
have focused mainly on di erent sources for electricity generation. For example, Greenstone
and Looney (2012) derive estimates for several electricity generation sources, while Davis
(2012) focuses on nuclear power and Baker et al. (2013) focus on solar power. However,
none of these studies focus on the entire supply chain of inputs to production.
Third, we nd that the viability of oil sands development depends on the economic
incidence of the costs of the bene ts of keeping emissions costs external and on interaction
of the carbon charges with resource royalties. Here, we nd that e ect of carbon charges is
not neutral with respect to the the point in the lifecycle where the carbon charge is applied
due to interaction between resource royalties and carbon pricing. Speci cally, when we apply
a tax on life-cycle emissions on oil sands producers, the impact on oil sands' viability is more
adverse than the same tax applied downstream on consumers. This is due to an interaction
between the royalties charged by the government of Alberta on oil sands production and
the price of crude oil. Because royalties in Alberta increase with oil prices, costs which are
passed-through from producers to consumers increases royalty rates, thereby decreasing a
project's pro tability while if a tax is applied downstream on consumers, any costs passed
3
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on through lower crude prices would result in lower royalty rates for producers and a more
pro table project all else equal. Our results in this regard add to existing literature on the
unintended consequences that other policies have on environmental policies (see Bovenberg
and Goulder (2002)), on vertical targeting (see Bushnell and Mansur (2011) and Mansur
(2012)) and the application of border carbon adjustments on imported fuels (see Fischer and
Fox (2012)).
Our analysis is partial equilibrium, and so the results should be understood only in that
context. The limited complexity of our model allows us to include project level detail and
can shed light on how institutional factors, particularly how resource royalties interact with
carbon charges, which might be lost in a more complicated setting. To the best of our
knowledge, this interaction has not been studied in the context of fossil fuel development.
We believe our analysis is a critical rst step in understanding these interactions before
integrating them in more complicated quantitative models.
2

Model and data

To undertake our study, we rely on a discounted cash ow model of bitumen production
facilities. We parameterize the model to represent the two most common oil sands production techniques: (1) a bitumen mine using paranic froth technology, and; (2) an in
situ bitumen extraction facility using steam-assisted gravity drainage (SAGD) technology.
Under recently-reduced industry growth forecasts, mined bitumen production is expected to
grow by approximately 360,000 barrels per day by 2030, from current levels of 1.4 million
barrels per day, while production from in situ technology is expected to increase by nearly
50% from current levels to 2.2 million barrels per day by 2030 (Canadian Association of
Petrolem Producers (2017)). For much of the analysis, we focus on the in situ project since,
even in the industry forecasts, no new mines are expected for more than a decade; increased
production is expected to come from improvements at existing facilities and from facilities
already under construction. However, we include prototypical mine data in our benchmark
results for context.
For a given project type, the net present value pro t function for an oil sands project is
given by:

1
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The key parameters that determine the net present value include, for each period t, revenue
from the sale of bitumen, P Q , facility capital costs, K , and operating costs, C , resource
royalties and corporate taxes, R , and carbon policy costs,  , which depend on emissions,
E .3
We report two metrics for project nancial viability: internal rates of return and the
levelized cost of oil production, or the benchmark oil price at which a project would be
expected to earn a 10% after-tax rate of return. This can be thought of as a trigger price for
entry, in the spirit of Mason (2001). To calculate these levelized costs, we set r to 10% and
solve for the constant real dollar oil price that results in a net present value of zero.4 For
our internal rate of return calculations, we solve equation (1) for the discount rate, r, which
leads to a net present value of zero, conditional on project parameters and oil prices.
The model allows us to assess the impacts of greenhouse gas pricing applied at various
points in the supply chain on the entry decision by looking at the economic viability of new
oil sands production.
b;t

t

t

t

t

t

t

2.1 Data
We use a combination of data from projects operating and currently under construction
to represent state of the art oil sands technology. Oil sands facility are largely xed over
time, so there is not much capacity for technological improvement once a facility is built.
Where possible, we rely on aggregate information compiled for multiple projects. Parameter
values for the in situ oil sands project are reported in the rst column of Table 1, and are
based on data from the Kirby North in situ project that is under construction, owned by
Canadian Natural Resources Limited. Since the project is not at full production capacity, we
use extrapolated performance data based on top quartile performance for existing facilities
from Alberta Energy Regulator (2016b), assuming that the project uses 2.5 barrels of steam
per barrel of oil produced and that steam is generated using natural gas in simple cycle
steam generators. The second column of Table 1 reports parameter values for the bitumen
mine project. These values are based on data from the Fort Hills project also currently under
construction and majority-owned by Suncor Limited, supplemented with actual performance
data from Alberta Energy Regulator (2016a) for the Kearl oil sands project, which uses
3 Where

we can do so without confusion, time subscripts have been eliminated.
10% real rate of return is commonly used in oil sands analysis and is well within the current range
of weighted average cost of capital for oil sands producers. For example, Suncor's weighted average cost of
capital as of December 12, 2017 was 8.0%, while Canadian Natural was 9.4% and relatively small oil sands
producer Devon had a cost of capital of 13.2%.
4A
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similar technology. Fort Hills and Kearl are typical of a new generation of mines that will
ship diluted bitumen directly to market without the need for a purpose-built upgrader to
produce synthetic crude.
The top-left of Table 1 reports the production and cost parameters for each type of oil
sands project, followed by the production greenhouse gas emissions. Notable di erences
between the two projects are the production capacity, measured in barrels of bitumen per
day and the time horizons for the projects. The in situ project is smaller at 40,000 barrels
per day, takes three years to build, and production increases over the next three years to
reach full capacity in year 6, after which it operates for 27 more years before being shut
down and reclaimed. The larger-scale mine produces more than four times as much bitumen
at full capacity, begins production in year 4, reaches full capacity after two additional years,
and has a 50-year lifespan. Combined, these imply that cumulative production from the
mine is almost 10 times greater than the in situ project.
Project cost parameters, shown next in Table 1, con rm that oil sands projects are
expensive to build and operate. The cost to build an in situ facility is $1.2 billion, while
construction costs for a mine are vastly greater, both on a cumulative and per barrel per
day of production capacity, at more than $12.5 billion. Per-barrel maintenance costs for in
situ and the mine amount to $5 and $3 respectively. The third row of the panel reports
operating costs, which include the labour, energy and other costs associated directly with
production activities { $10 and $16, respectively, for the projects. Maintenance capital is
xed on a per-barrel basis at $5.00 per barrel for the in situ site and $3.00 per barrel for the
mine, while ongoing capital investment necessary to maintain production is estimated at a
further $9.00 per barrel for the in situ site and $6.00 per barrel for the mine. Reclamation
expenses, including activities to remediate environmental damages, are estimated at $0.25
per barrel for both projects.
These project parameters provide an important sense of the scale and timing issues that
di erentiate oil sands from other unconventional production, such as the US light tight oil
which has become so prevalent since 2010. In comparison, a typical light oil well in North
Dakota's Bakken eld might cost $6-8 million to drill and complete, and $15-40 per barrel to
operate, with more than half of the cumulative oil ever to be produced from the well produced
in the rst three years, before either oil sands project would have produced its rst barrel
(Energy Information Administration (2016a), Energy Information Administration (2016b)).
The bottom half of the left-side panel in Table 1 reports greenhouse gas emissions intensities and policies by project type. Both project types have signi cantly higher extraction
6
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Table 1: Basic model parameters for mining and

in situ

projects

emissions than conventional light crude oil, which translate to higher life-cycle emissions.
The sum of production, transportation, re ning and combustion emissions from the mining
project are 535.4 g/bbl of bitumen produced compared to 574.5 g/bbl for the in situ project,
compared to approximately 500g/bbl for light, conventional crude oil (see Brandt (2012);
Jacobs Consultancy (2009); Charpentier et al. (2011); Bergerson et al. (2012)).5 Given their
respective production capacities and lifetimes, the in situ and mine projects produce about
25 million and 125 million tonnes of cumulative greenhouse gas emissions respectively.
The right hand side of the table speci es the exogenous time trends and scal policy
parameters used, as well as the allocation of capital expenditures of each project to di erent
tax expenditure pools. Because the in situ project relies on drilling wells, a greater share of
the expenditures under this project receive a di erent tax treatment under the Canadian oil
and gas development expense.
2.1.1

Prices for oil sands bitumen

Whether calculating the internal rate of return, conditional on price forecasts, or the levelized
cost of oil sands, conditional on the discount rate, it is critical to account for how prices for
oil sands products are determined. Oil sands projects produce bitumen, an extra-heavy
oil that generally does not ow freely at room temperatures.6 In order to model oil sands
5 Bitumen

produced at either facility will have identical emissions downstream of production, so any
di erences in emissions are due to production technologies.
6 Some oil sands bitumen is upgraded at the production sites to a synthetic crude oil, which is then shipped
without requiring dilution. Since most new production is expected to be shipped as diluted bitumen, we
focus on it here.
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project revenues, we develop a relationship between benchmark oil prices (we use US West
Texas Intermediate) and oil sands bitumen value at the production site. Oil sands bitumen
is valued at a discount to benchmark light crudes for both quality and geographic reasons. In
order to ship a barrel of bitumen to market, a much larger amount (usually approximately 1.5
barrels) of diluted bitumen must be shipped, and the diluents used for shipment are generally
higher-value natural gas condensate or natural gasoline. In addition to the added total
volume, diluted bitumen has the pipeline properties of heavy crude and so is charged higher
transportation tolls per unit volume than lighter crudes. Once shipped to a re nery, bitumen
or bitumen blends have lower-value yields than comparable volumes of light crudes and must
be processed using more complex, thermal cracking re neries (Nimana et al. (2016)). Thus,
we would expect long-term basis di erentials to re ect both the reduced value to re neries
and the increased costs to transport oil sands bitumen. As we describe below, instead of
assuming a linear relationship between the price of West Texas Intermediate (WTI) oil and
the value of bitumen, we present a complete derivation of the pricing relationships. From
doing so, we can more accurately translate impacts of carbon pricing through to the revenue
from production as well as accounting for royalty implications.
To model the revenue from oil sands production in a world with prices on carbon, we begin
with the US dollar price of West Texas Intermediate at Cushing, Oklahoma, P , adjusted
for carbon policy impacts by the incidence, , of downstream emissions taxes, t , applied on
re ning, combustion, and transportation emissions for light oil, E . Higher carbon prices
are expected to lead to lower net light oil prices for producers over the long term, although
the combined impact of both production and consumption carbon prices on oil prices is not
clear. This US-based price for light oil is then adjusted for transportation costs, T , and
exchange rates, F , to determine the price of light oil in Canadian dollars at the Canadian
trading hub of Hardisty, Alberta, P :
w
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The price of diluted bitumen, P , which generally trades comparably to heavy oil blends
at a discount to light oil, is determined in our model as a discount, D , to light oil. Oil sands
diluted bitumen also has higher processing emissions and so we adjust the price di erential
d

H

7 We

need to track the relationship between these prices because oil sands royalties are based on the US
dollar price for WTI at Cushing converted into Canadian dollars.
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Table 2:

Historical and modeled price di erentials for Alberta bitumen and diluted bitumen (approximated by the price of the Western Canada Select blend) relative to West Texas Intermediate
pricing. Historical prices from Bloomberg.

accordingly for potential downstream carbon prices as:
Pd

= P (1
c

DH
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Ed;l ;
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(3)

where (E
E ) represents the incremental emissions from combustion, re ning, and
transportation from a barrel of diluted bitumen relative to light oil for bitumen produced at
each project type j , where j can be either the mining or in situ project.
Finally, in order to derive a value for bitumen, we need to value the diluent used to blend
bitumen. Let P represent the premium for natural gasoline over light crude, a premium
which has averaged 2% over the previous 5 years. The implied value of bitumen at the
production site, P , is determined as a function of the dilution ratio, , typically about
30%, the cost of diluent, P , the cost of transporting diluent from the trading hub to the
production site, T , and the cost of shipping the diluted bitumen from the production site
to the transportation hub, T .
d;j
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1 
The relationships described in Equations (2) { (4) determine the value of bitumen at the oil
sands facility as functions of quality and geographic discounts, the Canadian dollar exchange
rate, and the ratio of dilution of bitumen for transport.
In our analysis, we rely primarily on two WTI price series: the U.S. Energy Information
Administration (2017) forecast to 2040 and NYMEX futures prices for 5 years sampled on
September 1, 2017, each escalated at 2% in ation beyond the forecast horizon. We refer
to these as EIA and Current Prices in the paper. The predictions of our parameterized
Pb

d
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pricing model using forward curve pricing relative to historic averages are shown in Table
2. The discounts in Table 2 are comparable to one year average data. There is signi cant
volatility over time { the congestion that a ected the North American pipeline network and
contributed to larger di erentials between 2010 and 2014 (see Oliver et al. (2014), Borenstein
and Kellogg (2014)) did not exist between 2014 and 2017, but di erentials have increased in
late 2017. We implicitly assume in our benchmark scenarios that pipeline networks remain
uncongested. Our forecast pricing relationships are also generally consistent with forecasts
used to evaluate the reserves of publicly-traded Canadian rms. For example, in the Sproule Worldwide Petroleum Consultants (2016) forecasts used to value reserves for Suncor Energy,
the largest Canadian energy company, they assume heavy oil discounts relative to WTI of
approximately $15 per barrel between 2018 and 2027, an average 21% discount. However,
these are under a much more bullish pricing assumption for crude, as Sproule sees WTI
prices climbing to $82.21 per barrel by 2027 while futures market prices remain well under
$60 per barrel for the same time period as of December 2017. As such, in percentage terms,
the discounts proposed by Sproule are lower than ours. Our long term di erentials in real
terms are consistent with historic market outcomes, although they are higher in percentage
terms as the model's real dollar price is lower than that in the historical data.
Natural gas prices are important input costs, particularly for the in situ project. We also
use Energy Information Administration (2017) and forward curve prices for natural gas, with
a real-dollar discount of $0.50/mmBtu between Alberta prices and Henry Hub prices. The
Alberta Energy Regulator (2016b) and National Energy Board (2016) forecasts that we use
in the paper have associated natural gas price forecasts that we use directly. Where we rely
on crude oil price forecasts from Energy Information Administration (2017), International
Energy Agency (2016a), and McGlade and Ekins (2015), we use forward curve pricing for
natural gas.
Finally, the exchange rate into Canadian dollars is an important determinant of profitability and the adjustment of the Canadian dollar with oil prices provides an important
revenue shock absorber to Canadian oil sands. For forward curve pricing, we rely on the
current futures price for the Canadian dollar to US dollar exchange rate, and assume those
to be constant after the 60-month horizon. The Alberta Energy Regulator (2016b) and
National Energy Board (2016) forecasts that we use in the paper have associated Canadian
dollar forecasts that we use directly. Where we rely on crude oil price forecasts from Energy
Information Administration (2017), International Energy Agency (2016a), and McGlade and
Ekins (2015), we use an interpolated value for the Canadian-US dollar exchange rate. This
10
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interpolation is derived using a second-order polynomial approximation of the relationship
between real US dollar West Texas Intermediate prices and the Canadian dollar exchange
rate from 1996 through 2016, with the coecients from this approximation used to forecast
the exchange rate out of sample.
2.1.2

Policies: carbon regulations, royalties, and corporate taxes

The base case for our study includes the current climate change regulation imposed on
industrial greenhouse gas emissions, the Speci ed Gas Emitters Regulation, as well as the
proposed changes suggested in the Government of Alberta's 2015 Climate Leadership Plan
including industrial output-based allocations as announced in November, 2017. This program
will be fully implemented before rst production from any new projects. The system provides
output-based allocations of emissions credits at di erent rates for mining and in situ facilities,
with the balance of emissions subject to a price of $30 per tonne, which is currently not
legislated to be indexed to in ation. The oil sands benchmark for output-based allocations
is proposed as top quartile performance for in situ and mining operations, or 0.031 and 0.056
tonnes per barrel bitumen respectively. We augment this base case with policy cases in which
a carbon tax is applied to carbon emissions from oil sands production and, where appropriate,
to incremental emissions associated with oil sands processing and nal combustion of re ned
products.
Though our model can accommodate technological progress that would reduce the greenhouse gas emissions per barrel, we do not allow for any progress in this paper for simplicity.
Our goal in this paper is to analyze the e ect of imposing the social cost of carbon emissions
on oil sands project viability. Not allowing technological progress allows us to isolate that
e ect, although it also makes our approach conservative in the sense that not allowing a
behavioural response makes viability less likely. Several technologies are being developed
to reduce oil sands greenhouse gas emissions, although they are often resource- or projectspeci c and so a generic marginal abatement cost curve is not readily available. Were we to
include abatement, the e ect would be analogous to lowering carbon charges.
Fiscal policy for the oil sands occurs in two stages: provincial resource royalties are calculated rst and then corporate taxes levied by both the provincial and federal governments
are calculated on pro ts ex royalty.
The oil sands royalty regime depends on the price of WTI oil converted into Canadian
dollars, which we denote as P . The regime itself is a two-stage system. Initially, rms
pay a royalty rate, R (P ), on gross revenues. During this stage, the project has not
w;t

g

w;t
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yet reached \payout", de ned as the point where the project has earned a cumulative rate
of return on invested capital equal to the long-term government bond rate, r . Once the
project has reached the payout state, rms pay the maximum of the gross revenue royalty
rate, R (P ), or a higher rate net-revenue royalty, R (P ). The two-equation system
describing this royalty regime is given by:
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is equal to 1 if the project has reached payout, which is an absorbing state: a facility
cannot return to pre-payout even if future earnings are such that cumulative returns fall
below the government bond rate.
The equations linking oil prices and royalty rates are linear between minimum and maximum values, and are given as follows:
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The gross revenue royalty is at least equal to 1%; when the price of oil is between $55 and
$120 per barrel, the rate increases from 1% to 9% linearly with the price of oil and remains
9% for prices above $120/barrel. The net-revenue royalty, R , is 25% when the oil price
is less than $55/barrel, and increases linearly for prices above $55/barrel until it reaches a
maximum of 40% when the price is above $120/barrel.
The system thus provides for signi cant hedges against increases in operating costs,
including those imposed via carbon taxes, as well as against decreases in net revenues that
may arise from downstream carbon prices. A carbon charge applied across the supply chain
n
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would lower the royalty rate if the carbon policy led to lower oil prices than would otherwise
occur, and would also lower the royalty base by both reducing revenue and increasing costs of
production. This implied risk-sharing between the resource owner and the project proponent
is important to our later results.
Corporate taxes are payable on pro ts ex royalty with capital costs deducted over time
according to a declining balance schedule. In each year after production begins, rms may
deduct a percentage of cumulative capital expenses, net of previous deductions, from taxable
income. We divide capital expenses into two potential pools with di erent treatments. For
the Capital Cost Allowance pool, rms deduct 25% of cumulative un-deducted capital expenses in each period, while the Canadian Development Expense Pool allows 30% deduction
of cumulative, not previously deducted expenses. The shares of total capital expenditure
allocated to each of these pools varies by project type, with the breakdown given in Table 1.
3

Oil sands viability, the social cost of carbon, and
carbon cost-sharing

In this section, we report results from parameterizing our model using the data described
above. We provide three sets of results. First, we report viability metrics for oil sands under
current policies and prices, which we refer to as our baseline scenario. Second, we report the
e ects of di erent values of a carbon tax, which include the social cost of carbon. Third,
we distinguish how these e ects di er with the point at which the tax is applied. We report
each in turn.

3.1 Baseline results
Table 3 reports viability estimates, with a breakdown of revenues and costs, of oil sands by
technology under current greenhouse gas policies and two di erent price scenarios. In the
rst price scenario, we report estimates based on December 2017 futures market prices. In
the second scenario, we report estimates based on price projections in the Reference Case of
Energy Information Administration (2017).
The rst row of Table 3 reports the internal rate of return for each project type and
price scenario. In the rst column, current forward prices generate a rate of return for the
in situ project of 7.88%, while the mine does not achieve a positive rate of return. These
returns indicate that, given values for current prices and policies, new oil sands projects are
13
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marginal investments { the expected revenues from oil production re ected in oil futures
markets are barely or not sucient to sustain reasonable returns on investment, although
top-tier in situ projects with better performance than our prototype could be attractive.
The December 2017 forward curve is strongly bakwardated, which in uences our results.
If oil prices remained at at higher December, 2017 spot price values, the in situ project
would earn almost 13%, meaning that if today's prices held constant, our modeled project
is more-than-likely viable. Alquist et al. (2013) show that at the long horizons of interest
to oil sands project proponents, oil futures prices do worse than a no{price-change forecast,
and so we include this value here for reference.

Table 3: Oil sands project model results
The Energy Information Administration (2017) price projections, shown in the right-hand
columns of Table 3, generate more favourable rates of return for both oil sands projects. The
rate of return for the in situ project is 16.5% { above conventional hurdle rates for investment.
In comparison to the return under current prices, the Energy Information Administration
(2017) prices generate a positive return for the mine at 7.4%, though this likely still implies
that this project is a non-viable investment as it would be below the opportunity cost of
14
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capital for resource rms.8
The second and third rows of Table 3 report the levelized cost of oil sands either in
terms of the WTI price (the second row) or the price of bitumen before transportation (the
third row). These trigger prices suggest that price expectations for WTI crude would have
to increase to values approximately equal to those observed in the fourth quarter of 2017,
or $50-60 per barrel for in situ to be economically viable investments. For mining projects,
prices back close to $100 per barrel would be required, although with that magnitude of price
increases, it is likely that the Canadian dollar would appreciate, leading to higher required
prices still.
Current growth forecasts for oil sands, whether from industry (see Canadian Association
of Petrolem Producers (2017)), non-governmental organizations (see International Energy
Agency (2016b) and Findlay (2016)) or government (see National Energy Board (2017) and
Alberta Energy Regulator (2017)) each make clear that a bullish view on long term prices
is needed to underpin signi cant production growth rates. Forecasts by the International Energy Agency (2016a) in addition to the Energy Information Administration (2017)
shown above, as well as forward-looking reserve evaluations by industry Sproule - Worldwide Petroleum Consultants (2016), all call for higher long-term prices than those implied
by current futures prices.9 In Table 4, we show the changes in returns and trigger prices
for only the in situ project when using prices from the Alberta Energy Regulator (2016b),
Energy Information Administration (2017), National Energy Board (2016), Sproule - Worldwide Petroleum Consultants (2016) and using our base case pricing assumptions. Under a
continuation of current crude pricing, changes in carbon policies are unlikely to materially
impact new oil sands project decisions { new projects are likely to remain uneconomic no
matter the greenhouse gas policy choices made. However, if crude oil prices rebound, as
forecast in the institutional outlooks shown in Table 4, there is the potential for GHG policy
choices to have a signi cant e ect on growth. These prices, in and of themselves, would be
suciently high to stimulate signi cant oil sands growth, but that growth could be nulli ed
by carbon policies that either reduce oil prices received by producers or increase costs of
production.
Table 4 also shows the impact of the price-dependent royalties discussed in Section 2.1.2.
At higher prices, such as in the EIA forecast, oil sands project in ation-adjusted royalty
8 Current

weighted average costs of capital for oil sands rms are lower than this value in some cases,
owning to recent negative returns on invested capital.
9 In contrast to our study, none of these studies incorporate the social cost of carbon into oil sands
development.
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Table 4: Oil sands project model results under di erent price forecasts.
payments increase by a factor of more than three relative to royalties paid under current
prices. The trigger prices for investment change somewhat across price forecasts due to
underlying prices for natural gas or the Canadian dollar exchange rate.
In Table 4, we also include the carbon prices at which the expected returns from a
project would be reduced to (increased to) 10%, which is a type of levelized, break-even
carbon price. Under current prices and policies, carbon prices would have to provide a net
subsidy equivalent to $44.10 per tonne or $2.66 per barrel to allow the in situ project to meet
conventional investment hurdle rates, while the project would be viable with carbon prices
up to $165 per tonne under each of the other four price forecasts modelled. This result shows
the much more signi cant dependence of oil sands growth on net revenue from bitumen sales
rather than production carbon prices. However as we will see below, insofar as carbon prices
a ect those revenues production carbon prices can have a much more signi cant e ect.
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3.2 The e ect of the social cost of carbon on oil sands development
In this section, we report estimates of the e ect of applying a carbon tax valued at the
social cost of carbon. The social cost of carbon (SCC) represents the marginal damage of a
one-tonne increase in CO2 emissions, based on a projection of global emissions over time.10
We examine the impact on the extensive margin of oil sands development - if new oil sands
are not viable under a carbon tax equal to the SCC, then it is likely that oil sands represent
a negative net present social value and therefore should be left undeveloped.
While there is a range of estimates of the SCC (see, for example, Stern (2007), Nordhaus
(2011), and Tol (2002a,b), among others), we rely on the Interagency Working Group on
Social Cost of Carbon (2015) (IWG) estimates of the SCC for two reasons.11 The rst reason
is because these estimates are the product of an extensive meta-analysis of existing studies.
Second, they are currently used for the evaluation of climate change policy in the United
States as well as in Canada (see Environment Canada (2016)).
An emissions tax, equal to the SCC or other values, could also di er in its scope: the base
of the tax could be production emissions alone, or it could be expanded to account for lifecycle emissions, which also includes emissions from re ning, transportation, and combustion.
Below, we consider both a tax on production emissions alone and a tax that is based on lifecycle emissions. We focus our analysis on the in situ project as this type of project is more
likely to represent the marginal new development.
Table 5 shows the impact when oil sands production emissions alone are taxed at the
SCC rates, and other prices are una ected. In the top panel, we calculate rates of return
and trigger prices based on prices and exchange rates from late-2016 forward markets. In
the bottom panel, we calculate the same metrics but using price projections from Energy
Information Administration (2017). In both panels of Table 5, we see project rates of return
eroded from the respective baseline scenarios with current policies in place, as the social cost
of carbon applied through a carbon tax imposes higher average carbon costs than the current
Alberta policy in all cases. The real dollar WTI prices at which a new in situ project would
be expected to earn a 10% rate of return increases from $41.03, in U.S. dollars, under current
policies and prices to a maximum of $56.38 per barrel - a price comparable to current prices,
10 Note

that the social cost of carbon does not represent the value of the optimal carbon tax. There are
several studies that derive or calculate the optimal carbon tax under various scenarios; for early examples,
see Nordhaus (1993) and Ulph and Ulph (1994).
11 The state of the art in estimating the SCC is summarized in Committee on Assessing Approaches to
Updating the Social Cost of Carbon; Board on Environmental Change and Society; Division of Behavioral
and Social Sciences and Education; National Academies of Sciences, Engineering, and Medicine (2017).
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Table 5: E ect of SCC tax on oil sands in situ viability
and well below the price forecast from Energy Information Administration (2017) and others
considered in this paper.
For the most-commonly-used IWG 3% discount rate SCC estimate, the average carbon
emissions costs for the in situ project climb to $75 per tonne in real terms, which translates
to an average $4.27 per barrel in GHG costs. The net impact on project pro tability relative
to current prices and policies is a $2.10 per barrel decrease in real dollar cash ow, as
decreased taxes and royalties compensate for over half of the greenhouse gas policy cost.
Given current prices, these results suggest that no new oil sands projects would be developed
under policies that internalize the social cost of carbon emissions from oil sands production
into development.
Under more bullish price forecasts, such as those in Energy Information Administration
(2017) shown in the bottom panel of Table 5, the impacts are potentially material for new
18
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Table 6: E ect of full re ection of SCC in both production emissions tax and downstream
oil revenue loss
projects. With current GHG policies in place, a new in situ project would expect a rate
of return of 16.5% under the oil prices foreseen by the EIA; this return is eroded to 12.4%
with a carbon tax set at the highest estimate of the social cost of carbon, in the right-most
column.12 Given that these values are close to conventional investment hurdle rates, the
potential exists for policies that internalize social cost of carbon emissions from production
to have an impact on investment decisions and thus future rates of oil sands production.
Vertically-targeted carbon pricing could have a much larger e ect on future oil sands
growth, particularly if the incidence of these prices reduces oil prices or increases heavy oil
discounts. Table 6 expands the carbon tax to emissions associated with re ning, transportation, and eventual product combustion, as speci ed in equations (2) and (3). In this case,
the e ect on the in situ bitumen production project is signi cant. If all of these costs are
borne by the oil sands producer through discounted crude prices, then the project cannot
meet typical investment hurdle rates of 10% at any of the IWG SCC estimates under current
prices and policies, so we do not show these results in detail. Under the more bullish oil
prices of EIA (2017), shown in Table 6, the project meets typical hurdle rates only if the
highest-discount rate estimate of the SCC is used. At the commonly used SCC calculated
at a 3% discount rate, the project earns more than $10 per barrel in real terms, but would
require sustained pre-carbon tax WTI oil prices of approximately $85, in US dollars per
12 The

di erence in average carbon costs between the two simulations is due to the social costs of carbon
being expressed in US dollars, and a lower-valued Canadian dollar under the Current Prices and Policies
scenario than under the EIA(2017) scenario. The US dollar carbon costs are the same in both simulations.

19

1395

barrel, to earn a typical investment rate of return of 10%. At the higher values of the social
cost of carbon, the project loses money in real terms. The most extreme case would barely
see re neries willing to pay a positive price for bitumen feedstock.

Table 7: Impact of oil price incidence on life-cycle emissions pricing implications for oil sands
A crucial assumption in the analysis above is that of 100% incidence of downstream
carbon prices on producer net revenues via lower crude oil prices. In Table 7, we vary this
assumption using EIA (2017) prices and the 3% discount rate social cost of carbon series
from the IWG (2015). Several results in this table are worth further discussion. First, as
is intuitive, the greater the burden of the carbon price falling on producers, the higher oil
prices must be to trigger investment. As such, while the project would likely be viable with
the social costs of carbon emissions internalized at production, it is likely to be viable if
and only if most of the carbon costs associated with re ning and combustion are borne by
consumers or if they remain external to both producers and consumers. Second, we can
see the important role played by royalty and tax interaction (a topic we discuss more in
depth below) on the results. In the lower half of the panel, we can see how royalties and
taxes drop along with revenues, resulting in the government e ectively sharing in the burden
imposed by the carbon price. Therefore, while the carbon price incidence decreases revenue
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by approximately $30 per barrel from production-only to full incidence of life-cycle emissions,
free cash ows drop by a little under $16, as reductions in government revenues absorb half of
the impact. Thus, while our model assumes perfect incidence on the revenues of the oil sands
project, the scal policy ensures that the incidence of these costs on the project proponent
are bu ered.
We assume that there is no abatement technology, and that rms do not alter the production plan in response to carbon policy. These assumptions combine to yield a worst-case
estimate of the impact of carbon pricing on project viability. One implication of this assumption is that the green paradox result of front-loading production to avoid higher future
emissions fees is not admitted as a strategy. In each case we explore, the social cost of
carbon increases in real terms over time, but does not increase as rapidly as the assumed
opportunity cost of capital. Unless rms had very low discount rates, it is unlikely that
they would see a signi cant gain to front-loading emissions and/or production in response
to these policies. Furthermore, if low-cost emissions abatement options are available, they
could drastically reduce the impact of emissions pricing on oil sands project viability.

3.3 Does it matter where the carbon tax is applied?
Our results show that the point of application of a carbon price on Alberta's oil sands matters
due to distortionary scal policy. In the fth and sixth columns of Table 7, the total carbon
emissions subject to pricing are identical, as is the applied carbon price, however the price is
vertically targeted and applied at extraction in column 6 versus being applied separately on
extraction and combustion emissions where they occur in column 5. Absent distortions, it
should not matter whether a carbon tax is applied upstream or downstream: conditional on
the incidence of the tax, the impact should be the same. That is not the case here, and the
di erence is material: almost $9 per barrel less free cash ow from the project if vertically
targeted greenhouse gas policies are applied at production versus at the point of emissions.
What'is driving these results? The provincial government oil sands royalties (see Section
2.1.2) assessed to recoup some of the monetized wealth from the produced resource have
important distortionary interactions with carbon policy. This distortion occurs because the
royalties charged depend on the current benchmark price of crude oil and because, once
cumulative returns exceed the long-term bond rate, royalties are charged on net revenues.
Insofar as carbon policies either reduce revenues through reduced oil prices or increase costs,
the carbon policy will alter the royalty base (either gross or net revenue) as well as the time
it takes a project to reach the payout condition, but this e ect will alter these outcomes
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the same way whether the carbon policy decreases revenues or increases costs. However, if
carbon prices are applied at the point of consumption and the incidence of the tax leads
to lower prices for oil then would otherwise occur, this reduces the royalty rate as well as
the base, whereas an equivalent vertically-targeted tax applied at production with identical
incidence would lead to higher crude oil prices than would otherwise occur, increasing the
royalty rate.
For more clarity, consider the bookend cases: 100% incidence on producers or 100%
incidence on consumers of a carbon tax on all life-cycle emissions. If the carbon tax is
applied at production and producers are able to pass through the costs of the consumer-side
emissions to consumers through higher oil prices, this will lead to higher costs of production
due to the carbon tax and also higher royalty rates since benchmark oil prices will be higher.
If the same tax is applied on consumers, and none of it passed back to rms through lower
producer oil prices, then the royalty rate would not be a ected by the imposition of the
carbon price. While both points of application would have the same impact on the royalty
base (they each allow the same net revenue to producers since new carbon costs are borne
by consumers in both cases) the royalty rate charged would be higher in the case where the
point of application were on the rm. The reverse is true if the incidence falls entirely on
producers { if the point of application is the producer, there is an increase in costs with
no change in producer or consumer prices for oil and therefore no change in the royalty
rate. However, if the point of application is consumers, but the cost is passed through to
rms through lower oil prices, then both the royalty base and the royalty rate would be
reduced. With higher (lower) royalty rates, more (less) of the costs of carbon will be borne
by the resource owner as opposed to by the producing rm. As a result, we could see a
case where a new development could be viable for a producing rm with vertically-targeted
carbon prices applied downstream on consumers while the same carbon price, with the same
vertical targeting and eventual incidence, but applied upstream at production would make
the project non-viable.
The degree to which increased carbon costs are o set by decreased royalties will potentially a ect project viability under di erent policies. In Table 7, we report the oil sands
viability metrics based on EIA price projections, a carbon tax equal to the IWG 3% SCC
average estimate, and varying levels of tax incidence as well as points of application. The
di erence in rates of return between having extraction versus consumption as the point of
application for the carbon tax, where in both cases the incidence falls entirely on producers,
is ve percentage points. While for this example, the realized rates of return are both too
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Figure 1: Impact of oil price incidence on life-cycle emissions pricing implications for oil
sands
low to justify investment, we do see a material change of $15 per barrel in the supply cost
of oil sands due only to the change in the point of application.
We also express the impact of downstream carbon price incidence and the point of application of life-cycle emissions pricing graphically, in Figure 1. Here, we map the trigger
WTI price required to yield a 10% IRR under di erent assumptions about price incidence
and point of application. Here again, the highest oil price is always required if emissions
are internalized through an upstream charge that cannot be passed through incrementally
to consumers. If the same total prices are applied in the supply chain and again borne by
producers but through lower oil prices, the required oil price to make a project nancially
viable is slightly lower. Intuitively, as the incidence shifts more of the burden of carbon
pricing to consumers, the lower is the oil price required to see an oil sands project break
even. Finally, we see the impact of carbon pricing coverage - where only emissions for production are covered, the break-even prices are much lower than would otherwise obtain. If
some of the average costs of carbon emissions are o set through output-based allocations of
credits, project economics are improved and the extensive margin is no longer very sensitive
to carbon prices.
For our analysis, we rely on assumed oil price incidence of carbon policy, but we can
also use results from two jointly-modelled oil and carbon prices on oil sands development
in two scenarios consistent with the 450ppm/2 C goal. We use the carbon and oil prices
from McGlade and Ekins (2015) as well as International Energy Agency (2016a) for this
o
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analysis. McGlade and Ekins found that oil sands were likely to be largely shut-in by early
in the next decade, but our results suggest caution in interpreting that result. We run 5
simulations in this section - the rst is our base case, with current prices and policies. We
next use oil and carbon prices from the IEA (2015) and McGlade and Ekins (2015) studies,
along with interpolated Canadian dollar exchange rates, to test oil sands project viability.
Finally, we use the McGlade and Ekins price series to show the importance of the stage of
project development in determining the reaction of producers to the imposition of such a
pricing scenario.
Table 8: Viability of oil sands in integrated 450ppm scenarios

Several results are worthy of note. First, both 450ppm scenarios imply higher real dollar
oil prices than our scenario with current prices. Second, while McGlade and Ekins (2015)
and IEA (2015) each derive similar global outcomes from similar models, the implications
we nd for new oil sands projects are starkly di erent. The IEA scenario's lower carbon
costs and higher oil prices provide for more competitive oil sands projects than the McGlade
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and Ekins prices, and a green eld project is highly attractive under the overall IEA 450ppm environment. If producers expected the pricing environment modeled by McGlade and
Ekins, they would be almost certain to not sanction the in situ project we model in this
table. However, that conclusion changes if the project is already materially advanced. In
cases where either the project has completed most of its construction or where the project
represents the expansion of an existing project, the investment in new oil sands production
(forward-looking) would remain viable. This suggests that, at least projects currently under
construction would continue to operate. Furthermore, under the McGlade and Ekins scenarios, bitumen revenues would still be well above production costs for existing projects unless
other factors led to signi cant increases in bitumen price discounts or increases in costs.
While McGlade and Ekins conclude that existing bitumen production would be rapidly
shut-in under their modelling assumptions, we nd no support for that contention in our
work. This is reinforced by the fact that the previous 36 months of oil prices have represented
a similar environment for producers as seen in the McGlade and Ekins results, and oil sands
operations have not seen signi cant, long-term shut-ins in response to low prices since 2014.
As our model suggests would be the case, lower prices would drive a slowdown or freeze in
new construction, which was what occurred, but that projects would not shut-in or abandon
construction unless other, non-modeled factors such as liquidity constraints forced such a
decision.
4

Conclusions

This research investigates the viability of new oil sands projects when the external costs
from greenhouse gas emissions, valued at the social cost of carbon, are internalized. We nd
mixed results { if carbon costs associated with re ning, transportation and combustion will
be borne by consumers and not passed back through the supply chain via discounted oil
prices to producers, then oil sands projects remain viable under all but the largest valued
estimates of the social cost of carbon estimated by the US government. If, on the other hand,
it is expected that either consumers will be unwilling to pay these costs that will result in
discounted oil prices or if it is expected that policies will impose life-cycle costs directly on
producers then new oil sands development would be economically non-viable. We also nd
that any new development is likely contingent on governments continuing to share GHG
costs implicitly through royalty policies.
Beyond the their relevance to current policy discussion with respect to the carbon bub25
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ble, our results have two important, additional economic implications. First, we illustrate
the degree to which expected, long-run price-incidence of carbon policies will determine
xed capital investment, and highlight the paucity of data on these long-run impacts. This
incidence is also endogenous to current expectations: if fossil fuel producers expect limited impacts of climate policy on future prices, and thus over-build production assets, this
will impact the price-incidence of future policy. Second, our results illustrate the degree to
which local scal and regulatory policies can amplify existing externalities. Our paper thus
contributes to an extensive literature examining the unintended e ects when environmental
taxes and other scal policies overlap and suggests future work on optimal resource policies
in the presence of priced externalities and vice versa.
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WHO WE ARE
A group of independent, policy-minded Canadian economists working
together to align Canada’s economic and environmental aspirations.
We believe this is both possible and critical for our country’s continuing
prosperity. Our Advisory Board comprises prominent Canadian leaders
from across the political spectrum.
We represent different regions, philosophies, and perspectives from
across the country. But on this we agree: ecofiscal solutions are essential
to Canada’s future.
OUR VISION
A thriving economy underpinned by clean
air, land, and water for the benefit of all
Canadians, now and in the future.
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OUR MISSION
To identify and promote practical fiscal
solutions for Canada that spark the innovation
required for increased economic and
environmental prosperity.
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OUR RESEARCH THEMES

Livable Cities

Climate and Energy Water

Traffic congestion, overflowing
landfills, and urban sprawl—
these are some of the biggest
challenges facing Canadian
cities. We look at how new
policies can make urban life
more livable.

From carbon pricing to
energy subsidies, we analyze
the policy opportunities
and challenges defining
Canada’s climate and
energy landscape today.

What is the value of the
services that provide clean
water? We examine new
Canadian policy solutions
for water pollution,
over-consumption, and
infrastructure.

For more information about the Commission, visit Ecofiscal.ca
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SUMMARY FOR POLICY-MAKERS
Risks to the environment from economic activity often generate strong reactions. At
one extreme, some see the risk of environmental damage as an unavoidable part of a
modern economy that we must simply accept. At the other, some consider these risks
unacceptable ones that must be avoided at all costs.
This report aims to take a more nuanced approach. While the
costs of reducing environmental risks toward zero can exceed the
benefits, the same can be true of leaving risks unmitigated. In most
cases, neither eliminating nor disregarding environmental risk is a
practical approach.
We explore how policy-makers can manage risks to the
environment using economic instruments. In particular, we focus on
circumstances where firms can generate private benefits from their
activities while society bears the environmental risk. We show
how policy-makers can use “financial assurance” policies to address
this problem.
To explore both the problem and potential solutions in detail,
we consider Canada’s mining sector as a detailed case study. This
executive summary provides a high-level review of our findings.

Economic activity comes with risks to the environment
A series of high-profile events have reminded Canadians that
economic activity comes with risks to people and the environment:
• In July 2013, a train carrying crude oil derailed in the town of
Lac-Mégantic, Quebec. The resulting explosion killed 47 people,
and much of the oil spilled into local soil and waterways.
Measured in terms of its human costs, it is one of the worst
environmental disasters in Canadian history.

• In August 2014, a tailings-pond dam ruptured at the Mount Polley
copper and gold mine in northern British Columbia, spilling
tailings into Polley Lake, Hazeltine Creek, Quesnel Lake, and
the Cariboo River. The tailings contained arsenic, selenium, and
various heavy metals.
• In July 2016, a ruptured pipeline owned by Husky Energy spilled
approximately 225,000 litres of oil into the North Saskatchewan
River. The oil slick travelled downstream, covering 134 km of
shoreline and forcing several communities to shut their water
intake systems.
Dramatic events of this type are rare; the vast majority of rail
transport, mining, and pipeline transport occurs without incident.
But they can and do happen.
Resource extraction, transportation of goods, manufacturing
processes — in short, many of the pillars of the economy that
drive our well-being as Canadians — come with risks. When things
go wrong, the environmental damage can be significant, even
catastrophic. And the damage can lead to significant costs, whether
in the form of health impacts or loss of life, taxpayer-funded cleanup
costs, lost income, or reductions in the environmental benefits
associated with clean water, air, and soil.
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Summary for Policy-Makers

Society — rather than the firms who are responsible —
sometimes bears the costs
When environmental damage occurs in Canada, the firm that
caused that damage will not necessarily bear the cost. Gaps in
existing policies — we call them “liability gaps” — can shift the costs
of environmental damage away from firms and onto society.
Liability gaps arise when existing rules do not hold firms fully
accountable for the environmental damages they cause. For
example, liability rules might limit the circumstances under which
firms can be held liable or exclude some types of environmental
damage from their liability. Or, to enable risky projects that would
not otherwise proceed, policy-makers may place a cap on the level
of firms’ liability.
Perhaps even more critically, a firm might avoid paying for
environmental damage because it ceases to exist. If the costs of
a tailings spill, for example, caused a firm’s liabilities to exceed its
assets, the firm can declare bankruptcy or enter insolvency under
Canadian law, leaving society to bear its environmental costs.
The Redwater case — which is currently before Canada’s
Supreme Court — will have important implications for who bears
the cost of bankrupt and insolvent firms’ environmental liabilities
in Canada. At issue in the case is who pays for the environmental
cleanup of a bankrupt company’s non-producing oil and gas wells.
The Court of Appeal of Alberta upheld a lower court’s decision that,
in seeking funds to pay for the cleanup, the Alberta government
should be treated as any other unsecured creditor and paid out after
higher-ranking creditors. The case has far-reaching implications.
If the Supreme Court upholds the decision, it will increase the
probability that society will bear the cost of bankrupt firms’
environmental liabilities in Canada.
When any type of liability gap exists — bankruptcy-related or not
— firms are potentially able to generate private benefits from their
activities while society bears the environmental costs. Whenever
firms will not bear the cost of their actions, the risks they pose to the
environment are unpriced.
Leaving risks unpriced can exacerbate them. When firms
know they may bear less than the full cost of environmental
damage arising from their actions, they have less incentive to take
actions that reduce the risk of harm. As a result, overall risk to the
environment can increase.

The goal is to manage risk, not eliminate it
When it comes to dealing with unpriced risks, policy-makers face a
balancing act. On one hand, addressing unpriced risks with policy
can reduce environmental risk and the likelihood that society
will bear the cost of environmental damage. On the other hand,
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however, these policies are not costless: they can inhibit production
and investment, thus reducing the economic and social benefits
from economic activity.
Reducing risk toward zero is often not practical since the
economic costs of doing so can exceed the environmental benefits.
Indeed, to fully eliminate risk would require shutting down the
activity that creates it. But similarly, unmitigated risk can have
costs that exceed benefits. Leaving liability gaps unaddressed can
exacerbate the risk of environmental damage and the possibility
of social costs.
Instead, policy-makers can balance these trade-offs by
implementing policies that manage environmental risk.

Pricing risk can help manage it
Policy-makers have a number of tools available to manage
environmental risk. They can implement regulations that ensure
certain minimum standards and practices are met and that rule out
particularly high-risk activities. Or they can establish liability rules
that clearly lay out firms’ liability for environmental damage they
cause. These are both legitimate ways of managing risk; however, in
this report, we focus on a third type of tool — financial assurance.
Financial assurance offers a powerful tool for pricing
environmental risk. Financial assurance policies require firms
to promise or commit funds against potential environmental
liabilities. The assurance they provide can come in different forms,
for example, cash deposits, environmental bonds, insurance, or
industry funds.
Financial-assurance policies can help policy-makers balance
trade-offs. They can create economic incentives for firms to take
more action to avoid possible environmental damage. They can,
should environmental damage occur, provide compensation to
those affected. And they can achieve these goals at low costs by
harnessing market forces.
Of course, firms may already have reputational incentives to limit
risk: causing environmental harm can badly damage a firm’s public
image, undermining profitability. But in the context of liability gaps,
such as the ability to declare bankruptcy, these incentives may not
be enough. Financial assurance can help fill these liability gaps.
Financial-assurance policies are not a panacea. For example,
they should not replace environmental assessment, which considers
much broader issues. But they can serve a valuable role by ensuring
that project proponents bear the cost of the risks they pose and
limiting the extent to which they can pass their environmental costs
to society. This can help reduce the risk of proposed projects, as well
as screen out particularly high-risk ones.
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Financial assurance instruments price risk in different
ways and offer different benefits
Table 1 summarizes the range of different instruments available
to price environmental risks, across five main categories. It
also illustrates trade-offs: some instruments provide stronger

incentives to reduce risk (deterrence), others ensure firms will pay
for environmental damage they cause (compensation), and others
lower costs for firms (i.e., by allowing them to provide assurance
more cost-effectively), supporting production and investment
(economic activity).

Table 1: Summary of financial assurance instruments
Category

Description

Instruments

Effect on policy goals
Minimizing
costs
(economic
activity)

Reducing risk
(deterrence)

Paying for
damages
(compensation)

• Cash
• Securities
• Sinking funds
• Trusts

Strong

Strong

Weak

• Self-assurance
• Parent
guarantees
• Pledges of
assets

Weak

Weak

Strong

Third-party
assurance

In the event of a qualifying environmental harm,
a third party like a bank
or insurer covers the
cost. In exchange for this
coverage, the firm pays a
regular premium.

• Bonds
• Insurance
• Letters of credit

Limited

Moderate

Moderate

Sector-level
assurance

All firms in a sector
collectively provide
coverage. Individual firms
pay a regular premium in
exchange.

• Industry funds
• Mutual
insurance

Limited

Moderate

Moderate

Public
assurance

A publicly-administered
instrument provides firms
with coverage in exchange
for a regular premium.

• Public funds
• Public insurance

Limited

Moderate

Moderate

Hard
financial
assurance
from firms

Soft financial
assurance
from firms

Firms provide liquid
assurance that cannot
fluctuate in value and
is readily available. The
assurance is held in trust
until the risk subsides.
Firms agree to cover the
cost of a potential harm
but retain possession of
their assets.

Policy gaps in Canada’s mining sector are exacerbating
environmental risks
As a detailed case study, our report explores how provincial
and territorial governments use financial assurance to address
environmental risks in the mining sector. It compares mining sector
financial assurance regimes in Yukon, British Columbia, Alberta,
Ontario, and Quebec. It considers how financial assurance is applied

to the risk of both mining disasters, such as tailings-pond spills, and
mine sites not being cleaned up at the end of their life.
Financial assurance policies have become an essential policy
tool in managing the risk of mines not being cleaned up at the end
of their life. While there is room for improvement in some areas
of policy design, all the jurisdictions we consider use financial
assurance to help manage this risk. By putting a price on this
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risk, Canadian governments help ensure that mining firms have
incentives to limit the environmental damage done to mine sites
and will bear the cost of their cleanup.
However, in all the jurisdictions we explore, the risk of mining
disasters is left unpriced. None of the five jurisdictions applies
financial assurance against the risk of disaster. If a tailings spill like
Mount Polley were to occur in any of these jurisdictions and the
responsible company was bankrupted, society would be left to
bear the cost. The potential for mining firms to pass on their costs
in this way reduces their incentive to reduce environmental risk,
exacerbating the risk of a mining disaster.
Our case study underscores how the narrow or incomplete
application of financial assurance can exacerbate environmental
risk. The conclusions and recommendations we discuss below are
drawn from both this case study and our broader analysis.

KEY RECOMMENDATIONS FOR POLICY-MAKERS
Canadian policy-makers should close gaps in existing
policies by pricing risk
Policy-makers should make greater use of financial assurance.
Increasing the extent to which firms are financially accountable for
environmental damage they might cause gives them an incentive to
avoid it. In particular, policy-makers should expand policy to price
risks that are currently unpriced.
In the mining sector, the lack of financial assurance for disasters
represents a missed opportunity to lower the risk and potential
social costs of mining disasters.
But at the same time, strong safety regulations and clear, wellestablished liability rules provide an essential foundation for policies
to address environmental risk and liability. Financial assurance
should complement these other policies, not replace them.

Policy-makers should estimate risk comprehensively to
inform their risk-pricing policies
Estimating risk is critical to determining how much financial
assurance governments should require. Requiring too much can
unnecessarily increase costs, but requiring too little can limit the
extent to which financial assurance reduces risk and funds cleanup,
should a disaster occur.
Estimating risks well requires considering all relevant sources of
risk (i.e., financial, economic, legal, environmental, technological,
etc.) and considering the full range of potential damage types (i.e.,
property, human health, livelihoods, ecosystems, etc.). It also requires
taking care to account for low probability and catastrophic outcomes
and to evaluate the potential for long-term or perpetual costs.

RESPONSIBLE RISK
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In the mining sector, for example, rather than using deterministic
point estimates to set financial assurance requirements for the
risk of non-remediation, policy-makers should use a risk-weighted
estimation approach. This would help secure against a site’s actual
closure costs exceeding its estimated costs and help avoid these
costs being borne by society.

Policy-makers should require firms to pay according
to their riskiness
Customizing risk pricing to firms’ specific context can make policy
work better. Firms present different levels of risk based on (for
example) their sector, where they operate, their financial context, or
the kinds of technologies they use. Asking firms to pay according to
their unique level of risk — or “risk differentiating” — can improve
outcomes. Policy-makers can use risk differentiation in different
ways — either to increase financial assurance requirements for risky
firms or to decrease them for less risky ones.
In the mining sector, for example, a number of the provinces or
territories we consider in the report already differentiate based on
firms’ financial risk. Ontario, for instance, requires different levels
of financial assurance depending on firms’ assessed financial risk.
Firms that are more financially vulnerable — and thus more likely to
declare bankruptcy — must provide stronger assurance.

Policy-makers should combine risk-pricing instruments
when risks are severe
In some cases, individual firms may be unable to provide assurance
that can cover the full range of potential costs, especially where
high-cost, low-probability outcomes are possible (i.e., where risk
has a “fat tail”). Similarly, third-party providers of financial assurance
may be unable or unwilling to provide coverage high enough to
guarantee full compensation in the event of severe costs.
To address this problem, policy-makers should use tiered
financial assurance solutions. In a tiered scheme, firm-level and
third-party assurance would provide coverage up to a point. Beyond
this threshold, sector-level financial assurance or public instruments
would kick in.
In the mining sector, for example, policy-makers should use a
tiered financial-assurance scheme to protect against catastrophic
mining disasters. Mining operations that pose a significant risk of
disaster should provide a degree of assurance themselves, with
third-party assurance (where it is available) providing a higher
tier. But to cover non-insurable, “fat-tailed” risk, policy-makers
should consider broader approaches that pool risk across firms or
even across sectors (e.g., the United States’ Superfund deals with
contaminated industrial sites across a range of sectors).
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Society should share environmental risks only when
there is a clear case for doing so
In specific circumstances, risk sharing between private firms and
society more broadly can be justified. For example, in many natural
resource sectors, firms pay royalties to government. Because society
shares in the benefits of the economic activity, there is a case for
sharing in some of the risks as well.
But in other cases, the costs of risk sharing can outweigh the
benefits. Risk sharing is an indirect subsidy, and it can create
economic distortions that increase the likelihood or severity of
costly environmental damage. And because any public costs for
cleanup or compensation would be funded from tax revenue, risk
sharing can also have a cost to the broader economy.
In the mining sector, there is a case for risk sharing. A number
of jurisdictions in Canada already share the risk of non-remediation
with mining firms. However, excessive risk sharing in the form
of low financial-assurance stringency can tilt the policy
environment toward economic activity at the expense of
deterrence and compensation.
Jurisdictions in Canada that choose to share in the mining
sector's risks should explore alternative ways of doing so, including
by sharing in its financial risks rather than its environmental ones.
For example, in place of relaxed financial-assurance requirements,
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jurisdictions could offer preferential loans. In doing so, they would
share in mining’s financial risk: Where ventures were successful,
loans would be repaid. Where they were not, government would
incur a loss. Such an approach could help Canada’s mining
sector remain globally competitive without compromising on
environmental-risk reduction and compensation goals.

Policy-makers should articulate and justify their policy
priorities — and then design and implement policies
consistent with this vision
Policy-makers should justify their approaches to risk sharing
(for example, having less stringent or more narrowly applied
financial assurance), and make the case that they present a net
benefit to society. Where policy design trades off risk reduction
or full compensation from firms in favour of greater economic
activity, policy-makers should demonstrate that the benefits of
this approach (in the form of greater production and investment)
outweigh the costs (in the form of greater environmental risk
and potential social costs). Similarly, where policy design
trades economic activity in favour of greater risk reduction or
compensation, policy-makers should demonstrate how the
benefits of avoided risk exceed the costs of reduced investment.

This report shows how financial-assurance policies can put a price on risk to the environment. Financial
assurance can support safety regulations and existing laws in managing risk. But it can also do something
these tools cannot by harnessing the power of market forces.
By creating incentives for firms to better manage their risk, by funding compensation or cleanup costs, and
by minimizing the costs of doing so, financial assurance can ensure we take responsible risks.
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1 INTRODUCTION
A series of high-profile events have reminded Canadians that economic activity comes
with risks to people and the environment:
• In July 2013, a train carrying crude oil derailed in the town of
Lac-Mégantic, Quebec. The resulting explosion killed 47 people,
and much of the oil spilled into local soil and waterways.
Measured in terms of its human costs, it is one of the worst
environmental disasters in Canadian history (de Santiago-Martín
et al., 2015).
• In August 2014, a tailings-pond dam ruptured at the Mount Polley
copper and gold mine in northern British Columbia, spilling
tailings into Polley Lake, Hazeltine Creek, Quesnel Lake, and
the Cariboo River. The tailings contained arsenic, selenium,
and various heavy metals (Byrne et al., 2015).
• In July 2016, a ruptured pipeline owned by Husky Energy spilled
approximately 225,000 litres of oil into the North Saskatchewan
River. The oil slick travelled downstream, covering 134 km of
shoreline and forcing several communities to shut down their
water intake systems (Government of Saskatchewan, 2016;
Warick, 2017).
Dramatic events of this type are rare; the vast majority of rail
transport, mining, and pipeline transport occurs without incident.
But they can and do happen.

RESPONSIBLE RISK

Resource extraction, transportation of goods, manufacturing
processes — in short, many of the pillars of the economy that
drive our well-being as Canadians — come with risks. When things
go wrong, the environmental damage and human costs can be
significant, sometimes even catastrophic. And the economic costs
of these events can also be very high. Table 2 provides an overview
of some notable events — in Canada and internationally — that
underscore the risks posed by various kinds of economic activity.
What do all the events in Table 2 have in common? First, they all
led to environmental damage that imposed costs on society, over
and above whatever costs were borne by the businesses involved.
The nature of the costs included health impacts or loss of life,
taxpayer-funded cleanup costs, lost employment and income, and
reductions in the environmental benefits associated with clean
water, air, and soil.
The second common element in these events is that they all
involved risk. In each case, either the event or the social costs that it
led to were not certainties; rather, they were possibilities.
The existence of these kinds of risks does not imply that we should
shut down all economic activity. But the potentially high costs for
society does suggest it is worth taking a closer look at the policies we
use to manage these risks.

1
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Sydney Tar Ponds
Sydney, Nova Scotia

Table 2: Sample of incidents that underscore risks from economic activity
Event

Location

Description

Costs and Consequences

Mercury contamination in
Grassy Narrows

Dryden, Ontario

Between 1962 and 1970, a pulp and paper mill
released 10 tonnes of mercury into Wabigoon
River, upstream of the Grassy Narrows and
White Dog First Nations. The Wabigoon River
and several locations near the site are still
highly contaminated with mercury (Bruser &
Poisson, 2017).

Members of Grassy Narrows and White
Dog have been exhibiting symptoms of
mercury poisoning for decades. The Ontario
government is responsible for monitoring,
cleanup, and compensation due to a deal it
brokered to sell the mill in the 1970s. Total
costs will likely exceed $100 million (Porter,
2016; Porter, 2017; Bruser & Poisson, 2017).

Cleanup of the
Sydney Tar Ponds

Sydney, Nova
Scotia

During its 100 years of operation, a nowdecommissioned steel mill discharged
over 500,000 tonnes of contaminants and
sludge into a nearby pond. After Nova Scotia
purchased the facility, past operators could
not be held liable for contamination (Taylor &
Kenyon, 2012).

In 2007, the federal and Nova Scotia
governments committed over $400 million to
remediate the site. Long-term environmental
damage is unknown, but the contaminants
in the ponds have been linked to ecological
damage in the area (Taylor & Kenyon, 2012;
Walker, 2014).

Remediation of
Deloro Mine

Deloro, Ontario

The Deloro gold mine operated from the 1860s
until 1961. After its abandonment, groundwater,
surface waters, and soil onsite were heavily
contaminated with low-level radioactive waste
and arsenic, which was discharging into the
Moira River. Ontario’s Ministry of Environment
assumed responsibility for the site in 1979
(CNSC, 2017a).

Ontario took the mine’s owner to court in 1989
to help cover closure and monitoring costs.
The courts awarded $3.5 million, but the order
could not be enforced since the company no
longer existed. Total remediation costs will likely
exceed $45 million, plus the costs of long-term
monitoring (Government of Ontario, 2004).

Union Carbide disaster

Bhopal, India

In December 1984, a Union Carbide pesticide
plant leaked more than 40 tonnes of methyl
isocyanate gas. At least 3,800 people were
killed and thousands more were injured or
died prematurely. It is regarded as the worst
industrial disaster in history (Broughton, 2005).

Union Carbide admitted moral responsibility
and paid out $470 million in compensation.
The Indian government has estimated
the disaster’s economic damages at $3 billion.
The soil and groundwater around the
now-abandoned facility remain heavily
contaminated (Broughton, 2005; Hanna, 2007;
ICJB, 2013).

2
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Deepwater Horizon explosion
and oil spill
Mississippi Canyon, Gulf of Mexico

Table 2: Sample of incidents that underscore risks from economic activity continued
Event

Location

Description

Costs and Consequences

Chernobyl disaster

Pripyat, Ukraine

In April 1986, a steam explosion at the
Chernobyl Power Plant resulted in the release
of large amounts of radioactive material
over Belarus, Ukraine, and Russia. It remains
one of the worst nuclear disasters in history
(Hasegawa et al., 2015).

Five million people were exposed to
dangerous radiation and remain at a
heightened risk for cancer. The town of Pripyat
will remain uninhabitable indefinitely. The
disaster caused an estimated $235 billion in
damages (Cardis et al., 2006; UNDP, 2009).

Exxon Valdez spill

Prince William
Sound, Alaska

In March 1989, the Exxon Valdez oil tanker
struck a reef and ran aground off the coast
of Prince William Sound. The tanker spilled
260,000 of its 1.3 million barrels of oil into
the ocean, affecting over 1,700 km of Alaska’s
coastline (NOAA, 2014).

Cleanup costs were $2 billion, with an
additional $300 million payout to affected
industries. Additional out-of-court settlements
totaled $3.2 billion. The wildlife death toll is
still unknown (Paine et al., 1996; Picou, 2009;
Elser et al., 2017; Ward et al., 2017).

Giant Mine cleanup
liability

Yellowknife,
Northwest
Territories

The Giant Mine was a gold roasting operation
from 1948 to 1999. A by-product of the
operation was arsenic trioxide, and
237,000 tonnes of the highly toxic substance
were blown into the mine’s underground
chambers. The mine’s owner has since gone
bankrupt (Taylor & Kenyon, 2012).

The site is a long-term liability that requires
perpetual care. It is an estimated $600 million
liability in the public accounts of the federal
government (mining in NWT fell under
federal jurisdiction at the time of the mine’s
abandonment) (OAGC, 2013).

Cheakamus River train
derailment

Cheakamus
River, British
Columbia

In August 2005, a CN train derailed and
spilled 41,000 litres of highly corrosive
sodium hydroxide into the Cheakamus River
(McCubbing et al., 2006).

As many as 500,000 fish were killed, with
significant impacts on the river’s biodiversity
and ecology. The full extent of the damage
was difficult to assess (McCubbing et al, 2006).

Deepwater Horizon
explosion and oil spill

Mississippi
Canyon, Gulf of
Mexico

In April 2010, the Deepwater Horizon drilling
rig exploded due to flawed well design and
insufficient integrity testing, killing 11 people.
Over the next several months, almost
5 million barrels of oil leaked into the Gulf
of Mexico (Graham et al, 2011).

The spill had serious ecosystem impacts, and
the oil’s long-term fate is unknown. An area of
200,000 km2 was closed off to fishing activity
and 1,600 km of shoreline was contaminated,
affecting local ecosystems and thousands
of homes and businesses (Barron, 2012;
Thibodeaux et al., 2011).
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Lac-Mégantic train derailment
Lac-Mégantic, Quebec

Table 2: Sample of incidents that underscore risks from economic activity continued
Event

Location

Description

Costs and Consequences

Fukushima Daiichi
nuclear disaster

Ōkuma,
Fukushima,
Japan

In March 2011, tsunamis disabled emergency
generators at the Fukushima Daiichi nuclear
plant, leading to three reactor meltdowns and
hydrogen-air explosions and the release of
radionuclide emissions into the air and ocean
over three days (Morino et al., 2011; WNA, 2017).

Radionuclides contaminate soil, water, air, and
food and have other adverse long-term health
impacts. As of 2017, roughly 80,000 people
remained displaced due to high radiation
levels near their homes. The extent of the
damage is still uncertain (Morino et al., 2011;
Steinhauser et al., 2014; Hasegawa et al., 2015;
Obayashi & Hamada, 2016; McCurry, 2017).

Rapid growth in number
of orphaned wells

Alberta and
Saskatchewan

Since 2012, the number of oil and gas wells
in Alberta without a financially accountable
owner has grown from 100 to 3,200. Recent
analysis for Saskatchewan found that 24,000 of
the province’s 87,000 wells were not producing
(PAS, 2012; Dachis et al., 2017).

Orphaned wells that fail can contaminate
water supplies and emit greenhouse gases.
The estimated public cost to clean up Alberta’s
orphaned wells ranges from $129 million to
$257 million (Kang et al., 2014; King & Valencia,
2014; Dachis et al., 2017).

Lac-Mégantic train
derailment

Lac-Mégantic,
Quebec

In July 2013, a train carrying crude oil derailed
near the town of Lac-Mégantic. The resulting
explosion killed 47 people, and an estimated
6 million litres of oil spilled into the
surrounding environment (de Santiago-Martín
et al., 2015; Lacoursière et al., 2015).

Aside from the significant human costs,
over 100,000 litres of oil spilled into the
nearby Rivière Chaudière, harming aquatic
ecosystems and downstream communities.
The total cost of the disaster could exceed
$1 billion (Lacoursière et al., 2015).

Mount Polley tailings dam
rupture

Cariboo Region,
British Columbia

In August 2014, a tailings-pond dam ruptured
at the Mount Polley copper and gold mine,
spilling 24 million cubic metres of tailings into
Hazeltine Creek, Polley Lake, Quesnel Lake,
and the Cariboo River (Byrne et al., 2015).

The spill released arsenic, selenium, and
various heavy metals, damaging ecosystems
and affecting water supplies in nearby
communities. The company has still not been
charged (Seucharan, 2017; Linnitt, 2018).
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Fundão dam disaster
Bento Rodrigues, Brazil

Table 2: Sample of incidents that underscore risks from economic activity continued
Event

Location

Description

Costs and Consequences

Fundão dam disaster

Bento
Rodrigues, Brazil

In November 2015, the Fundão mine’s tailings
dam collapsed, spilling an estimated 60 billion
litres of iron ore tailings. The tailings flooded
three rivers and several villages over an area
of 15 km2 (Segura et al., 2016; do Carmo et al,
2017; Lopes, 2017).

The spill killed 19 people and destroyed
hundreds of homes. The total damage is
estimated at $5.2 billion USD. The spill
reached the Atlantic Ocean two weeks after
the dam’s collapse. The metals and minerals
left along the riverbeds present health risks to
humans and wildlife (BBC News, 2016; Lopes,
2017; Segura et al., 2016; Guerra et al., 2017).

Husky-Maidstone oil spill

Maidstone,
Saskatchewan

In July 2016, a ruptured pipeline owned by
Husky Energy spilled approximately 225,000
litres of oil into the North Saskatchewan River
(Warick, 2017).

The oil slick travelled downstream, covering
134 km of shoreline and forcing several
communities to shut down their water intake
systems (Government of Saskatchewan, 2016;
Warick, 2017).

Saanchi tanker collision

East China Sea

In January 2018, the Sanchi tanker, which
was carrying 960,000 barrels of natural gas
condensate, collided with a cargo ship. Sanchi
caught fire and sank eight days later. It is the
worst tanker spill at sea since 1991 and the
largest condensate spill in history (Carswell,
2018; Madrigal, 2018).

All 32 crew members are presumed dead.
As much as 110,000 tonnes of condensate
spilled into the ocean, creating an invisible
140 km2 slick. The spill had immediate toxic
effects on fish and wildlife, and the long-term
environmental impacts are largely unknown
(Carswell, 2018; Madrigal, 2018; Myers &
Hernández, 2018).

When it comes to using ecofiscal policies to reduce pollution, the
case is clear-cut. Pollution damages the environment, imposing costs
on society. When polluters do not have to bear these costs privately,
they have little economic incentive to reduce them. Ecofiscal policies
put a price on pollution and, by doing so, provide an economic
incentive to cost-effectively limit environmental harm.
In all the examples above, the environmental damage and social
costs were not certain to occur — but they were known to be possible.
How can ecofiscal policy put a price on environmental harm that
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might occur? What should it do when the costs of damage might be
large, and might be borne by society, rather than by the responsible
firm? In other words: how can ecofiscal policy be used to manage
environmental risk?
In many cases, firms already have an incentive to reduce
environmental risk. Their legal liability for environmental damage
provides an incentive to limit the risk their activities pose. And they
also have reputational incentives: causing environmental harm can
badly damage a firm’s public image, undermining future profitability.
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But these existing incentives may not be enough. In some cases,
firms might not be fully liable for the environmental damage they
cause or may only be liable for certain types of damages. Or they may
be able to avoid their liability by declaring bankruptcy. When firms
know they may bear less than the full cost of environmental damage
arising from their actions, they have less incentive to reduce the risk of
environmental harm.
In this report, we use the term risk externalities to describe
situations where two factors coexist: the risk of economic activity
causing significant environmental harm and the possibility that —
should harm occur — the costs will be borne by society at large, rather
than by the responsible firm. Like other externalities — for example,
pollution and traffic congestion — these situations occur when
firms’ actions impose costs on others. But they are different from
conventional externalities due to the presence of risk; damage might
occur, but also might not.
When it comes to risk externalities, policy matters. Indeed, many of
the events in Table 1 can be linked back to the presence or absence of
specific policies. For example:
• In the case of the Sydney Tar Ponds, a lack of comprehensive
environmental regulations at the time meant that the firm
owning the steel mill was not responsible for cleaning up the
site. This gave the firm little incentive to limit environmental
impacts, and when the Nova Scotia government took control
of the site in 1967, it assumed the site’s environmental liability
(Furimsky, 2002).
• In the case of the Lac-Mégantic train derailment, the operator
was required to carry only $25 million of liability insurance,
but the total costs of the disaster could exceed $1 billion
(Lacoursière et al., 2015).i
• In the case of Giant Mine, Canadian bankruptcy law permitted
the firm to terminate its operation without honouring its
cleanup obligations. With no one left to hold liable for the
costly remediation, the financial burden fell to the federal
government (AANDC, 2013a).
Designing policy to address risk externalities is complicated by
the fact that policy-makers face multiple, competing goals. First,
good policy should create incentives for the businesses involved to
reduce the risk of environmental harm. Second, it should reduce
the extent to which society bears the costs of any environmental
damage that does occur. Third, good policy should consider the
economic costs of achieving the first two goals.
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In some circumstances, eliminating a risk externality entirely
might not be desirable because the costs of doing so may exceed
the benefits. Some amount of public-private risk sharing might
make sense — but how much, and in what circumstances? Tradeoffs across the three goals makes managing environmental risk a
difficult balancing act.
Ecofiscal instruments that use market-based mechanisms to
provide financial assurance can help policy-makers balance these
trade-offs. Financial-assurance policies require firms or an engaged
third party (e.g., an insurer) to promise or commit funds against
potential environmental liabilities. The assurance they provide can
come in different forms, including cash deposits, environmental
bonds, insurance, or industry funds.
Financial-assurance policies can play an important role in how
we deal with risk externalities in Canada. They can create incentives
for firms to reduce risk, fund cleanup activities, pay for damage, and
harness market forces to reduce the costs of doing so. They can also
act as an important complement to other policies such as safety
regulations and liability rules. Overall, we find that financial-assurance
policies should play a stronger role than they currently do.
The mining sector in Canada, which we examine in detail as a
case study, provides a useful illustration, of both the challenges of
dealing with risk externalities and the potential solutions offered
by financial-assurance policies. The Mount Polley disaster of 2014
provides a graphic reminder of the environmental risks posed by
mining operations. And the case of the Giant Mine illustrates the
social costs that can result when mines are left abandoned and
unremediated. Canadian governments are well aware of these
challenges and have actively worked with the mining sector to
develop solutions. Our case study examines different approaches
across four provinces and one territory.
The remainder of this report is structured as follows. The policy
problem of risk externalities is defined in Section 2. Section 3
explains how financial assurance can provide solutions to this
problem, while Section 4 presents a detailed look at the various
financial-assurance instruments. Section 5 explores Canada’s mining
sector as an in-depth case study, and Section 6 briefly discusses how
financial assurance could be applied to many other sectors of the
Canadian economy. Finally, Section 7 provides recommendations
for policy-makers, both for managing risk externalities in general
and in the mining sector in particular.
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2 THE

POLICY PROBLEM:
MANAGING RISK EXTERNALITIES
In some cases, the risk of environmental damage might be borne by society, not just by
private firms.1 These risk externalities are the focus of this report.
Addressing risk externalities creates challenges. On one hand, when
policy ensures that private firms will bear the cost of any environmental
damage they cause, those firms have greater incentive to reduce
environmental risk. But on the other, such policies are not costless: they
can inhibit production and investment, thus reducing the economic
and social benefits of economic activity.
This section defines a problem for policy-makers: how should
governments manage risk externalities in a way that balances these
trade-offs? And, in particular, how should they use financial assurance
to do so?

2.1 DEFINING RISK EXTERNALITIES
In this report, risk externalities exist when both the following
conditions are met:

1) There is a risk of environmental damage from an economic
activity (in terms of whether harm will occur, how severe it might
be, or both).
2) Gaps in the rules governing firms’ liability mean that should
environmental damage occur, society — not private firms —
might bear some (or all) of the associated costs.
To unpack these conditions, we consider each in turn.

Condition #1: There is a risk of environmental damage
“Risk” refers to situations where environmental damage might occur
or, when it does, where the harm done to the environment might be
large.2 For an overview of risk-related concepts, see Box 1.

	When we refer to “society” in this report, we refer to agents external to the firm that may unfairly bear the cost of environmental damage that it causes. These social
costs can fall to taxpayers, citizens in general, or other firms, either directly (e.g., property damage, cleanup expenditure) or indirectly (e.g., environmental damage
affecting recreational use of a waterway or the value Indigenous Canadians ascribe to their traditional lands). In contrast, “private firms” is used in this report to refer
to the firm or firms that are responsible for an environmental harm, as well as any contracted third parties that would be liable in the event of it (e.g., insurers). The
costs they bear are private costs.
2
	In the context of environmental damage, risk refers to situations where we can estimate both the probability that an adverse event will occur and the magnitude of the
environmental and societal damage that arises if it does. It is important to differentiate risk from uncertainty, which applies to situations in which we cannot reliably
estimate potential levels of damage or their probabilities. The presence of uncertainty can significantly complicate the management of environmental risk. We return
to the issue of uncertainty in Section 3.2. In practice, when we refer to “risk” in this report, we are referring to probabilistic outcomes that may — or may not — contain
uncertainty.
1
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Box 1: An overview of risk-related concepts

Risk is a function of both the probability of damage occurring and the magnitude of
the resulting costs. In our context, risk describes the probability of different levels of
environmental damage.
A heatmap, as illustrated in the figure below, is one way to conceptualize risk. It uses colour coding to signify the
degree of risk (green being low risk, red being high risk). Risk increases as the harm to the environment becomes
more probable or more severe. Figure 1 provides an example of a heatmap.

Figure 1: An example of a risk heatmap
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Alternatively, we can conceptualize risk as a probability distribution for environmental costs, as seen in
Figure 2. A probability distribution describes the range of environmental costs that are possible and their
respective probabilities. The figure below shows a hypothetical probability distribution for the risk of
environmental costs, using a probability mass function. As the figure illustrates, there is a 65% probability
of environmental harm not occurring, and environmental costs therefore being nil. If the harm does occur,
environmental costs are most likely to be in the $0–200 million range. However, they could also be higher than
this. And there is a chance they could be significantly higher — exceeding $1 billion.
Box 1 continues on the next page
In this report, we focus on the risk of environmental damage that
is — in most cases — unauthorized.ii This damage can stem from
industrial disasters such as explosions, spills and leaks, but it might
also come from the failure to clean an industrial site, from regulatory
violations, or from more gradual impacts. For example, the pesticide
DDT’s bioaccumulation in humans and wildlife meant that the harm
from exposure was marginal at first but worsened over time. This

was part of the reason that its toxicity was underappreciated for so
long (Sovacool, 2008; Eskenazi et al., 2009).3
Environmental risks can arise at any point in the industrial supply
chain: production (e.g., the Deepwater Horizon oil spill, the Fukushima
Daiichi nuclear disaster), transportation (e.g., the Cheakamus River
train derailment, the Husky-Maidstone pipeline spill), or storage and
disposal (e.g., Mount Polley, the Sydney Tar Ponds).

	We focus on the environmental risks from industrial processes. While some of the solutions we discuss in this paper can also be suited to the risks posed by natural
environmental disasters (e.g., floods, earthquakes, and hurricanes), these risks are not the focus of this report. Similarly, we do not focus on the risks posed by climate
change.

3
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Box 1: An overview of risk-related concepts continued

Figure 2: An example of probability distribution
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Based on such a probability distribution, we can calculate an expected value for environmental costs. The
expected value is a weighted average of different environmental cost severities and their respective probabilities.
Both a higher probability of an environmental harm occurring and a greater probability of large costs can drive
an expected value higher. The expected value in the example above is $133 million. The expected value does not
fall in the middle of the distribution because the high probability of no environmental harm occurring pulls the
expected value’s weighted average downward.

Condition #2: Liability gaps create the possibility
that the costs of environmental damage will be borne
by society
When environmental harms occur — especially large ones — private
firms do not always bear the cost. Gaps in the rules governing a
firm’s liability can sometimes allow the benefits of economic activity
to accrue to private firms but environmental costs to society at large.
These costs can fall to taxpayers (e.g., when government pays for
cleanup), citizens in general (e.g., effects on public health, damaged

ecosystems), or other firms or individuals (e.g., personal injury,
lost income, property damage).4 We explore specific types of these
liability gaps in Section 3.
Costs to society raise problems around fairness. Taxpayers,
citizens, or firms can end up bearing the costs of environmental
damage for which they are not responsible.
The potential for social costs also creates problems around
incentives. If firms know they may only bear part of the cost of
environmental damage arising from their actions (or none of it),

	Our focus is on the costs that these actors ultimately bear. Costs that they bear initially but later receive compensation for are, for the purposes of this report, not
considered social costs. For example, the companies implicated in the Deepwater Horizon spill and Fukushima Daiichi nuclear disaster are expected to provide
compensation of at least $62 billion and $188 billion, respectively (Amon & Panchal, 2016; Obayashi & Hamada, 2016). The social costs of these disasters would only
be the portion of total costs that exceeds this compensation.

4
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they have less incentive to reduce the likelihood of that damage
occurring or its potential severity. This problem is what economists
call moral hazard (Hölmstrom, 1979; Bennett, 1999; Mackie, 2014).5
In other words, the two things that together define risk
externalities—the risk of environmental damage and the possibility
of social costs — are mutually reinforcing. Environmental damage
can lead to social costs. And that possibility can reduce incentives
for firms to make choices that decrease environmental risk.

2.2 THREE DIFFERENT POLICY GOALS
When designing policy to address risk externalities, governments
have three different — and at times competing — goals:

	
Deterrence: Reducing the probability of environmental
harm occurring in the first place, as well as its potential
severity (should it occur).
	Compensation: Ensuring that, should environmental
damage occur, private firms, not society, bear the cost.

	Economic activity: Facilitating production and
investment to benefit from the employment and income
that it generates.
We discuss each goal separately below.

	
Deterrence creates incentives for firms to
reduce environmental risk
A policy provides deterrence when it establishes
incentives for firms to reduce the risk of their operations causing
environmental damage. They might do so by taking action to reduce
the probability of an event occurring (e.g., improving their safety
measures and protocols). Or they might do so by acting to minimize
environmental damage, should an event occur (e.g., choosing to
locate their operation in a less environmentally sensitive area).
The Bowtie Model is a tool firms can use to manage risks. The
model illustrates plausible causal pathways that could lead to
environmental damage and the risk controls that can mitigate their
likelihood or severity (or both), along these pathways (Ale et al.,
2008; Ferdous et al., 2013). Figure 3 provides an illustration of the
bowtie model using the risk of tailings dam failure at a mine site.
Deterrence is strong when it is in a firm’s direct financial interest
to prevent environmental harm (i.e., when polluters will pay for the
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damage they cause). Yet for reasons we will discuss in Section 3, in
many cases firms do not bear the full costs of their environmental
damage. To take one example, they may be liable for property
damage and personal injury, but not liable for environmental
impacts like biodiversity loss.
Moral hazard exists when a firm knows it will not have to absorb
the full cost of a harm it causes. Its incomplete responsibility
for environmental damage might lead it to behave in a way that
increases the chance of an environmental harm occurring or makes
it more severe than it would have been otherwise (or both). For
example, a firm liable only for property damage and personal injury
might not even consider its operation’s potential impacts on local
biodiversity or how they could be limited. This lack of incentive can
increase the risk of biodiversity loss.
Policies that increase firms’ liability for environmental damage
improve deterrence. For example, policy-makers could institute a
regulation requiring firms to carry out habitat restoration if their
operations cause harm to local biodiversity. Firms’ interest in avoiding
this expense would create an incentive for them to limit the risk of this
harm. In this way, the regulation would improve deterrence.

	
Compensation holds private firms accountable
for the environmental damage they cause
A policy provides greater compensation when it
reduces the share of costs that society bears from a privately
caused environmental harm. The compensation goal is motivated
by concerns about fairness. Compensation requires that when
environmental damage does occur, either the responsible firm or an
engaged third party bears the cost.iii
Yet in practice, environmental damage resulting from private
actions commonly leads to costs to society. As we will discuss in
Section 3, firms’ liability for environmental damage can be defined,
capped, or scoped in a way that makes it difficult to hold them fully
accountable (e.g., the Cheakamus River train derailment, Mount
Polley). Or even where a firm is fully liable, it may become bankrupt
or no longer be in business, and thus no longer accountable for
environmental damage (e.g., cleanup of the Sydney Tar Ponds,
Alberta and Saskatchewan’s orphaned oil and gas wells).
Policies improve compensation if they reduce the risk that
society will bear the cost of firms’ environmental damage. For
example, policy-makers might require that the assets of parent
companies serve as collateral when their subordinates’ activities
pose risks to the environment. This approach would prevent firms
from transferring their environmental liabilities to the public by

	Moral hazard is a technical term that describes a situation where incomplete exposure to costs reduces a firm or individual’s incentive to reduce risk. It does not imply
that the firm or individual is acting (or will act) in an immoral or illegal manner.
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Figure 3: An illustration of the Bowtie Model using the risk of tailing dam failure at a mine site
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having their subsidiaries declare bankruptcy when projects are no
longer profitable.iv
As a general rule, improving compensation improves deterrence.
But in some circumstances, there can be trade-offs between the two.
In particular, instruments that pool risk can support compensation
at the expense of deterrence. For example, the United States’
nuclear industry as a whole is responsible for any damage from a
nuclear accident that exceeds the responsible operator’s liability
insurance (Faure, 2016). This approach supports full compensation
but provides less deterrence relative to a policy that would require
individual operators to bear the full costs of their actions. On the
other hand, policies that require operators to bear the full cost of
their actions would undermine compensation, since the full costs of
an accident might bankrupt an individual operator, leaving society
to bear the cost.
	
Economic activity drives social and economic

benefits

An environmental risk policy supports economic activity
to the extent that it encourages production and investment and
allows socially beneficial projects to take place. All else being equal,
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society benefits from the employment and income that economic
activity generates (i.e., even when it poses environmental risks).
Policies aimed at the first two priorities — deterrence and
compensation — carry real economic costs. They divert scarce
resources that could otherwise be productively employed in the
economy. For example, requiring firms to earmark funds to cover
their liability for a potential disaster ties up a portion of their
available capital. They are unable to invest these funds in
improved production efficiency, greater capacity, or an altogether
new project. (Mackie, 2014; Gerard, 2000).
To facilitate economic activity, policy-makers could, for example,
place a cap on firms’ liability for environmental damage. For
instance, in 2013 the federal government set oil and gas companies’
maximum liability for oil spills or blowouts off the East Coast at
$1 billion (Government of Canada, 2016a).v
A cap on liability is a form of public-private risk sharing, since the
government effectively agrees to absorb any costs that result from
the firms’ actions that exceed the cap. This type of policy reduces
downside risk for firms, and thereby helps to encourage production
and investment. However, it does so at the expense of greater
deterrence and compensation (Faure, 2016).
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2.3	MANAGING RISK EXTERNALITIES REQUIRES
BALANCING TRADE-OFFS
Trade-offs across the three policy goals of deterrence, compensation
and economic activity mean that managing risk externalities can
be complex.

The overall goal is to manage risk, not eliminate it
Some stakeholders might like to see environmental risk dramatically
reduced or even eliminated. But reducing environmental risk can
have diminishing returns: at some point, the costs can exceed the
benefits. Indeed, to fully eliminate risk would require shutting down
the activity that creates it (Vanem et al., 2008; Psarros et al., 2011;
Viscusi & Zeckhower, 2011).
In addition, most industrial sectors exist in global markets.
Substantially reducing environmental risk might raise costs to the
point that domestic production would no longer be viable. As a
result, production and investment could shift to other countries with
weaker environmental regulations and safeguards.
Policy-makers must weigh the benefits of reducing
environmental risks against the costs of doing so. Managing the risk
of environmental damage requires creating a balance across the
three policy goals.vi Being transparent about how that balance is
achieved can add to its public acceptance and sustainability.

Risk sharing can be justified in specific circumstances
Public-private risk sharing — where governments intentionally
absorb part of a firm or sector’s environmental risk — is often
suggested as a way of facilitating economic activity. All else being
equal, public–private risk sharing is not desirable. First, it is unfair
since society may have to absorb the cost of environmental damage
it did not cause. Second, it impairs economic efficiency. When firms
do not have to bear the full cost of the risk they pose, it reduces their
economic incentives for risk reduction. The result can be a level
of risk taking for which costs exceed benefits (Radetzki & Radetzki,
2000; Viscusi & Zeckhower, 2011; Nguyen, 2013).vii
But under specific circumstances, sharing risk can be justified.
When a firm develops publicly owned natural resources, it usually
pays royalties to society. In order to share in the benefits of natural
resource development with firms, governments may have to share
in some of the risks as well.
Risk sharing may also be justified if market problems prevent
the firm from being able to efficiently absorb the cost of its risks.
In particular, uncertainty can inflate the cost of financial assurance
provided by third parties (e.g., insurers), rendering some types of
valuable economic activity unviable (Faure, 2007a; Kunreuther, 2015).

But even in cases where there is a clear rationale for risk
sharing, policy-makers must be cautious. Not all risk-sharing
arrangements balance the incentives to reduce the risk of
environmental damage with the gains from the underlying
economic activity. Some may transfer more risk than necessary
to the public. Or they may transfer it inefficiently, unnecessarily
compromising deterrence and compensation. For example,
government may choose to act as a simple backstop for costs that
fall beyond a given threshold. While this helps share risk, it
provides limited risk-reduction incentives compared to a publicprivate sharing of any costs above the threshold.

We can improve how we manage risk externalities
in Canada
Each jurisdiction can (and should) manage environmental risk
externalities in line with its local context and priorities. Jurisdictions
will differ in the balances they strike across the three policy goals.
Yet in general, this report finds room for improvement in the balance
that policies are striking in Canadian jurisdictions.
Current policy comes up short in a number of ways. Gaps in some
of the rules that govern firms’ liability for environmental damage
create too large a burden on society. Excessive transfer of risk from
private to public sectors exacerbates the risk of environmental
damage occurring in the first place. And — as we will discuss below—
the underuse of financial assurance increases the risk that society will
bear the costs of privately caused environmental damage.

2.4 A FOCUS ON FINANCIAL ASSURANCE
Our focus in this report is financial-assurance instruments —
mechanisms that put a price on environmental risk. But other policy
instruments also have a role to play in how jurisdictions choose to
manage risk externalities.

Three types of policy tools can help to manage risk
externalities
When creating policy to deal with the risk of environmental harm
and the possibility of social costs, governments have three main
types of tools available:
1. Command-and-control regulation: Governments can regulate
firms’ safety practices, the technologies they use, and how
they measure and report risk. For example, uranium mining
operations in Saskatchewan are subject to strict standards and
regular, detailed inspections and reporting requirements to
ensure compliance (SMA, 2016).viii
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2. Liability rules: Governments can write laws and regulations
that define firms’ liability for environmental damage. For
example, the Canadian Environmental Protection Act (1999)
makes the owners of particular toxic substances fully liable for
environmental damage, as well as any expenses government
incurs in responding to an environmental emergency
(Government of Canada, 2004).ix Tort law, under which injured
parties can sue for damages in civil court, is an important
category of liability rules. Tort suits provide recourse for those
who have suffered some kind of private harm (e.g., damage
to property) that is outside the scope of the statutory
compensation paid by a responsible party.x
3. Financial assurance: Governments can require firms to
promise or commit funds against their future environmental
liabilities. Financial assurance can take various forms
(e.g., cash, environmental bonds, insurance, industry funds).
For example, Canada’s Pipeline Safety Act (2015) requires
oil and gas pipeline operators to provide bonds, insurance,
or guarantees against their liability for a potential oil spill
(Government of Canada, 2015b). Unlike liability rules, which
focus on assigning liability for a harm that has happened,
financial assurance focuses on ensuring compensation for a
future harm that may or may not occur.
All these instruments are legitimate ways of dealing with
environmental risk and the possibility of social costs, and they
represent important tools in the policy toolkit. Our focus here,
however, is on financial assurance.

Box 2: A summary of Section 2

Greater use of financial assurance in Canada can
improve outcomes
Financial assurance can help policy-makers pursue all three of their
policy goals:
• It provides deterrence: By ensuring that the expected costs of
environmental risks factor into firms’ calculations, financial
assurance limits moral hazard and thus reduces the risk of
environmental damage.xi
• It helps ensure compensation: By securing funds to cover
firms’ expected or potential environmental liabilities, financial
assurance decreases the possibility of public responsibility for
dealing with the costs of environmental damage.
• It supports economic activity: By harnessing market forces,
well-designed financial assurance can provide deterrence and
compensation at a lower economic cost than its alternatives.xii
Financial assurance can also complement other policy tools.
When policy-makers apply the three types of tools in a coordinated
way, they can manage their risk externalities more effectively and
at lower cost. Regulations ensure certain minimum standards
and practices are met and rule out particularly high-risk activities.
Liability rules clarify who will be liable for what in the event of
environmental harm. And financial assurance ensures that firms
have an incentive to limit risk and will bear the costs for which
they are liable.
Finally, Canadian governments can make greater use of
financial assurance. While most sectors exposed to risk
externalities have safety regulations and liability rules, they are
not necessarily asked to provide financial assurance against
potential environmental liabilities. Especially in areas where it is
under-applied, financial assurance can be a powerful new tool for
managing risk externalities.

Key findings
• Risk externalities exist when there is a risk of environmental damage from firms’ activities and some (or all) of its cost
would be borne by society.
• The goal of policy is to manage risk externalities, not necessarily to eliminate them.
• Managing risk externalities requires considering trade-offs between:
•		 Deterrence (creating incentives for firms to reduce environmental risk)
•		 Compensation (holding firms accountable for the environmental damage they cause)
•		 Economic activity (facilitating investment and production that drive economic and social benefits)
• Financial assurance policies can help manage risk externalities. They help policy-makers pursue their three goals.
And they complement jurisdictions’ safety regulations and liability rules.
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3	USING FINANCIAL ASSURANCE TO ADDRESS
LIABILITY GAPS
Financial-assurance policies can help manage risk externalities in a very specific way.
They do so by addressing liability gaps.
As we noted above, liability gaps transfer environmental risk from
private firms to society more broadly. They are a function of a
jurisdiction’s liability rules — legislation, precedent-defining judicial
decisions, and regulatory statutes (or the absence thereof) that define
what a firm can be held liable for.
Policy-makers can address liability gaps in one of two ways. First,
they can change their liability rules to close (or limit) liability gaps.
However, in some cases, the costs of doing so might exceed the
benefits. In others, it may not even be possible. Alternatively, policymakers can address liability gaps using financial assurance.6
This section identifies five specific types of liability gaps that can
create risk externalities. It explains the specific role that financial
assurance can play in addressing liability gaps. And it describes how
both risk-externality problems and financial-assurance solutions can
be complicated by two additional issues: fat tail risk and uncertainty.

3.1 FIVE TYPES OF LIABILITY GAPS
Five specific types of liability gaps can create risk externalities.
While the five types are distinct, multiple types of liability gaps can
simultaneously exist in a sector or jurisdiction — and usually do.

Type #1: No one can be held responsible
If no one can be held responsible for environmental damage, society
will bear the cost. This can occur for three main reasons.
First, it might be difficult to identify a responsible party. For
example, in Northern Alberta, several pulp mills discharge effluents
into the Athabasca River and cumulatively affect water quality and
fish populations. However, the impacts of individual mills cannot be
isolated from each other or from other sources of industrial discharge
(Chambers et al, 2006; Environment Canada, 2014).
Second, latency can make it difficult to hold firms responsible. In
some cases, it may take many years for a harm to become evident
or for a responsible party to be identified. For example, proximity
and long-term exposure to asbestos has been linked to elevated risk
of respiratory illness and cancer. However, these health issues can
take decades to arise (Selikoff et al., 1980). Latency can be especially
significant where there is a statute of limitations on firms’ liability
(Faure, 2016).
Third, even in cases where it is possible to identify the entity likely
responsible for environmental damage, it may be challenging, in
legal terms, to prove they are responsible. For example, in some cases

	The third type of instrument available to policy-makers is regulations. Command-and-control regulations do not address liability gaps. Rather, they focus on limiting
the first component of risk externalities: the risk of environmental damage (Faure, 2014).
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hydraulic fracturing or “fracking” has been linked to contamination of
groundwater sources. However, since aquifers can generate methane
naturally and environmental baseline data is often limited, proving
causation is often impossible (Tilley & Muehlenbachs, 2012; McIntosh
et al., 2014; Vengosh et al., 2015).

Type #2: Liability rules release firms from liability
in certain circumstances
Liability rules can define firms’ liability for environmental damage in
different ways.
Absolute liability is the most stringent. Under absolute liability, the
mere occurrence of environmental harm is enough to make a firm
liable. For example, a pipeline company operating under absolute
liability would be responsible for any spill that originated from its
pipeline. Even if the firm had taken all appropriate safety precautions
and the rupture had been caused by an “act of God” (e.g., an
earthquake), it would still be liable.
Strict liability is a less stringent standard.xiii Firms are liable for
damage by default, but can escape liability if they can prove they
took care to try to prevent it.xiv A company operating a steel mill
under strict liability would not be liable for damage caused by air
pollution where it could show it had exercised due diligence.xv Under
strict liability, it is not always clear whether a firm will be liable for a
particular harm (Katzman, 1988; Faure, 2016; Klar & Jefferies, 2017).
Defining firms’ liability for environmental damage using anything
short of absolute liability creates a liability gap: firms may not be liable
for the damage they cause. The less stringent the definition used, the
greater the liability gap.

Type #3: Liability rules cap firms’ liability
Regardless of how firms’ liability is defined in liability rules — that
is, whether they are absolutely or strictly liable for environmental
damage — costs can fall to society where their liability has been
capped at a particular level.
When liability rules limit the level of firms’ liability (i.e., define a
maximum dollar value for it), a liability gap exists. For example, under
Canada’s Nuclear Liability and Compensation Act (2015), an operator’s
liability for a nuclear incident is capped at $1 billion (CNSC, 2017b).xvi
Any costs exceeding this cap will be borne by society.
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Type #4: Liability rules exclude some types of
environmental damage
Where liability rules constrain the types of damage that firms are liable
for — either explicitly or by omission — the costs of this damage will
fall to society.
Non-market environmental costs are a common gap in firms’
liability.7 Liability for cleanup costs, personal injury and property
damage is usually clearly established in liability rules. But because
non-market environmental costs can be difficult to identify, measure,
or value monetarily (and because the results of their valuation can
be contentious), they are often excluded from firms’ liability (Monti,
2002). These costs can be significant, especially given the potential for
irreversible ecosystem damage (e.g., species extinction).
For example, in the case of R v Zellstoff Celgar Limited Partnership,
the defendant released 500 million litres of effluent containing
substances that violated permit requirements into the Columbia
River. However, because the prosecution could not provide evidence
of any direct and immediate adverse effect on the river, the court
ruled that it could not hold the firm liable for environmental damage
(R v Zellstoff Celgar Limited Partnership, 2012).
A legal precedent exists for governments in Canada to recover
the costs of non-market environmental damage in civil court.xvii
However, to date, it has not been exercised.

Type #5: The responsible firm can be “judgment proof”
Even where a liability regime holds firms fully liable for the damage
they cause, they may be able to avoid paying for them by declaring
bankruptcy, by dissolving before they become liable, or by exiting
the jurisdiction.xviii In legal language, this is referred to as being
“judgment proof” (Shavell, 1986).
When firms are able to avoid responsibility in this way, significant
costs can fall to society. For example, remediating Giant Mine in the
Northwest Territories is expected to cost nearly $1 billion. The site
is highly toxic and sits directly next to the city of Yellowknife. The
mine closed in 2006, and its owners, Miramar Mining Corporation,
are no longer in operation. Therefore, the public will bear the entire
remediation cost, as well as the cost of any environmental damage
that occurs (AANDC, 2012).
The business structure of the corporation creates an important
type of liability gap. In a corporation, shareholders can generally
only be held liable for damages up to the amount they have
invested in the firm.xix If a corporation’s debts exceed its assets

Market environmental costs are measurable in dollar terms using observable data on market prices and quantities, while non-market ones are not. For example,
agricultural fertilizer runoff into a water body can cause eutrophication. This can reduce tourism and affect commercial fishing incomes (market environmental
costs). At the same time, it can also affect locals’ recreational uses of the water body and harm local biodiversity (non-market costs). While non-market environmental
costs are not visible in the same way that market costs are, they nevertheless represent a real — and important — dimension of a harm’s total costs (Hallegatte &
Pryzluski, 2010).
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Figure 4: The five types of liability gaps
1. No one can be held responsible
Can be the case if:
• No responsible party can be identified
• Latency makes it difficult to hold firms responsible
• It is difficult to prove responsibility in legal terms

2. Liability rules release firms from liability in certain circumstances
Applies when firms are less than "absolutely liable" for damages
(e.g., "strictly liable" firms will not be liable where they can
demonstrate they exercised due diligence)

LIABILITY GAPS

3. Liability rules cap firms’ liability
Firms' liability for damage has been capped at a particular dollar amount

4. Liability rules exclude some types of environmental damage
Environmental damages are not included in firms' liability because they
are difficult to identify, quantify, or value monetarily, or because
the results are too contentious

5. The responsible firm can be “judgment proof”
Can be the case if:
• The firm is no longer in operation
• The firm has exited the jurisdiction
• The firm is bankrupt or insolvent

or if it is unable to pay its bills, it can declare bankruptcy. Where
its remaining assets are insufficient to meet the cost of its
environmental liabilities, society will bear the cost.
Under Canadian law, when a corporation declares bankruptcy
or enters insolvency, secured creditors recover their claims ahead
of unsecured creditors and shareholders. In the recent landmark
Redwater case, the Alberta Court of Appeals found that liabilities to
government for environmental cleanup represented an unsecured
claim.xx The Court found that governments should receive
compensation only after secured creditors had been paid out and
receive a share of the firm’s remaining assets that was in line with its
share of total outstanding unsecured claims.
The Redwater decision decreases the probability that bankrupt
or insolvent corporations will bear the cost of their environmental
liabilities in Canada. The decision has been appealed to the
Supreme Court of Canada, which heard oral arguments in this case

on February 15, 2018. The Court’s decision will set an important
precedent for how environmental liabilities are handled in
bankruptcy and insolvency proceedings in Canada (Dachis et al.,
2017; Seskus, 2018).
Figure 4 provides an overview of the five types of liability gaps
discussed in this section.

3.2 THE SPECIFIC ROLE OF FINANCIAL ASSURANCE
Financial assurance offers policy-makers a powerful way to address
liability gaps. But it is better suited to some gaps than others.

Financial assurance can help address liability gaps by
complementing liability rules
Financial assurance can address liability gaps in one of two ways.
First, financial assurance can reinforce a jurisdiction’s liability
rules. For example, policy-makers can use financial assurance
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to ensure that funds are readily available in the event of an
environmental harm for which a firm is liable. This can be especially
important where timely intervention and cleanup might be required
(e.g., an oil spill at sea). Using financial assurance in this way can
ensure funds are available when needed and that government does
not need to rely on firms liquidating their assets or raising funds in
capital markets (Gerard, 2000; Boyd, 2001).
Second, financial assurance can supersede liability rules. For
example, a firm that operates under strict liability will not be
liable for environmental harm if it can demonstrate due diligence.
Governments concerned about this liability gap could choose to
require financial assurance from the firm that would be available in
the event of any environmental harm resulting from its operations
(i.e., due diligence or not). In this context, financial assurance would
circumvent the liability rules of regulatory and tort law, closing the
liability gap in a way that avoided both social costs and costly civil
litigation (Shavell, 1986; Faure, 2014; Faure, 2016; Arnold, 2017).
However, for some liability gap problems, the best solution may
be for policy-makers to revise their liability rules. For example, if
policy-makers are concerned about the possibility of a cap on firms’
liability leading to social costs, they might consider lifting or raising
it (and then requiring greater financial assurance), rather than simply
requiring financial assurance over and above firms’ liability in law.

Financial assurance is particularly suited to the
judgment-proof liability gap
Liability gaps 1 to 4 relate to how liability rules in a given jurisdiction
define firms’ liability. In general, governments seeking to close
or manage these types of liability gaps can either use financial
assurance, revise their liability rules, or both.
But liability gap 5 (the responsible firm can be judgment proof)
is different. Firms and individuals’ ability to declare bankruptcy in
the event that their liabilities exceed their assets is a fundamental
tenet of Canadian law and commerce. Changing liability rules to do
away with the judgment-proof liability gap would require upending
Canadian bankruptcy and insolvency law — a policy change that
would have far-reaching implications. So long as governments wish
to maintain the business structure of the corporation, the judgmentproof liability gap will remain.
Critically, while not all five types of liability gaps exist in a given
sector, the judgment-proof liability gap always does. That means
that social costs from environmental damage are a possibility in any
sector—regardless of how a jurisdiction’s liability rules define firms’
liability for environmental damage.
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The judgment-proof liability gap is the reason financial assurance
is often needed as a complement to liability rules. By helping
ensure that firms bear the cost of their liabilities, it provides an
essential backstop to all a jurisdiction’s liability rules (Boyd, 2001;
Boomhower, 2014; Faure, 2014).

3.3 TWO EXACERBATING FACTORS
Two types of exacerbating factors — fat tails and uncertainty — can
interact with liability gaps to make them more difficult to address
or to increase the size of the risk externalities that might result.
They also make designing suitable financial-assurance policies
more complex.

Fat tails can interact with liability gaps, exacerbating
risk externalities
When risk is “fat-tailed,” events with very high environmental costs
are possible (see Box 3 for a description of how fat tails affect risk).
Fat-tail events are by definition unlikely, but when they occur,
they can be catastrophic. For example, the Deepwater Horizon
blowout’s non-market environmental costs alone were estimated
at US$17.2 billion. The firm’s total liability for the disaster will
exceed US$60 billion (Bishop et al., 2017).
Fat tails interact with two particular liability gaps in a way that
can exacerbate risk externalities. In both cases, fat-tailed risks lead to
a higher probability that society will bear environmental costs:
• Fat tails interact with liability gap 3 (liability rules cap firms’
liability). When risk is fat-tailed, there is a higher probability
that the costs of an environmental harm will exceed a firm’s
liability cap.
• Fat tails interact with liability gap 5 (the responsible firm can be
judgment proof). In some cases, a firm’s environmental liabilities
might be large enough to bankrupt it only in cases where the
costs of an event are extreme.
Fat tails are particularly important for environmental risks.
Environmental damage tends to be non-linear and in some cases
irreversible. For example, low-levels of pollution might lead to small
damages, but past a given threshold, damages can become extreme.
And if ecosystem damage cannot be remediated (e.g., the Chernobyl
nuclear disaster), the damage can be particularly costly (Scheffer et
al., 2001; Pindyck, 2007; Faure, 2007a).
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Box 3: An overview of risk-related concepts continued

The “tail” that the term fat tail refers to is the far end of a risk’s probability distribution. A probability distribution with a “fat” tail is one in which possible outcomes
extend far along the x-axis, where environmental costs become massive in scale.
In the figure below, we show two risks with differing probability distributions, using a probability mass function.
Risk 1 has a distribution with a fat tail. (The “tail” is the right-most part of the distribution, circled in red.) The tail is
considered “fat” because possible environmental costs extend far along the x-axis, to over $1 billion. In contrast,
Risk 2 has a comparatively “thin” tail.
Figure 5: Two risks with different tails
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Uncertainty can make liability gaps larger or create
new ones
Uncertainty can exacerbate risk-externality problems. Efforts to respond
to uncertainty through policy choices can create liability gaps.

Uncertainty is a fundamentally different problem than risk:
under uncertainty, the probability distribution around damage
cannot be reliably estimated (see Box 4 for a discussion of risk versus
uncertainty). Uncertainty can exist in various dimensions, such as
environmental, financial, technological, or legal uncertainty (Monti,
2002; UNEP, 2003).
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Box 4: Risk versus uncertainty

In Risk, Uncertainty, and Profit, Knight (1921) distinguishes risk from uncertainty:
Uncertainty must be taken in a sense radically distinct from the familiar notion of Risk, from which it has
never been properly separated.... The essential fact is that 'risk' means in some cases a quantity susceptible of measurement, while at other times it is something distinctly not of this character; and there are
far-reaching and crucial differences in the bearings of the phenomena depending on which of the two is
really present and operating.... It will appear that a measurable uncertainty, or 'risk' proper, as we shall use
the term, is so far different from an unmeasurable one that it is not in effect an uncertainty at all.
Knightian uncertainty is the type of uncertainty that we refer to in this report. It is distinguished from risk in that,
under Knightian uncertainty, underlying probabilities or the range of possible costs cannot be estimated with
confidence — they are fundamentally unknowable.
The distinction between risk and uncertainty is critical. The two concepts were famously illustrated by Donald
Rumsfeld, former U.S. Secretary of Defense, in his discussion of the lack of evidence linking the government of Iraq
with the supply of weapons of mass destruction:
There are known knowns. These are things we know that we know. There are known unknowns. That is
to say, there are things that we know we don't know. But there are also unknown unknowns. There are
things we don't know we don't know (NATO, 2002).
In these terms, risks are known unknowns — they have an unknown outcome, but we know what the underlying
outcome distribution looks like (that is, we do not know if it will occur or not, but we can define a probability for its
occurrence). Uncertainty, on the other hand, is an unknown unknown — it also implies an unknown outcome, but
we don’t know what the underlying distribution looks like (that is, we do not know the probability of it occurring,
how severe it might be if it did, or both).

When trying to manage uncertainty, policy-makers can use
available policy tools to respond in one of two ways.
First, they can err on the side of caution. For example, policymakers might closely monitor industrial facilities. In Newfoundland
and Labrador — as well as other provinces — hydroelectric dams
undergo regular reviews that evaluate the risk of loss of life,
economic impact, and environmental damage should they fail
(Government of Newfoundland and Labrador, 2017). Policy-makers
could also require stringent financial assurance against reclamation
or the costs of a potential accident. In Maine, mining firms are
required to provide financial security in full and up front against an
independently verified worst-case scenario (Bowker & Chambers,
2017). These types of measures decrease the risk of environmental
damage. But they are also increase firms’ compliance costs and
may reduce economic activity.
Alternatively, policy-makers can err the other way, by accepting
that environmental costs are uncertain and trying to manage
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or accommodate them. For example, policy-makers might use
liability rules to institute a liability cap, recognizing that uncertainty
around potential environmental liabilities might make private
firms reluctant to undertake an activity (e.g., in Canada, pipeline
companies’ liability for a potential oil spill is capped at $1 billion
(Government of Canada, 2015b)).xxi These types of responses to
uncertainty can facilitate economic activity. But they can also create
a new liability gap or grow an existing one.
The corporation (i.e., the business structure that can contribute
to firms being judgment proof) is itself a response from policymakers to uncertainty. It ensures that firms are not paralyzed by
potential liabilities and unintended consequences (Innes, 1999). But
in the context of environmental damage, it also creates a significant
liability gap. For example, in the United States, six companies were
able to pass $700 million USD in pollution cleanup costs onto the
federal government by declaring bankruptcy (Bogardus, 2007).
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Fat tails and uncertainty also make designing financial
assurance more complicated
Fat-tailed risks can limit the number of financial-assurance
instruments available as options for policy-makers. Firms may
not have sufficient financial capacity to provide assurance against
fat-tailed risks or they be may be unable to find third parties (e.g.
insurers) willing to provide high enough coverage against them
(Faure, 2014).
Uncertainty creates the scope for both policy failure and market
failure in the application of financial assurance. In the presence of
uncertainty, policy-makers may not know the appropriate amount of
financial assurance to require from firms.xxii This can lead to a policy
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failure where policy-makers require too little assurance, increasing
both environmental risk and the possibility of social costs.
Uncertainty can also lead to a market failure in the coverage that
third-party intermediaries provide. In the presence of uncertainty,
third parties may not know how to estimate and thereby price risk.
As a result, the costs of coverage may rise significantly (i.e., as third
parties raise premiums to protect themselves against uncertainty),
or not be available at all (Monti, 2002; Faure, 2007b; Faure, 2014).
Because exacerbating factors can cause some types of financial
assurance to work inefficiently (or to not work at all), public-private
risk sharing might be appropriate when these factors are present.

Box 5: A summary of Section 3

Key findings:
• Five types of liability gaps can create risk externalities:
1. It might be difficult to hold particular private firms responsible for a given environmental harm when their
responsibility is not clear, where there is latency, or where responsibility is difficult to prove.
2. The way firms’ liability is defined might mean they are not liable in certain circumstances.
3. Liability rules or regulations may cap firms’ liability (i.e., define a maximum dollar value for it).
4. Whether explicitly or by omission, liability rules might exclude some types of environmental damage from
firms’ liability (in particular, non-market environmental damage).
5. Firms may be able to avoid paying for environmental damage by declaring bankruptcy, dissolving before
they become liable, or by exiting the jurisdiction.
• Financial assurance offers a powerful way for policy-makers to address different types of liability gaps (and
thereby manage their risk externalities). Financial assurance is particularly suited to addressing the judgment-proof liability gap.
• “Fat-tailed” risk (i.e., where extremely high costs have low, but non-zero likelihood of occurring) and uncertainty
(i.e., where risk cannot be reliably estimated) can exacerbate risk externalities. And they can also make financial
assurance solutions less effective or more difficult to design.
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4	FINANCIAL ASSURANCE:
INSTRUMENTS AND TRADE-OFFS
Financial-assurance instruments can be grouped into five categories. We discuss each in
turn, outlining key features, the specific types of instruments included in each category,
and trade-offs across the three policy goals of deterrence, compensation, and economic
activity. Our analysis focuses on each instrument category’s general implications for
policy goals. However, at times we also comment on how impacts might differ across
instruments available within a category. We focus on the most important distinctions.
Our analysis compares financial-assurance instruments ceteris
paribus — all else being equal. We therefore assume they have
similar underlying liability rules, stringency, enforcement, etc. In
practice, the details of how a given financial-assurance instrument
is applied can be as important as the inherent features that we
discuss here. In Section 5, we compare mining sector financialassurance policies across five Canadian jurisdictions, exploring how
instruments’ design and implementation affect their performance.

4.1 HARD FINANCIAL ASSURANCE FROM FIRMS
Financial assurance is “hard” when firms provide assets against
their potential liabilities that are liquid, cannot fluctuate in value,
and cannot suddenly become unavailable. Hard assurance is held
either directly by government or in trust by a third party. When a
qualifying environmental liability arises and the firm does not bear
the cost, government (or other affected third parties) can receive
compensation from the assurance held. Where no liability arises and
there is deemed to be no further risk of one, government returns the
assurance held to the firm (Gerard, 2000; Miller, 2005).

Hard assurance includes cash, securities, sinking funds
and trusts
Cash is the most liquid type of financial assurance that governments
can require. While it can depreciate in real value over time due to
inflation, holding it in an interest-bearing account offsets this effect
(Boyd, 2001; Sassoon, 2009).
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Securities are tradable financial instruments such as bonds,
stocks, or derivatives. Securities are liquid, but they may not hold
their value in the same way as cash. For example, while bonds yield
a fixed rate of return, their market value fluctuates with the current
interest rate. Stocks can lose their value entirely. Governments
seeking to call in security-based financial assurance may risk having
to sell it at a discount when market conditions are not favourable.
As such, there are often limits to the specific types of securities they
will accept.
A sinking fund is cash assurance that a firm builds up over time,
usually funded out of revenues. While the fact that it is cash ensures
liquidity, the value of the fund will be limited during the early phases
of operation. In particular, when funded out of resource royalties,
the pace at which a sinking fund will build up can be uncertain:
royalties that firms pay can fluctuate, depending on factors like
commodity prices, firm profit levels, etc. (Boyd, 2001; Hawkins, 2008;
Munchmeyer et al., 2009; Gorton et al., 2010).
A Qualifying Environmental Trust (QET) is a special financialassurance vehicle that allows firms to provide cash financial
assurance in a way that confers tax advantages.xxiii

Hard assurance provides strong deterrence
Hard assurance requires firms to provide credible,
certain assets against their environmental risks. But if no
environmental harm occurs, the assurance is returned. This creates
a strong incentive to reduce environmental risk.
Deterrence will vary across specific instruments in this category.
In particular, a sinking fund initially creates limited deterrence
incentives that grow over time.

Hard assurance provides strong compensation
Hard assurance is held directly by governments (or
in trust), ensuring compensation in the event of an
environmental harm. However, compensation might be less than
complete in cases where securities provided as financial assurance
fluctuate in value. Further, compensation from a sinking fund might be
insufficient if an environmental liability arises early in a project’s life.

Hard assurance provides weak support for
economic activity
Providing cash or securities ties up a firm’s capital and
can constrain its borrowing capacity. Requiring hard assurance
in full and up front introduces costs early in a project’s life, when
capital costs are high and the project might not yet be generating
revenue. (This is in contrast with a sinking fund, which does not

carry the same up-front costs). These costs can make some projects
uneconomical and constrain investment capacity in others. This
effect may be particularly pronounced for new or small firms that
face higher costs of capital than large, established firms.

4.2 SOFT ASSURANCE FROM FIRMS
Some firm-level financial-assurance instruments allow firms
to remain in possession of their capital or assets. Under these
instruments, nothing is transferred to government (though in some
cases, firms’ assets may be earmarked). As a result, they are “soft”
in nature: they are less liquid than hard assurance, and their value is
less certain (Boyd, 2001).
Under firm-level soft assurance, the particulars of the firm matter
a great deal. Soft assurance provided by large and diversified firms
will usually be more reliable than that from small, thinly capitalized
ones. But because even a large company’s situation can change,
governments often must closely monitor the financial health of
companies from which they accept soft assurance, or contract third
parties to do so.

Soft assurance includes self-assurance, guarantees, or
pledges of assets
Firms “self-assure” when governments accept their strong financial
standing, favourable reputation, or general good faith in lieu of
more concrete types of assurance. When firms self-assure, no assets
are earmarked. If the firm goes bankrupt, government or other
parties that suffered harm from the firm’s environmental damage
are considered creditors. The degree of compensation they receive
will depend on the status they receive in insolvency proceedings
and the size of the firm’s liabilities relative to its remaining assets
(Boyd, 2001; Munchmeyer et al., 2009; Sassoon, 2009; Gorton et al.,
2010). The pending Supreme Court decision in the Redwater case
will have important implications for whether Canadian governments
attempting to recover environmental cleanup costs get a highpriority claim on firms’ assets, or whether they are treated as an
unsecured creditor.
In some cases—particularly for small or poorly capitalized
firms—governments may accept a parent company guarantee in lieu
of more concrete financial security. This approach is essentially selfassurance by a parent company instead of the firm itself.xxiv Where
parent companies are large and diversified, this self-assurance is
more dependable (for especially large firms, it may even be more
secure than assurance provided by an insurance company). But
because funds are not earmarked under this type of instrument, a
risk remains that government will not receive compensation for the
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subsidiary’s environmental liabilities in the event both the parent
and the subsidiary are bankrupt (Boyd, 2001; Munchmeyer et al.,
2009; Sassoon, 2009; Gorton et al., 2010).
Finally, firms might also offer a pledge of assets, such as
equipment, land, or natural resource reserves, as financial
assurance. In this case, assets are earmarked for government, so
it has a strong claim on them if the firm is bankrupted. However,
because these assets can be illiquid and uncertain in value (their
value might fluctuate depending on market conditions or depreciate
over time), pledges of assets are still considered a soft type of
assurance (Sassoon, 2009; Guzman, 2017).

	
Soft assurance provides weaker deterrence
than hard assurance
Because firms do not actually have to put up funds, they
have no additional incentive to limit environmental risk (i.e., their
incentives are similar to firms that provide no financial assurance
at all). However, deterrence can be stronger with parent company
guarantees since the parent will have incentive to take interest in
its subsidiary’s risk. But problematically, in cases where a potential
environmental harm would bankrupt the firm (or its parent), there is
little economic incentive to limit the severity of the potential harm.

	Soft assurance provides relatively
weak compensation
When governments accept self-assurance and
guarantees, they are betting that the firm will both exist and have
the capacity to absorb an environmental liability should it arise. (In
the event that the firm does not have this capacity, it will typically be
too late to require harder types of financial assurance.) Similarly, a
pledge of assets is a bet that the value of the assets will be enough
to cover the costs of the liability. But the nature of bets is that they
do not always pay off. As a result, compensation will not always
be realized. And if the Supreme Court upholds the Alberta Court of
Appeal’s Redwater decision, compensation from this category of
instruments will prove even more elusive.

Soft assurance provides strong support for
economic activity
Critically, when firms provide soft assurance their capital
is not tied up. This allows them to invest funds in their operations or
in altogether new ventures. While guarantees and pledges of assets
may in some cases affect firms’ borrowing capacity or ability to raise
equity, the effect is marginal compared to other available instruments.

4.3 THIRD-PARTY ASSURANCE
All the instruments that fall into this category involve the use
of third-party intermediaries, whether banks, capital providers,
insurers, or other institutions. In the event of a qualifying
environmental liability, engaged third parties bear the costs, either
directly or by reimbursing government or other affected parties. In
exchange for this coverage, firms pay a regular premium. Ideally,
these premiums would be “actuarially fair” — calibrated to equal the
expected value of the provider’s losses, plus a profit margin for the
firm. The coverage that third parties provide is usually capped at a
particular level (Boyd, 2001; Monti, 2002; Miller, 2005; Mackie, 2014).
An important strength of third-party assurance instruments
relates to the market competition and innovation they can drive. In
a well-functioning market, third parties will compete with each other
on both the terms and the costs of the coverage they provide. This
not only helps drive the cost of coverage toward an actuarially fair
premium, it also encourages third parties to innovate by developing
new products that pool and price risk in novel — and more costeffective — ways (Arnold, 2017).
However, a competitive market requires a sufficient supply of
willing third parties. Where third parties are unwilling to provide
coverage (or only willing to provide it at a very high cost), the
benefits of third-party assurance might not be available. Third
parties’ willingness to provide coverage can depend on the nature
of the environmental risk, the specific circumstances of the firm,
and market conditions. In particular, fat tails and uncertainty-driven
market failures may affect the availability of coverage (Faure, 2007b;
Mackie, 2014).xxv

Third-party assurance includes bonds, insurance, and
letters of credit
In the case of bonds, capital providers are the typical third party.8 In
exchange for a regular premium, the providers pay out a sum (the
bond’s “principal”) in the event of a qualifying environmental harm.
Bonds can differ widely in their focus and scope (Boyd, 2001; Monti,
2002; Gorey et al., 2014):
• Surety bonds cover the risk of a firm being judgment proof and
not being able to meet its obligations (e.g., reclamation of an
industrial site). They can be general purpose or designed to
specifically apply to a firm’s potential environmental liabilities
(Arnold, 2017; Gerard, 2000).
• Environmental bonds can apply to a wide range of potential
environmental liabilities, but usually define specific events or
harms that trigger payouts.

 Firms can also provide bonds themselves. For our purposes, this is a type of firm-level cash assurance.

8
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• Catastrophe bonds are triggered when a given low-probability
high-consequence event occurs (these are usually focused on
extreme weather events).
Insurance similarly involves paying a regular premium in
exchange for coverage — in this case, from an insurance company
— in the event a qualifying environmental harm occurs. (For a
discussion of what makes a risk “insurable,” see Box 6). Most firms
carry liability insurance, but such policies commonly exclude
environmental liability. Environmental insurance policies provide
coverage against a firm’s potential environmental liabilities. They
can vary widely in their scope (Boyd, 2001; Munchmeyer et al., 2009;
Sassoon, 2009; Gorton et al., 2010):

Finally, letters of credit involve banks acting as the third-party
intermediary. They function similarly to surety bonds but are
provided by a bank instead of an insurer or capital provider (Boyd,
2001; Munchmeyer et al., 2009; Sassoon, 2009; Boomhower, 2014).

	
Third-party assurance offers limited deterrence
incentives
Under third-party instruments, if an environmental harm
occurs, firms do not bear the cost themselves. This inherently limits
their economic incentive to reduce environmental risk.
But on the other hand, third parties’ refusal to provide coverage
for particularly high-risk operations can improve deterrence. In order

Box 6: Insurable versus non-insurable risk and the factors that can affect coverage

Insurance allows risk to be transferred from a private firm to a third party. For a risk
to be insurable, it must meet two basic conditions:
• The risk can be reliably estimated: Insurers must be able to estimate the chance of an event occurring and
the extent of the losses they are likely to incur under different levels of coverage.
• Premiums can be set based on specific risk: Insurers must be able to set premiums for each potential consumer or consumer class based on its risk relative to other policy holders (i.e., they must be able to “risk-differentiate” premiums).
A risk that does not meet either of these conditions is uninsurable (Freeman & Kunreuther, 1997).
For risks that meet the two conditions of insurability, insurance solutions offer benefits from pooling risk. For
example, the cost of addressing contamination from a leaking underground fuel tank can be very high for an
individual firm. Insurance can pool this risk across a number of firms, spreading the financial consequences of a
leak across a broader group and lowering the costs of assuring against that risk.
Pooling works for insurers because of the law of large numbers. To return to our fuel tanks example, as the number
of tanks covered by the insurer increases, its annual losses (in the form of paying out claims associated with
leaking tanks) will tend toward the expected value. Therefore, as the number of policies grows, insurers
can have more confidence in their assessment of risk across their portfolio, which can help drive down the
costs of coverage.
But just because a risk is insurable does not mean coverage will be available in the market. Insurers must expect to
be able to make a profit on the insurable risk — that is, revenues from premiums must cover the insurer’s expected
costs. Insurers’ costs include not only the claims they expect to pay under the policy, but the cost of developing,
marketing, and administering the insurance product, the cost of monitoring insured parties (where necessary),
and general overhead costs. Where insurers do not expect to be able to charge premiums high enough to cover
these costs, they will not provide coverage.
continued on following page

24

Financial assurance: Instruments and trade-offs

1441

Box 6: Insurable versus non-insurable risk and the factors that can affect coverage continued
A number of factors can interfere with the two conditions for insurable risk and insurers’ willingness to provide
coverage:
• Uncertainty can interfere with insurers’ ability to estimate risk or to risk-differentiate premiums. Where historical data on the risk is lacking, or where scientific information is not sufficient to inform a reliable estimate of it,
insurers may be unwilling to provide coverage or only willing to provide it at a very high cost — an “incomplete
information” market failure.
• Adverse selection refers to a situation where firms with the highest risks are the most likely to buy insurance,
driving up premiums to the point where insurance coverage is not attractive for low-risk firms. As a result, insurance coverage might be provided only to a small subset of high-risk firms willing to pay high premiums or the
market for insurance might entirely collapse. Adverse selection arises when firms have more information about
their risks than insurers — an “information asymmetry” market failure.
• Moral hazard can also interfere with an insurer’s willingness to provide coverage. Firms that possess insurance
coverage might behave more carelessly than they would otherwise. If the insurer cannot induce the insured to
undertake damage prevention activity (for example, through the use of deductibles or co-insurance), the costs
of coverage may increase, or the availability of coverage may decrease (or both).
• Correlated risk is another area of concern for insurers. A falling oil price is an example of a correlated
risk — if oil prices decline, the number of firms in the oil and gas sector that are declaring bankruptcy and
abandoning wells might increase. The law of large numbers works when the events expected to lead to losses
are independent of each other. Where environmental risks can be correlated across policies, insurers may be
unwilling to provide coverage, or the cost of coverage may rise.
• Market conditions are an important additional factor. If the insurance market as a whole has recently experienced severe losses, it can affect the terms and availability of coverage. In addition, subjective drivers like the
perception of risk can also affect market conditions, especially in areas where uncertainty is prevalent. Finally,
the competitiveness of the market for a given type of insurance will also be a factor. Where the number of firms
is limited, costs will tend to be higher (Faure, 2002; Faure, 2006; Kunreuther, 2015).
In some cases, insurers can overcome these barriers through specific design choices. For example, to mitigate
moral hazard, they can improve monitoring and risk differentiation, introduce deductibles or co-payments (i.e.,
requiring the firm to cover a share of the losses) or cap available coverage. These types of design features may not
fully resolve the issues above, but they can help to establish terms of coverage that work for both insurers and
those they insure. Still, the presence of these factors will typically raise the cost of premiums.
Finally, the availability of reinsurance is an important factor affecting insurance coverage. Reinsurance is insurance
for insurance companies. They use it to protect themselves against catastrophic losses. For example, insurers
that provide home insurance will commonly reinsure against the risk of large losses due to a natural disaster that
would trigger a large number of claims. Many of the same constraints and factors that affect insurance markets
also affect reinsurance markets. Where reinsurance for a particular type of risk is not available or is excessively
costly, front-line insurers may be unwilling to insure against it, or only willing to provide coverage at a high cost
(Kunreuther, 2015).
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to gain access to third-party coverage, firms will aim to reduce their
projects’ risk or put forward less risky projects. In some cases, third
parties may even require risk-reduction measures as a condition of
coverage. Box 7 discusses how this practice emerged in the context
of fire insurance for New England factories in New England in the
nineteenth century.
The design details of third-party approaches will affect
deterrence incentives:
• Deterrence improves when the premiums that firms pay are riskdifferentiated. This requires not only charging a higher premium
for firms that present greater risk, but also rewarding firms with
lower premiums when they introduce measures or protocols that
demonstrably reduce risk, as well as raising them when risks rise
(Freeman & Kunreuther, 1997; Faure, 2014; Dachis et al., 2017).
The greater the risk differentiation, the greater the deterrence.
• Deterrence also improves when firms pay a deductible in the
event of environmental harm — the larger the deductible, the
larger the deterrence incentive it will provide. Co-payment (where
firms pay a portion of the costs) has a similar effect (Freeman &
Kunreuther, 1997).

	Third-party assurance moderately supports
compensation
Third-party instruments do not depend on the solvency
of the firm. This supports compensation. However, the ultimate
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value of third-party coverage may be less than that stated in
coverage policies for two reasons. For one, third parties may not be
able to honour their obligation if they themselves are bankrupted.xxvi
Second, and perhaps more significantly, agreements between
firms and third parties might come with numerous exclusions, and
provisions in the fine print might invalidate coverage in certain cases
(Boyd, 2001; Faure, 2007b; Munchmeyer et al., 2009; Smith, 2012;
Mackie, 2014; Kelly, 2016).9
Further, in cases where the cost of a potential harm could be
catastrophic (i.e., where risk is fat-tailed), third parties may not be
willing to provide coverage, or where they are, the premiums they
charge may be excessively costly. As a result, the coverage they
provide typically applies only up to a pre-defined maximum. If the
costs of an environmental harm were to exceed this level, society
will not receive full compensation.

Third-party assurance moderately supports
economic activity
Under third-party assurance, firms need not bear large
up-front costs. This frees up capital — an important benefit.
But third-party assurance does still have costs. Premium
payments raise operating costs. And letters of credit in particular
can constrain firms’ borrowing capacity (since letters of credit are
extended by banks).

Box 7: Attaching risk-reduction conditions to insurance

Insurance firms have a history of driving innovation and risk reduction across a
number of sectors.
An early example dates back to 19th century New England. Insurance companies offered fire insurance to factories
and took active steps to reduce risks at the factories they insured. They conducted factory inspections for both
existing and prospective policy holders. Lower risks meant lower premiums, and customers whose risks were
deemed excessive had their policies cancelled or were denied approval.
In addition, the insurance companies also established their own research departments to study fire risk and loss
prevention. They disseminated their findings to industry associations and factory owners and pushed industry to
adopt new practices. For example, to qualify for coverage, some policy holders were required to install sprinkler
systems or purchase lanterns and fire hoses from manufacturers with pre-approved safety specifications. The
adoption of these practices by industry reduced the overall risk of fire and created a market for coverage in risks
that were previously uninsurable (Freeman & Kunreuther, 1997).

9

	For example, a firm may be required to adhere to specific safety practices. Where they can be shown to have not followed them in the lead-up to a qualifying
environmental harm, the third party may not be liable. The firm itself would be liable; however, if it was judgment-proof, it may not be able to meet its obligations. As a
result, regulators commonly review the terms of firms’ third-party coverage.
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Premiums can also fluctuate. Large environmental liabilities in
the sector could affect the market for third-party coverage, and the
cost of premiums could increase significantly.
Finally, involvement of a third party can increase costs in itself:
premiums go not only toward providing coverage against a risk, but
toward administrative costs and the profits of third parties. On the
other hand, market competition among third parties can help drive
down the cost of coverage.

However, sector-level schemes’ willingness to accommodate
uncertainty can also be double-edged. While it can increase the
availability of coverage, it can also, in the event of a high-cost harm,
undermine full compensation. For example, if firms across the sector
became liable for a harm that had not been previously known or
understood (as was the case, for example, with the health impacts
of asbestos), a large number of firms could become bankrupt. This
would undermine the certainty of payment for damages.

4.4 SECTOR-LEVEL ASSURANCE

Sector-level assurance includes industry funds and
mutual insurance

Sector-level financial-assurance instruments are similar to bonds,
insurance, and letters of credit in that firms pay regular premiums
in exchange for coverage. However, firms within the sector
collectively provide the coverage rather than a third party such
as a bank or an insurer.10
Sector-level instruments have an advantage in that they can
leverage the sector’s expertise in its own risks. Third parties may
lack the technical knowledge to evaluate a firm or operation’s risks,
and as a result, be unable or unwilling to provide coverage against
them (or unable to provide it cost-effectively). In contrast, the sector
can tap its technical capacity and expertise to devise a financialassurance instrument for its members that can cover fat-tailed risks
that might be uninsurable in the private sector. On the other hand,
the sector may lack expertise in how to pool risk and set premiums,
though it can contract underwriters to provide support.
Sector-level assurance might also be able to better
accommodate uncertainty. Third-party schemes commonly refuse
coverage or significantly raise premiums in response to uncertainty.
In contrast, sector-level schemes may be willing to provide coverage
despite uncertain risks because the sector has a stake in ensuring
available coverage. And where individual firms’ relative risks are
known, such schemes can still provide valuable risk differentiation
(i.e., despite individual firms’ absolute risks being uncertain)
(Freeman & Kunreuther 1997; Faure, 2002; Smith, 2012; Dana &
Wiseman, 2015).

Industry funds involve building a dedicated fund that provides
compensation to government or other affected parties (either
directly or via the responsible firm) in the event of a qualifying
environmental harm. Funds might be built up over time, funded
with an initial endowment, or a combination.11 Firms might pay
into the fund on the basis of their production volume, revenues,
or profits. Ideally, they would contribute based on their unique
risk — paying an actuarially fair premium. The fund might hold
cash or securities, but typically would not accept illiquid assets like
equipment, land, or natural resource reserves (Sassoon, 2009; Gorey
et al. 2014).
Alberta uses an industry fund to finance the cleanup of
unremediated oil and gas wells in the province, in the event the
owner goes bankrupt or cannot meet its obligation to remediate.
It is funded by the province’s Orphan Well Levy, which is imposed
on oil and gas well license holders based on their share of total
expected cleanup costs (Dachis et al., 2017). (The Orphan Well
Fund’s priority claim on insolvent firms’ assets is what is at issue in
the Redwater case).
Mutual insurance is similar to third-party insurance. The
only distinction is that it is managed by the sector itself (or an
underwriter that is contracted by the sector) and can be managed
on a not-for-profit basis (Bennett, 1999; Kunreuther, 2015).
A special sub-type of mutual insurance is a Protection and
Indemnity (P&I) club. P&I clubs are a type of sector-provided
insurance scheme that covers members against risks that private
insurers will not cover, or for which the costs of private insurance
would be extremely high. P&I clubs act as a complement to thirdparty-provided insurance (Bennett, 1999; Mackie, 2014; Faure, 2016).

	For instruments in this category, we are assuming that participation in the sector would be universal (where universal voluntary participation was not possible, this
would require government legislation or regulation). Where participation was only partial, risk could not be pooled as broadly, and adverse selection would be a
concern. Both (or either) of these effects would undermine these instruments’ cost-effectiveness.
11
	They can also be pay-as-you-go, with the sector contributing to a fund that covers the cost of harms that have already happened. However, because it provides
compensation for harms ex-post, this would qualify as a liability rule, rather than a type of financial assurance (which covers potential harms).
10
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	Sector-level assurance provides limited
deterrence incentives
Sector-level assurance has many of the same limitations
as third-party assurance. Because firms will not bear the full cost
of environmental harm that they cause, their economic incentive
to limit environmental risk is limited. Again, risk-differentiated
premiums and use of deductibles and co-payments can create
stronger deterrence incentives (Bennett, 1999).
Deterrence incentives might also be strengthened under sectorlevel assurance by mutual monitoring. Since firms are indirectly
liable for each other’s environmental damage, they have a strong
incentive to take an interest in one another’s risk. Firms’ technical
knowledge around sector-specific risks and risk-mitigation options
can make this monitoring more effective than that provided by a
third-party intermediary (Bennett, 1999).

 ector-level assurance provides fairly strong
S
compensation
Because sector-level assurance can potentially offer
higher coverage caps than third-party assurance (i.e., by covering
fat-tailed, non-insurable risks), it can offer stronger compensation.
However, in the early stages of industry funds, collected funds may
be insufficient to cover liabilities.
Correlated risk — i.e., the fact that risks from individual firms
may not be independent of each other — may pose a challenge
for compensation from sector-level assurance. For example, a
commodity-price downturn is a risk faced by the sector as a whole.
If a significant downturn occurs, the solvency of some or all of its
members could be in jeopardy, and the financial assurance that they
commonly provide will be less secure (i.e., the sector may no longer
be able to pay premiums to the degree necessary to cover expected
liabilities; indeed, as some firms go bankrupt, premiums for those
that remain would rise, which could trigger further insolvency,
undermining compensation even further). In contrast, banks’ and
insurance companies’ risk will tend to be spread across a range of
sectors, and therefore less correlated.

 ector-level assurance provides moderate
S
support to economic activity
When firms contribute regular payments to an industry
fund — or premiums to a mutual insurance scheme — they avoid
large up-front capital outlays. Fewer capital constraints support
economic activity. However, similar to third-party assurance, the
regular payment of premiums raises operating costs.xxvii

4.5 PUBLIC ASSURANCE
Public assurance includes instruments that are administrated by
government, or arms-length bodies appointed by government.
It excludes government acting as a simple backstop (i.e., directly
absorbing all or part of a firm’s or a sector’s environmental liability).
The instruments in this category are very similar to industry funds
and mutual insurance. Firms pay regular premiums in exchange for
coverage, and this coverage can potentially extend higher than that
provided by third parties (i.e., to cover fat-tailed, non-insurable risk). And
similar to sector-level schemes, public schemes may be more willing
than third-party ones to provide coverage against uncertain risks.
However, the potential scope of public instruments is broader
than sector-level instruments. If desired, public funds and public
insurance can pool risk across sectors. That broader base for riskpooling can lower costs even more than sector-level approaches.
Public schemes also have downsides. Politically driven decisionmaking can undermine performance (e.g., a government’s desire
to see a particular project go ahead could cause them to insist that
the proponent’s premiums be lowered). Operating public-assurance
schemes at arms-length from government through separate,
independent institutions can mitigate these concerns.

Public assurance includes public funds and
public insurance
Public funds are similar to industry funds. They are typically built up
over time but might also receive an initial endowment. Firms might
pay into the fund on the basis of production volume, revenues, or
profits. As with industry funds, firms ideally contribute based on
their risk’s expected value (i.e., paying an actuarially fair premium).
Alternatively, public funds might be funded out of royalties, or other
taxes or fees paid by the sector.xxviii
The U.S. Environmental Protection Agency’s Superfund is one
well-known example of a public fund. Founded in 1980, Superfund
pays for the remediation of contaminated industrial sites and,
in some circumstances, emergency cleanup. Initially, 87 percent
of Superfund’s revenues came from new excise taxes on the
petroleum and chemical industries, with smaller amounts from
income taxes, interest payments, and cost recovery. The federal
government initially conceived of Superfund as a self-sustaining
model. However, remediation costs in Superfund’s early years far
exceeded its revenues, and the excise taxes that were intended to
fund it in perpetuity expired in 1995. Superfund is now largely paid
for with general revenues (i.e., it has since gone from being a publicassurance instrument to a simple backstop) (Hird, 1994; Anderson,
2017; USEPA, 2017).
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Public insurance schemes mimic private insurance. They
collect premiums from the firms to which they provide coverage.
Ideally these premiums are risk-differentiated and actuarially
fair. In some cases, public insurance schemes retain collected
premiums in a dedicated fund, to cover expected future losses.
In others, the premiums simply go into general revenue, with the
government meeting any future losses as an expense at the time.
Public insurance schemes are most common in areas where private
insurers will not cover a given type of risk, offer coverage that is too
expensive, or cap their coverage at too low of a ceiling (Freeman &
Kunreuther, 1997).

	
Public assurance generally provides limited
deterrence
Because firms will not bear the cost of environmental
harm that they cause, they have limited economic incentives to limit
environmental risk. However, risk-differentiated premiums or use of
deductibles or co-payments can strengthen deterrence.

	
Public assurance provides fairly strong
compensation
Public assurance is similar to third-party and sector-level
assurance in terms of the strength of compensation it can provide.
Like industry funds, public funds might be unable to cover
liabilities in full during their early stages, while they are still being
built up. And like sector-level assurance, public assurance can be
vulnerable to correlated risk in a sector threatening the sufficiency
of collected premiums relative to expected liabilities (e.g., Alberta’s
Orphaned Well Association is essentially insolvent following a
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wave of bankruptcies in the sector, that increased the number of
orphaned and abandoned wells it is responsible for — which the
Redwater decision will exacerbate if it is not overturned by the
Supreme Court). However, having public instruments pool risk
across sectors may mitigate this effect.12
Critically, public-assurance instruments can provide
compensation only to the degree they are funded by contributions
from the private sector. Although public instruments are technically
not limited in how much compensation they can provide (since they
are backed by government), any compensation that originates with
government contributions to the scheme (rather than contributions
from the private sector) amounts to government paying itself. For
our purposes, this does not count as compensation.

	
Public assurance provides moderate support
for economic activity
Similar to industry funds and mutual insurance, publicassurance schemes allow firms to avoid large up-front capital
outlays. They will, however, lead to larger operating costs, due to the
payment of premiums. Premiums may be slightly lower as a result of
the benefits of pooling risk across sectors.

4.6	A SUMMARY OF AVAILABLE FINANCIALASSURANCE INSTRUMENTS
Table 3 provides an overview of available financial instruments,
summarizing their implications for the three policy goals of
deterrence, compensation and economic activity. As illustrated in
the table, every instrument presents trade-offs. None is able to offer
strong outcomes across all three policy goals.

	This type of risk pooling may not resolve all correlated risk, since some risks (e.g., disasters from impacts from climate change) might still be correlated
across sectors.

12
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Table 3: Summarizing financial assurance instruments and their implications for policy goals
Effect on policy goals
Category

Instrument

Cash

Hard financial
assurance from
firms

Soft financial
assurance from
firms

Very strong. Firms have a powerful economic incentive to reduce
their environmental risk

Compensation
Very strong (however, it needs
to be interest-bearing to offset
inflation)

Economic activity
Very weak. Ties up available capital early in project life and can
affect firms’ borrowing capacity

Strong. Value is fairly stable,
although some types of security
can fluctuate in value

Securities

Moderate. Less up-front costs
than other types of firm-level
hard assurance

Sinking funds

Moderate. Weak while the fund is Moderate. Funds may be insuffibeing built up, but stronger later cient while the fund is still being
built up

Trusts

Very strong (assuming that the
trust’s holdings are not built up
over time)

Very strong. Assurance is certain
in value and available in case of
liability

Weak. Trusts’ high costs for firms
are partially offset by their tax
benefits

Self-assurance

Very weak. Firms have no
additional economic incentive to
reduce risk

Very weak. Vulnerable to firms
being judgment proof

Very strong. Does not tie up
firms’ available capital

Parent company
guarantees

Moderate. The parent company
has an interest in limiting the
subsidiary’s risk

Weak. Parent companies are
also vulnerable to being judgment proof

Pledges of assets

Very weak. Firms have no
additional economic incentive to
reduce risk

Moderate. Assets are earmarked
for government, but value can
fluctuate

Strong. Assets are earmarked,
but any effects on borrowing
capacity are small

Limited. Firms do not directly
bear the costs of their actions,
which limits their incentive to
reduce the probability or severity
of a potential environmental
harm. However, deterrence improves when firms pay risk-differentiated premiums, deductibles
or co-payments

Moderate. Caps in the coverage
provided can inhibit full compensation. And where the third-party
can be judgment proof, compensation will not be certain

Moderate. No up-front costs for
firms but raises operating costs.
Costs can rise because premiums
partly go toward third parties’
profits, but market competition
helps to offset this

Limited for the same reasons as
third-party assurance. However,
firms’ mutual monitoring incentives can strengthen deterrence

Moderate. Funds might be insufficient while a fund is still being
built up

Limited for the same reasons as
third-party assurance

Moderate. Funds might be insufficient while a fund is still being
built up

Bonds

Third-party
assurance

Deterrence

Insurance

Letters of credit

Industry funds

Sector-level
assurance
Mutual insurance

Public funds

Public assurance
Public insurance

Moderate. No up-front costs, but
raises operating costs and affects
borrowing
Moderate. No up-front costs for
firms, but raises operating costs

Strong. Coverage caps can be
higher, but correlated risks are a
concern

Very strong. Coverage caps can
be higher; can pool risk across
sectors

Moderate for the same reasons
as sector-level assurance. But
pooling risk across sectors can
potentially lower costs
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5.
FINANCIAL ASSURANCE
IN PRACTICE: A CASE
STUDY OF CANADA'S
MINING SECTOR
Risk externalities play out differently across different sectors. This section explores risk
externalities in the context of Canada’s mining sector.
Mining is a major economic driver in Canada, contributing 3.2%
of national GDP in 2015, worth $56 billion ($2007, chained)
(Statistics Canada, 2017a). Mining provides essential inputs for
other industries, including manufacturing, construction, energy
production, and technology, many of which will play an important
role in decarbonizing Canada’s economy.
In Canada, mineral resources are in most cases owned by
the Crown. Firms that wish to develop mineral resources require
licences and permits and must pay royalties on the resources they
extract (natural resources are provincial jurisdiction, so royalty
regimes differ across the country).
In a sense, governments and mining firms are partners: Without
government consent, firms would have no access to mineral
resources to mine. Without mining firms, this mineral wealth would
remain locked in the ground. Each benefits from the arrangement.
This partnership commonly extends to Indigenous communities,
who benefit in different ways from mining operations in Canada.
Because mining firms and governments share in the benefits of
mining, there is a rationale for sharing in the risks as well.
This section discusses environmental risks and the possibility
of social costs in Canada’s mining sector. It explores key design
features in mining-sector financial assurance and compares
financial-assurance regimes in four provinces and one territory.
13

14

Finally, it discusses best practices and key challenges in miningsector financial assurance that emerge from this evaluation.

5.1	RISK EXTERNALITIES IN CANADA’S
MINING SECTOR
Like many types of economic activity, mining carries environmental
risks. And when environmental damage does occur, liability gaps
mean society can bear the cost.

The mining sector presents environmental risks
In this report, we focus on two particular types of environmental
risk in the mining sector: the risk associated with non-remediation
of mines and the risk of mining disasters.13 We discuss each
in turn, below.
1. The non-remediation of mines poses significant risk to
the environment. Mining activities and infrastructure create
environmental disturbance both onsite and offsite. Impacts can
include local contamination, altered hydrology, habitat loss
and fragmentation, reduced biodiversity, and the loss of
ecosystem services. When mines are not remediated at the end
of their life, these impacts are more likely to become permanent
(Lima et al., 2016).14

Remediation is the act of removing contamination at a mine site. It is sometimes distinguished from reclamation, which involves returning land to its original (or
an equivalent) use. Mine operators develop closure plans that outline how the site will be remediated and reclaimed at the end of the mine’s life. The requirements
around closure plans and standards and definitions for remediation and reclamation vary across jurisdictions. At times we use the term “reclamation” to include both
remediation and reclamation.
In this case study, we focus on existing and future mines. Mines that are already orphaned or abandoned by their operators (and that still require remediation) are
outside this case study’s scope. The environmental impacts of prospecting and mineral exploration are also out of scope.
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Box 8: The environmental consequences of acid mine drainage (AMD)

When mining wastes with sulfur content come into
contact with both water and air, they can oxidize and
turn highly acidic, creating a substance called acid mine
drainage (AMD). When AMD-contaminated water flows
offsite, it can devastate surrounding land and water
bodies (Hoffert, 1947; Akcil & Koldas, 2006).
AMD can be created both during and after a mine’s operating life, but
inactive and non-remediated mines pose the greatest risk. Once AMD forms,
it becomes a perpetual risk to the surrounding environment, so avoiding it
through proper site management and remediation is essential.
A well-known case of AMD in Canada is Britannia Beach in British Columbia. The Britannia Mine discharged billions
of litres of AMD and several tonnes of metals into Howe Sound after its closure in 1974, with significant impacts
on fish mortality and soil and water quality. The site remains a priority of the province’s Crown contaminated sites
program, which is now successfully treating AMD onsite (Barry et al., 2000; Wilson et al., 2005; Solomon, 2009;
CNSC, 2015; Government of British Columbia, 2017b).

Other significant environmental risks from non-remediated
mines include the leaching of heavy metals or other waste byproducts into surrounding land and waterways. In particular, the
risk of contamination from a substance called acid mine drainage
(AMD) is a concern (See Box 8 for more detail) (Gorton et al. 2010).
The main driver of non-remediation is operators walking
away from their obligations. Historically, this has been a
significant problem in Canada: as many as 10,000 orphaned
and abandoned mine sites exist across the country, with varying
degrees of environmental risk (Cowan & MacKasey, 2006).
Canada has seen significant progress in decreasing the number
of new orphaned and abandoned sites and in ensuring that the
majority of operators fulfil their closure obligations, but nonremediation still occurs.xxix
2. Mining disasters occur when the by-products from mining
and mineral processing migrate offsite. These disasters can be
gradual, with significant environmental damage accumulating
over long periods of time (e.g., leaching, groundwater
contamination, AMD). Or they can be one-time catastrophic
events (e.g., tailings dam breaches).
Some of the costliest mining disasters involve tailings — a
specific mining waste stream and a major by-product of mineral

processing. They are usually a “slurry” mix of rock, soil, water,
processing reagents, and sometimes other materials such as
heavy metals. The composition and toxicity of tailings varies
widely from mine to mine (Fourie, 2009).
Mines can generate millions of tonnes of tailings over their
lifetimes. Tailings are often stored onsite indefinitely because
treating or transporting them tends to be difficult or costly. While
it is possible to “dry” tailings and store them in heaps or piles,
this can be costly and can increase the risk of AMD. As a result,
wet tailings stored in engineered ponds or dams are much more
common (Environment Canada, 2012).
The accidental or unauthorized release of tailings into the
surrounding environment can have severe environmental
consequences (Kossoff et al, 2014; UNEP, 2017).
Box 9 discusses the consequences of a catastrophic tailingsdam breach in Canada: 2014’s Mount Polley tailings spill.
A mine’s environmental risk on these two fronts will always be
case-specific. Risk depends on the composition of ore and tailings at
the mine, the production and waste management processes used,
and the sensitivity of the surrounding environment. The nature and
severity of these risks can also change across a mine’s lifecycle. And
they can be affected by external factors such as climate change
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Box 9: The environmental consequences of the Mount Polley tailings dam failure

In August 2014, a tailings dam ruptured at Imperial
Metals’ Mount Polley copper and gold mine in British
Columbia, spilling 24 million cubic metres of tailings
across the landscape and into nearby creeks and rivers.
It is the largest tailings dam failure in Canadian history.
The spill had a significant impact on the region’s physical landscape,
depositing sediment layers as thick as 10 metres in Quesnel Lake, altering
river flows, destroying habitat, and reducing water quality (Byrne et al., 2015;
Schoenberger, 2016; Nikl et al., 2016).
While the tailings have exhibited low toxicity so far, the potential long-term effects on regional biodiversity
and water quality are uncertain. Mount Polley’s solid tailings were a mixture of metal contaminants, including
arsenic, and selenium. Any soil contamination may persist for thousands of years, and large spring snow melts
have the potential to remobilize the tailings. The company undertook significant remediation work following the
spill to address this risk and restore habitat. BC’s Ministry of Environment is overseeing impact assessment and
remediation, and has a long-term monitoring plan in place (Byrne et al., 2015; Nikl et al., 2016; Kennedy et al.,
2016; Government of British Columbia, 2018b).

(Ford et al., 2010; Conesa et al., 2006; Macklin et al., 2003; Miranda et
al., 2003).

Liability gaps in the mining sector create the possibility
of social costs
For several reasons, environmental risks from tailings spills or nonremediated mines might not be borne by mining firms. In particular,
four of the five liability gaps discussed in Section 3 exist in Canada’s
mining sector.

Liability gap #1:
No one can be held responsible
Society may bear the cost of environmental damage from mining
if it is difficult to conclusively link contamination to a particular
operation. For example, multiple studies have attributed
contamination in the Athabasca River and nearby groundwater to
oil-sands operations. Natural contamination is distinguishable from
contamination attributable to oil-sands operations, but attributing
contamination to specific operations remains a work in progress
(Kelly et al., 2009; Frank et al., 2014).

RESPONSIBLE RISK

Liability gap #2:
Liability rules release firms from liability
in certain circumstances
In Canada, mining firms are usually “absolutely liable” for
environmental damage on their mine sites.xxx Therefore, this liability
gap typically does not apply to environmental risks associated with
the non-remediation of mine sites.
However, mining operations in Canada usually operate under
strict liability for environmental damage that occurs offsite — they
will not be liable where they can show they exercised due diligence.

Liability gap #3:
Liability rules cap firms’ liability
This liability gap does not apply to Canada’s mining sector.
Existing policies do not cap mining firms’ liability for environmental
damages.xxxi
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Liability gap #4:
Liability rules exclude some types of
environmental damage
Whether environmental damage stems from non-remediation or
from a mining disaster, some of the environmental damage might
not register on a financial balance sheet. Such non-market costs
might include water or soil contamination, biodiversity loss, or
reduced ecosystem services. Where these costs are excluded from
firms’ liability, society will bear the cost.
The judgment in the landmark case of R. v. United Keno
Hill Mines (1980) established that while damage and potential
damage to the environment must be considered, the “difficulty
of proving an ascertainable and quantifiable harm is present in
most environmental cases.” Further, the judge established that
the size, wealth, and power of the offender should be taken into
consideration, meaning certain types of damage might be excluded
during sentencing for larger incidents (Olszynski & Boxall, 2014;
Ingelson, 2014).

Liability gap #5:
The responsible firm can be judgment proof
Mining firms’ ability to be judgment proof is the most significant
liability gap in the mining sector. It can arise at any point in a mine’s
lifecycle but is particularly significant for mines at or near the end of
their operating life.
If the costs of a tailings spill cause a firm’s liabilities to exceed
its assets, it can declare bankruptcy or enter insolvency, leaving
society to bear its environmental costs. Whether or not a spill will
make a firm insolvent will depend not only on the severity of the
spill and the extent of the firm’s liability for it, but also on the mine’s
unique financial situation. This itself will be affected by factors such
as commodity prices, interest rates, the size and quality of mine
reserves, and the level of the firm’s debt.15
Judgment-proof mining firms also create social costs when they
leave behind non-remediated mines. Because the site presents a
risk to the surrounding environment, governments are forced to
undertake the remediation work themselves (or pay contractors to
do so) to avoid environmental harms such as AMD. Further, if any
environmental harm occurs before this remediation, society bears
the full cost.

Importantly, firms might have an incentive to declare bankruptcy
in advance of remediation. Most remediation occurs at the end of a
mine’s lifecycle when no further revenues will be generated. This can
create perverse incentives for small firms to walk away from their
sites before costly remediation and reclamation work begins, and
for large firms to do the same by structuring their mining projects as
independent subsidiaries.
To address this liability gap, governments in Canada commonly
require financial assurance against the risk of non-remediation.
Questions remain, however, as to the sufficiency of what they
require. We explore specific jurisdictions’ financial-assurance
regimes in detail below.

The presence of liability gaps in the mining sector
increases environmental risk
When mining firms know they will bear only a portion of the costs
of a tailings spill or mine remediation (or none of them), they have
less incentive to take steps that reduce the risk of environmental
damage. For example, a firm might not pursue socially beneficial
measures to reduce the risk of a tailings spill, perceiving them as
uneconomic. Or it may manage its mine site in a way that does not
strongly factor eventual remediation costs or the risk (and cost)
of creating AMD. These choices increase the risk of environmental
damage. And while mining firms’ reputational risk does provide an
incentive for them to manage these types of environmental risk,
in the context of the judgment-proof liability gap, it may not be
enough, especially for small firms with a single operation.

5.2	A SURVEY OF KEY DESIGN FEATURES IN MININGSECTOR FINANCIAL ASSURANCE
In this section we explore mining-sector financial-assurance
regimes in Yukon, British Columbia, Alberta, Ontario, and Quebec.
We provide an overview of each jurisdiction’s financial-assurance
regime for the mining sector. And we assess key design features
of the regimes in terms of how they affect the three policy goals of
deterrence, compensation, and economic activity.
The design features we discuss for each jurisdiction are not
exhaustive (for greater detail on the design of individual regimes, see
the Annex). Rather, they provide a survey of available design choices
and how they affect policy goals. We compare and evaluate the five
jurisdictions’ financial-assurance regimes overall in Section 5.3

	Larger firms with multiple operations are more likely to be able to weather a large spill-related liability than smaller firms. However, if a spill was costly enough, it
could bankrupt even a larger, well-capitalized firm.

15
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YK MINING SECTOR FINANCIAL ASSURANCE IN YUKON
Mining plays a large role in Yukon’s economy relative to other
Canadian jurisdictions. Commodity-price slumps illustrate the
importance of the sector to the territory’s economy. In 2013, the
mining sector and ancillary services accounted for 23% of territorial
GDP ($529 million $2007, chained), while in 2015 it accounted for
13% ($277 million, $2007, chained). Products of note in Yukon
include gold, silver, and copper (YBS, 2016; NRCan, 2017a).
In 2003, as part of its devolution agreement with the federal
government, Yukon assumed responsibility for managing its
natural resources, including regulation of the mining sector (AANDC,
2013b).xxxii Its post-devolution financial-assurance regime has, to

date, not been significantly applied. However, a mining boom is
anticipated in the territory, so its regime will be increasingly tested.
Table 4 highlights key features of the financial-assurance regime
in Yukon (for more details, see Annex 1). Mines must provide
financial assurance against the full estimated cost of reclamation
up front (i.e., before operations commence). For firms with a low
perceived financial risk, the government may accept soft types of
assurance, at its discretion. The territory does not require financial
assurance for tailings spills or other potential environmental
disasters in the sector.

Table 4: Design features of Yukon’s financial-assurance regime for mining and their implications for policy goals
Financial-assurance regime feature

Deterrence

Compensation

Economic activity

Firms must provide financial assurance against the risk of nonremediation both in full and up front, in line with existing site
disturbance.

Positive*

Positive

Negative

When the Department of Energy, Mines and Resources (EMR)
determines that a firm presents a low financial risk, it will at times
accept soft financial assurance (usually a pledge of assets) from the
firm in place of hard assurance.

Negative

Negative

Positive

The regime requires assurance levels based on existing (rather than
eventual) land disturbance, and progressively returns financial
assurance to firms as they reclaim. This helps differentiate operations
based on actual environmental risk and avoids needlessly tying up
firm capital. Monitoring must demonstrate that reclamation activities
were successful before financial assurance is returned.

Positive

Little to no direct
impact

Positive

Based on a mine’s current state and its closure plan, the regime
estimates a mine’s expected reclamation cost at present, two
years into the future, and at the end of its life. EMR must reapprove
reclamation plans every two years to ensure they are holding an
appropriate amount of financial assurance.

Little to no direct
impact

Positive

Little to no direct
impact

Financial-assurance requirements assume that all remediation
and reclamation will be undertaken by a third party, including
mobilization of equipment. This helps to ensure that government
has sufficient financial assurance to cover the expense of hiring a
contractor to reclaim the site in the event the firm goes bankrupt.

Positive

Positive

Negative

The regime includes the estimated cost of long-term monitoring
and perpetual care in required financial assurance (these costs are
incorporated based on their Net Present Value, using a 3% social
discount rate). This helps ensure sufficient funds are available for
expected post-reclamation costs.

Positive

Positive

Negative

RESPONSIBLE RISK
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Table 4: Design features of Yukon’s financial-assurance regime for mining and their implications for
policy goals continued
Financial-assurance regime feature
The territory’s Quartz Act requires government to avoid situations of
over-bonding (i.e., asking for financial assurance against the same
environmental risks more than once), which would needlessly add
costs for firms.
Financial assurance does not cover potential disasters
(e.g., a tailings spill).

Deterrence

Compensation

Economic activity

Little to no direct
impact

Little to no direct
impact

Positive

Negative

Negative

Positive

Note: This analysis shows the trade-offs across goals for key individual design features in the regime. It does not attempt to weigh the three policy goals against each
other in any way. Nor does it assess the overall performance of the regime.
* The deterrent effect will vary depending on the type of financial assurance provided. The territory accepts cash, letters of credit, bank letters of guarantee, surety
bonds, insurance, and security held in trust. Third-party assurance such as surety bonds, letters of credit, and insurance will have less of a deterrent effect than cash or
security provided by firms themselves.
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BC MINING-SECTOR FINANCIAL ASSURANCE IN BRITISH COLUMBIA
In absolute terms, the mining sector in BC is one of the country’s
largest. In 2016, mining and quarrying contributed $4.1 billion to
BC’s economy, or 1.9% of GDP ($2007, chained). Coal and copper are
the largest sub-sectors: they accounted for 44% and 35% of all mineral production by value in 2015, respectively. Other minerals of note
include gold, silver, and industrial metals (Clarke, 2016; Government
of British Columbia, 2017a; NRCan, 2017a).

Table 5 highlights key features in BC’s financial-assurance regime
(for more details, see Annex 1). The province’s Chief Inspector
of Mines has broad authority and discretion when it comes to
financial assurance. But in practice, the government has not
required stringent assurance. As a result, the province does not
hold sufficient financial assurance to cover its potential reclamation
liabilities. The government is currently evaluating aspects of its
mining regulatory regime, including the use of financial assurance
(AGBC, 2016; EY, 2017).

Table 5: Design features of British Columbia’s financial-assurance regime for mining and their implications for
policy goals
Financial-assurance regime feature

Deterrence

Compensation

Economic activity

The Chief Inspector has the authority — should they choose to
exercise it — to make financial assurance stringent and broadly
scoped (e.g., it can include costs related to long-term monitoring,
perpetual care, or even the protection of watercourses or cultural
heritage resources). In addition, the Ministry of Environment
can request additional assurance if there is a high risk of offsite
contamination.

Positive

Positive

Negative

In practice, the stringency of financial assurance in the regime can be
limited (it is commonly phased in over time).

Negative

Negative

Positive

The province has been working to increase the assurance it holds
from mining firms. It currently holds $1 billion in financial assurance,
a fivefold increase over the last ten years. And it is scheduled to
collect an additional $846 million in financial assurance over the next
eight years.

Positive

Positive

Negative

Firms submit annual reclamation reports, as well as a schedule of
anticipated changes to their long-term reclamation liabilities. This
helps government remain up-to-date on the amount of reclamation
work that remains, and thereby, to ensure that required financial
assurance is adequate and reflects conditions on the ground.

Little to no direct
impact

Positive

Negative

Cost estimates provided by firms in their closure plans (which
inform how much financial assurance the province requires) are not
standardized and, according to BC’s Auditor General, the Ministry
lacks the expertise to verify their estimates (AGBC, 2016).

Little to no direct
impact

Negative

Little to no direct
impact

BC’s Auditor General has found that monitoring and enforcement in
the sector can be lacking (AGBC, 2016).

Negative

Negative

Positive

Financial assurance does not cover potential disasters
(e.g., a tailings spill).

Negative

Negative

Positive

Note: This analysis shows the trade-offs across goals for key individual design features in the regime. It does not attempt to weigh the three policy goals against each
other in any way. Nor does it assess the overall performance of the regime.
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AB MINING SECTOR FINANCIAL ASSURANCE IN ALBERTA
Mining in Alberta includes oil, coal, sand, and gravel, and a small
volume of metals. Hydrocarbons in particular are vital to Alberta’s
economy. Hydrocarbon industries accounted for $56 billion in
revenues in 2016 — 17% of provincial GDP (2016 dollars) (NRCan,
2017a; Government of Alberta, 2018).
We focus here on Alberta’s Mine Financial Security Program
(MFSP), which governs financial-assurance requirements for the
reclamation of oil-sands and coal-mining sites in Alberta and
is administered by the Alberta Energy Regulator (AER). From a
reclamation perspective, oil sands and coal are distinct from
conventional oil and gas because they produce tailings. With an
estimated reclamation cost of $27 billion, tailings from oil sands
represent the province’s largest environmental liability — up from
$21 billion in 2015 (AGA, 2015; Orland, 2018).

Table 6 highlights key features of the MFSP, which requires an
initial base amount of financial assurance from firms. Firms that do
not have a certain ratio of assets and liabilities are asked to provide
additional funds. The AER has structured the MFSP such that it will
hold full financial assurance against a mine’s estimated reclamation
cost five years before the end of the mine’s life. It also requires
additional assurance when companies defer on their reclamation
obligations. The AER does not require assurance against potential
disasters.
An important complicating factor for oil-sands mines is that
reclamation technologies to deal with their tailings are still
unproven (AER, 2017d). Much of the sector’s reclamation work is in
its early stages, and only two firms — Suncor and Canadian Natural
Resources Limited — have submitted tailings management plans to
the AER.

Table 6: Design features of Alberta’s financial-assurance regime for mining and their implications for policy goals
Financial-assurance regime feature

Deterrence

Compensation

Economic activity

The MFSP (under the Operating Life Deposit program) asks for full
financial assurance against reclamation costs only as a mine nears
the end of its life. Compared to up-front assurance requirements, this
creates a lighter financial burden on firms during mines’ early and
mid-life. However, it also increases the public’s exposure to potential
social costs in the interim.

Negative

Negative

Positive

The MFSP (under the Base Security Deposit program) requires a
set amount of financial assurance based on project type. Projects
that present greater environmental risks are not required to submit
additional assurance.

Negative

Negative

Positive

The MFSP (under the Asset Factor Safety Deposit program) aims to
differentiate firms’ financial-assurance requirements based on their
estimated financial risk — more financially risky firms face more
stringent financial-assurance requirements.

Positive

Positive

Negative

Annual reports that firms submit under the Asset Factor Safety
Deposit program detailing their asset and liability estimates do not
require supporting documentation. In addition, the methodologies
that the program uses allow firms to include both proven and
probable reserves in their assets, which may overstate their financial
health.

Negative

Negative

Positive
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Table 6: Design features of Alberta’s financial-assurance regime for mining and their implications for
policy goals continued
Financial-assurance regime feature

Deterrence

Compensation

Economic activity

Technological uncertainty in oil-sands remediation is not reflected
in the MFSP’s financial-assurance requirements. The remediation
technique of “water capping” is still unproven at scale.16 If water
capping is not effective, then other, more costly approaches may be
required. However, financial assurance is calculated based on the
assumption that water capping will prove a successful reclamation
method at scale.

Negative

Negative

Positive

The regime faces challenges around the sufficiency of monitoring,
closure plan updating, enforcement, and overall transparency
(AGA, 2015).

Negative

Negative

Positive

Financial assurance does not cover potential disasters
(e.g., a tailings spill).

Negative

Negative

Positive

Note: This analysis shows the trade-offs across goals for key individual design features in the regime. It does not attempt to weigh the three policy goals against each
other in any way. Nor does it assess the overall performance of the regime.

16

 ater capping is a process where tailings are treated and then “capped” with a layer of water, creating an artificial water body such as a wetland or a lake. It has been
W
shown to be effective in a laboratory setting but is yet to be proven at scale.
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ON MINING SECTOR FINANCIAL ASSURANCE IN ONTARIO
Mining plays a smaller role in Ontario’s economy today than it did
historically. The sector was responsible for 1.2% of provincial GDP in
2016 — $7.6 billion ($2007, chained). While the province is working
to expand the role of mining in its economy, the sector has not
grown in absolute terms over the last 10 years. Products of note in
the province include gold, silver, nickel, copper, zinc, and platinum
group metals (OMA, 2012; Government of Ontario, 2016; Government
of Ontario, 2017a; NRCan, 2017a).

Table 7 highlights key features of the financial-assurance regime
for mining in Ontario. The province takes a two-track approach to
financial assurance. Firms that can pass a corporate financial test
(based on the assessments of ratings agencies) are permitted to selfassure against the costs of reclamation. Firms that cannot face more
stringent requirements: they are asked to provide full, hard, and
timely financial assurance. The province does not require financial
assurance against potential disasters like tailings spills.

Table 7: Design features of Ontario’s financial-assurance regime for mining and their implications for policy goals
Financial-assurance regime feature

Deterrence

Compensation

Economic activity

Ontario’s two-track financial-assurance treatment for mining firms
permits those with lower financial risk to face less stringent financialassurance requirements.

Negative

Negative

Positive

Firms that do not pass the financial test receive stringent treatment:
they must provide up-front, hard assurance, in line with existing site
disturbance.

Positive*

Positive

Negative

However, at the government’s discretion, softer types of assurance
can also be accepted. These can include a pledge of assets, a sinking
fund, or per-tonne royalties.

Negative

Negative

Positive

Reclamation liability estimates are based on the cost of a third party
completing the firm’s approved closure plan (rather than the firm
itself). This helps to ensure that government has sufficient financial
assurance to cover the expense of hiring a contractor to reclaim the
site in the event the firm goes bankrupt.

Positive

Positive

Negative

The regime includes the estimated cost of long-term monitoring and
perpetual care in financial assurance (these costs are incorporated
into financial assurance based on their Net Present Value, using a 3%
social discount rate). This helps ensure sufficient funds are available
for expected post-reclamation costs.

Positive

Positive

Negative

Ontario’s Auditor General flagged the timely review and updating of
closure plans and financial assurance as an issue. The department
has dedicated resources to addressing the issue, including the
development of benchmarking guidelines for closure plans (OAGO,
2015).

Positive

Positive

Negative

Financial assurance does not cover potential disasters
(e.g., a tailings spill).

Negative

Negative

Positive

Note: This analysis shows the trade-offs across goals for key individual design features in the regime. It does not attempt to weigh the three policy goals against each
other in any way. Nor does it assess the overall performance of the regime.
* The deterrent effect will vary depending on the type of financial assurance provided. The province accepts cash, letters of credit, reclamation trusts, and insurance
bonds. Third-party assurance such as letters of credit and insurance will have less of a deterrent effect than cash or trusts provided by firms themselves.
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QC MINING SECTOR FINANCIAL ASSURANCE IN QUEBEC
Quebec is undertaking significant efforts to expand the size of its
mining sector. The sector contributed $4.6 billion to the economy
in 2016 — 1.3% of provincial GDP ($2007, chained). Minerals of note
include gold, silver, nickel, zinc, and copper (Gouvernement du
Québec, 2016; NRCan, 2017a; Statistics Canada, 2017b).
Table 8 highlights key features of Quebec’s financial-assurance
regime for mining. In 2013, Quebec overhauled its Mining Act in
response to recommendations from the province’s Auditor General.

Part of this reform included substantial changes to how government
approaches mining-sector financial assurance. Quebec now
strictly requires hard assurance. Assurance is required in full
(i.e., covering the entire estimated cost of reclamation) within two
years of a mine commencing operations. The province does not
require financial assurance against the risk of tailings spills. It does,
however, collect additional charges based on the volume of waste
that a mine generates.17

Table 8: Design features of Quebec’s financial-assurance regime for mining and their implications for policy goals
Financial-assurance regime feature

Deterrence

Compensation

Economic activity

Quebec’s regime is stringent, requiring hard, full and timely financial
assurance from all firms.

Positive*

Positive

Negative

Quebec’s 2013 overhaul of its Mining Act (which was much broader
in scope than the changes to the financial assurance regime we are
examining) has helped to update and improve the coherence of the
regulatory environment.

Little to no direct
impact

Little to no direct
impact

Positive

Collaboration between the province’s mining and environmental
ministries (MERN [Ministère de l'Énergie et des Ressources
naturelles] and MDDELCC [Ministère du Développement durable, de
l’Environnement et de la Lutte contre les changements climatiques])
to review and approve the mines’ closure plans helps government
ensure that those plans (and thereby, the financial assurance that
government requires against reclamation costs) more accurately
reflect mines’ unique environmental risks.

Positive

Positive

Negative

The province makes mines’ closure plans public at the assessment and
permitting stage. This provides external stakeholders the opportunity
to vet firms’ plans and cost estimates, helping create more robust cost
estimates and better-informed financial assurance requirements.

Little to no direct
impact

Positive

Little to no direct
impact

Mines must update closure plans every five years. This frequent updating
raises compliance costs for firms, but it also decreases the likelihood
of MERN holding insufficient financial assurance to address expected
reclamation costs (i.e., since a site’s closure needs may have changed).

Little to no direct
impact

Positive

Negative

MERN has discretion to require more frequent updating of closure
plans from specific mining projects. When there are significant changes
to mining activities, companies must resubmit their closure plans.

Little to no direct
impact

Positive

Negative

Financial assurance does not cover potential disasters (e.g., a tailings
spill).

Negative

Negative

Positive

Note: This analysis shows the trade-offs across goals for key individual design features in the regime. It does not attempt to weigh the three policy goals against each
other in any way. Nor does it assess the overall performance of the regime.
* The deterrent effect will vary depending on the type of financial assurance provided. The province accepts cheques, government guaranteed securities, investment
certificates, surety bonds, letters of credit, immovable hypothecs, environmental trusts, and insurance. Third-party assurance such as surety bonds, letters of credit,
and insurance will have less of a deterrent effect than cash or security provided by firms themselves.
17

	As of January 2017, Québec charges a $0.21 per-tonne royalty for inert mine tailings from ore treatment, pyrometallurgy operations and surface mineral substances. In
addition, Québec also charges for any tailings storage facilities on Crown land — an annual fee of $99/hectare (Gouvernement du Québec, 2017a).
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5.3	COMPARING MINING-SECTOR FINANCIALASSURANCE REGIMES IN CANADA
In this section, we compare the five jurisdictions’ overall approach to
mining-sector financial assurance. The assessments we present here
are based on the analysis presented in Section 5.2 as well as the
inventory of regime design features provided in Annex A.
Overall, Canadian jurisdictions’ financial-assurance regimes for
mining are more similar than different. But they also diverge in key
ways. These similarities and differences highlight important lessons
for well-designed financial-assurance policies.18
Each regime offers its own balance across the three goals. Some
regimes’ trade-offs across the three goals are intentional — the
result of deliberate policy decisions. Others are unintentional —
the result of a policy’s legacy or particular policy-design features.
And still others, particularly as they relate to offsite environmental
damage or disasters, stem from a narrow use of financial assurance
in the sector.

YK

Financial assurance in Yukon appears stringent,
	
but is untested

Yukon’s financial-assurance policy for the mining sector appears to
be stringent — firms must provide financial assurance against the
risk of non-remediation both in full and up front. In addition, the
regime’s robust provisions around site monitoring, closure, and
post-closure cost estimation help to ensure that the government
is requiring sufficient financial assurance from mining firms. These
features help to ensure strong deterrence and compensation.
However, the limited application of the territory’s financialassurance regime to date means there are open questions about
how it will work in practice. In particular, it is not clear how the
Department of Energy, Mines and Resources will use its authority
to accept soft assurance for mines it deems to present a low
financial risk.

BC

Financial assurance in British Columbia is
	
stronger in theory than in practice

In practice, the British Columbia Chief Inspector of Mines’ broad
authorities for financial assurance are used to support economic
activity more than compensation and deterrence. The government’s
recent efforts to increase the amount of financial assurance it holds

18

19

have helped to mitigate this. However, the province still holds only
$1 billion in financial assurance against a $2.1 billion cleanup liability.
The low stringency of British Columbia’s regime is largely due to
the phase-in of financial-assurance requirements. Phasing financial
assurance in helps keep projects’ costs low during early, capitalintensive phases, which supports economic activity. By phasing in
assurance, the province effectively accepts a mine’s still-substantial
reserves as a form of soft assurance. However, doing so provides
weak deterrence incentives for firms during the early phases of
an operation. Because the value of reserves can fluctuate, it also
undermines compensation.

AB

Financial assurance in Alberta facilitates
	
economic activity but risks creating social costs

Many of the design features of Alberta’s MFSP support economic
activity at the expense of deterrence and compensation. Financialassurance requirements become significant only late is a project’s
operating life. Further, the financial assurance required from firms
assumes the efficacy of a still-unproven remediation technology.
These choices limit the financial-assurance burden on individual
firms, supporting economic activity in the sector. But they also lead
to weaker deterrence and compensation.
The MFSP attempts to partially mitigate this by increasing
requirements for financially risky firms. However, the details of
this program and its requirements provide a high bar for defining
significant financial risk, and no firm has yet had to provide financial
assurance under it.

ON

Financial assurance in Ontario differentiates
	
firms based on financial risk

Ontario’s two-track financial-assurance system attempts to
balance policy goals by treating mining firms differently based on
their financial risk. Firms that the government deems financially
healthy (and to therefore present a lesser risk of defaulting on their
remediation obligations) are able to provide soft assurance, while
those that are not must provide up-front and hard assurance.19
This differentiation helps support deterrence and compensation
where it is most needed, but at the same time facilitates economic
activity on the part of well-capitalized firms.xxxiii The regime’s
provisions around third-party costing and requiring financial

W
 e do not assess the overall approach of all jurisdictions to managing risk externalities. Financial assurance is one component of a larger policy package dealing with
risk externalities. Assessing this larger package would require an integrated review of financial assurance, the regulations jurisdictions use to manage environmental
risk in the mining sector (including technical specifications, health and safety standards), and their liability rules (both general and mining-specific). Our assessment
here focuses strictly on the five jurisdictions’ financial-assurance policies.
 At the government’s discretion, softer types of assurance — a pledge of assets, a sinking fund, or per-tonne royalties — can also be accepted from firms that do not
pass the financial test. Currently, only one firm receives this treatment.
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assurance for long-term and perpetual costs also help support
deterrence and compensation — albeit at the expense of greater
economic activity.

QC

Financial assurance in Quebec is the most
	
stringent of the five jurisdictions considered

Mining firms in Quebec must provide hard, full, and timely financial
assurance against the risk of non-remediation. The system makes no
distinction between firms with low and high financial risk.
This stringent policy approach provides strong deterrence and
compensation but also weakens economic activity. However,
this effect has been partially offset by the improved coherence of
the province’s regulatory regime for mining, following its 2013
Mining Act overhaul.
Like all the other jurisdictions assessed, Quebec does not require
financial assurance against the risk of mining disasters. While this
choice supports economic activity, it leaves a large and important
gap in the financial-assurance regime’s support for deterrence and
compensation policy goals.

5.4	BEST PRACTICES IN FINANCIAL-ASSURANCE
REGIMES FOR MINING
What should we take away from this review of provincial and
territorial approaches to financial assurance for the mining sector?
Different approaches have different trade-offs. Yet clear examples of
successes also emerge. We highlight three.

Using financial assurance to manage risks from
abandoned mines can reduce environmental risk and
limit social costs
A common thread runs across all five of the jurisdictions that we
explore: Financial-assurance policies have become an essential
policy tool in managing the risk of non-remediation. Governments
have moved toward requiring financial assurance to avoid creating
costly environmental liabilities such as Giant Mine in the Northwest
Territories. This helps ensure that mining firms bear the cost of
remediation and gives them incentive to limit the environmental
damage done to mine sites. In short, provinces and territories are
already making progress.

Risk differentiation can lower the costs of financialassurance policies while supporting deterrence
In applying financial assurance, many of the jurisdictions we
examine differentiate operations according to risk.
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Ontario, for example, requires different levels of financial
assurance depending on firms’ financial risk. Firms that are more
financially vulnerable — and thus more likely to declare bankruptcy
— must provide stronger assurance.
Yukon differentiates financial assurance based on environmental
risk. It requires assurance based on existing (rather than eventual)
land disturbance at a mine and returns it as land is progressively
reclaimed. This keeps financial assurance in line with the
environmental risk presented by specific mine sites and operations.
Risk differentiation can help jurisdictions realize their policy
goals. It provides deterrence: Firms that can reduce risk will face
less stringent financial-assurance requirements, creating a powerful
incentive. And risk differentiation can support economic activity:
firms with low or manageable risks will face a lower financialassurance burden, freeing up capital that they can invest in their
operations.
Policy-makers can use risk differentiation in ways that either
strengthen or weaken compensation. Depending on their policy
goals, jurisdictions can use risk differentiation to decrease
requirements for less risky firms, or to increase them for risky ones.

Financial assurance works best when it is part of a
coherent policy package
In all jurisdictions, financial assurance is only one part of the
mining-policy landscape. Laws, regulations, and the conditions of
mine licenses provide liability rules for the sector. Mines follow
local safety and environmental regulations. And they pay taxes,
royalties, and fees.
When the larger policy package (including financial assurance)
operates cohesively and efficiently and offers regulatory certainty,
it supports economic activity. While we do not assess jurisdictions’
overall mining-policy packages, Quebec stands out as a jurisdiction
that has designed financial assurance with the bigger picture
in mind. Its recent reforms addressed the larger regulatory
environment for mining. It clarified environmental assessment and
consultation requirements, modified the tax and royalty regime, and
instituted new charges on mining waste (Amyot et al., 2013).
Of course, greater regulatory clarity is not the only reason Quebec
remains an attractive province for mining investment; its royalty
regime is less stringent than that of other jurisdictions. The latest
regulatory reforms increased royalty rates, but not to the extent the
government proposed initially (Paradis & Gagnon, 2013). Still, by
coordinating increases to financial-assurance stringency with broader
mining-policy reform, Quebec was able to reduce the overall impact
of its financial-assurance reforms on economic activity.xxxiv
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5.5	KEY CHALLENGES FOR FINANCIAL ASSURANCE IN
THE MINING SECTOR
Despite some successes, provinces and territories’ approaches
to financial assurance in the mining sector also have limitations.
Addressing these challenges through policy changes may present
opportunities to better manage trade-offs between deterrence,
compensation, and economic activity.

Financial-assurance policy is not always in line with
stated goals
Policy-makers can and should arrive at a balance among deterrence,
compensation, and economic activity goals according to their
own priorities and the context of their jurisdiction. In some cases,
however, jurisdictions have not explicitly and transparently defined
their policy goals. And in others, their financial-assurance regimes
are at odds with their stated goals.
For example, British Columbia has explicitly articulated an intent
to make polluters pay. According to the province, British Columbia’s
Environmental Management Act (EMA) ensures that “those that
pollute are held responsible under a polluter pay principle, so
the taxpayer does not have to assume these cleanup costs”
(Government of British Columbia, 2017d). Courts in the province
consider polluter-pay to be a “foundational principle” of the EMA.
And the Environmental Emergency Program establishes polluter-pay
as one of its guiding principles (Government of British Columbia,
2010; Bennett Jones, 2016; Government of British Columbia, 2018a).
But the low stringency of British Columbia’s financial-assurance
regime for mining is to some extent at odds with the polluter-pay
principle. Due to the regime’s low stringency, mining firms in the
province will not necessarily bear the cost of contamination they
cause. For example, the province commonly phases assurance in
over the life of a mine. This phase-in increases the risk of large social
costs — if a firm becomes insolvent early in a mine’s operating life,
financial assurance will not cover the cost of the site’s cleanup,
leaving taxpayers to bear the cost.xxxv Weak monitoring and
enforcement also act to limit the stringency of financial assurance
in the province. When a site’s estimated remediation costs grow, the
financial assurance required by government does not necessarily
grow along with it, or may only grow belatedly (AGBC, 2016).
The relatively low stringency in BC’s system is a form of publicprivate risk sharing. The mining sector involves extracting publicly
owned resources, so some sharing of risk between public and
private interests may be justifiable. However, it also is inconsistent
with the province’s stated policy goals.

Policy-makers can use financial assurance to align their riskexternality policies with their stated goals. For example, British
Columbia could opt to simply make existing firm-level financial
assurance more stringent to ensure that the polluter will pay.
Doing so would strengthen the deterrence and compensation its
regime provides.

Some estimates of reclamation costs fail to
comprehensively weigh risk, making social costs
more likely
All jurisdictions we explore require financial assurance from firms on
the basis of mines’ estimated reclamation cost. In most cases, those
costs are estimated based on a mine’s approved closure plan.
But mine remediation and reclamation does not always go
according to closure plans. For example, the federal government
assumed responsibility for the Colomac mine in the Northwest
Territories after its owner went bankrupt in 1999. As a result of noncompliance by the operator (including hydrocarbon spills, tailings
spills, and inadequately designed tailings retention), cleanup costs
massively exceeded those estimated in the closure plan (OAGC,
2002; AANDC, 2012).20
In other words, estimating costs based on closure plans does not
necessarily account for the full range of risk factors — for example,
flaws in design and engineering, unforeseen environmental
impacts, or non-compliance. These factors, while low-probability,
can nonetheless lead to very large reclamation costs. When
policy-makers fail to fully consider the risk from these factors, they
significantly underestimate the expected value of mines’ reclamation
costs. As a result, society bears more risk.
Basing financial assurance on estimates of expected value that
consider risk, especially “fat-tailed” risk, improves the extent to
which the financial assurance that governments require can — on
average — cover the costs of mines’ closure. Doing so would help
to improve both deterrence and compensation outcomes in the
mining sector.

Existing systems mostly do not address uncertainty
(i.e., risk that they cannot reliably estimate)
A number of important uncertainties affect the mining sector.
Potential environmental damage is hard to estimate given the
complexity of ecosystems that might be affected. Climate change’s
effect on the risk of tailings dam failures and AMD is difficult to
accurately predict. The long-term financial viability of a given firm

	Costs were approximately $70 million. Only $1.5 million in financial assurance was provided by the operator. Mine closure and financial assurance policies for the
Northwest Territories and Nunavut were not yet fully developed when the operator walked away in the 1990s (OAGC, 2002).
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or mining sub-sector is often unclear. And the ultimate efficacy and
costs of remediation technologies can be uncertain.
These uncertainties make it difficult for policy-makers to know
how much financial assurance they should require. How can they
risk-weight financial assurance when they cannot estimate risk?
Uncertainty may be particularly challenging in the Alberta oil
sands, for example. Large-scale remediation is still in its infancy, and
the efficacy of the proposed technology — water capping — is still
uncertain (AER, 2017d). If an oil-sands mine was judgment proof and
water capping proved ineffective, required financial assurance might
prove insufficient for covering remediation costs, leading to large
social costs.21 In addition, the long timeframe involved with water
capping means that the adequacy of required financial assurance
might not be known for decades. By the time that the uncertainty
lifts, it may be too late to require greater financial assurance from
firms whose operations are no longer active.xxxvi
Uncertainty premiums or contingencies may be one approach to
manage uncertainty and protect the public against social costs. For
example, Saskatchewan addresses the risk of unforeseen events by
applying a contingency of 10 to 20% to estimates of a site’s future
monitoring and maintenance costs (NOAMI, 2010). Uncertainty
premiums can be especially valuable in cases where costs could
potentially be severe — that is, where there is reason to believe that
the underlying, difficult-to-estimate risk has a fat tail.

The absence of financial-assurance policy for disasters
exacerbates risks and potential social costs
None of the jurisdictions we considered apply financial assurance to
the risk of tailing spills or other disasters. Rather, financial assurance

is focused exclusively on environmental risks relating to remediation
— an expected event. By not applying financial assurance to the
environmental risk from probabilistic events like tailings spills,
provinces may worsen the risk of a disaster occurring and expose
themselves to possible large-scale social costs.
If a Mount Polley–scale tailings spill were to occur in any
Canadian province or territory, massive social costs could result
if the mining firm was financially marginal and became judgment
proof as a result of the spill.22
The total absence of financial assurance for mining disasters
means provinces are relying only on their regulations and liability
rules to help them avoid social costs. This leaves them highly
vulnerable to the judgment proof liability gap.
Governments could apply various financial-assurance
instruments against the risk of a mining disaster, each with different
trade-offs:
• Firm-level financial assurance would provide strong deterrence
incentives. But it would come at a high cost to individual firms
and could significantly dampen economic activity.
• Third-party, sector-level, or public-assurance instruments offer an
alternative way to protect the public from disaster-related social
costs. Such instruments have a smaller deterrence effect than
hard financial assurance from firms. But, by pooling risk, they can
support compensation while keeping firms’ costs low — limiting
impacts on economic activity.
To leverage the different strengths of firm-level and risk-pooling
instruments, policy-makers can potentially combine them using a
“tiered” approach. We return to this issue in Section 7.

	This risk is especially significant if a sector-level downturn leads to a wave of abandonment, similar to what has occurred with orphaned oil and gas wells in Alberta
and Saskatchewan following the low oil prices of 2014–2016.
22
	As Bowker and Chambers (2015) point out, tailings spills are more likely to occur at financially marginal mines, since they often do not have the means to invest in the
same degree of safety measures as financially healthier firms. Notably, the Mount Polley mining corporation was not bankrupted by its tailings spill: The firm bore a
significant amount of costs responding to the spill. Had it been judgment proof, a large portion of these costs could have fallen to the public (Allan, 2016).
21

RESPONSIBLE RISK

45

1462

6	OTHER OPPORTUNITIES FOR FINANCIAL
ASSURANCE IN CANADA

Risk externalities exist in sectors beyond mining. This section considers environmental
risks, liability gaps, and financial-assurance policies in eight other sectors in Canada.
This assessment remains at a high level only. In some cases, we highlight key questions,
rather than provide definitive answers. Deeper, more comprehensive analysis — similar to our
case study on mining in the preceding section — could provide useful insights as to additional
specific opportunities for financial-assurance policy to manage risk externalities in Canada.

CHEMICAL MANUFACTURING

TANKER TRAFFIC

Chemical manufacturing in Canada is a diverse set of sectors that
generate about $16 billion in annual income, or 0.8% of GDP ($2007,
chained). The environmental risks are similarly diverse and include
explosions, accidental releases, and unremediated contamination
near the production site following closure (National Post, 2012;
Statistics Canada, 2017a).
Provinces’ use of financial assurance for chemical manufacturing
varies. To ensure that operators reclaim manufacturing sites,
provincial governments generally require assurance for projects
where environmental contamination is a risk (Government of
Saskatchewan, 2010; Government of Ontario, 2017b; Gouvernement
du Québec, 2017b).
Similar to the mining sector, governments do not require
financial assurance against potential disasters from chemical
manufacturing, such as explosions or the cumulative impacts of
offsite pollution. In addition, financial assurance for offsite impacts
is not well defined. The risk of offsite impacts is more likely covered
by regulations and liability rules alone.

Tanker traffic accounts for a significant portion of port activity in
Canada. There are approximately 20,000 oil tanker movements in
Canada every year, and they account for about 20% of all marine
transport by tonnage. Oil spills are the largest environmental
risk from tanker traffic. They can result in large-scale ecosystem
damages and chronic toxicity from both hydrocarbons and the
dispersants used to clean them up. Since 2003, Canada has
averaged one spill larger than 10,000 litres every four months
(Kingston, 2002; Peterson et al., 2003; Almeda et al., 2014; CCA, 2016).
Canada is a signatory to international conventions that require
tanker operators to carry liability insurance and pay into industry
funds. The funds cover cleanup along coastlines of signatory nations
when operators cannot absorb the costs. These conventions also
assign strict liability to tanker owners for certain types of marine
spills (Anderson & Spears, 2012; WSP, 2014; Government of Canada,
2017; SOPF, 2018; IOPC, 2018).
The scope of the international liability and financial-assurance
regime for tanker traffic is somewhat limited. It excludes long-term
damages and applies only to “persistent” hydrocarbons that do not
dissipate rapidly through evaporation. “Non-persistent” substances
such as gasoline and light diesel are excluded from the conventions
(IMO, 2017; SOPF, 2018; IOPC, 2018).
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NUCLEAR ENERGY

OIL PIPELINES

Nuclear power supplies 15% of Canada’s electricity. The total
number of plants is limited: Ontario has three plants and New
Brunswick one. Catastrophic nuclear disasters such as Chernobyl
and Fukushima are the most obvious environmental risk in the
sector. However, most incidents involve releases of coolants or
smaller amounts of radioactive material. The unique design of
Canada’s nuclear reactors makes them less prone to catastrophic
meltdown than other reactor types, such as the one found in
Fukushima. However, they still experience accidental releases
(Hamilton & McLean, 2009; CBC News, 2011; NRCan, 2018).
Financial-assurance requirements apply throughout Canada’s
nuclear supply chain, including mining, power generation,
decommissioning, and long-term waste management. While
Canada does not collect financial assurance for nuclear disasters,
operators are liable for up to $1 billion in damages in the event of an
incident (Cowan, 1990; CNSC, 2017b; CNSC, 2018).
Financial-assurance and liability rules in Canada’s nuclear sector
have undergone significant changes in recent years, including
increases in liability caps. However, several key questions remain,
including the extent to which these changes have adequately
addressed the full range of risk externalities along the nuclear supply
chain, as well as their potential impacts on economic activity.

There are over 840,000 km of transmission, gathering, and
distribution pipelines in Canada, including 117,000 km of largediameter transmission pipelines. About 73,000 km of these
pipelines are federally regulated (NRCan, 2016b). Spills are the main
environmental risk. Pipeline ruptures can lead to soil, surface, and
groundwater contamination, as well as habitat and biodiversity loss.
Between 2010 and 2016, there were 47 incidents involving liquid
releases from pipelines. The most significant of these was in 2011,
when a pipeline owned by Plains Midstream leaked 4.5 million litres
of oil near Little Buffalo in Northern Alberta (Dziubiński et al., 2006;
Vanderklippe, 2011; Middlebrook et al., 2012; CEPA, 2016; CEPA,
2018; TSBC, 2018).
As of 2016, operators of federally regulated pipelines in Canada
are absolutely liable for leaks up to $1 billion (this cap is lifted in
cases of negligence). Operators must provide financial assurance
against the risk of an oil spill and the costs of potential remediation.
The amount of financial assurance is determined by a pipeline’s
“risk value,” which is based on its diameter, operating pressure,
and daily transport capacity. Operations with a capacity exceeding
250,000 barrels per day are required to provide $1 billion in financial
assurance against the risk of a spill. Governments accept various
types of financial assurance, including parent company guarantees
— a soft type of assurance. Federal regulations give pipeline
companies the option to meet part of their financial-assurance
requirements using a pooled fund, provided it maintains a minimum
value of $250 million (Government of Canada, 2015b; NEB, 2016;
NRCan, 2017e).
The performance of these new policies and trade-offs across
compensation, deterrence, and economic activity in the sector
remains an open question.
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TRANSPORT OF DANGEROUS GOODS
BY RAIL
Rail transportation in Canada generates approximately $8 billion
in annual income, or 0.4% of GDP ($2007, chained) (Statistics
Canada, 2017a). Some cargo poses serious risks to the environment,
including oil, toxic chemicals, and industrial wastes. Goods
transported across provincial borders are subject to various federal
regulations, depending on the risks they pose. In 2017, there were
115 accidents and five leaks involving hazardous substances on
Canada’s rails (Garber, 2018).
As of 2016, the Canadian Transport Agency requires operators
and owners to carry a minimum of $25 million in liability insurance.
Railways that carry “toxic inhalation substances” or oil may be
required to carry up to $1 billion in liability insurance, depending on
the amount of cargo they are carrying. Railway companies must also
provide the financial rating of their insurers to establish that they are
capable of providing the prescribed level of coverage (CTA, 2017).
In the wake of the Lac-Mégantic tragedy, the Safe and Accountable
Rail Act (2015) created an industry fund intended to cover the cost
of future rail disasters. The fund is financed by per-tonne levies on
crude oil shipping (Government of Canada, 2015a).
The extent to which these new policies adequately address the
risk of rail disasters in Canada is an open question. In particular, the
focus on general liability insurance may leave significant liability
gaps open in the sector, since this type of insurance commonly
excludes environmental liabilities such as cleanup orders or nonmarket environmental costs.
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OFFSHORE DRILLING AND EXTRACTION
Offshore oil extraction in Canada accounts for about 5% of Canada’s
total oil production, and primarily takes place off the coasts of
Newfoundland and Labrador, with some smaller operations in Nova
Scotia. The environmental risks of offshore oil production are similar
to those of tanker traffic, including damage to marine ecosystems.
If an oil leak or blowout occurs below the ocean’s surface, some
of the oil may remain underwater. These oil plumes are difficult to
locate, can persist for years following a spill, and in some cases are
impossible to clean up (Kingston, 2002; Peterson et al., 2003; Spier et
al., 2013; NRCan, 2017d).
Following policy changes in 2016, the liability and financialassurance regime for offshore drilling and extraction is similar to
that for pipelines. Firms undertaking drilling or development are
absolutely liable for damages up to $1 billion, with the cap lifted in
cases of negligence. They must prove they have financial resources
to cover up to $100 million in damages. And they have the option
to participate in a $250 million pooled fund instead of maintaining
assurance on their own (Baines & Syer, 2016; Government of
Canada, 2018a).
The economic and environmental implications of the 2016
changes to financial-assurance and liability rules in the sector are
unclear. Notably, however, the approximately $60 billion cost of BP’s
Deepwater Horizon spill massively exceeds Canada’s liability cap
and financial-assurance requirements for the sector.
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LANDFILLS

HYDRAULIC FRACTURING

Canada’s nearly 2,000 landfills receive over 25 million tonnes of
industrial and household waste per year, some of which is toxic or
environmentally persistent. Landfills and, in particular, leachates
(the liquid that drains or leaches from a landfill) pose a broad
range of environmental risks to drinking water, food resources, and
ecosystems (Weber et al., 2011; CCME, 2014; Statistics Canada, 2018).
Provincial governments’ use of financial assurance for landfills is
not uniform across Canada. For example, financial assurance in BC
must be hard and cover operating costs, closure plans, and long-term
monitoring, plus a 20% contingency. In Quebec, owners must pay a
fixed fee depending on landfill size. In Manitoba, owners are simply
required to carry insurance (Government of British Columbia, 2016;
Gouvernement du Québec, 2017b; Government of Manitoba, 2016).
The economic and environmental implications of these
provincial regulatory regimes are unclear. However, the inconsistent
application of financial assurance across provinces has important
implications for landfill management practices, interprovincial
transfers of waste, and post-closure environmental outcomes.

Hydraulic fracturing (or “fracking”) is an increasingly widespread
form of fossil fuel extraction where a mix of water, sand, and
chemicals are injected underground and used to extract oil or
gas from rock formations. Environmental issues that arise from
hydraulic fracturing remain controversial and heavily studied, but
there is often insufficient information to accurately characterize local
impacts. (Given these challenges, uncertainty is likely an issue for
hydraulic fracturing.) Commonly-cited environmental risks include
regional impacts to water and air quality, habitat fragmentation,
earthquakes, fugitive greenhouse gas emissions, and potential
long-term impacts from the chemicals used during injection (Adgate
et al., 2014; Birdsell et al., 2015; Gagnon et al., 2015; King & Valencia,
2014; Rogers et al., 2015; Schultz et al., 2015; Atkinson et al., 2016;
Boothroyd et al., 2016; Klaiber et al., 2017; Holding et al., 2017).
Regulatory approaches to hydraulic fracturing differ across
Canada. Some provinces have integrated the industry into their
existing regulatory frameworks. Others have treated it differently,
even imposing full-on moratoriums against the practice. In
provinces where hydraulic fracturing is permitted, the application of
financial assurance is limited — it rarely extends beyond standard
requirements to prevent the orphaning of oil and gas wells
(AER, 2013; BCOGC, 2015; Carter & Eaton, 2016; McCarthy, 2016;
Government of Alberta, 2017; Withers, 2018).xxxvii

There may be an opportunity for greater (or smarter) use of financial assurance in these sectors
All of the sectors here present risk externalities. In some, financial
assurance is already applied. In others, it is either not applied or
applied only in a limited way.
Where it is not used or is underused, financial assurance could
be a valuable complement to these sectors’ safety regulations
and liability rules, helping provide cost-effective deterrence and

RESPONSIBLE RISK

compensation. And where it is already in use, there may be a case
to apply it more stringently, to apply it against other types of risk, or
to use different instruments altogether.
The sectors presented here suggest a research agenda for others
focused on environmental risk and liability gaps in Canada. The
Ecofiscal Commission may explore some of these topics in future work.
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7 RECOMMENDATIONS
Based on the analysis in this report, we provide ten recommendations for how policymakers should manage risk externalities using financial assurance. The recommendations
are general and apply to various risks across different sectors. For each recommendation,
however, we also comment specifically on implications for Canada’s mining sector.
RECOMMENDATION #1:
Policy-makers should increase their use of financial
assurance to help manage risk externalities, especially
in sectors where it is underused
Policy-makers should make greater use of financial assurance.
It offers a powerful tool to price environmental risk. It can
create incentives for firms to take more action to avoid possible
environmental damage. It can provide compensation to those
affected should environmental damage occur. And it can achieve
these goals at low costs by harnessing market forces.
At the same time, financial assurance should complement other
policies, not replace them. Strong safety regulations and clear,
well-established liability rules provide an essential foundation for
policies to address environmental risk and possible social costs.

	Implications for Canada’s mining sector
Financial assurance in the mining sector does
not currently apply to mining disasters in any of the
jurisdictions we explore. This represents a missed opportunity to
lower the risk and potential social costs of mining disasters.
For the risk of non-remediation, policy-makers may have scope to
increase the stringency of financial-assurance instruments already in
use (e.g., requiring harder and more timely financial security from firms)
or to bring new instruments to bear (e.g., by permitting surety bonds,

which not all jurisdictions do; or by developing an industry fund, as
Western Australia has done with its Mining Rehabilitation Fund).xxxviii
Notably, there may be an opportunity for Canada’s Indigenous
communities to lead the way in developing new approaches to
mining sector–financial assurance. Many mining projects occur on
Indigenous lands. By seeking greater financial assurance against
environmental risks — coordinated with other governments —
Indigenous communities can help better protect these lands from
the environmental risks that can come with mining. They could also
receive compensation when harm does occur, while still enjoying
the economic benefits of mining activity. Further, Indigenous
communities’ experimentation with new approaches can help to drive
innovation in how financial assurance is applied in the mining sector.

RECOMMENDATION #2:
Policy-makers should estimate risk comprehensively to
inform their financial-assurance policies
Credible estimates of risk underpin good financial-assurance policy.
These estimates define how much financial assurance policymakers require. Requiring too much can unnecessarily increase
costs, undermining economic activity. Requiring too little can reduce
deterrence incentives and the value of potential compensation.
When determining financial-assurance requirements, policy-makers
should carefully and comprehensively estimate risk. This requires
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considering all relevant sources of risk (i.e., financial, economic, legal,
environmental, technological, etc.) and considering the full range of
potential damage types (i.e., property, human health, livelihoods,
ecosystems, etc.). It also requires taking care to account for possible fat
tails and to evaluate the potential for long-term or perpetual costs.
Because external vetting can help improve the quality of expected
value estimates, policy-makers’ risk assessments, monetization
methodologies, and corresponding financial-assurance requirements
should be made public as much as possible. Requiring external expert
reviews could also improve estimates.

. Implications for Canada’s mining sector
. In the mining sector, provincial and territorial
. governments should define financial-assurance
requirements for non-remediation of mines based on risk-weighted
estimates of potential damages. Currently, many governments tend
to rely on deterministic point estimates for the costs of completing
closure plans. This approach can underestimate reclamation costs’
true expected value. These estimates tend to be less than the riskweighted expected costs, especially in the presence of fat-tailed risks.
In short, policy-makers should use financial assurance to protect
against the risk of a site’s actual closure needs deviating from its
closure plan. Where they are reluctant to place this cost on individual
firms, they can use tiered solutions (see recommendation #5).

RECOMMENDATION #3:
Policy-makers should use risk differentiation in
defining required levels of financial assurance
Policy-makers risk-differentiate when they require different levels
of financial assurance from firms depending on their unique
risks (environmental, financial, technological, and other). Risk
differentiation can support different policy priorities. Policy-makers
can use it to increase financial-assurance requirements for risky
firms or to decrease them for less risky ones.
To make risk differentiation practical for governments, the onus
should be on individual firms to make the case that their operations
present below-average risk. Third-party assurance has an advantage
here in that policy-makers need not undertake risk differentiation
themselves — it occurs as a result of market competition between
different insurers or other third-party providers. Similarly, under
sector-level assurance, the sector performs risk differentiation, using
its expertise in its own risks.
Monitoring is a key aspect of effective risk differentiation because
firms’ risk profiles can change over time. Firms’ risks should be
periodically re-evaluated to ensure required financial assurance
is sufficient and to provide incentives for ongoing risk mitigation.
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Where the cost of collecting firm-level risk data would exceed the
benefits, policy-makers can use proxies for risk (e.g., adherence to
voluntary industry safety standards). Alternatively, they can devote
more resources to monitoring high-risk operations.

Implications for Canada’s mining sector
In the mining sector, provincial and territorial
governments should use risk differentiation in financial
assurance for both the risk of non-remediation and the risk of
mining disasters. For the risk of non-remediation, a number of the
jurisdictions we explore already differentiate firms in some ways,
in particular financial risk (although in some cases, there is room
for improvement).
For mining disasters, where collecting risk data for individual
mines was prohibitively expensive, adherence with the Mining
Association of Canada’s Tailings Management Protocol could be
used as a proxy for prudent tailings dam management, helping riskdifferentiate individual operations.xxxix

RECOMMENDATION #4:
Policy-makers should create a policy environment that
facilitates private sector financial-assurance solutions
When considering financial-assurance instruments that pool risk,
policy-makers should create a policy environment that facilitates thirdparty involvement. Despite their strengths, public-assurance solutions
alone can crowd out third-party ones. As a result, they can limit the
potential for market competition to drive down the cost of premiums.
Moreover, limited competition can also inhibit the development of new
and innovative approaches to financial assurance.
Policy-makers can facilitate third-party participation by — where
feasible — being flexible across the types of financial-assurance
instruments they will accept. Doing so can both increase firms’
compliance options and help create new (or expanded) markets for
third-party coverage.
Policy-makers can also facilitate third-party involvement by
encouraging third-party assurance for insurable risks, reserving
sector-level and public assurance for non-insurable ones.

Implications for Canada’s mining sector
Due to tail risks and uncertainty, the risk of mining
disasters may be uninsurable in the Canadian
marketplace. Policy-makers should work with mining firms and
the insurance industry to explore ways of making the risk of mining
disasters commercially insurable. For example, risk monitoring and
reporting could be standardized in a way that made it easier for
insurers to assess mines’ unique risks. Where there is a ceiling on
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the coverage that third parties are willing to provide, policy-makers
should consider tiered solutions (recommendation #5).

RECOMMENDATION #5:
Policy-makers should use tiered solutions when
environmental risks are fat-tailed
In the presence of fat-tailed risks, firm-level financial assurance may
be unable to provide sufficient coverage against potential social
costs. And third parties may be unable or unwilling to provide
coverage that is high enough to guarantee full compensation.
To address this problem, policy-makers should use “tiered”
financial-assurance solutions. In a tiered scheme, firm-level and
third-party assurance would provide coverage up to a point. Beyond
this threshold, sector-level financial assurance or public instruments
would kick in.
Any number of tiers is possible in such a scheme, but the relative
order would typically be firm-level assurance, followed by thirdparty, then sector-level, then public. Requiring hard assurance from
firms in the first tier supports deterrence, while higher tiers would
pool risk, helping to ensure compensation at lower costs. However,
to support economic activity, policy-makers need to be careful that
the administrative and compliance cost of tiered schemes do not
exceed the benefits.
For extreme tail risks (e.g., a catastrophic nuclear disaster), full
compensation from a tiered scheme may not be possible. Even
public assurance that pools risk across sectors will eventually
reach a limit in how much coverage it can provide. In such cases,
government may still need to provide a simple backstop for costs
beyond the reach of a tiered scheme. However, governments can
extend the reach of the highest tiers by securitizing risk in capital
markets or acting as a “reinsurer of last resort.”xl

Implications for Canada’s mining sector
In the mining sector, policy-makers should use a
tiered financial-assurance scheme to protect against
catastrophic mining disasters — an important gap in mining-sector
financial-assurance policy in Canada. Mining operations that pose a
significant risk of disaster should provide a degree of hard firm-level
assurance, with third-party assurance (where available) providing
a higher tier. To cover non-insurable, fat-tailed risk, policy-makers
should consider a sector-level approach that pools mining firms’
risks or a Superfund-style public scheme that pools risk across
economic sectors.xli To support deterrence, higher tiers should
risk-differentiate individual firms’ contributions as much as possible
(recommendation #3).
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RECOMMENDATION #6:
Policy-makers should adopt a portfolio approach
to public assurance
Public-assurance instruments have a key advantage over other
instruments in their ability to pool risk across sectors. Narrower
assurance schemes (e.g., mutual assurance) may be more
vulnerable to correlated risk. For example, a sector-level downturn
or discovery of a previously unknown environmental harm could
threaten the solvency of a sector-level scheme. In contrast, broader
approaches that pool risk across sectors and risk types will be less
vulnerable to these types of shocks, and a result, support the policy
goal of compensation more strongly.
To diversify risk, policy-makers should integrate public
assurance under a broad, overarching instrument. Using this type of
portfolio approach — whether provincially or across the country —
would allow a number of different risk types to be gathered in one
place or institution. It would help reduce overall administrative
costs and allow a centre of expertise in risk and financial
management to develop.

Implications for Canada’s mining sector
Where there is a case for using public-assurance
instruments in the mining sector (for example, as part of
a tiered solution dealing with fat-tailed mining disaster risk), policymakers should explore ways to diversify risk. Options could include
multi-sector approaches as discussed above, but also diversifying
risks within the sector. For example, policy-makers could use the
same scheme to assure against the risk of both mining disasters and
remediation costs significantly exceeding their estimated costs.

RECOMMENDATION #7:
Policy-makers should apply contingencies or
premiums when risks are uncertain
Uncertainty can complicate policy-makers’ efforts to manage risk.
It can be especially relevant at the environmental assessment stage
of a project, where governments decide whether or not a project
should proceed.xlii
For projects with uncertain risks that do go ahead, determining
required financial assurance becomes subjective. In the face of
uncertainty, calibrating financial-assurance requirements is difficult.
As a result, policy-makers can end up requiring either too much
assurance or too little. This problem can be especially significant
when there is reason to believe the underlying risk distribution is
fat-tailed — in such cases, requiring insufficient financial assurance
could lead to very high social costs.
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In the face of uncertainty, policy-makers should apply uncertainty
premiums or contingencies. This is the approach that commercial
insurers take: in response to uncertainty, they will commonly raise
the cost of premiums to protect themselves against the possibility of
poorly understood risks leading to significant losses. The Canadian
Nuclear Safety Commission (CNSC) also uses this approach. It
applies contingencies of 10 to 30% when estimating the costs of
decommissioning a facility. The CNSC also suggests that where
estimating the cost of decommissioning is complex or where the
results may be deficient, it may be appropriate to set financialassurance requirements based on credible worst-case scenarios
defined under a multi-stakeholder collaborative process (CNSC, 2000).
Calibrating the size of an uncertainty premium or contingency is
challenging. Policy-makers must make the best determination they
can in choosing contingency levels to balance across deterrence,
compensation, and economic activity.

Implications for Canada’s mining sector
There is a strong case for requiring an uncertainty
premium in the financial assurance that oil-sands mines
provide for tailings-pond remediation. Unlike technologies for other
types of mining, water capping (the remediation technology being
proposed for oil-sands mines) is unproven, and its efficacy may
not be known for decades. If water capping proved ineffective and
the firm that operated the mine was no longer in operation, any
costs of remediation over and above the financial assurance held
by government would fall to Alberta taxpayers. Given the physical
scale of oil-sands tailings in Alberta, these costs could be significant.
Requiring an uncertainty premium or contingency would reduce the
public’s exposure to this risk.

RECOMMENDATION #8:
Policy-makers should assess impacts on existing
operations and, where necessary, phase in new
requirements
Applying financial assurance to new projects and risks is —
compared to applying it to existing ones — relatively straightforward.
Projects that can bear the cost of the risk will either absorb those
costs, pass the cost on to consumers, or some combination. Projects
that cannot bear the cost of the risk will not proceed, preventing
excessively risky projects from going ahead. And pricing risks
explicitly in this way helps investors make decisions that better
reflect environmental risk.
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On the other hand, applying financial assurance to existing
projects is more complex. Requiring greater financial-assurance
requirements from existing projects might push some into
insolvency. Where these projects have existing environmental
liabilities, this can increase the likelihood of society bearing the
costs of them.
In transitioning to a new financial-assurance regime, policymakers should assess expected impacts on existing projects. In
some cases, they may need to treat existing projects differently than
new ones. But existing projects should not simply be exempted from
the new requirements. Instead, more stringent financial-assurance
requirements for existing projects should be phased in. This can
give firms time to adjust and help avoid bankruptcies.

Implications for Canada’s mining sector
In the mining sector, policy-makers should be cautious
when changing existing operations’ financial-assurance
requirements. Mining firms are price-takers: the metals and minerals
they sell are traded in competitive global markets. Existing projects
could be pushed into insolvency if they could not absorb the cost of
greater financial-assurance requirements.
At the same time, this vulnerability cannot be an excuse
for inaction. Some mining projects may be marginal under a
new financial-assurance regime because they pose excessive
environmental risk. Propping these projects up with lax financialassurance requirements can come at costs to society (in the form
the risk it must bear) that exceed the benefits.

RECOMMENDATION #9:
Society should only risk-share when there is a
clear case for doing so
In specific circumstances, risk sharing between private firms and
society more broadly can be justified. In many natural resource
sectors, firms pay royalties to government over and above various
taxes. Because society shares in the benefits of the economic activity,
a case can be made for sharing in some of the risks as well. And when
risks are uncertain, available financial-assurance instruments might
be so limited or costly that firms are unable to both provide assurance
against environmental risks and remain economically viable. This
market failure can sometimes justify risk sharing.
But in other cases, the costs of risk sharing can outweigh the
benefits. Risk sharing is an indirect subsidy, and it can create
economic distortions that increase the likelihood or severity of
costly environmental damage. And because any public costs for
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cleanup or compensation would be funded from tax revenue, it can
also have a cost to the broader economy.
Risk sharing does not necessarily require sharing environmental
risk. Rather, governments could share financial or other types of risk
(e.g., by providing discounted loans, offering subsidized electricity
tariffs, or funding needed infrastructure). Sharing risk in these ways can
help make an economic activity viable while preserving the valuable
deterrence and compensation that financial assurance provides.
Where policy-makers choose to share environmental risk, they
should do so intentionally, efficiently, and transparently. A range
of options are available, from accepting soft assurance from firms,
to phasing in financial-assurance requirements, to only requiring
assurance against part of a firm’s potential liability. Each will have
different (and important) implications for deterrence, compensation,
and economic activity, and the specifics of their design will matter a
great deal.

Implications for Canada’s mining sector
In the mining sector, there is a case for risk sharing. A
number of jurisdictions in Canada already share the risk of
non-remediation with mining firms. However, excessive risk sharing
in the form of low financial-assurance stringency can tilt the policy
environment toward economic activity at the expense of deterrence
and compensation.
Similarly, the total lack of financial assurance for mining
disasters in Canada prioritizes economic activity to the considerable
potential expense of society and the environment. Jurisdictions
in Canada should find ways to share in the mining sector’s risks
more fairly, including by sharing in its financial risks rather than
its environmental ones. For example, in place of relaxed financialassurance requirements, jurisdictions could offer preferential loans.
In doing so, they would share in mining’s financial risk: Where
ventures were successful, loans would be repaid. Where they were
not, government would incur a loss. This can help Canada’s mining
sector remain globally competitive but without compromising
policy-makers’ deterrence and compensation goals.

RECOMMENDATION #10:
Policy-makers should articulate and justify their policy
priorities — and then design and implement policies
consistent with this vision
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gives stakeholders an opportunity to voice potential concerns or
disagreements. And it provides them with a standard against which
to evaluate outcomes.
But clearly articulating policy goals is not enough — policymakers must also justify them. Where policy goals are tilted
toward one particular goal — whether deterrence, compensation,
or economic activity — policy-makers should make a case to
demonstrate why such a balance creates benefits that will exceed
the costs.
Finally, policy-makers should ensure that their policies are in line
with stated goals. Where deterrence is a high priority, policy-makers
should assess whether their policies encourage excessive risk taking.
Where compensation is important, they should review the reliability
of the financial-assurance instruments that they accept. And where
economic activity is a high priority, they should determine to what
extent their policies deter production and investment. Where
policies are out of line with stated goals, they should be changed.
Policy-makers should be transparent about the choice they are
making, the rationale for that choice, and the evidence base for
that decision.

Implications for Canada’s mining sector
Provincial and territorial governments in Canada should
articulate a vision for how they wish to balance economic
activity in the mining sector against deterrence and compensation
goals. Since there is a case for risk sharing in the mining sector
(given public ownership of mineral resources), governments should
articulate how much risk they wish to share with the sector — if any
— and how.
Policy-makers should justify their approaches to risk sharing
in the mining sector (e.g., less stringent or more narrowly applied
financial assurance) and make the case that they present a net
benefit to society. Where deterrence or compensation is traded
off in favour of greater economic activity, policy-makers should
demonstrate that the benefits of this approach (in the form of
greater production and investment) outweigh the costs (in the form
of greater environmental risk and potential social costs). Similarly,
where economic activity is traded off in favour of greater deterrence
or compensation, policy-makers should demonstrate how the
benefits of avoided risk exceed the costs of reduced investment.

Policy-makers should be transparent about the relative importance
they place on the three policy goals of deterrence, compensation, and
economic activity — and the resulting trade-offs. Doing so provides
a benchmark that they can use to can guide their risk-externality
policies. In addition, clearly articulating policy goals in this way
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8 CONCLUSION
This report has made the case that financial-assurance policies can put a price on
environmental risk. They can create incentives for firms to better manage their risk, fund
compensation or cleanup costs, and support economic activity by keeping the costs of
doing so low.
Yet assessing the need for changes to financial-assurance policy
can be complex. They interact with existing liability rules and
safety regulations in different ways. They also depend on policymakers’ priorities.
This report has considered risks to the environment from mining,
the role of financial assurance in the sector, and potential policy
changes in some detail. It also considered risks and existing policy
regimes in other sectors in a general way. There are likely to be
opportunities to rely more on financial assurance to close or limit
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liability gaps in these other sectors. However, more detailed, sectorspecific analysis is required to explore these opportunities.
We hope that the framework we have developed will provide a
solid foundation for analysts exploring some of these issues in the
future. Policies to manage potential environmental damage and
potential costs to society can be challenging to conceptualize and
design. Yet these risks are real and have significant implications for
both our environment and our economy. Smart policy can ensure
we take responsible risks.
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9	Annex: Describing provincial and territorial financial-assurance
regimes for the mining sector
9.1 Yukon
Legislative authority
for demanding
financial assurance

•
•
•
•
•

•

Yukon’s authority to require financial assurance for mining operations rests with both the Department of Energy, Mines
and Resources (EMR) and the Yukon Water Board (Government of Yukon, 2013).
Five territorial acts contain provisions for financial assurance in the mining sector: Placer Mining Act, Quartz Mining Act,
Waters Act, Environment Act, and Territorial Land Act.
The Quartz Act grants authority to demand financial assurance for hard-rock mining. Financial assurance for gold
mining is covered by the Placer Mining Act. Financial assurance under the Water Act can apply to any type of mine,
provided there is risk to a water body.
No other levels of government can demand financial assurance against mining’s environmental risk in Yukon.
As in other jurisdictions, the federal government plays a role in the management of Yukon mines’ offsite environmental
damage (for example, the federal Fisheries Act covers releases into fish-bearing waters across Canada). However,
it cannot demand financial assurance against potential damage. Rather, it issues fines in the event that federal
environmental acts are violated and may require funds to offset mines’ impacts on fish habitats (Government of
Canada, 2018b; McNaughton & Unger, 2015).
Yukon’s authorities over the mining sector and mining-sector financial assurance differentiates it from the Northwest
Territories and Nunavut, both of which are still in the process of devolution.

Scope of financial
assurance

•

Stringency of
financial assurance

•

Risk differentiation

Financial risk:
• When demanding financial assurance, EMR and the Water Board may consider the specific degree of financial risk that
a given mining project presents (Government of Yukon, 2007).
• In such cases, at the discretion of EMR, soft forms of assurance may be considered for lower-risk project components
(usually a pledge of assets) (Government of Yukon, 2014).
• The Quartz Mining Act’s Security Regulation outlines specific risks EMR should consider, including security furnished
with other authorities, costs to the government should the operator be unable to reclaim, the nature and location of
the project, and the cost of implementing the reclamation plan.

•

•

Yukon uses financial assurance to cover the potential costs of site remediation, as well as perpetual care and site
monitoring, when necessary.
Financial assurance does not cover potential disasters or other offsite damage.
Hard assurance is usually necessary; acceptable types include cash, letters of credit, bank letters of guarantee, surety
bonds, insurance, and security held in trust (Government of Yukon, 2014).
No credit is given for onsite salvage during closure.

Environmental risk:
• EMR or the Water Board demand financial assurance based on actual land disturbance, rather than eventual planned
disturbance. This ensures that firms do not have to provide assurance against risks that are not yet present. This policy
choice necessitates the timely review of closure plans to ensure assurance held reflects the full cost of reclamation at
any point in time.
• EMR or the Water Board demand additional assurance as the site disturbance increases.
• If the size of a firm’s reclamation liability decreases demonstrably during its operational life, EMR or the Water Board
can return a portion of its financial assurance (Government of Yukon, 2006).
• Reclamation does not mean elimination of liability; monitoring must demonstrate that reclamation activities have
been effective before security can be returned.
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9.1 Yukon continued
Estimation of
liability and
magnitude of
financial assurance
required

•
•
•
•
•
•

Enforcement,
monitoring and
transparency

•
•
•

•

Yukon has well-defined standards for reclamation that proponents must include in reclamation plans, including
physical and chemical stability, health and public safety, ecological conditions, land use, aesthetics, socio-economic
expectations, long-term certainty, and minimization of outstanding liability.
To ensure firms are posting the appropriate amount of security, proponents must break out their estimated
remediation liability across three categories: the size of the currently liability, the estimate of the liability in 2 years,
and liability at end of life.
Liability estimates must include all costs and must assume that a third party and not the proponent will reclaim the
land.
Yukon provides guidance for reclamation, project planning, and closure costing to help ensure standardization
(Government of Yukon, 2013).
EMR must reapprove reclamation plans every 2 years.
To avoid duplicative bonding requirements that needlessly raise firm costs, the Quartz Act requires authorities to
consider security already required under other acts and authorities.
Because of higher operating costs in the territory (and associated economies of scale), Yukon deals with fewer, larger
mines rather than a greater number of smaller operations. As a result, government capacity to monitor mines and
enforce policy can be lacking.
Yukon makes closure plans public at the assessment and licencing stages of operation.
Yukon enforcement of the requirement to provide closure plans may be lacking. For example, the licence holder
of Yukon's Keno Mine was originally supposed to submit a decommissioning and reclamation plan in 2008.
The Yukon Water Board has granted multiple deadline extensions and has still not received a decommissioning
and reclamation plan.
Yukon’s financial assurance regime is relatively untested. The vast majority of unreclaimed mines are from prior to
devolution.

9.2 British Columbia
Legislative authority
for demanding
financial assurance

•
•
•
•
•

•
Scope of financial
assurance

•
•

RESPONSIBLE RISK

The Ministry of Energy, Mines and Petroleum Resources (MEMPR) regulates BC’s mining sector under the authority of
the Mines Act.
MEMPR’s mandate covers both the promotion and expansion of BC’s mining sector as well as compliance and
enforcement. The province’s Auditor General has flagged this as a potential conflict-of-interest (AGBC, 2016).
The province’s Chief Inspector of Mines oversees enforcement and collection of financial assurance within MEMPR
(Government of British Columbia, 2017e).
If MEMPR considers it necessary and in the public interest, it may exercise all the powers that the Chief Inspector may
exercise.
In addition, British Columbia has a codified cost recovery regulation (i.e., liability rule), known as “polluter-pay,”
under its Environmental Management Act (EMA) (Government of British Columbia, 2017d). This allows the Minister of
Environment to levy charges in the event of a tailings release or other environmental harm, and to recover any related
costs the government may incur, including resource diversion and remediation. In practice, this regulation is used
when the government incurs extraordinary costs relating to a spill.
This polluter-pay policy allows for full-cost recovery after an environmental disaster (but not after non-remediation).
This policy is the only one of its kind in Canada but is not always enforced.
The Chief Inspector may request financial assurance to ensure reclamation of any mine site. This can include
both direct remediation costs and also costs related to long-term monitoring, perpetual care, or the protection of
watercourses or cultural heritage resources that may be affected by mining operations (AGBC, 2016).
Financial assurance does not cover environmental disasters in the sector, but the Ministry of Environment can request
additional assurance if there is a high risk of offsite contamination.

57

1474

Annex

9.2 British Columbia continued
Stringency of
financial assurance

•
•
•
•
•
•
•
•

Risk differentiation

•
•
•
•

Estimation of
liability and
magnitude of
financial assurance
required

•
•
•
•
•

Enforcement,
monitoring and
transparency

•
•
•
•
•

The stringency of financial assurance (in terms of both its form and amount) is at the discretion of the Chief Inspector
of Mines. The Chief Inspector evaluates requirements on a case-by-case basis (AGBC, 2016).
Both hard and soft forms of financial assurance are permitted. Soft assurance can include mining equipment and
performance-related standards (Allan, 2016; Government of British Columbia, 2018c).
The Mines Act calls for the submission of financial assurance over the entire life of the mine (i.e., the phasing in of
financial assurance) (Government of British Columbia, 2017e).
Firms must submit annual reclamation reports, and the Chief Inspector may adjust assurance requirements
accordingly, usually every five years (Stantec, 2016), meaning a firm should have the full amount of assurance in place
as the mine is closing.
In practice, the stringency of financial assurance in BC tends to be limited, and remediation liabilities commonly
exceed firms’ posted financial security (AGBC, 2016).
MEMPR has quintupled the amount of financial assurance it is holding over the last decade (now approximately
$1 billion) and is scheduled to collect an additional $846 million in financial assurance over the next eight years
(EY, 2017).
As of 2017, the Chief Inspector of Mines held $1 billion in financial assurance against a $2.1 billion potential cleanup
liability (AGBC, 2016; EY, 2017).
MEMPR is currently reviewing its financial assurance regime following a 2016 report by British Columbia’s Auditor
General (Government of British Columbia, 2018c).
British Columbia’s financial assurance regime allows for financial-risk differentiation at the discretion of the Chief
Inspector. There is no formalized process for assessing financial risk (EY, 2017).
Where the Chief Inspector deems a firm to be of low risk, the Inspector may require the firm to provide only partial
financial assurance against future remediation liabilities, or soft assurance (Government of British Columbia, 2017e).
Requiring partial financial assurance is usually reserved for larger firms, such as Teck Resources (Hoekstra, 2016).
Financial assurance relief is sometimes also extended to smaller firms. However, it is often unclear whether this is
because the firm has a low perceived financial risk.
British Columbia’s Health, Safety and Reclamation Code for Mines has a robust set of rules governing mines’
reclamation plans.
Firms are required to submit schedules of anticipated changes to their long-term environmental liabilities; the Chief
Inspector can adjust the financial assurance requirements to reflect these anticipated changes.
Firms must also submit annual reclamation reports detailing activities, including a detailed estimate of remediation
expenses over the next five years (Government of British Columbia, 2017f). Technical officers in MEMPR validate
reclamation plans.
MEMPR provides a standardized template for liability estimation, but its use is voluntary (Government of British
Columbia, 2017f).
Because British Columbia firms self-estimate their liabilities and estimation methods are not standardized, estimates
of their remediation liabilities can vary. MEMPR is taking steps to improve standardization in response to the Auditor
General’s 2016 report.
According to British Columbia’s Auditor General, MEMPR and the Ministry of Environment’s enforcement activity in the
mining sector are “inadequate to protect the province from significant environmental risks” due to a lack of resources,
infrequent inspections and irregular permit review (AGBC, 2016).
In response to the Mount Polley disaster, BC amended the Mines Act to include administrative penalties — which do
not require court proceedings — and increased punitive damage maximums (Government of British Columbia, 2017c).
MEMPR, the Ministry of Environment and the Environmental Assessment Office maintain a website that discloses
authorizations, inspection records, and permits, but does not expose reclamation plans or financial assurance
documents.
Liability estimates, annual reclamation reports and financial-assurance amounts are publicly available, but closure
plans are generally not (Hoekstra, 2016; EY, 2017).
According to British Columbia’s Auditor General, there is no clear guidance for the Chief Inspector’s decision making,
and their decisions are not well documented (AGBC, 2016).
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9.3 Alberta
Legislative authority
for demanding
financial assurance

•
•
•
•

Scope of financial
assurance

•
•

•
Stringency of
financial assurance

•
•
•

Risk differentiation

The Alberta Energy Regulator (AER) is a quasi-judicial body tasked with promoting energy development and
environmental stewardship in Alberta.
The AER has the authority to require financial assurance through the Mine Financial Security Program (MFSP) under
the province’s Environmental Protection and Enhancement Act.
The MFSP governs financial-assurance requirements for the reclamation of oil-sands and coal-mining sites in Alberta.
In addition, the AER has the authority to investigate and issue charges for damage that occurs as a result of a disaster
(a liability rule).
The MFSP applies exclusively to onsite remediation, which includes operations, suspension, abandonment,
remediation, and surface reclamation.
There are four different financial assurance programs under the MFSP:
1. The Base Security Deposit (BSD) is the most prevalent type of financial security required under the MFSP and is
mandatory for all new projects. The amount of assurance required is fixed based on the project type and ranges
from $2 million to $60 million for more complex oil-sands projects. The BSD allows the AER to maintain the site
should the proponent go bankrupt and reclaim the site if no other firm acquires it (AER, 2017c). As of 2017, the AER
is holding $1.4 billion in BSDs for the oil sands relative to an estimated liability of $27 billion (AER, 2017a).
2. If a project’s asset-to-liability ratio falls below 3-to-1, the firm must submit an Asset Factor Safety Deposit to bring
the ratio back up to 3-to-1. What constitutes an asset under the MFSP is discussed below, in the section dealing
with risk differentiation. No funds have been collected under this program to date.
3. If a company defers on its reclamation obligations in a given year, the AER can demand an Outstanding
Reclamation Deposit, a flat fee of $75,000 per hectare of land that the company planned to reclaim but did not
(AER, 2017c). This figure represents the upper-end of per-hectare reclamation costs, as defined by the AER. No
funds have been collected under this program to date.
4. The Operating Life Deposit takes effect when a site has 15 years of reserves remaining. The firm must begin
to submit financial assurance to cover all future remediation liabilities, at a rate of 10% per year. The firm’s
environmental liabilities must be covered in full five years before a mine’s end of life (AER, 2017c). Funds will be
collected under this program starting in 2018.
The MFSP does not cover disasters, and there is no provision for financial assurance for probabilistic events in any
other legislation.
The MFSP is stringent in that the Operating Life Deposit eventually requires full financial assurance for remediation.
However, it is not stringent with respect to the timing of this assurance since companies are not required to post
assurance beyond the Base Security Deposit until later in a mine’s life.
A firm that does not meet the required 3-to-1 asset-to-liability ratio would be required to post an Asset Factor
Safety Deposit, and firms that do not meet their reclamation obligations would be required to post an Outstanding
Reclamation Deposit. However, as of 2015, no security had been collected under these two programs to date
(AGA, 2015).

Financial risk:
• The MFSP’s Asset Factor Safety Deposit is intended to differentiate firms’ financial risk, relying on asset-to-liability ratios
as an indicator of overall financial health, and demanding additional security where needed.
• However, the methods the AER uses to calculate assets under the Asset Factor Safety Deposit may inflate valuations
(AGA, 2015):
• Assets include proven reserves and probable reserves; that is, reserves to which the company does not currently
have access but could in the future. No risk-based adjustment is performed for these probable reserves (AGA, 2015).
• The AER’s calculation of resource-asset valuation may understate the effects of a decline in commodity prices and
does not include discounting (AGA, 2015).
• The MFSP requires annual reporting, but there is no mechanism that would require a firm to post security in the
event its financial health declines between reporting periods (AGA, 2015).
Technological risk:
• A key type of risk that the MFSP does not differentiate is technological risk. Recent reclamation plans approved by the
AER, including Suncor’s Millennium Mine and CNRL’s Horizon Mine, intend to rely on a process called “water capping”
to reclaim their tailings (AER, 2017b; AER, 2017d). Water capping involves treating tailings and then “capping” them
with a layer of water, creating an artificial water body such as a wetland or a lake. Water capping has been proven only
at lab scale (AER, 2017d).
• Firms such as Suncor and CNRL are required to develop alternative technologies in case water capping does not work,
but this risk (and the cost of these alternatives) is not reflected in their financial assurance requirements (AER, 2017b;
AER, 2017d).
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9.3 Alberta continued
Estimation of
liability and
magnitude of
financial assurance
required

•

Enforcement,
monitoring and
transparency

•
•

•
•

•

Firms must provide annual reports detailing asset and liability estimates and submit additional financial assurance
where necessary.
Firms are not required to provide supporting documentation for their estimates (AGA, 2015).
A 2010 expert panel highlighted that inconsistent views between the sector and regulators on issues such as what
constitutes reclamation and equivalent land use may be leading to discrepancies in estimated reclamation costs
(Gosselin et al., 2010).
The AER did not have an enforceable directive around tailings management until 2016.
Alberta’s Auditor General has highlighted enforcement issues related to the MFSP, including limited audit verification
and the lack of risk-based planning to ensure the AER is requiring sufficient financial assurance (AGA, 2015).
Transparency is an issue as well: for example, some components of firms’ liability estimates are not publicly disclosed,
including how they are accounting for uncertainty in their operations (AGA, 2015).

9.4 Ontario
Legislative authority
for demanding
financial assurance

•
•

•
•

Scope of financial
assurance

•

Stringency of
financial assurance

•
•

•

•
•
•
•
•
•
Risk differentiation

•

The Ministry of Northern Development and Mines (MNDM) regulates Ontario’s mining sector under the authority of the
Mining Act.
MNDM has a dual mandate: encouraging prospecting and development of mineral resources and minimizing the
effects of these activities on public health, safety, and the environment. Ontario’s Auditor General has recommended
segregating the responsibility for the promotion of mineral exploration and development in Ontario from the oversight
of mine-closure plans (OAGO, 2015; Government of Ontario, 2018a).
Financial assurance is covered in O. Reg 240/00: Mine Development and Closure.
In terms of broader mining sector policy, Ontario is in the process of overhauling its Mining Act, and has updated
requirements for staking, early-stage exploration, and Indigenous consultation. It has added new enforcement
measures and maximum fines for aggregate mining (Norton Rose Fulbright, 2017).
MNDM requires financial assurance for onsite reclamation liabilities, including long-term monitoring and perpetual
care (where necessary).
Offisite impacts fall under the Environment Protection Act, which permits the collection of financial assurance for
measures to prevent adverse effects either during or following operations.
Mining firms face two possible treatments for financial assurance in Ontario.
Mining companies that can pass a corporate financial test may be waived of some or all of their reclamation security
obligation, depending on their financial strength. This allows them to self-assure — a soft form of firm-level financial
assurance — for the first half of the mine’s life.
To receive this treatment, firms must obtain an appropriate credit rating from two of three selected ratings agencies
(Moody’s, Dominion, and Standard & Poor). Those that do can self-assure against their remediation liabilities. The only
firm that currently receives this treatment in Ontario is Vale Canada (OAGO, 2015).
Firms that lose their credit rating are required to submit full, hard financial assurance within 30 days (Government of
Ontario, 2018a).
Firms must specify in their initial closure plans the form and amount of financial assurance they will submit to MNDM
if they close the mine early, lose their credit rating, or enter the second half of the mine’s life (Government of Ontario,
2018a).
Firms that do not pass the financial test (or decline it) face the second, more stringent type of financial assurance
treatment. These firms must provide full, hard financial assurance with the submission of a closure plan, prior to the
start of work.
Acceptable forms of assurance include cash, letters of credit, reclamation trusts, and insurance bonds (Government of
Ontario, 2018a).
At MNDM’s discretion, softer types of assurance can also be accepted. These can include a pledge of assets, a sinking
fund or per-tonne royalties (Government of Ontario, 2018a).
By relying on external evaluation from credit ratings agencies and differentiating financial assurance requirements
accordingly, Ontario’s two-tiered system differentiates financial risk.
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9.4 Ontario continued
Estimation of
liability and
magnitude of
financial assurance
required

•

•
•
•

Enforcement,
monitoring and
transparency

•
•
•

•
•
•
•

Ontario’s Mine Reclamation Code requires liability estimates in mines’ closure plans to be based on third-party
costing (Government of Ontario, 2018a), which assumes that contractors — rather than the firm — will carry out the
reclamation work. Third-party costing raises the estimated cost of remediation but helps to ensure that the financial
assurance required against remediation is sufficient to cover government’s expected costs in the event the firm goes
bankrupt.
Project proponents must certify that the cost estimates of the rehabilitation work described in the attached closure
plan are based on the market-value cost, and the amount of financial assurance provided is adequate and sufficient to
cover the cost of the rehabilitation work. Ontario allows for the “least-cost” method for calculating liabilities.
Long-term, post-remediation costs are converted into a Net Present Value using a 3% discount rate.
The government uses consultants to review closure plans. In a number of instances, the consultants accepted less
stringent rehabilitation plans or recommended against requiring additional risk assessment of AMD or evaluating longterm structure stability. This was due to the potential cost burden on firms (OAGO, 2015).
As of 2015, one-third of closure plans had not been updated in over 10 years. Ontario had $63 million in reclamation
costs uncovered by financial assurance due to failure to update closure plans since 2000 (OAGO, 2015).
Ontario’s Auditor General has flagged the timely review and updating of closure plans and financial assurance as an
issue, as well as MNDM’s internal capacity for evaluation of closure plans. The department has dedicated resources to
addressing the issue (OAGO, 2015).
With respect to onsite monitoring and enforcement, MNDM visited 62 sites between 2013 and 2014, finding that
45% of closure plans were non-compliant or required additional financial assurance. Inspectors recommended that
these companies perform the necessary work to determine whether additional financial assurance was required.
Just two firms responded; only one provided additional assurance (OAGO, 2015).
Penalties for non-compliance with closure plans are not more than $30,000 for each day on which the offence occurs
or continues, or imprisonment for a term of not more than two years, or both.
Proponents must submit progressive rehabilitation reports during the life of the mines. MNDM is developing
benchmarking and best-management practices guideline for closure plans and financial assurance.
A large number of mines in Ontario rely on letters of credit for financial assurance. The details of these private
contracts may not always be available to the public.
In response to the Auditor General’s report, MNDM has made the type and amount of financial assurance publicly
available for every mine in the province (Government of Ontario, 2017c; Government of Ontario, 2018b).

9.5 Quebec
Legislative authority
for demanding
financial assurance

•

Scope of financial
assurance

•
•

•
•

•
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The Mining Act is the primary law governing resource extraction in Quebec, including mine closure, reclamation, and
financial assurance.
The Ministère de l'Énergie et des Ressources naturelles (MERN) administers the Mining Act.
In 2013, MERN overhauled the Mining Act in response to recommendations from the province’s Auditor General,
including substantial changes to how it addresses financial assurance.
Financial assurance covers all onsite environmental damage that is expected to take place during the life of a mine.
The aim of rehabilitation is to restore the site to a satisfactory condition by: 1) eliminating unacceptable health
hazards and ensuring public safety; 2) limiting the production and circulation of substances that could damage the
receiving environment and, in the long-term, trying to eliminate maintenance and monitoring; 3) restoring the site to
a condition in which it is visually acceptable to the community; and 4) reclaiming the areas where infrastructures are
located for future use. Liability estimates must address all four factors (Gouvernement du Québec, 2017b).
MERN does not require financial assurance against potential disasters.
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9.5 Quebec continued
Stringency of
financial assurance

•
•

•

•
•
Risk differentiation

As a result of the amendments to the Mining Act, Quebec’s financial-assurance regime is very stringent.
Firms must cover 50% of their estimated reclamation costs within 90 days of MERN approving their closure plans.
The remaining 50% is due in two installments over the following two years (Gouvernement du Québec, 2017b). Prior
to these amendments, MERN required assurance of 70% of the estimated cost of rehabilitation and restoration, with
more relaxed timelines (AGQ, 2009).
MERN will accept only hard assurance. Acceptable types of financial assurance include cheques, governmentguaranteed securities, investment certificates, surety bonds, letters of credit, immovable hypothecs, environmental
trusts, and insurance. Discretion is left to MERN as to which of these it accepts from any operation (Gouvernement du
Québec, 2017b).
As of March 31, 2017, MERN has $1.2 billion in mining-related environmental liabilities, including $745 million for
abandoned mine sites and $455 million for mine sites where the owners are at risk of bankruptcy (Gouvernement du
Québec, 2018).
Quebec has pledged to reduce its mining-related environmental liabilities (a legacy of its old financial assurance
system) by 80% by 2022 (Gouvernement du Québec, 2018).

Financial risk:
• With respect to financial assurance, all firms receive the same stringent treatment in Quebec’s regime, regardless of
their unique financial risk.
Environmental risk:
• Environmental risk differentiation occurs through collaboration between MERN and the Ministère du Développement
durable, de l'Environnement et de la Lutte contre les changements climatiques (MDDELCC).
• MDDELCC provides input and corroboration for closure plans (Gouvernement du Québec, 2017a), ensuring closure
plans (and thereby financial assurance demands) accurately capture the full scale and significance of an operation’s
expected environmental impacts.
• Greater ministerial collaboration was a step recommended by the Auditor General and was part of the 2013 overhaul
of the Mining Act (AGQ, 2009).

Estimation of
liability and
magnitude of
financial assurance
required

•
•
•
•
•
•

Enforcement,
monitoring and
transparency

•

•
•

Project proponents are responsible for providing and verifying liability estimations with submission of their closure
plans, which they update at least every five years.
MERN is authorized to request additional details and supporting documentation related to cost estimates
(Gouvernement du Québec, 2017b).
Closure plans have been available to the public since 2013.
While MERN is largely responsible for regulating the mining sector, it works closely with MDDELCC for permitting and
reviewing and updating closure plans, including liability estimation (Gouvernement du Québec, 2017a).
Work to reclaim a mine site must begin no later than three years after operations cease. Following remediation,
vegetation needs to take hold for 6 years without any maintenance.
The Mining Act allows MERN to issue a certificate releasing the company from its obligations and authorizing its
financial assurance to be returned when MERN and MDDELCC are satisfied that the company has met three conditions:
• the rehabilitation work is completed in accordance with the approved plan
• the condition of the land no longer poses a risk to the environment or human health and safety
• there is no further risk of acid mine drainage from the site
Quebec’s new mining strategy outlines a number of areas where it aims to improve enforcement outcomes, including
making closure plans and financial assurance amounts public, creating new mechanisms to improve the sector’s
environmental and social performance, and implementing the Act Respecting Transparency Measures in the Mining,
Oil and Gas Industries (Gouvernement du Québec, 2016).
If the proponent's rehabilitation measures fail to meet the general requirements outlined in the Reclamation
Guidelines, they must demonstrate the validity of alternative approaches (Gouvernement du Québec, 2017b).
Failure to file and get the approval of a reclamation plan is subject to a fine up to $500,000 for an individual and
$3 million for a corporation. The previous maximum fines were $3,500 in the case of an individual and $6,975 in the
case of a corporation (Piette, 2014).
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i
A settlement fund was also created by a number of companies implicated in the disaster, but it is focused on compensating for personal injury and property damage
(Bernstein Shur, 2015). The majority of the derailment’s environmental costs will be borne by society.

In contrast, some environmental harms are expected and authorized. For example, a manufacturing facility might emit particulates, sulphur dioxide, nitrous oxides,
or volatile organic compounds. These pollutants can cause significant harm — including adverse impacts on human health — in sufficient concentrations. Yet policymakers accept that some air pollution will occur and aim to limit and control the pollution (as opposed to eliminating it) so as to manage the environmental damage
without stopping the related industrial activity (e.g., in Sarnia, home to Ontario’s Chemical Valley, air pollution is subject to provincial emissions controls and federal
ambient air quality standards (Government of Ontario, 2015; WHO, 2016)). Still though, concerns about air quality remain, and the provincial government has recently
pledged to fund a study of the health impacts of local air pollution on Sarnia residents (Jarvis & Russell, 2017).
ii

In this way, compensation is a distributional principle: It is about who pays the cost of a harm. In many cases, firms may object to having to having to bear the full costs
of their environmental damage, arguing that these new costs represent too large a burden. However, it is important to remember that these costs are not new; rather,
they are existing costs that are being shifted away from society (Boyd, 2001).

iii

iv
This type of strategic corporate structuring is a common driver of privately caused environmental harms leading to social costs (Mackie, 2014; Faure, 2014; Boomhower,
2014).

The $1 billion liability also applied to offshore Arctic oil. However, in 2016, the Canadian government placed a moratorium on drilling in the Arctic (Government of
Canada, 2016b).

v

In specific cases, policy-makers might choose to manage risk by eliminating it. Some types of risk (or levels of risk) might simply be unacceptable to policy-makers or
the public. In particular, uncertainty or fat-tailed risk might cause a jurisdiction to block a potential project or to issue a moratorium against a certain activity. See Section
3.3 for a discussion of the significance of uncertainty and fat-tailed risk.

vi

Governments sharing firms’ environmental risk is an implicit subsidy (Strand, 1994). Subsidizing risk creates a situation of moral hazard that can increase the risk of
environmental damage and associated economic costs. Further, when damage does occur, risk sharing means that a portion of cleanup costs and compensation toward
affected parties must be paid out of government tax revenues — taxation that also carries an economic cost. As a result of these drivers, when governments subsidize
firms’ environmental risk in the absence of a sound rationale for doing so, the costs can exceed the benefits.

vii

viii
To help ensure compliance with regulations, legislation will often grant government the authority to issue regulatory fines. For example, in 2013, the federal
government amended the Fisheries Act to increase maximum corporate fines for violations of the act to $6 million for first-time offenders and $12 million for secondtime offenders (Brown, 2013).
ix
In addition to assigning liability for environmental damage, liability rules can also channel it in different ways. For example, legislation could make a company’s
directors and officers personally liable for a particular type of environmental harm. Or it could hold firms “jointly and severally” liable for a given harm — either
horizontally (to other firms in the sector) or vertically (to other parts of the industrial value chain) (Monti, 2002; Faure, 2016; Mutcheson, 2017).

A tort, in common law jurisdictions, is a civil wrong in which an injurer (the “tortfeasor”) is held to compensate an injured party for loss or harm that it has caused.
Precedent and case law is used to establish the tortfeasor’s liability toward the injured party and to award damages. In civil law jurisdictions, torts do not apply, and
liability is instead based on a system of codified rules that define parties’ legal obligations to each other. Quebec is the only province in Canada governed under civil law.
One example of a tort being used to recover the cost of environmental damage is Midwest Properties Ltd. v. Thordarson, where the Court of Appeal for Ontario awarded
damages to the plaintiff for contamination on its property caused by leaching waste that originated on the defendant’s property (Midwest Properties Ltd. v. Thordarson,
2015).

x

Financial assurance reduces environmental risk not only by changing the incentives firms face in managing their operations, but also by providing a screening function.
When financial assurance instruments efficiently price environmental risk, some particularly high-risk projects might no longer be economically viable. When these
projects do not go ahead, the total risk of environmental damage falls. This might reduce economic activity, or it might not: Firms might respond by withdrawing projects
altogether or by putting forward less environmentally risky ones.

xi

Financial assurance can support economic activity by minimizing the cost of improving deterrence and compensation outcomes. It will usually not bolster economic
activity since financial assurance typically adds costs. However, to the extent to which financial assurance can substitute for cost recovery via expensive civil litigation, it
may lower costs overall, and thereby increase economic activity (Ben-Shahar & Logue, 2012; Mackie, 2014).

xii

Criminal intent is the least stringent standard in this context. A chemical company operating under a criminal intent liability standard would be liable for
contamination only if government (or a private plaintiff) could prove that the company had caused the contamination intentionally and did so in knowing contravention
of the law. Criminal intent is a relatively uncommon standard in liability rules dealing with environmental damage.

xiii

However, even a negligent firm may not be fully liable for damage in situations of “contributory negligence” — when the negligence of an injured party (in this case,
some member of society) contributes to a harm’s occurrence or severity. In these cases, society may bear a portion of the costs of a harm. However, because it would be
culpable in it, its costs would not count as “social costs” in the sense the term is used in this report. Situations of contributory negligence are therefore not considered
liability gaps.

xiv

“Due diligence” is a legal obligation to adhere to a standard of care when performing an act that could harm others. For regulatory offences, the standard for due
diligence is determined by a combination of factors, including applicable regulations and industry standards. This is more or less the same analysis as applied in tort
suits, where the court must determine the applicable standard of care. In both contexts, courts can use standards provided by regulations or legislation to determine
whether a firm took “reasonable care” (this term is used in both contexts) but are not limited to them. For example, they may consider whether air pollutants from a
firm’s steel mill exceeded concentrations laid out in regulatory statutes, or they might focus on whether the firm implemented available, reasonably-priced technologies
to mitigate air pollution from the steel mill (i.e., regardless of what regulations might have called for). Once the standard of care is established, the court must determine
whether it was breached. If a firm can be shown to have breached the standard, it will be liable; otherwise, it will not. For example, in the 2002 case of R. v. MacMillan
Bloedel Ltd., a ruptured pipe released toxic substances into a creek in British Columbia, a violation of the Fisheries Act. But because the leak was caused by corrosion
that was not foreseeable, the B.C. Court of Appeals ruled that the MacMillan Bloedel had exercised due diligence and was not liable (Her Majesty the Queen, 2002).

xv
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xvi
This liability cap will be effective as of 2020. Canada’s Nuclear Liability and Compensation Act has set liability at $650 million starting in 2017, increasing to $1 billion by
2020 (NRCan, 2017c).
xvii
In The Supreme Court's Canfor Decision: Losing the Battle but Winning the War for Environmental Damages, Elgie and Lintner (2005) discuss the Canfor case, in which
the Government of British Columbia sought damages from Canadian Forest Products Ltd. ("Canfor") for causing a fire that burned a large area of public forest, including
environmentally sensitive areas. While damages were not awarded, the case set an important precedent for Canadian governments seeking damages for environmental
harm (Denstedt & King, 2014). However, to date, no provincial government has attempted to use this precedent in a civil suit seeking damages for environmental harm.

Canada is the relevant jurisdiction in this context, since liability would typically follow a firm that moved from one Canadian province or territory to another. Where
international agreements permitted, Canadian governments may be able to hold a firm or its owners liable despite their having left the jurisdiction. Where this was not
the case, the firm may be able to escape its liability.

xviii

There are some exceptions to this principle, including that a shareholder may lose limited liability if they have acted fraudulently.

xix

In 2015, a small Alberta-based oil and gas company called Redwater Energy went bankrupt. A legal dispute soon followed between the government-run Alberta
Energy Regulator (AER) and Orphan Well Association (OWA) and ATB Financial, a bank that was owed $5 million by Redwater. Grant Thornton, the trustee and receiver
liquidating Redwater, wanted to sell Redwater’s producing wells and renounce the non-operational ones, making them the responsibility of the OWA. The AER and OWA
contended that buyers of the assets should also receive the liabilities and sued in 2016. The court sided with the receiver, but AER and OWA appealed to the Court of
Appeal of Alberta, which upheld the decision.
xx

xxi

The cap is in nominal terms — it does not rise with inflation. Liability under the cap is absolute. In cases of negligence, the cap is lifted (Government of Canada, 2015b).

Uncertainty can also cause policy-makers to misjudge how much financial assurance is needed to protect against social costs. For example, a regulator might believe
that it has required enough financial assurance to appropriately limit the possibility of social costs associated with methane leaks in the oil and gas sector. But if, due
to uncertainty, the regulator fails to appreciate key drivers of environmental costs, financial assurance may be insufficient. Researchers at the University of Guelph have
recently shown methane to be more mobile in groundwater — and thereby, more environmentally consequential — than was previously understood (University of
Guelph, 2017). As a result, the environmental cost of methane leaks from the oil and gas sector may be underestimated, and any financial assurance required from firms
in the sector wrongly calibrated. In this way, the uncertainty surrounding methane’s environmental impacts may have increased the probability that society will bear a
portion of firms’ environmental costs.
xxii

Firms are allowed to deduct QET contributions from their income, and earnings within the trust are taxed at corporate rates, not the higher trust rate. Firms are also
able to deduct expenses related to reclamation, which can offset the costs of withdrawals made from the trust (Dixon et al., 2012).

xxiii

xxiv
As an alternative to a guarantee, a parent company might also form a captive insurance company to insure its subsidiaries’ risks. This option is similar to a guarantee
except that it involves the collection of premiums from the subsidiary. This can be an attractive option for large firms with a multitude of projects or numerous lines of
business (Nevius, 2013). For a general discussion of insurance, see Section 4.3.
xxv
In cases of fat-tailed or uncertain risks, insures will sometimes co-insure (i.e., provide coverage against a particular risk as a group). Co-insurance arrangements pool
risk across insurance companies and can provide firms with coverage that might otherwise be unavailable in the market (Dana & Wiseman 2015; Faure, 2007b).
xxvi
This risk differs across types of third party. Bankruptcy is highly improbable for Canadian banks, since the Bank of Canada acts as a lender of last resort. Insurers
commonly reinsure themselves, providing a coverage backstop (reinsurance is insurance for insurance companies that protects them against the full financial cost of
catastrophic events); therefore, their risk of default is also low (but not zero). The risk of capital providers defaulting is more significant (Bougen, 2003; Kelly, 2016).

It is not possible to generalize about how sector-level assurance’s costs will compare to third-party assurance’s. If third-party assurance was also able to pool risk
across the entire sector, then the two instruments — assuming they provided equal coverage — would be comparable. However, firms might pay lower premiums under
sector-level assurance, by virtue of the fact that sector-level schemes are commonly not-for-profit. Alternatively, they might pay lower premiums under third-party
assurance, by virtue of the fact that these schemes can pool risk across sectors, and the fact that the costs of coverage might fall as third-party intermediaries compete to
provide it.

xxvii

A public fund that was funded out of government’s general revenue would qualify as a simple backstop; for our purposes, this would not be a financial assurance
instrument, since it would receive no direct funding from the sector. Because government would simply be earmarking funds against potential future social costs, the
scheme would qualify as fiscal policy, rather than financial assurance.

xxviii

The National Orphaned and Abandoned Mines Initiative (NOAMI) — an interprovincial body formed by governments, non-government organizations, Canada’s mining
sector and First Nations — explores policies to limit the problem of companies walking away from their reclamation obligations. Some orphaned or abandoned sites
are very old, predating legislation and regulations that would have required cleanup, but others are more recent. For example, due to financial trouble, Shear Diamonds
vacated Nunavut’s remote Jericho diamond mine over a single weekend in 2013. The company performed basic cleanup over a 48-hour period and then flew out its
entire staff, disconnected its phones, and shut down its website. Nunavut’s regulators learned of this only the following week. Jericho is now a federal contaminated site.
The federal government will likely bear part of the costs of the mine’s reclamation. Shear was required to post $3.4 million in financial assurance, but at least $1.4 million
was outstanding at the time of abandonment (CBC News, 2013; Morgan et al., 2013).

xxix

xxx
Mining licences typically require firms to remediate and reclaim a mine at the end of its life (i.e., they have a legal obligation to deal with onsite contamination). If a
firm did not perform this remediation and reclamation and government was forced to, then the firm would become liable for the costs. However, even though firms
would be fully liable at this time, they may not bear the cost of remediation and reclamation if they are judgment proof (liability gap 5).

Punitive fines issued under regulatory statutes will often be capped at a particular level. However, mining firms’ liability for environmental damages is not capped in
any of the five jurisdictions evaluated.

xxxi

Yukon is home to Faro Mine, one of Canada’s most expensive abandoned sites. Reclaiming it will cost an estimated $500 million. Faro was abandoned in 1998, prior
to the implementation of Yukon’s devolution agreement. Its abandonment has been influential in shaping its post-devolution financial assurance policy regime (Croft,
2017).

xxxii
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xxxiii
In general, financial-assurance requirements will be more easily met by large and well-capitalized firms. As a result, increasing the stringency of financial-assurance
requirements can tilt the playing field in favour of large firms or encourage consolidation. To the extent that policy-makers value the role that small firms play in a
sector, this can be a weakness of more stringent financial-assurance policy (although there are ways to mitigate it). However, this change in industry structure can be
economically efficient: only those firms that can afford the cost of the risks they impose will remain, and both deterrence and compensation will improve (Boyd, 2001;
Viscusi & Zeckhower, 2011; Dana & Wiseman 2015; Boomhower, 2014; Dachis et al., 2017).
xxxiv
Overall, Quebec’s reforms do not appear to have significantly affected the competitiveness of its mining sector. In its most recent annual mining survey, the Fraser
Institute ranked Quebec the sixth most attractive for investment out of 91 jurisdictions surveyed – the second highest in Canada. Quebec has ranked in the top 10
for eight of the last 10 years. Mining investment grew by 3% in 2016 and 18% in 2017. While overall investment is still down 41% from its peak in 2012, Canada-wide
investment has fallen by 56% over the same time period (McMahon and Cervantes, 2011; McMahon and Cervantes, 2012; ISQ, 2017; Jackson and Green, 2017; NRCan,
2017a; NRCan, 2017b; Stedman & Green, 2018).
xxxv
In such cases, governments would also have access to remaining onsite reserves. This is — arguably — an additional, soft type of assurance that in some cases might
allow governments to avoid social costs stemming from the mine’s non-remediation by its owner. Where a prospective new owner thought it could earn a sufficient
return from remaining reserves, it might take over operation of the mine. In cases where this new owner performed eventual remediation at the site, society would
not bear the cost. However, where this does not occur (or where the new owner also becomes judgment proof), society will bear the cost. For example, the owner of
Saskatchewan’s Gunnar Mine walked away in 1964 after operating for nine years. The open-pit uranium mine was flooded, leaving behind four million tonnes of tailings.
In 1990, the site’s mining and surface rights lapsed and the provincial government took control of the site. Reclamation will continue for several years, with a total
estimated cost of $268 million (NRCan, 2016a; MacPherson, 2018).
xxxvi
Another key uncertainty associated with long timeframes can be found in how financial assurance is collected against long-term or perpetual environmental
costs (e.g., AMD). To determine the right amount of financial assurance to require against these costs, governments need to calculate a Net Present Value (NPV). For
government to cover its costs, the funds collected from the firm in the amount of the NPV must earn a real rate of return that exceeds the discount rate used in the
calculation. This means that if government does not realize a post-inflation rate of return on the invested funds that exceeds its selected discount rate forever it will bear
significant costs. However, returns on investment decades into the future — let alone centuries — are highly uncertain.

New Brunswick appears to be an exception. It requires oil and gas companies to post financial assurance to cover industrial accidents and contamination of drinking
water. These regulations were in place prior to New Brunswick’s moratorium on hydraulic fracturing in 2014 (Government of New Brunswick, 2012).

xxxvii

Western Australia’s Mining Rehabilitation Fund (MRF) is a pooled fund designed to cover the rehabilitation of abandoned mines where the licence holder or
operator fails to meet their end-of-life obligations. Any firm with reclamation expenses exceeding $50,000 must contribute. The interest generated by the MRF covers
its administration costs, with surplus directed toward the rehabilitation of legacy abandoned mine sites throughout the State. The target is to establish a fund of $500
million (Government of Western Australia, 2018).

xxxviii

The Mining Association of Canada’s Tailings Management Protocol is a series of performance indicators, policies, and controls that mining companies can use
to ensure that they are managing their tailings storage facilities in a safe and environmentally responsible manner. Use of the Protocol is mandatory for the Mining
Association of Canada’s members. The protocol is rated as one of the most comprehensive frameworks available internationally and is taken to be a useful proxy for
compliance with good practice (Golder Associates, 2016; MAC, 2018).

xxxix

“Securitizing” risk involves packaging a scheme’s risks in a financial product and making them available for sale in financial markets. Environmental risk securities
are not prone to the business cycles that many other types of securities are. As a result, they can be an attractive way for financial investors and institutions to diversity
their portfolios. Risk securitization can be carried out by third parties, sectors, or governments. On the other hand, when government acts as a “reinsurer of last resort,”
it provides reinsurance to a third-party or sector-level scheme that the private sector will not. In exchange for a regular premium, the government reinsurer agrees to
compensate these schemes in the event their costs exceed a given threshold. This helps facilitate higher degrees of coverage from third-party or sector-level solutions.
By pricing premiums for this reinsurance above an actuarially fair level, the government can aim to eventually price itself out of the market: If a willing third-party
reinsurer eventually comes along, it will be able to offer lower-cost premiums than the government scheme. This can help to facilitate a private-sector reinsurance
solution (Pollner, 2001; Bougen, 2003; Kunreuther 2015; Faure, 2016).
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xli
This risk pooling will be most effective when it is cross-provincial. However, this is made complicated by the fact that mining is provincially regulated in Canada: mining
firms or policy-makers may be reluctant to share risk with a jurisdiction they perceive to have a higher risk profile. Risk-differentiation of premiums can help with this, but
only up to a point. To facilitate significant cross-provincial risk pooling, greater harmonization of regulations and safety standards may be needed. The potential benefits
of risk sharing might help to incentivize provinces to undertake this harmonization. Not only would this facilitate more cost-effective risk pooling, it would also limit the
scope for Canadian provinces to compete for investment with each other on the basis of their regulatory regimes. This would help avoid a “race to the bottom” in mining
regulatory standards in Canada — an important additional benefit.

While financial assurance can help inform environmental assessments, it cannot substitute for them, since environmental assessments consider much broader issues.
However, financial assurance can help reduce the risk of proposed projects and screen out particularly high-risk ones by ensuring that project proponents bear the cost
of the risks they pose and limiting the extent to which they can pass their environmental costs to society.

xlii
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Executive
Summary

Alberta’s environmental and natural resource management systems are
designed to make sure the environmental impact of development is
minimized, and the air, land, surface water and drinkable groundwater
all meet provincial guidelines. In addition, they are used to ensure
disturbed areas are properly reclaimed, renewable resources are
regenerated successfully, wildlife populations are sustained and
wilderness is conserved.
Alberta’s current systems are very effective and highly regarded—the
standards set in Alberta meet or exceed most national and North
American standards. The unprecedented pace of development in the
Athabasca Oil Sands area, however, presents new challenges for the
environmental and resource management systems of governments and
industry. These include overlapping needs for access to public land;
competition for renewable public resources such as forests, wildlife and
water; and increased potential for effects on environmental quality,
species diversity and abundance, and human health.
In September 1998, based on anticipation of further oil sands resource
development in northern Alberta, Alberta Environment (AENV)
committed to leading the creation of the Regional Sustainable
Development Strategy (RSDS) for the Athabasca Oil Sands region. The
development was led by the Northeast Boreal Region of AENV, with a
strong partnership involving regional stakeholders and regulators. The
partners include First Nations and Aboriginal Communities, industry,
environmental interest groups and government agencies (provincial
[Alberta and Saskatchewan], municipal and federal).
The RSDS builds on Alberta’s current environmental and resource
management system by creating the framework for the following:
❏ Providing support for the continued economic development in the
region that addresses environmental needs and resource
sustainability.
❏ Creating an enhanced management framework that will adapt to the
changing needs of the area, which will guide government's
environmental and resource managers.
❏ Developing a strong foundation of environmental information and
science to assist in making decisions on sustainable resource and
environmental management in the region.
❏ Creating a way to identify priority regional environmental issues,
and to organize the science and monitoring work needed to
understand these issues.
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An inventory of environmental and resource management systems, the
identification and analysis of issues, and the drafting of the RSDS were
completed on July 30, 1999. The 72 issues addressed by the RSDS were
identified from project-specific environmental impact assessments in the region,
the Athabasca Oil Sands Cumulative Effects Assessment Framework Report1,
and from issues raised during Alberta Energy and Utilities Board (EUB)
hearings on oil sands mines and in situ bitumen production projects. The
issues were grouped according to similarities in their information gaps, and a
list of 14 themes was created. Blueprints for action were then developed to
resolve the issues within these theme groups. The groups were separated into
the following three categories:

Category A (based on information gaps and urgency)
Sustainable ecosystems; cumulative impacts on wildlife; soil and plant species
diversity; effects of air emissions on human health, wildlife and vegetation; and
bioaccumulation of heavy metals.

Category B (based on information gaps and work underway)
Access management; cumulative impacts on fish habitat and populations;
effects of tailings pond emissions; effects of acid deposition on sensitive
receptors; and impacts on surface water quality.

Category C (based on information gaps, work underway, and
lower level of urgency)
End pit lake water quality; impacts on surface water quantity; and impacts on
groundwater quantity and quality.
It is recognized and acknowledged that issues of tomorrow may be different
from those of today. RSDS provides a framework and a process to review and
adapt environmental and resource management in a continuous learning
format, and to improve and respond quickly to changing circumstances.

1 Athabasca Oil Sands Cumulative Effects Assessment Framework Report Prepared for the Cumulative
Environmental Effects Management Initiative; February 1999. Golder Associates Ltd.
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1.

Section

Overview

Introduction
Oil sands development in Alberta has been intensifying over the past few years
as reserves of conventional crude oil diminish. A large part of the development
involves the Athabasca Oil Sands deposit in northeastern Alberta, which has
made this region the focus of the Regional Sustainable Development Strategy.
The RSDS follows the direction laid out in the recent policy document, Alberta's
Commitment to Sustainable Resource and Environmental Management (March
1999). This document confirms, “Resources such as trees, minerals, wildlife,
water, fish, range, public land and plants shall be managed in a manner that
addresses their interdependence, and recognizes that the use of one resource
can affect other users and other resources. Environmental decisions will take
into account economic impacts, and economic decisions will reflect
environmental impacts.”
The policy document supports the Alberta Advantage, which recognizes the
need to balance opportunities for growth with the need to preserve and
maintain the rich environment for future generations. It confirms Alberta's
commitment to sustainable development, and describes the provincial
government's approach to sustainable resource and environmental
management. It also provides Alberta’s vision for sustainable development,
which is highlighted in the box on the left.

Vision of Sustainable
Development for
Alberta
Alberta, a member of the global
community, is a leader in
sustainable development, ensuring
a healthy environment, a healthy
economy, and a high quality of life
in the present and future.
Alberta's Commitment to
Sustainable Resource and
Environmental Management

The RSDS provides a framework for balancing development with
environmental protection. The careful resource management practices followed
in Alberta are fundamental to this balance. This provincial direction for
sustainable resource management was confirmed in the March 1999 policy
document, and is as follows:
❏ The use of Alberta’s natural resources shall be sustainable.
❏ The management of Alberta’s natural resources shall support and promote
the Alberta economy.
❏ Alberta’s environment shall be protected.
❏ Resources shall be managed on an integrated basis.
❏ Alberta’s natural resources shall be managed for multiple benefits.
Alberta Environment (AENV) is leading the process for developing this regional
strategy, and is working in co-operation with all regional stakeholders, including
federal and municipal governments. The RSDS is designed as a “living
document” to keep pace with changes in the region. It is guided by government
policy, and is consistent with provincial and national commitments to
sustainable development and biological diversity. Extensive work has been
underway for several years to gather environmental and resource information in
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the region, and to manage the effects of development activity on people and
the environment.
By working in partnership, the key issues and needs in the region have been
identified by government agencies, regional stakeholders and regulators, and
special interest groups. Examples of these needs are as follows:
❏ Industry—greater certainty about access to resources, and a role in shared
environmental management of the resources in the region.
❏ First Nations and Aboriginal Communities—an essential voice in
developing this strategy, which includes recognition of their existing rights
and uses in the region.
❏ Environmental organizations and concerned citizens—a voice and role in
the orderly development of the region, and a commitment from the
provincial government to maintain an acceptable level of environmental
quality.
❏ Government agencies that deliver services and regulate activities in the
region—a common ground on which to base long-term goals for
sustainable development and environmental management of the region.

Principles
“The environment is where we all
live, and development is what we
all do to improve our lot within
that abode. The two are
inseparable.... What is needed is
a new era of economic growth
— growth that is forceful and at
the same time socially and
environmentally sustainable.”
(Our Common Future, by
G.H. Brundtland, WCED, 1987)

Sustainable development is a shared responsibility. It is based on integrating
environmental protection with economic growth and resource use, and making
full use of the available management tools and resources. Co-operation among
all regional stakeholders, including government agencies, is a positive step
toward achieving sustainable development.
Based on discussions among stakeholders and on the guidance of provincial,
national and international views of sustainable development, the following
principles have been identified for the RSDS region:
1. The environment will be protected.
• High quality air, land and water will continue to be maintained.
• Disturbed land will be returned to a state equivalent to the capability that
existed before disturbance, with acceptable landform, soil, vegetation,
habitat, wetlands and drainage.
• A diversity and abundance of wild plants, animals and fish will be
maintained.
2. Resources will be managed effectively.
• Renewable resources will be managed to ensure their long-term viability
and future use potential.
• Non-renewable resources will be managed to maximize benefits to
Albertans.
• Renewable resources will be managed for traditional, recreational and
resource development uses.

4

1507
• Resources will continue to be developed within the requirements of
provincial legislation, policies and guidelines.
• All resource development will occur in an orderly manner that considers
and preserves environmental quality not only within Alberta, but also in
neighbouring government jurisdictions.
3. Learning will continue.
• Information gathering and research will provide greater knowledge about
the overall environment in the region.
• The management strategy will be modified based on the new
information, needs or goals that are required to ensure sustainable
development will be realized.
4. Stewardship will be shared.
• In all cases, resource users and other regional stakeholders will continue
to share in strong environmental stewardship of the land and resources.
• Regional stakeholders will contribute their time, expertise and
knowledge, and take part in multi-stakeholder initiatives. In turn, this
gives them a greater voice in resource and environmental management
of the region.

Focus of the RSDS
The focus of the RSDS is to address the need to balance resource
development and environmental protection. It will meet these challenges in the
following manner:
❏ Provide support for resource development at a rate consistent with
environmental protection and resource sustainability by ensuring there is
an effective framework for managing natural resources and the
environment.
❏ Involve regional stakeholders in shared environmental stewardship.
❏ Create an environmental management framework that can adapt to the
changing needs of the area to guide government environmental and
resource managers.
• Develop a strong foundation of environmental information and science to
assist in making decisions on sustainable resource and environmental
management.
• Develop a method to identify priority regional environmental issues, and
to organize the science and monitoring work that is needed to
understand these issues.
❏ Communicate information on environmental initiatives and the RSDS to
members of the public.
❏ Co-ordinate the joint stewardship approach to resource management.
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Achieving this balance is especially challenging at the regional level, since
there are various uses competing for the same resource or land base. To
address this, goals and objectives are based on provincial and federal
legislation, policies and guidelines to ensure resource development and use do
not overshadow environmental protection.
To achieve a balance between environmental protection and resource
development in the RSDS region, there are a number of factors to consider.
Examples of these are:
❏ The eventual development of most of the surface mineable oil sands
(i.e., phased, open-pit surface or in situ operations, which will affect a predetermined amount of the land base)—This will be guided by the need to
maximize the benefits for future generations, and the requirements to
maintain the quality of the environment.
❏ Ongoing timber harvesting and mineral exploration—These activities will
continue to be guided by sound environmental practices and stewardship
of the land and resources.
❏ The preservation of animal and plant species—All Albertans are committed
to the concept that no known species of plant or animal will be lost from
Alberta. National and provincial biodiversity policies and guidelines will be
followed to ensure species preservation.
❏ First Nations and Aboriginal communities requirements for a traditional
lifestyle—Land, plants and animals will continue to be available to support
a traditional lifestyle for current and future generations.
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2.

Section

The Regional
Sustainable
Development
Strategy

The RSDS Area
The boundary of the RSDS coincides with that of the Regional Municipality of
Wood Buffalo. Although the strategy applies only to the air, water and
development activities within this region, impacts can extend beyond the
boundary. Jurisdictions outside the boundary of the RSDS are also considered
stakeholders if they are currently affected by resource development, or if there
is potential for this to occur in the future. This includes the Province of
Saskatchewan, owing to the potential for transboundary effects.
Strong linkages are maintained with neighbouring government jurisdictions,
including the Northwest Territories and Saskatchewan. Links are also
maintained to adjacent municipalities within Alberta and to Wood Buffalo
National Park.

Parks and Protected Areas
The RSDS area, which contains part of the Boreal Forest Natural Region and
the Canadian Shield Natural Region, lies next to Wood Buffalo National Park,
which is designated as a World Heritage Site. The national park contains two
Ramsar sites—the Peace-Athabasca Delta and the Whooping Crane summer
range. Within the RSDS region there are six candidate Special Places, 14
Recreation Areas, three Ecological Reserves, one Natural Area, six Wildland
Areas, one Provincial Park, one seasonal bird sanctuary and one federal
migratory bird sanctuary.
These parks and protected areas serve as scientific benchmarks to evaluate
the effectiveness of resource management practices in the region. They are
part of the total environment, and are considered in management of the entire
area. In the RSDS, it is recognized that activities within the region may
potentially affect these protected areas.

Roles and Responsibilities of Government
Agencies in RSDS
Federal, provincial and municipal government agencies worked together to
guide development of the RSDS. These agencies are regulators as well as
stakeholders, and they share responsibility for several areas, including:
❏ ensuring resource development follows specific legislation, policies and
guidelines;
❏ protecting the environment; and
❏ protecting human health.
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Government of Canada
In addition to administering federal legislation, the federal government shares
responsibility with the provincial government for environmental assessment of
projects affecting federal legislation, Aboriginal affairs, endangered species,
migratory birds and waterfowl, fisheries and fish habitat, national parks, and
pollution monitoring and prevention.

Municipal Governments
The municipal governments are responsible for managing the environmental
impacts related to drinking water supply, sewage and stormwater disposal,
transportation and urban development.
Provincial Government
The provincial government has a number of provincial agencies with legislated
responsibilities in the region. The primary ones are described below.
Alberta Environment (AENV)
Responsible for the protection of the province’s air, land and water, as
well as for the management and conservation of renewable resources
such as forestry, fish and wildlife. Protection of the environment occurs
through seven core business strategies under the Environmental
Protection and Enhancement Act (EPEA): project assessment and
evaluation; approvals; monitoring; enforcement; pollution prevention;
setting standards, objectives and guidelines; and decommissioning and
reclamation.
Alberta Health and Wellness (AHW)
Responsible for developing policies and standards that contribute to
improving health for all Albertans. AHW provides direction to Regional
Health Authorities who promote and protect the health of the people in
the region and work toward preventing disease and injury.
Alberta Energy and Utilities Board (EUB)
Responsible for ensuring that development and transportation of the
province’s energy resources are in the public interest. The EUB also
plays a key part in resource appraisal, application review, monitoring
and surveillance. In addition, it rules on new applications for energy
and utility activities, and amends existing approvals. The Alberta
Cabinet must authorize EUB and Natural Resources Conservation
Board approvals, which are in addition to any licenses, permits or
approvals required under other Acts, regulations or by-laws.
Natural Resources Conservation Board (NRCB)
Responsible for ensuring that major natural resource development
projects (forestry, mining, recreation and tourism industries, water
management) proceed in a safe, efficient and environmentally
responsible manner.
10
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Activity Approval
When an activity is proposed, several factors are considered, including how the
activity will affect the environment. From beginning to end, all activities must
follow specific legislation, policies and guidelines. A list of management tools,
including the legislation, policies and guidelines that apply to the region, is
provided in the supporting appendices document. An example of the process
used to make a decision on a mine development also is included.

Regional Issues and Themes
Among numerous issues being dealt with in the region, only 72 surfaced as
being of sufficient concern to be addressed through the RSDS (Appendix C).
This low number is a tribute to Alberta's highly effective environmental and
natural resources management system and the high level of co-operation
among stakeholders in the region.
Through meetings with industry, First
Nations and Aboriginal Communities,
special interest groups and various
government agencies, the list of 72
issues was refined. The issues were
then grouped according to similarities
in their information gaps, and a list of
14 themes was developed. The
themes were put into the order in
which regional stakeholders wanted
to see them addressed, and placed in
three categories. (See Section 4 for
additional information on the 14
themes.)
Two task groups were formed under
the Cumulative Environmental Effects
Management Partnership (CEEMP),
a multi-stakeholder group, to
undertake a preliminary analysis of
the issues before they were put in
order. The specific criteria used for
the analysis were:

Themes
Category A (Based on information gaps
and urgency; some work is underway)
1.
2.
3.
4.
5.

Sustainable ecosystems
Cumulative impacts on wildlife
Soil and plant species diversity
Effects of air emissions on human health,
wildlife and vegetation
Bioaccumulation of heavy metals

Category B (Based on information gaps;
work is underway)
6.
7.

Access management
Cumulative impacts on fish habitat and
populations
8. Effects of tailings pond emissions
9. Effects of acid deposition on sensitive
receptors
10. Impacts on surface water quality

Category C (Based on information gaps;
work is underway; less urgency)
11.
12.
13.
14.

End pit lake water quality
Impacts on surface water quantity
Impacts on groundwater quantity
Impacts on groundwater quality

1. Urgency—based on the
combination of timing, risk and
uncertainty for each issue.
• Environmental impact consequence and risk (What is the stakeholder’s
degree of concern at each level? If no further action is taken, what is the
risk?)
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• Timing of impact (When will the stress occur and how long will it last? Is
it happening now? Is the effect immediate or does it show up later? Is
the effect over a threshold level? Is it reversible?)
• State of management system (What is being done now to reduce
uncertainty? What are the current management initiatives to reduce or
control the impact related to the issue?)
2. Gaps—based on identifying the information and systems needed to
manage each issue.
• Scientific and traditional information (baseline information on the
resource affected. Information on stress factors [stressors] affecting the
resource. Information on the processes available for mitigation).
• Measurable management objective (policy, objectives, approvals).
The issue of health was common to most themes, and the condition of the
environment was seen as being important to the health of regional residents.
Alberta Health and Wellness will be involved directly or will be consulted on the
health-related aspects of each theme area. Several other groups will also
assist in addressing RSDS themes, including the CEEMP, the Nox/So2
Management Working Group, the Reclamation Advisory Committee, the Wood
Buffalo Environmental Association, the Terrestrial Environmental Effects
Monitoring Program, the Regional Aquatics Monitoring Program, and the
Canadian Oil Sands Network for Research and Development.

Proposed Timelines, Activities and Resources
Timelines
Proposed timelines have been given on the blueprints (Section 4) for
addressing individual themes. Work already underway on the themes will
continue. Much of the information gathering, research and management
evaluation completed over the first two years likely will apply to all themes.
Over the first three-year period, RSDS work will focus on Category A. By the
third year, work on B themes will start up and efforts on A themes will be less
intense. In the fourth year, intensive efforts will be split between Category B
and C themes. By the fifth year, efforts focused on C themes will remain high,
while the intensity on B themes will be reduced. At the end of the fifth year, the
overall success in resolving the three RSDS theme areas will be evaluated,
and a new blueprint for action will be confirmed.
The proposed timelines are shown on the bar graph. They will be adapted as
work is reviewed to reflect work in progress. A spreadsheet will be maintained
on each issue to track work in progress.
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Proposed Intensity Level
for Work on Themes

Activities
AENV anticipates that planning activities for orderly economic development will
be led by the EUB, NRCB, industry and municipal, provincial and federal
agencies with related responsibilities. It also is anticipated that activities related
to monitoring, planning and delivering public health services will be led by
regional and provincial health agencies, with participation by federal health
agencies where appropriate.

Resources
Industry and government currently are funding multi-stakeholder forums,
research, monitoring and reporting programs, and management actions in the
region. A number of these programs are identified in the technical supporting
document.
For the RSDS, urgent and essential ongoing tasks should have earliest access
to available funding, scientific and technical support, and stakeholder time.
Less urgent tasks will be addressed as resources become available, or their
urgency changes.
The Regional Board of Directors (RBD) for AENV’s Northeast Boreal Region
will rely on departmental resources to deliver the overall co-ordination and
leadership role of RSDS. AENV will consult industry, government and public
stakeholders on an ongoing basis to identify how resources can best be
allocated.
The appropriate amount of funding, expertise and time to effectively deliver
research, multi-stakeholder forums and related management activities will be
developed as detailed work plans are drafted for the themes.
Research will be focused on urgent issues, while still maintaining essential
ongoing research and monitoring. Potential research funding programs will be
identified and used, and opportunities for co-operative research will be sought
with other research organizations and management programs, including those
in other regions.
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Building an Information Base for RSDS
AENV and other regional stakeholders have gathered a substantial amount of
information on the existing science and environmental management aspects of
the RSDS region (see technical support document). There are 67 programs,
projects or committees that conduct research or monitoring, or work on
developing guidelines and recommendations for resource management and
reclamation. The information on the objectives, participants and progress of
each program was collected through a survey of regional stakeholders and
additional information gathering (see technical supporting document).

Regional Information System (RIS)
The primary purpose for the RIS is to provide baseline information, as well as
data storage and manipulation, and to assist in the current and future
management of the area. If desired, it also can be the primary storage site for
all information available on managing the environment, and all renewable and
nonrenewable resources in the region.
Development of a regional information system will be shared among resource
developers, provincial and federal government agencies, and any other
stakeholder with a vested interest in the region. Initially, the existing information
and the gaps that need to be filled will be identified by AENV. The system will
include mapping, inventories, monitoring and reporting on key indicators of
sustainability, and access tools.
A multi-stakeholder working group will be set up in the very near future to
design the database and make sure it functions as required. The database will
be developed in phases to make sure it meets the requirements of the region.
The area covered by the first phase will match the area of surface mineable oil
sands. The database will be used to assist in developing regional goals and
objectives.
In addition to creating the initial design, the multi-stakeholder working group will
handle issues such as providing information to fill gaps, making information
available to participants and other users, handling proprietary concerns, and
determining how the database will be made available to all stakeholders.
Inventories will be undertaken for activities, land clearing and reclamation, air
emissions, water discharges, water use, and renewable and non-renewable
resources. Key sustainability indicators will be monitored and reported.
A list of reference materials and the location of databases available to
participants will be needed. In some cases, the information may be considered
“proprietary” and therefore initially owned by the company that collected it.
Where this occurs, the contact company will be listed.
The practice of sharing data is important, since decisions will be made using
the available data. The intent of the RSDS is that data will be shared to ensure
comprehensive decision-making.
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3.

Section

The RSDS
Management
Model

The RSDS has adopted the “continuous improvement management model” that
is already being used by the Clean Air Strategic Alliance (CASA), the Wood
Buffalo Environmental Association, and proposed by CEEMP. It has six
elements that operate in a circular pattern. The model allows for new
information to be considered and new management approaches to be
incorporated in support of better environmental and resource management. The
sections following the diagram below outline how the CASA management
model will be adapted for use in the RSDS strategy.

Regional Goals are the ends to be
achieved
Management Objectives are the
quantitative expression of the goals
Management Options are the
means applied to achieve the
objectives
System Evaluation is the
assessment of the success in
achieving goals and objectives
System Operation is the specific
mechanisms and actions needed to
apply the management options
Information is the knowledge
for ongoing support of the
management system

This system is based on the CASA SO2 Management Model. The model starts
with defining goals and then moves in a clockwise direction through the
management objectives, management options, system operation, system
evaluation, and finally returns to objectives. At each step, the available
information at the centre is checked to answer the following questions:
❏ Setting objectives - are management objectives fulfilling the goals?
❏ Selecting management options - are the options suitable for achieving the
objectives?
❏ Implementing the options - is the system operation suitable for the options?
❏ Before evaluating the system - does the system need to be improved to
meet the objectives and goals?
15
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Regional Goals

Setting Regional Goals
Within the context of provincial goals already set for Alberta, specific regional
goals will be developed where they are lacking. AENV will work with regional
stakeholders on this process. At all times, the ultimate objective of integrating
resource use and environmental protection to create a balance must be clear.
In some cases, an activity may need to be modified so it does not conflict with
other activities allowed in the region, or occur outside provincial goals.
The process requires clear communication, working together and making
compromises. Stakeholders need to determine if their activities are consistent
with the regional and provincial goals. In some cases, it may be necessary for
some stakeholders to modify their specific activity to avoid conflict with other
activities approved in the region. Government agencies will co-ordinate this
joint stewardship approach.

Management Objectives

Setting Management Objectives
In addition to provincial objectives already in place for the region, new
objectives will be set for the region as required, or existing objectives will be
modified or enhanced. The objectives will be for the overall region, with some
set on a site-specific basis, and will be as simple as possible to use. For
example, land disturbance guidelines, and air and water quality guidelines,
provide objectives that are relatively simple to measure. Where objectives and
indicators are complex and difficult to determine or measure, regional
stakeholders representing scientific, traditional, industrial, public and regulatory
interests will work together to develop a common understanding and
agreement.
Most of the objectives will be interrelated, and new objectives will be merged
with existing ones. When one objective is set, one or more of the others may
have to be adjusted. As new data becomes available, and as the structure of
the RSDS matures, the objectives and indicators may need to be modified to
incorporate this new information. Part of the strength of the RSDS is that it
uses “adaptive management”, which allows it to accommodate changes without
affecting its basic function.
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Note: The following table is an example of a method to co-ordinate, compare and organize the regional
limits and targets. The numbers are for illustration purposes only.
Regional Objective
(what is desired)

Maintain Wildlife
Populations (Theme 2)

Vegetation Fit for Human and
Wildlife Consumption
(Theme 5)

Water Quality Fit for
Municipal Supply, Protection
of Aquatic Life, and Recreation (Themes 7 and 10)

Sustainability Indicator
(what is measured)
(#/twp)

Regional population of
wildlife species “X”

Trace Substance “Y” in plants Water Quality Guidelines
(% of samples above guideline) for Designated Uses (% of
samples above guidelines)

Regional Sustainable
Numerical Objective

16

0

0

Area Under Industrial and
Urban Developments

0

N/A

N/A

Reclaimed Areas

5

3.0

0

Future Mine Area

15

0.1

0

Non-Mining Area

18

0.05

0

Harvested Forest Areas,
Access Roads,
Exploration

3

0.01

0

Current Regional Status*

15

0.22

0

Difference Between
Objective and Current
Regional Status

Populations of species
“X” below regional
objective.

Does not meet regional
objective.

Proposed Action(s)

Modify regional Wildlife
Management Unit
regulations to enhance
population recovery in
reclaimed areas.

Additional reclamation research Continue aquatic monitoring.
needed to ensure that plants do
not accumulate trace
substances. Emission control
may be required to limit
substance emission and
deposition distant from
industrial processing site.

*

Meets regional objective.

Determining the current regional status is possible only if research, monitoring and reporting are a priority.
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Management Options

Choosing Management Options
The management options chosen to address environmental issues will depend
on how the existing or proposed activity causing the issue is affecting the
resource and the overall environment. By using a tiered management
approach, the RSDS management model can deal with many activity levels.
The tiered management diagram shows how this approach can be used to
select management options to make sure sustainable development is achieved.
The critical level is the continuous maximum amount of stress that an
ecosystem can support (e.g., deposition of a pollutant or removal of a species)
without resulting in long-term environmental damage. The target level is the
management objective for the amount of stress on an ecosystem. It usually is
less than the critical level to provide a margin of safety. The cautionary level
shows that additional or more intensive monitoring is required to ensure the
amount of stress on an ecosystem does not exceed the target level.
If an issue arises that is a priority, but it is not covered by a management
objective and there is not enough information on how much stress the
environment can sustain, the system places the amount of stress between the
cautionary level and the target level. The sustainable level would be
established only after further monitoring, research and stakeholder
consultation. In the interim, precautionary levels may be established.
If an issue is raised in which the amount of stress has gone beyond the target
level, or the target level is unknown, the system triggers stakeholder
consultation for a limited period of time. A strategy to reduce the amount of
stress will be developed.

18

1520
Management Tier

Tiered Management
Approach

Critical Load
Response Management

As the amount of stress
reaches each tier, the
suggested management
options are initiated within the
appropriate timelines.

❏ Stakeholder-derived response strategy.
❏ Mandated implementation of response
strategy by regulators through the
approvals process.
❏ Best available technology in new,
expanding and retrofitted facilities.
❏ Economic instruments; activity
restrictions.

Example: Impact of
Management System at
Different Activity Levels
Critical
Level

Management Tier

Issue Resolution Management

Stress Level

Response Management

❏ Expanded environmental monitoring and
applied research initiated to support
issue resolution.
❏ Stakeholder consultation—issue
resolution strategy.
❏ Voluntary implementation of issue
resolution strategy by regulators and
affected stakeholders.
❏ Best available demonstrated technology
abatement equipment in new, expanding
and retrofitted facilities.

Target
Level

Issue Resolution

Impact
Level

Target Level

Cautionary
Level
Continuous Improvement
Background - Natural State
Change over time

Management Tier

Cautionary Level
Continuous Improvement
❏ Best management practices.
❏ Adherence to provincial and national
guidelines for leak detection and repair.
❏ Routine environmental and activity
monitoring.
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Information

Gathering and Using Information
Responsible environmental management relies on the most up-to-date data,
such as scientific information, resource inventory, impact assessment and
traditional resource use (see technical support document). Research and
monitoring provide a clearer understanding of how resource development
affects the environment. They are used to help set guidelines for commercial
activities, as well as to measure how well industry follows the regulatory
requirements. The computer models used to predict the impact on the
environment rely on monitoring to determine how accurate their predictions are,
and on research to improve their accuracy and precision.

System Evaluation

System Operation

Operating the System—Blueprints for Action
Blueprints to begin addressing environmental issue themes identified during
development of the RSDS are shown in Section 4. These were based on
preliminary screening of the issues, and will be used in undertaking work
described in the themes. Each theme’s activity, schedule and co-ordinating
group is shown across from the relevant area of the management model. An
inventory of the issues in each theme and the associated management groups,
monitoring and research programs that apply to individual issues, are contained
in the technical support document.
Work will begin immediately, or continue where programs are currently in place,
on the issues in Category A. In order to make progress in resolving these
issues, all available relevant information for each theme will undergo a more
detailed analysis. The results will be used in establishing specific regional goals
and objectives where they are lacking, and—eventually—to prepare issue
resolution and response plans.

Evaluating the System—Assessing the Success of
RSDS
Progress reports and workshops will be used to track progress and report on
each theme. This will also assist in evaluating how well the RSDS is
performing. Communications plans will be prepared for conveying information
on environmental issues and management to the public. A progress report will
be prepared on the RSDS at regular intervals. An RSDS Progress Workshop
will then be held following release of the RSDS progress report. The workshop
and report will occur annually for the first two years, and on alternate years
after that (this timing is subject to review). At the workshop, the Regional Board
of Directors (RBD) of AENV or CEEMP representatives and stakeholder groups
will review the progress of ongoing issue themes, including actions that are
planned, completed or underway.
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New Issues

Introducing New Issues
CEEMP will provide a point of contact for the issues. Regional stakeholders
can contact CEEMP to present new issues, or voice concerns, questions or
comments on the progress of regional issues. The AENV-RBD will be
responsible for responding to stakeholder concerns and requests. CEEMP first
will determine whether a concern presented to them already is addressed
through one of the existing themes. If so, the AENV-RBD or CEEMP will
respond in writing to the stakeholder on the status of their issue. If the issue is
not currently addressed under an existing theme, AENV-RBD or CEEMP will
assign it to an existing theme or schedule the issue to be addressed at an
annual RSDS progress workshop (or before if the issue is urgent).
The RSDS workshop provides an opportunity for participants to influence the
RSDS development and priority setting of issues. The workshop also will
provide a place to review resource commitments to produce a realistic action
plan and timelines for each theme. Following the workshop, modified action
plans will be prepared for the most highly ranked issue themes, and new
issues will be included, as required.
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4.

Section

Blueprints for Action

1.

Theme

Sustainable Ecosystems and Land-Use
Category A (Specific work plans will be developed with stakeholders, including the specific task teams.)

This theme contains 11 separate issues. It covers balancing land-uses with the
cumulative impact of development on regional ecosystems. Actions under this
theme support the goal of ensuring the ecosystem can sustain its current
vegetation, fish and wildlife populations under the current and projected levels
of industrial, traditional and recreational activity.

Blueprint for Action
Proposed Activity

Estimated Time Co-ordinating
Allotment
Group(s)

Management
Objectives

Interim terrestrial objectives for:
• Habitat requirements
• Biodiversity
• Traditional use
• Reclamation performance
• Recreational capability
• Landform and watershed design

Two years

AENV-RBD/CEEMP/
RAC

Management
Options

Management protocols
Develop Annual Allowable Cut (AAC)
mitigation requirements
End land-use planning

Three years

AENV-RBD/EUB/RD

Management Tools:
• Public Lands Act; Leases
• Forests Act; FMA, quota certificate,
permits
• Reclamation certification
• EUB/EPEA approvals
• Water Act approvals
• Hunting permits
• Fishing regulations
• Audit/enforcement/abatement

Ongoing

AENV-RBD/EUB

Landform topography inventory
Research on habitat requirements
Continue wildlife species inventory
Continue research on resilience/stability of
reclaimed land
GIS land disturbance scenario modeling

Two years

AENV-RBD/CEEMP

Verify objectives
Validate management system

Two years

AENV-RBD/CEEMP

System
Operation

Information
Gathering

System
Evaluation
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Cumulative Impacts on Wildlife

2.

Theme

Category A (Specific work plans will be developed with stakeholders, including the specific task teams.)

This theme contains six separate issues. Actions under this theme support the
goal of conserving the ability of current and reclaimed habitat to sustain wildlife
populations under the cumulative impact of development, and during present
and future levels of industrial, traditional and recreational activity.

Blueprint for Action

Management
Objectives

Proposed Activity

Estimated Time Co-ordinating
Allotment
Group(s)

Interim terrestrial objectives for:

Two years

AENV-RBD/CEEMP

Validate habitat suitability index
Regional wildlife management planning
Regional Access Management Policy
Integration with AAC mitigation requirements
End land-use planning

Three years

AENV-RBD/CEEMP

Management Tools:
• Public Lands Act; Leases
• Forests Act; FMA, quota certificate,
permits
• Reclamation certification
• EUB/EPEA approvals
• Hunting permits
• Audit/enforcement/abatement

Ongoing

AENV-RBD/EUB

Landform topography inventory
Research on habitat requirements
Wildlife species inventory and key indicator
species monitoring
Monitor user access and land-use patterns
Geographic Information System (GIS) land
disturbance scenario modeling

Two years

AENV-RBD/CEEMP

Verify objectives
Validate management system

Two years

AENV-RBD/CEEMP

•
•

Wildlife requirements
Population levels for key indicator species
(Linked to objective on reclamation performance)

Management
Options

System
Operation

Information
Gathering

System
Evaluation
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Soil and Plant Species Diversity

3.

Theme

Category A (Specific work plans will be developed with stakeholders, including the specific task teams.)

This theme contains six separate issues. Actions under this theme focus on
biodiversity and sustainable ecosystems. It covers biodiversity and
sustainability on reclaimed lands, soil salvage, soil and vegetation diversity, and
end land-use needs and objectives.

Blueprint for Action
Proposed Activity

Estimated Time Co-ordinating
Allotment
Group(s)

Interim terrestrial objectives for:

Two years

AENV-RBD/RAC

Wetland mitigation
Validate Land Capability Classification
System
End land-use planning

Three years

AENV-RBD/RAC

Management Tools:
• Public Lands Act; Leases
Forests Act; FMA, quota certificate,
permits
• Reclamation certification
• EUB/EPEA approvals
• Audit/enforcement/abatement
• Biodiversity management policy

Ongoing

AENV-RBD/EUB

Information
Gathering

Benchmark sites
Baseline species inventory
Soil materials type and depth research
Reclamation performance monitoring
Wetland water level monitoring
Validation of hydrological drawdown models
Start research into developing “Best
Practices for Biodiversity Establishment”
Validate soil capability system

Two years

AENV-RBD/TERRE

System
Evaluation

Verify objectives
Validate management system

Two years

AENV-RBD/CEEMP

Management
Objectives

•
•
•

Biodiversity on reclaimed sites
Reclamation performance
End land uses (including capability for
traditional uses)

Management
Options

System
Operation
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Effects of all Air Emissions on Human Health,
Wildlife and Vegetation

4.

Theme

Category A (Specific work plans will be developed with stakeholders, including the specific task teams.)

This theme contains nine separate issues. Actions under this theme support
the goal of protecting human health, wildlife and vegetation from the cumulative
impact on air quality from all regional air emissions (alone or in combination).

Blueprint for Action
Proposed Activity
Management
Objectives

Estimated Time Co-ordinating
Allotment
Group(s)

Interim air quality objectives for key Volatile
Two years
organic compound (VOC)/Polycyclic
aromatic hydrocarbon (PAH) compounds of
concern (e.g., Benzene, Toluene, Ethylbenzene,

AENV-RBD/AHW/
CEEMP

Xylene [BTEX])

Review regional emission targets

Management
Options

System
Operation
Information
Gathering

Management Tools:
• Economic instruments
• Air quality notification levels
• Source apportionment for regional
particulate matter

Three years

AENV-RBD/EUB

EUB/EPEA approvals
Audit/enforcement/abatement

Ongoing

AENV-RBD/EUB

Continue long-term human exposure
monitoring
Continue long-term receptor based
monitoring
Information on VOC sources (biogenic and

Two years

AENV-RBD/AHW/
WBEA

Two years

AENV-RBD/CEEMP

anthropogenic)

Research on ozone (effects and regional
production)
Research on air pollution interactions and
regional effects
GIS-based regional inventory of industrial air
emissions

System
Evaluation

Verify objectives
Validate management system
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Effects of Heavy Metals Deposition —
Consumption and Bio-Accumulation

5.

Theme

Category A (Specific work plans will be developed with stakeholders, including the specific task teams.)

This theme contains three separate issues. Actions under this theme support
the goal of protecting human health, wildlife, fish and vegetation (especially the
quality and abundance of traditional vegetation used by First Nations and
Aboriginal Communities in the region) from the deposition and increased
loading of heavy metals (HM).

Blueprint for Action
Proposed Activity

Estimated Time Co-ordinating
Allotment
Group(s)

Management
Objectives

Interim HM deposition objectives
Review regional emission targets

Management
Options

Three years
Review policies and guidelines to address
traditional use needs
Air quality notification levels
Source apportionment for regional particulate
matter

Two years

AENV-RBD/AHW/
CEEMP
AENV-RBD/EUB

Management Tools:
• EUB/EPEA approvals
• Audit/enforcement/abatement

Ongoing

AENV-RBD/EUB

Information
Gathering

Long-term exposure monitoring
Long-term receptor based monitoring
Research on heavy metals accumulation in
plants
Regional inventory of vegetation species
(traditional use plants)

Two years

AENV-RBD/AHW/
WBEA (TEEM)

System
Evaluation

Verify objectives
Validate management system

Two years

AENV-RBD/CEEMP

System
Operation
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Access Management

6.

Theme

Category B (Specific work plans will be developed with stakeholders, including the specific task teams.)

This theme contains two separate issues. Actions under this theme support the
goal of conserving wildlife (especially the quality and abundance of traditional
wildlife used by First Nations and Aboriginal Communities in the region).
Increased access also affects the ability of First Nations and Aboriginal
Communities to carry out cultural and spiritual activities with minimal
disturbance.

Blueprint for Action
Proposed Activity

Estimated Time Co-ordinating
Allotment
Group(s)

Management
Objectives

Review guidelines for access (linked to
objective for cumulative impacts on wildlife)

Three years

AENV-RBD/CEEMP

Management
Options

Review Access Management Policy to
address traditional use needs
Evaluate Forest Land-Use Zones
Review regional wildlife management

Four years

AENV-RBD/CEEMP

Management Tools:
• Hunting permits
• Fishing regulations
• Audit/enforcement/abatement

Ongoing

AENV-RBD

Information
Gathering

Monitor user access and land-use patterns
Wildlife species inventory and key indicator
species monitoring
GIS land disturbance scenario modeling
Review methods to manage access

Four years

AENV-RBD/CEEMP

System
Evaluation

Verify objectives
Validate management system

Two years

AENV-RBD/CEEMP

System
Operation
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Cumulative Impacts on Fish Habitat and
Populations

7.

Theme

Category A (Specific work plans will be developed with stakeholders, including the specific task teams.)

This theme contains five separate issues. Actions under this theme support the
goal of ensuring the ability of current and reclaimed habitat to sustain fish
populations under the cumulative impact of development, and during present
and future levels of industrial, traditional and recreational activity.

Blueprint for Action
Proposed Activity
Management
Objectives

Estimated Time Co-ordinating
Allotment
Group(s)
Three years

AENV-RBD/CEEMP

Review Access Management Policy
Evaluate Forest Land-Use Zone
Review regional fisheries management

Four years

AENV-RBD

Management Tools:
• Detailed Forest Management Planning
(DFMP); Quota Certificate, Permits
• Reclamation certificate
• Department of Fisheries and Oceans
(DFO)/EPEA approvals
• Fishing regulations
• Audit/enforcement/abatement

Ongoing

AENV-RBD

Continue to monitor fish population status
Continue monitor fish harvesting
Continue fish quality monitoring (health and
tainting)
Creel angler surveys
Continue flow monitoring on smaller
watersheds
Research on hydrology of reclaimed lands
Research on impact of water flow on fish
habitat

Four years

AENV-RBD/RAMP

Verify objectives
Validate management system

Three years

AENV-RBD/CEEMP

Interim objectives for:
• Instream flow needs
• No net loss of fish habitat
(Linked to objective for key indicator species)
(Linked to objective for reclamation performance)

Management
Options
System
Operation

Information
Gathering

System
Evaluation
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Effects of Emissions From Tailings Ponds

8.

Theme

Category B (Specific work plans will be developed with stakeholders, including the specific task teams.)

This theme contains four separate issues. Actions under this theme support the
goal of protecting human health from the cumulative impact of tailings pond
emissions containing volatile organic chemicals (VOC) and odorous chemicals,
such as reduced sulphur compounds (RSC).

Blueprint for Action
Proposed Activity

Estimated Time Co-ordinating
Allotment
Group(s)

Management
Objectives

Finalize air quality objectives for key VOC
and PAH compounds of concern
(e.g., BTEX)

Three years

AENV-RBD/CEEMP

Management
Options

Mine development planning
Review best management practices for
tailings production, handling and
reclamation

Four years

AENV-RBD/EUB

Management Tools:
• EUB/EPEA approvals
• Audit/enforcement/abatement

Ongoing

AENV-RBD

Information
Gathering

Long-term exposure monitoring
Long-term air quality monitoring
Research on mechanism for tailings pond
emissions
Monitoring to quantify pond emissions of
VOC and RSC
Research on VOC sources (biogenic and
anthropogenic)

Four years

AENV-RBD/WBEA/
CEEMP

System
Evaluation

Verify objectives
Validate management system

Three years

AENV-RBD/CEEMP

System
Operation
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Effects of Acid Deposition on Sensitive Receptors

9.

Theme

Category B (Specific work plans will be developed with stakeholders, including the specific task teams.)

This theme contains 10 separate issues. Actions under this theme support the
goal of conserving acid-sensitive soils, rivers, lakes, wetlands and associated
vegetation complexes under the cumulative impact of deposition and increased
loading of acidifying compounds.

Blueprint for Action
Proposed Activity

Estimated Time Co-ordinating
Allotment
Group(s)

Management
Objectives

Interim objectives for:
• acid deposition
Review regional emission targets

Three years

AENV-RBD/CEEMP

Management
Options

Review policies and guidelines to address
inter-provincial issues
Economic instruments

Four years

AENV-RBD/EUB

Management Tools:
• EUB/EPEA approvals
• Audit/enforcement/abatement

Ongoing

AENV-RBD/EUB

System
Operation

Information
Gathering

Continue long-term SO2 exposure monitoring Four years
Continue long-term receptor based
monitoring
Acid deposition monitoring for wetlands and
aquatic ecosystems
Regional inventory of vegetation species
(traditional use plants)
GIS-based regional inventory of acidifying air
emissions and receptors
Research on effect of acid deposition on
regional receptors

AENV-RBD/AHW/
WBEA (TEEM)/RAMP

System
Evaluation

Verify objectives
Validate management system

AENV-RBD/CEEMP

Three years
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10.

Theme

Cumulative Impacts on Surface Water Quality
Category B (Specific work plans will be developed with stakeholders, including the specific task teams.)

This theme contains eight separate issues. Actions under this theme support the goal
of protecting the water quality and hydrological integrity of regional watersheds
(Athabasca, Muskeg River and Kearl Lake) from the cumulative impact of increased
development. Surface water quality is a factor in the cumulative effects on the health
of wildlife, fish, aquatic biota, vegetation and humans in the region. (See technical
support document for regulations, policies and guidelines currently in place.)

Blueprint for Action
Proposed Activity

Estimated Time Co-ordinating
Allotment
Group(s)

Management
Objectives

Interim water quality objectives for key
naphthenic acids of concern

Management
Options

Review guidelines for water releases from oil Four years
sands mines
Management plan for Muskeg River Basin

AENV-RBD/EUB

Management Tools:
• EUB/EPEA approvals
Audit/enforcement/abatement

Ongoing

AENV-RBD/EUB

Continue research on Consolidated tailings
(CT) release water
Continue research on toxicity of naphthenic
acid
Research on brown water systems (natural
toxicity causes)
Analysis of impact of muskeg drainage on
receiving streams
Research on cumulative impacts of multiple
developments
Research on long-term hydrological and
biological integrity of watersheds
Review water quality monitoring information

Four years

AENV-RBD/AHW/
CEATAG/RAMP

Three years

AENV-RBD/CEEMP

System
Operation

Information
Gathering

System
Evaluation

Three years

AENV-RBD/CEEMP

Verify objectives
Validate management system
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End Pit Lake Water Quality

11.

Theme

Category C (Specific work plans will be developed with stakeholders, including the specific task teams.)

This theme contains two issues. Actions under this theme support the goal of
protecting the water quality and hydrological integrity of regional watershed
from the impact of releases from end pit lakes (EPL), and conserving the water
quality of EPL.

Blueprint for Action
Proposed Activity

Estimated Time Co-ordinating
Allotment
Group(s)

Management
Objectives

Finalize water quality objective for key
naphthenic acids of concern
Set interim terrestrial objectives
• acceptable purposes and uses of EPL

Management
Options

Review guidelines for water releases from oil Five years
sands mines
End Land-Uses for EPL

AENV-RBD/EUB

Management Tools:
• Water Act/EPEA approvals
• Audit/enforcement/abatement

Ongoing

AENV-RBD/EUB

Information
Gathering

Continue research on CT release water
Continue research on salt build-up in CT
recycle water
Research establishing viable ecosystems in
EPL
Research on cumulative impacts of multiple
developments on long-term hydrological
and biological integrity of watersheds
Review water quality and aquatic resource
monitoring information

Five years

AENV-RBD/AHW/
CEATAG/RAMP

System
Evaluation

Verify objectives
Validate management system

Four years

AENV-RBD/CEEMP

System
Operation

Four years

AENV-RBD/CEEMP
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12.

Theme

Cumulative Impacts on Surface Water Quantity
Category C (Specific work plans will be developed with stakeholders, including the specific task teams.)

This theme contains three issues. Actions under this theme support the goal of
conserving surface water quantity and flow regimes in the Athabasca River and
its tributaries (Muskeg River) from the impact of development.

Blueprint for Action
Proposed Activity

Estimated Time Co-ordinating
Allotment
Group(s)
Four years

Management
Objectives

Interim water quality objective for:
• Instream flow needs for Athabasca River
• Instream flow needs for tributaries

Management
Options

Review guidelines for water releases from oil Five years
sands mines
End land-uses for end pit lakes (EPL)

System
Operation

Management Tools:
• Water Act approvals
• Audit/enforcement/abatement

Ongoing

AENV-RBD/CEEMP

AENV-RBD/EUB

AENV-RBD/EUB

Information
Gathering

Tributary flow monitoring
Five years
Improved climate monitoring (evaporation
and sunshine data)
Modeling EPL and its effect on flow regimes
Research on Instream Flow Needs (IFN) and
its relationship to habitat suitability
Flow monitoring on smaller watersheds
Research on hydrology of reclaimed lands

AENV-RBD/AH/W
RAMP

System
Evaluation

Verify objectives
Validate management system

AENV-RBD/CEEMP

Four years
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13.

Theme

Cumulative Impacts on Groundwater Quantity
Category A (Specific work plans will be developed with stakeholders, including the specific task teams.)

This theme contains two issues. Actions under this theme support the goal of
conserving groundwater quantity.

Blueprint for Action
Proposed Activity

Estimated Time Co-ordinating
Allotment
Group(s)

Management
Objectives

Review existing objectives

Four years

AENV-RBD/CEEMP

Management
Options

Review best management practices

Five years

AENV-RBD

Management Tools:
• Water Act approvals
• Audit/enforcement/abatement

Ongoing

AENV-RBD

Information
Gathering

Study aquifer yield
Pumping tests with observation well
Study area/extent of aquifer cone of
depression
Computer modeling of aquifer response
(pumping and recovery period)

Five years

AENV-RBD/CEEMP

System
Evaluation

Verify objectives
Validate management system

Four years

AENV-RBD/CEEMP

System
Operation
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14.

Theme

Cumulative Impacts on Groundwater Quality
Category C (Specific work plans will be developed with stakeholders, including the specific task teams.)

This theme contains two issues. Actions under this theme support the goal of
protecting groundwater quality from the impact of seepage from existing tailings
ponds, reclaimed landforms and deep-well disposal. Groundwater quality
affects surface water quality.

Blueprint for Action
Proposed Activity

Estimated Time Co-ordinating
Allotment
Group(s)

Management
Objectives

Four years
Interim objectives
• Acceptable deep-well disposal of waste
Finalize objectives
• Acceptable groundwater quality and uses
in reclaimed landscape

AENV-RBD/CEEMP

Management
Options

Review best management practices (well
construction/maintenance)

Five years

AENV-RBD

Management Tools:
• Water Act approvals
• EPEA/EUB approvals
• Well construction/maintenance auditing
• Audit/enforcement/abatement

Ongoing

AENV-RBD

Information
Gathering

Update geological database (GIS)
Finalize groundwater-monitoring network
Water quality monitoring potable aquifers in
region
Research on quality of water needed to
recharge aquifers
Research on effects of seepage from tailings
ponds and reclaimed structures

Five years

AENV-RBD/CEEMP

System
Evaluation

Verify objectives
Validate management system

Four years

AENV-RBD/CEEMP

System
Operation
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A.

Appendix

Deputy
Minister
Initiating
Letter
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B.

Appendix

Terms of
Reference

Introduction
Acknowledging that there is significant interest in development of Alberta’s Oil
Sands, these Terms of Reference have been produced in order to guide
creation of a regional strategy for sustainable resource development coupled
with strong environmental management and protection. AENV recognizes the
importance of the numerous multi-stakeholder activities dealing with a wide
variety of sustainable resource, environmental and health issues related to the
development of the Athabasca Oil Sands. Keeping these initiatives in context,
ensuring common understanding and clear direction for resource and
environmental management within a provincial and federal regulatory
framework is a goal shared among regional stakeholders.

Purpose
The purpose for the creation of a Regional Sustainable Development Strategy
(RSDS) for the Athabasca Oil Sands is to ensure implementation of adaptive
management approaches that address regional cumulative environmental
effects, environmental thresholds, appropriate monitoring techniques, resource
management approaches, knowledge gaps and research to fill gaps. In order
to protect the environment and quality of human health as it relates to the
environment, the RSDS will become a management tool that keeps pace with
new information, science and technology. The management approach
delivered within the RSDS may include a streamlining of current regulatory
processes thereby gaining more efficient and timely use of public and private
resources.
Founded on AENV’s strong partnerships (Appendix A) with stakeholders in the
region and sound technical and scientific research, the RSDS will ensure that
comprehensive information is available in order to guide decision-makers.
AENV is committed to lead the development of a regional strategy that
provides clear direction for sustainable resource, environmental and related
health management.
Once complete, the RSDS will provide a blueprint for action, which will continue
to be tracked and implemented for many years to come.

Time Frame
The RSDS target date for completion of the Strategy Document is mid-1999.
These Terms of Reference identify five components (Appendix B) with target
dates and it is expected that the Strategy Document will further identify or
clearly establish target dates for specific initiatives in a three-year work plan.
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Principles
The RSDS will ensure collaboration among all regional initiatives thus
optimizing efforts and maximizing results (Appendix C). The guiding principles
for the strategy include:
❑ the regulatory regime (both federal and provincial) is transparent
❑ linkages among all initiatives are provided
❑ clear responsibility and accountability for the management of environmental
effects is delineated
❑ decision-making is streamlined
❑ new information is incorporated on an ongoing basis
❑ developments and facilities are reviewed on a regular basis after approvals
are issued
The RSDS will apply provincial and federal policy, legislation, standards and
programs in a regional context, including principles in the Canadian Council of
Ministers of the Environment (CCME) Harmonization Accord.
AENV is providing leadership and accountability for the RSDS and is
committed to seeking and building on its partnerships with stakeholders. AENV
will ensure that the public will be involved.
The RSDS is built upon collaboration among regional multi-stakeholder teams,
open communication and consultation with all interested parties. Numerous
existing committees, working groups and initiatives are already involved in
related matters in the Athabasca Oil Sands region and effective integration of
these activities into a regional management framework is essential.

Regional Area Definition
The RSDS land base will encompass activities within the area described in the
“Fort McMurray-Athabasca Oil Sands Subregional Integrated Resource Plan”,
and associated activities on surrounding lands. The definition is flexible to
reflect the resources being managed and the effects being considered (e.g.,
river basins, watersheds, air shed) so that the strategy area is adjusted as
necessary.

40

1540

Linkage Chart
The chart represents the strategy linkage between stakeholders and the government regulatory regime:

Provincial Mandate
Linkages and Reporting
(Cabinet, Ministers, Deputy Ministers*
and Assistant Deputy Ministers)

Federal Linkages**
(Minister/Deputy
Minister Level)

Stakeholder Linkages
Stakeholder
Representatives
Could be based on the
Management Board
such as proposed by
the Cumulative
Environmental Effects
Management Initiative
Other mechanisms will be
considered to ensure
broad consultation.

Strategy Component Work Teams

Regional Board
of Directors
(Implementation)
Strategy
Manager
Regional Linkages
(Northeast Boreal)
• Environmental Resource
Committee
• Energy & Utilities Board
• Alberta Health & Wellness
• Environment Canada

New and/or existing multi-stakeholder
work teams.

* Sustainable Development Coordinating Council
** Note: Federal Government representatives are participating in the Stakeholder Groups and Work
Teams
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Strategy Elements, Timing, Partners and Products
The chart summarizes the components associated with the strategy, their time frames and those involved and
the product envisioned:

Components

Start

Finish

Partners

Product

1. Describe: i) The
current resource
and environmental
management regime;
ii) the current initiatives
and recommend better
coordination.

Sept/98

July/99

AENV, AHW Industry,
Federal Government,
Municipalities,
Aboriginals, NonGovernment
Organizations (NGOs)

Report on “what is” and
recommendations for better
coordination.

2. Define where
environment and
resource science and
knowledge needs to be
enhanced.

Oct/98

July/99

AENV, AHW, Industry,
Federal Government,
Municipalities,
Aboriginals, NGOs

Research plan of the area

2001

AENV, AHW, Industry,
Federal Government,
Municipalities,
Aboriginals, NGOs

Research priorities
established, efforts and $’s
redirected. It will take more
than 2 years to complete
and evaluate much of the
research.

3. Research directed to
Early 99
opportunities under step
2 above.

4. Examine and enhance
management regime*

(possibly
longer,
depends on
activity)

Nov/98

July/99

Provincial, Federal and
Municipal agencies,
Aboriginals, Industry,
NGOs

A strategy to guide decisions
and project reviews. Will
include goals, thresholds,
and targets where
appropriate (some of which
exist, others will be modified,
some will be new).

Nov/98

Ongoing

AENV, Industry,
Federal Government,
Municipalities,
Aboriginals, NGOs

Effective monitoring,
communication and
decision-making: the new
Strategy facilitating adaptive
management.

(this includes goals that are
based on science and
values).

5. Implementation.

•

Component #4 will keep pace with new information, including the management of facilities after approval,
on a continuous basis. As new science and knowledge are acquired (e.g. under #3), management will be
adapted based on good science and public values.
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RSDS Values, Desirables and Deliverables of
Strategy and its Components
❑ AENV and stakeholders are committed to the enhancement of
environmental protection techniques, and using the RSDS as a tool to
recommend Policy and Regulatory Framework improvements.
❑ RSDS provides a regional focus and context with clear purpose.
❑ Ensures that all stakeholders are informed.
❑ From the stakeholder representatives, advisory groups may be formed depending on issue.
❑ Environment Canada is identified, along with provincial departments in the
regional linkage group. Environment Canada and other federal agencies
will assist the regional Board of Directors in development and
implementation of the Strategy.
❑ Will seek effective, modern and efficient methods which can be proven.
❑ Guarantees that the public will be involved.
❑ Provides assurance of support for the involvement of various stakeholders.
❑ Stakeholders are committed to support the process developed through
RSDS.
❑ AENV will provide leadership via the NE Boreal Regional Board of
Directors consisting of the Regional Directors of Land and Forest Service,
Environmental Service and Natural Resource Service.
❑ An RSDS manager has been appointed to facilitate strategy development.
❑ RSDS will address the issues of cumulative effects, thresholds, monitoring
techniques, and research.
❑ RSDS will identify knowledge and research gaps and will provide direction
to researchers to fill these gaps.
❑ Requires adaptive management approaches ensuring up to date (best)
practices are in place.
❑ Effectively streamlines the current processes.
❑ Provides a comprehensive regional strategy framework with guidelines to
coordinate and integrate environmental management activities in the
region.
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C.

Appendix

RSDS Partners

Management Team
Randall Barrett, Lead Management, ES
Chris Hale, LFS
Glen Rowan, NRS
Bruce Cartwright, LFS

Lisa Wilde, ES
Noel St. Jean, ES
Richard Chabaylo, NRS
(Dale Huberdeau), LFS
deceased

AFRD - Agriculture, Food and
Rural Development

Science Team

AED

Ken Foster, Lead Science, ES
Monique Richard, ES
Larry Rhude, NRS

- Alberta Economic
Development

Lisa Holmes, ES
Kem Singh, ES

AENV - Alberta Environment
AHW

- Alberta Health & Wellness

ARD

- Alberta Resource
Development

CEAA - Canadian Environmental
Assessment Agency
EC

- Environment Canada

ES

- Environmental Service,
Alberta Environment

LFS

- Land and Forest Service,
Alberta Environment

NRCB - Natural Resources
Conservation Board
NRS

- Natural Resources
Service, Alberta
Environment

RSDS Project Team
Rick McDonald, Project Manager/
Rick George, ES
Coordinator
Maja Laird, Writer
Melody Hopkinson
Shauna Smith, Administrative Support
Mike Boyd, ES
Carol Chawrun, Communications—AENV

Regional Board of Directors
Jay Nagendran, ES
Dennis Giggs, NRS

Neil Barker, LFS

EIA Directors & AENV Others
Annette Trimbee, ES
Tim Jantzie, ES
Ken Crutchfield, NRS
Ron Bothe
Keith Leggatt, ES
Ryerson Christie, CEAA

Dennis Quintilio, LFS
Ken Ambrock, NRS
Patti Humphrey, ES
David Spink, ES
Rob Powell, NRCB

RMWB - Regional Municipality of
Wood Buffalo

Regional Linkages Group
Neil Barker, LFS
Dennis Giggs, NRS
Rhonda Wehrhahn, ARD
Gerry Dube, AFRD
Roger Creasey, EUB
Alex McKenzie, AHW
Bill Miller and Graham Mutch,
Province of Saskatchewan

Jay Nagendran, ES
Mike Boyd, ES
Ron Ball, AFRD
Peter Blackall, EC
Paul Short, AED
Stephen Clarke, RMWB
Rick Siddle, AED
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CEEMP/AENV
Task Group 1

Don Klym, Suncor, Chair
Peter Hunt, Alberta Energy and Utilities Board
Bertha Ganter, Ft McKay Industrial Relations Corporation
Madeline Delisle, Ft McKay Industrial Relations Corporation
Ken Shipley, Athabasca Tribal Council; Ft McKay Industrial Relations
Corporation
Tanya Harpe, Anzac Metis
Rick McDonald, Regional Sustainable Development Strategy
Ken Foster, Science—Alberta Environment
Rick George, Environmental Service—Alberta Environment
Randall Barrett, Environmental Service—Alberta Environment
Grant Lyons, Syncrude

CEEMP/AENV
Task Group 2

Judy Smith, Shell, Chair
Marie Cheecham, Fort McMurray First Nation
Ian MacKenzie, Mobil Oil
Lynne Kemper, Athabasca Chipewyan First Nation
Peter Hunt, Alberta Energy and Utilities Board
Rick McDonald, Regional Sustainable Development Strategy
Ken Foster, Science—Alberta Environment
Randall Barrett, Environmental Service—Alberta Environment
Rick George, Environmental Service—Alberta Environment

Stakeholder
Advisory Group Preliminary Draft
Review for
June 24

Bruce Friesen, Syncrude
Don Klym, Suncor
Ian MacKenzie, Mobil Oil
Tony Punko, Athabasca Chipewyan First Nation
Peter Blackall, Environment Canada
Judy Smith, Shell
Marie Cheecham, Fort McMurray First Nation
Dan Smith, Oil Sands Environmental Coalition
Peter Koning, Gulf
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Government of
Alberta

Alberta Environment (Alberta Environmental Protection)
• Environmental Service
• Natural Resources Service
• Land and Forest Service
• Environmental Impact Assessment Directors
Alberta Infrastructure (Alberta Transportation and Utilities)
Alberta Health and Wellness (Alberta Health)
• Northern Lights Regional Health Authority
Alberta Economic Development and Tourism
Alberta Resource Development (Alberta Energy)
Alberta Energy and Utilities Board / Natural Resouces Conservation Board

Government of
Saskatchewan
Aboriginal
Communities

Saskatchewan Environment and Resource Management

Athabasca Tribal Council
• Fort McKay First Nation, Industrial Relations Corporation
• Athabasca Chipewyan First Nation
• Fort McMurray First Nation
• Chipewyan Prairie Dene First Nation
• Mikisew Cree First Nation
Metis Nation of Alberta
Metis Locals
• Conklin
• Consolidated
• Fort McKay
• Fort Chipewyan
• Fort McMurray
• Janvier
• Anzac
• Lac La Biche
Fort McMurray Treaty Peoples Association
Wood Buffalo Tribal Council
Paul Cree Band
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Federal
Government

Environment Canada
Natural Resources Canada
Heritage Canada
Canadian Environmental Assessment Agency
Health and Welfare Canada
Department of Fisheries and Oceans
Department of Indian and Northern Development
Alberta Pacific Forest Industries

Industry

Canadian Association of Petroleum Producers
Corridor Pipeline
Gulf Canada
Japan Canada Oil Sands Ltd.
Koch Industries Canada
Mobil Oil Canada
Northlands Forest Products Ltd.
Northstar Energy
Pan Canadian Petroleum Ltd.
Petro Canada Ltd.
Paramount Resources Ltd. - Small Producers and Explorers
Shell Canada Ltd.
Suncor Energy Ltd.
Syncrude Canada Ltd.
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Municipal,
Educational &
Non Government
Working Groups

Regional Municipality of Wood Buffalo
• Regional Infrastructure Working Group
• Northeast Boreal Environmental Resource Committee, AENV
• Fort McMurray Environmental Association
• Northern River Basin Ecological Initiative
• Peace Athabasca Delta Committee
• Kings University College
• University of Alberta
• University of Calgary
• Oil Sands Environmental Coalition/Toxic Watch & Pembina Institute
• Ducks Unlimited
• Fort McMurray Fish and Game Association
• Wood Buffalo Environmental Assessment Association
• Regional Aquatics Monitoring Program
• Terrestrial Environmental Effects Monitoring
• Boreal Caribou Research Program

* List continues to grow and will be updated annually
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D.

Appendix

List of Issues for the Regional Sustainable
Development Strategy
Environmental
Components

Topic

Issue

1 Air

Traditional Resource Use

Effects of deposition of heavy metals and acidifying
compounds on traditional plants used by First Nations and
Aboriginal Communities in and around the oil sands
developments.

2 Air

Traditional Resource Use

Effect of air pollution on bird flyways.

3 Air

Acid Deposition-Soils

Impacts on productivity and vegetation composition of local
and regional acid-sensitive soils.

4 Air

Acid Deposition-Surface Water

Impacts on buffering capacity, biological productivity and
species composition of acid-sensitive rivers and lakes.

5 Air

Acid Deposition-Vegetation

Impacts on biological productivity of acid sensitive vegetation and
changes in species composition and diversity, including impacts
on the success and sensitivity of re-vegetation on reclaimed
areas.

6 Air

Acid Deposition-Wetlands

Acidification of wetlands may impact mosses and lichens and
cause sphagnum moss invasion in poor fens, resulting in changes
to wetland composition/diversity.

7 Air

Air Pollutant Interactions

Cumulative impacts from concentration and deposition of air
pollutants on human health, wildlife, and vegetation in the region
(individual emissions and their interactions, including synergistic
effects of ozone).

8 Air

Air Quality Notification

Establishing community air quality notification levels, incorporating
both human health and aesthetic needs.

9 Air

Air Toxics

Cumulative impact of concentration and deposition of air pollutants
(Air Toxics, Priority Substances Lists 1 & 2) on human health and
wildlife (especially amphibians) due to air emissions.

10 Air

Ambient Air Quality Guidelines

Meeting ambient air quality guidelines for criteria emissions,
e.g., SO2 and NOx (recognizing that some guidelines are in the
process of being updated and that others may need updating,
e.g., SO2 and NOx).
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Environmental
Components

Topic

Issue

11 Air

Lack of Ambient Air

Several air emissions lack air quality guidelines (e.g., reduced
sulphur, individual Volatile Organic Compounds [VOC], PM2.5).

12 Air

Greenhouse Gas Emissions

Regional plans to address Canada's commitments to reduce
net emissions of greenhouse gases, such as carbon dioxide
(CO2) emissions that occur from combustion of fossil fuels.

13 Air

Ground Level Ozone

Impact of Ground Level Ozone on human health and vegetation.
(Ground level ozone is a secondary pollutant formed from NOx
and VOC emissions.)

14 Air

Heavy Metals Deposition

Impacts of increasing levels of heavy metal deposition on soil and
vegetation, fish, wildlife and/or human health.

15 Air

Inhalable Particulate Matter
(PM10 and PM2.5)

Impact of inhalable particulate matter on human health and
wildlife.

16 Air

Long-range Transport

Monitoring and assessment of long-range transport of air
emissions, including acidifying emissions.

17 Air

Noise

Cumulative impact of noise levels in residential settlements and
impact of noise by individual projects.

18 Air

Odours

Cumulative impact of odour levels in residential settlements and
odours from individual projects.

19 Air

Oxides of Nitrogen

Cumulative impact of increasing NOx emissions. These emissions
can contribute to the increase of ambient NOx concentrations,
formation of ground-level ozone, acidification, vegetation effects
and human health effects. High temperature combustion
processes produce oxides of nitrogen (NOx) emissions.

20 Air

Sulphur Dioxide (SO2)

Impact of increasing SO2 concentrations on human health,
vegetation and wildlife. SO2 is a compound for which ambient air
quality guidelines have been stipulated, and it is also a major
contributor to acidic deposition.

21 Air

Tailings Pond Emissions

Emissions of VOC and Total Reduced Sulphur compounds from
the tailings pond is a concern to nearby residents. Tailings pond
issues revolve around the the uncertainty respecting emissions
and mitigation strategies for odours and VOC concentration.

22 Air

Upset Emissions

Cumulative impacts of repetitive short-term acute levels of
emissions of odorous (reduced sulphur) compounds and volatile
organic compounds on human health.

23 Air

Visibility

Deterioration of atmospheric visibility due to elevated
concentrations of dust, smoke and smog.

24 Air

VOC Emissions

Minimizing the loss of solvent diluents with the long-term objective
of eliminating the release of untreated froth treatment tailings
solvents.
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25 Air

VOCs

Impact of VOC concentrations on human health, vegetation and
wildlife. VOC is a group of compounds with relatively few ambient
air quality guidelines that have been stipulated. VOCs are from
industrial and natural sources and are a major contributor to odour
and ozone formation. Issues here are odour, health and
perception of problem.

26 Fisheries

Impacts of Access on Fishing

Over-fishing pressures from increased access. The potential exists
for increased access and increased human populations to impact
fish populations.

27 Fisheries

Fish Conservation

Activities in the region will result in changes in flow (volume),
which in turn will alter fish habitat.

28 Groundwater

Water Quality

Potential effects of improper deep-well disposal of process
wastewater (in situ).

29 Groundwater

Water Quantity

Changes in groundwater quantity associated with withdrawal due
to water supply (in situ).

30 Groundwater

Water Quantity

Changes in groundwater quantity associated with mines (other
than Basal Aquifer depressurization).

31 Groundwater

Water Quality

Effects of seepage water from reclaimed landforms and tailings
ponds.

32 Groundwater

Water Quality

Effects of produced water on groundwater quality (in situ).

33 Human Health Tailings Pond

Effects of seepage from existing tailings ponds.

34 Surface Water Consolidated Tailings (CT)
Reclamation

The potential toxicity of CT release water and its duration on the
landscape.

35 Surface Water Water Quality

Effects of runoff from coke and sulphur piles on water quality.

36 Surface Water Surface Water

Changes in flows, sediment concentrations and channel regime in
receiving streams in local basins and their impacts on fish habitat.

37 Surface Water Drainage Regime

Restructuring of drainage regimes may contribute to increased
erosion and result in impacts to wetlands and change flow rates in
tributaries, increase sediment concentration, and have an impact
on fish habitat.

38 Surface Water End Pit Lake (EPL) Water
Quality

Impact of EPL water quality on habitat conditions for biota in the
lake itself, and for the river/creek into which it will discharge.
Uncertain water quality in the EPL, which is a final landscape
feature. This results from the proposal to put tailings in the lake
and cap it with water, and the quality of water that will be in these
lakes from local runoff.

39 Surface Water Surface Water

Changes in open water areas, including lakes and streams. This is
an overall issue of watershed management and cumulative
changes in flow regimes due to development.

40 Surface Water Water Quality

Use of chemical specific guidelines for toxic elements of water
discharges instead of “Toxic Units”; e.g., from end pit lakes.
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41 Surface Water Water Quality

Changes in water quality of streams, rivers and lakes due to an
individual project and multiple projects, and monitoring and
assessment of effects of water pollutants in the downstream
region. (Athabasca and PAD)

42 Surface Water Water Quality

Changes in Athabasca River water quality and the quality of
tributaries.

43 Surface Water Water Quality

Monitoring and assessment of effects of water pollutants in the
downstream region (the effects need to include water quality,
sediment quality, benthos and fish).

44 Surface Water Water Quality

Untreated drinking water aesthetics - smell and taste.

45 Surface Water Water Quality

Silt and other contaminants increase from logging and
development.

46 Surface Water Water Quality

Effects of industrial effluents on fish health - disease, deformities
and fish tainting.

47 Surface Water Water Quantity

In-stream flow needs in the Athabasca River and developed
tributaries.

48 Terrestrial

Wetland Assessment
and Impacts

The undetermined impact on wetland vegetation communities due
to basal aquifer and surface aquifer drawdown, and the
uncertainty of lateral distance of impact. This surface drawdown
may cause the wetlands to dry up over a significant area,
depending on the volume of water removal required to dry a
wetland.

49 Terrestrial

End Land-Use

Continuity of landform, watershed and vegetation communities
across oil sands mine closure landscapes is necessary for the
development of sustainable landscapes and a diverse ecosystem
including a diversity of landforms, indigenous vegetation, nearnatural water patterns, and wetlands, and a natural appearance.

50 Terrestrial

End Land-Use

Landscape design to create landforms of mine structures that
have a natural appearance is possible only if it is planned into the
development from project inception (i.e., part of the approval
process.)

51 Terrestrial

End Land-Use

Re-establishing a diverse ecosystem including a diversity of
landforms, indigenous vegetation, near-natural water patterns and
wetlands in the reclaimed landscape.

52 Terrestrial

End Land-Use

The reclaimed landscape will be used for recreational purposes,
with the potential for intensive recreational activities including
fishing and hunting pressures because of increased access. The
capability to support and/or the land to recover after use from
these types of activities has to be incorporated into the closure
planning. Public information about the government policy with
respect to assurances that the cost of end land-use will not be
passed along to the public and information about how industry will
finance end land-use over the long-term.

54

1552

Environmental
Components

Topic

Issue

53 Terrestrial

End Land-Use

Rapid establishment of functional riparian areas similar to those
present in the pre-development landscape following closure and
ensuring that watershed structures do not require periodic longterm maintenance.

54 Terrestrial

End Land-Use

Use of native species and traditional plant species in
reclamation in the closure planning design.

55 Terrestrial

Traditional Use Values
and Mitigation

Which vegetation species existed in the pre-disturbance
landscape and which species will be established in the reclaimed
landscapes, and when.

56 Human Health Traditional Use Values
and Mitigation

Impact of development on medicinal plants. Are the plants going
to be available within a reasonable distance during development;
are the plants, etc., going to be available on the reclaimed
landscape; and in both cases, are they going to be safe to
consume?

57 Terrestrial

Monitoring of Acidification of
Terrestrial and Wetland
Ecosystems

The cumulative effects of acid deposition by industry, plant and
vehicle emissions on terrestrial and wetland ecosystems are
unknown and so must be monitored to understand future impacts.
The potential impacts and degradation to vegetation and wildlife
could affect the future sustainability of wetland vegetation
complexes, associated wildlife species, caribou and other
sensitive species in northeastern Alberta.

58 Terrestrial

Biodiversity Assessment

The Canadian Biodiversity Strategy recommends that
environmental impact assessments address impacts to
biodiversity. There is uncertainty about the acceptable level of
detail and scope of assessments, and the expectations for
restoration. Impacts to biodiversity include changes in landscape
and community levels, changes in species and genetic levels, and
impacts to rare species such as rare plants.
- Soils, plants and wildlife tend to be treated separately rather than
in an integrated fashion, as an ecosystem.

59 Terrestrial

Biodiversity Conservation

Protection of areas in the lease that are not underlain by economic
oil sands and are not specifically needed for a mine as biodiversity
in situ conservation areas.

60 Terrestrial

Diversity of Soil Types to
Promote Potential for
Vegetation Diversity

The re-creation of a single type (homogenous) topsoil across the
reclaimed landscape may not provide an “equivalent capability”
for the return of a diversity of native vegetation communities.
Research is required to understand the soils and technology
necessary to re-establish a diversity of vegetation types, in a
reasonable period of time. The requirement to salvage all the
presently existing mineral soils may be necessary to prevent the
permanent loss of the capability to re-establish and sustain
equivalent vegetation and other biological diversity.
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61 Terrestrial

Diversity of Soil Types to
Promote Potential for
Vegetation Diversity

Reclamation soil depths and types should be based on end land
use needs. The soil depth may be adjusted for different
vegetation types in different locations so as to maximize the speed
and likely success of initial reclamation efforts.

62 Terrestrial

Diversity of Soil Types to
Promote Potential for
Vegetation Diversity

The productivity of soils used to support commercial forests are
based on the use of a soil rating procedure called the, “Land
Capability Classification for Forest Ecosystems in the Oil Sands
Region (LCCS)”. The rating system is new and requires
monitoring to determine the factors that influence productivity and
the long-term sustainability of the forests established and the
establishment and viability of other uses.

63 Terrestrial

Cumulative Impacts on Wildlife The uncertainty about cumulative impact of individual and multiple
- Habitat Changes
oil sands developments on wildlife as a result of the habitat loss,
and larger scale (regional) fragmentation of the ecosystem, has
major implications to regional wildlife populations. This is
particularly important for wildlife species of concern in Alberta such
as the Red, Blue, and Yellow listed species.
- Changes in habitat availability, connectivity and diversity
- Preservation of habitat for threatened animals
- Increased mortality risks due to industrial activity and increased
traffic flow

64 Wildlife

Traditional Use Values
and Mitigation

Impact of development on wildlife of high traditional value: moose,
rabbits, aquatic furbearers, grouse, waterfowl and squirrels.

65 Terrestrial

End Land-Use

Uncertainty about the type of wildlife that the reclaimed land will
sustain, and whether the wildlife (moose, rabbits, aquatic
furbearers, grouse, waterfowl and squirrels) that will be sustained
is congruent with traditional needs.

66 Wildlife

Traditional Use Values
and Mitigation

Concern that increased activity in the region has and will result in
increased “unregulated” tourism, which may occur on traditional
traplines. What protection do trapline holders have against this?

67 Wildlife

Hunting

Over-hunting pressures from increased access and restrictions on
hunting access within the development areas and bag limits within
the region. Potential exists for increased access and increased
human populations to impact wildlife populations.

68 Surface Water Sustainability

Impacts of multiple developments on long-term hydrological and
biological integrity of watersheds such as Muskeg River and Kearl
Lake.

69 Terrestrial

Mitigation of cumulative environmental effects through regional
development planning and integrated mine plans for oil sands
developments.

End Land-Use

70 Surface Water Tailings

Reduction and mitigation of surface disturbances of oil sands
developments through the examination and use of alternative
tailings technologies and management.
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71 Terrestrial

Traditional Use Values
and Mitigation

Space to carry out cultural/spiritual activities without disturbance.

72 Terrestrial

Forest Values

Cumulative impact of development on annual allowable cut and
other forest values.
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Theme 1
49

Terrestrial - End Land-Use

Continuity of landform, watershed and vegetation
communities across oil sands mine closure
landscapes is necessary for the development of
sustainable landscapes and a diverse ecosystem
including a diversity of landforms, indigenous
vegetation, near-natural water patterns, and
wetlands, and a natural appearance.

Approvals:
Albian Sands Energy Muskeg River, Approval 20809-00-01
5.2.5: A Mine Reclamation Plan, required by June 30, 2001, that provides techniques, procedures and designs for
watercourses and riparian areas to ensure that these features are progressively incorporated into the development,
are self-sustaining, and are characteristic of natural drainages.
5.2.17 (a) (iii): A Vegetation Management Plan, required by June 30, 2001, which includes considerations for reestablishing the continuity of vegetation patterns between the reclaimed lands and undisturbed lands within the
Muskeg River valley.
Syncrude Aurora North, Approval 18942-00-00:
5.1.5: Establish surface drainage for reclaimed landscapes that is integrated with adjacent undisturbed land.
5.1.11: Requiring revegetation of disturbed lands to ecosystems compatible with the surrounding undisturbed lands,
including commercially viable forest and wetland ecosystems.
MSL 973220 - Disturbed lands shall be contoured to an acceptable land form and the natural drainage restored.
Suncor Millennium (July 16 ‘99 Draft), Approval 94-01-21:
5.2.5: Submit an updated Mine Reclamation Plan by June 30, 2001.
5.2.23: Provide an updated Athabasca River Valley Reclamation Plan, which includes: forest ecosystems and
wetland ecosystems indicative of the Athabasca River valley; re-establishment of continuity of vegetation
communities with adjacent undisturbed lands; and re-establishment of equivalent habitat diversity, patch size,
arrangement and distribution.
5.2.19: Submit a Vegetation Management Plan by June 30, 2001.
Alberta Timber Harvest Planning and Ground Rules:
Section 2.2.4: as applied to Alpac and Northlands harvesting approvals, cutblock boundaries should follow natural
terrain features and timber type boundaries to minimize the impact of logging.

Management and Science Initiatives:
RAC will make recommendations after review of reclamation plans for these continuity issues between mines . RAC
also co-ordinates other reclamation related multi-stakeholder initiatives.
The OSVRC reports to RAC and has prepared guidelines for establishing forest ecosystems on reclaimed land.
The WWG reports to RAC and is preparing a framework for the establishment of wetlands on reclaimed land.
TERRE is conducting research on reclamation techniques.
Various industry-led initiatives are co-ordinating and monitoring reclamation activities.
50

Terrestrial - End Land-Use

Landscape design to create landforms of mine
structures that have a natural appearance is
possible only if it is planned into the development
from project inception (i.e., part of the approval
process.)

Approvals:

60

Albian Sands Energy Muskeg River, Approval 20809-00-01
5.2.5 (b) (c): A Mine Reclamation Plan, required by June 30, 2001, focused on developing landform structures that
are characteristic of undisturbed lands and progressively incorporating them into annual operations. The plan will
discuss techniques and procedures for reclaiming the Muskeg River valley to a final topography characteristic of the
pre-disturbance valley.
Suncor Millennium (July 16 ‘99 Draft), Approval 94-01-21:
5.2.11: Provide an update to the Detailed Conservation Reclamation Plan for Suncor’s Integrated Mine Plan - Lease
86/17, Steepbank Mine and Athabasca River Valley, July 30, 1996 by January 31, 2000.
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Work in Progress
This is to include an updated Athabasca River Valley Reclamation Plan, which includes: final contours for all
topography within the valley characteristic of the pre-disturbed valley; landform structures progressively incorporated
into operations and characteristic of natural features; and reclaimed lands to distribution of landscape positions
characteristic of pre-disturbance conditions.
5.2.25: Submit a Visual Enhancement Plan for the East Bank Mine Site by September 31, 1999. This should
include a detailed design for any processing facilities and structures that must be located within the Clearwater
RMA, excluding the existing industrial development area, that demonstrates landscaping of facilities to blend into the
surrounding landscape.

Management and Science Initiatives:
RAC may make recommendations regarding reclamation.
51

Terrestrial - End Land-Use

Re-establishing a diverse ecosystem including a
diversity of landforms, indigenous vegetation, nearnatural water patterns, and wetlands, in the
reclaimed landscape.

Approvals:
Albian Sands Energy Muskeg River, Approval 20809-00-01
5.2.17 (a) (ii): A Vegetation Management Plan, required by June 30, 2001, which includes considerations for reestablishing the capability for biodiversity in the long-term.
Syncrude Aurora North, Approval 18942-00-00:
5.1.5: Establish surface drainage for reclaimed landscapes that is integrated with adjacent undisturbed land.
5.1.11: Requiring revegetation of disturbed lands to ecosystems compatible with the surrounding undisturbed lands,
including commercially viable forest and wetland ecosystems.
Suncor Millennium (July 16 ‘99 Draft), Approval 94-01-21:
5.2.11, 5.2.23: Provide an update to the Detailed Conservation Reclamation Plan for Suncor's Integrated Mine Plan
Lease 86/17, Steepbank Mine and Athabasca River Valley, July 30 1996 by January 31, 2000. This is to include an
updated Athabasca River Valley Reclamation Plan, which includes: self-sustaining watercourses and riparian areas,
with characteristic ponds, sloughs, small lakes and channeled watercourses, inclusion of forest ecosystems and
wetland ecosystems indicative of the Athabasca River Valley; re-establishment of continuity of vegetation
communities with adjacent undisturbed lands; and re-establishment of equivalent habitat diversity, patch size,
arrangement and distribution.
5.2.19: Submit a Vegetation Management Plan by June 30, 2001.
Alberta Timber Harvest Planning and Ground Rules:
Section 4.8: Objective: to minimize the impact of timber operations on the visual quality of the forest landscape.

Management and Science Initiatives:
ELU recommendations have been adopted by AENV.
RAC will make recommendations regarding reclamation and follow up on ELU recommendations.
The OSVRC reports to RAC and has prepared guidelines for establishing forest ecosystems on reclaimed land.
The WWG reports to RAC and is preparing a framework for the establishment of wetlands on reclaimed land.
TERRE is conducting research on reclamation techniques.
AENV and WEPA have a project to develop a decision support tool with a focus on habitat fragmentation.
Boreal Caribou Committee manages a science program and provides recommendations on the management
regime.
Various industry-led initiatives are monitoring and co-ordinating reclamation activities.
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Terrestrial - End Land-Use

Issue
The reclaimed landscape will be used for
recreational purposes, with the potential for
intensive recreational activities including fishing and
hunting pressures because of increased access.
The land’s capability to support and/or recover after
use from these types of activities must be
incorporated into closure planning. Public
information about government policy with respect to
assurances that the cost of end land-use will not be
passed along to the public and information about
how industry will finance end land-use over the long
term.

Work in Progress
Approvals:
Syncrude Aurora North, Approval 18942-00-00:
5.5.17: A model of the end pit lake outlining design features and recreational potential will be submitted to the
Director by June 30, 2001.
Suncor Millennium (July 16 ‘99 Draft), Approval 94-01-21:
5.2.27: submit a Recreation Plan by June 30, 2002, The plan should include, but not be limited to, an assessment of
necessary design features that would provide equivalent landscape capabilities for extensive recreational use, and
the landscape capability for intensive recreation use around potential recreation attractions.
Alberta Timber Harvest Planning and Ground Rules:
Section 4.2: Timber Harvesting will be Integrated with other resources according to:
a) the principle of integrated resource management, recognizing and considering other resource uses and values;
and b) Integrated Resource Plans.
Section 4.3.2: Objective: to develop harvest designs and conduct harvest operations in ways that will:
a) encourage richness of wildlife species by maintaining or enhancing habitat diversity; b) manage for a well
distributed habitat capable of providing long-term population viability for all seasonal and year round resident wildlife
species; c) ensure that forest management activities maintain the capability for wildlife use of habitat; and d) protect
fish habitat.
Section 4.4, Standard 1: Timber operators shall plan and conduct their timber operation in consideration of
legislated protected areas and approved recreation resource management plans, where they exist.

Management and Science Initiatives:
RAC will make recommendations regarding reclamation issues such as this.
ELU Recommendations (Human Development 3.3).
53

Terrestrial - End Land-Use

Rapid establishment of functional riparian areas
similar to those present in the pre-development
landscape following closure and ensuring that
watershed structures do not require periodic longterm maintenance.

Approvals:
Albian Sands Energy Muskeg River, Approval 20809-00-01
5.2.7-5.2.9: A research plan, required by June 30, 2001, for the development of self-sustaining watersheds and
functional riparian areas. The plan will include research into channel design parameters and vegetation community
establishment.
Suncor Millennium (July 16 ‘99 Draft), Approval 94-01-21:
5.2.11, 5.2.23: Provide an update to the Detailed Conservation Reclamation Plan for Suncor’s Integrated Mine Plan Lease 86/17, Steepbank Mine and Athabasca River Valley, July 30 1996 by January 31, 2000. This is to include an
updated Athabasca River Valley Reclamation Plan, which includes: self-sustaining watercourses and riparian areas,
with characteristic ponds, sloughs, small lakes and channeled watercourses, inclusion of forest ecosystems and
wetland ecosystems indicative of the Athabasca River Valley; re-establishment of continuity of vegetation communities
with adjacent undisturbed lands; and re-establishment of equivalent habitat diversity, patch size, arrangement and
distribution.

Management and Science Initiatives:
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RAC will make recommendations regarding reclamation issues such as this.
The WWG reports to RAC and is preparing a framework for the establishment of wetlands on reclaimed land.
TERRE is conducting research on reclamation techniques.
Various industry-led initiatives are monitoring and co-ordinating reclamation activities.
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54

Terrestrial - End Land-Use

Issue
Use of native species and traditional plant species
in reclamation in the closure planning design.

Work in Progress
Approvals:
Albian Sands Energy Muskeg River, Approval 20809-00-01
5.2.17 (a) (i): A Vegetation Management Plan, required by June 30, 2001, for incorporating vegetation and
vegetation communities of traditional value that are characteristic of those communities on adjacent undisturbed
lands.
MSL 973220 - Requires the use of local native plant species for revegetation.
Suncor Millennium (July 16 ‘99 Draft), Approval 94-01-21:
5.2.19: Submit a Vegetation Management Plan by June 30, 2001.

Management and Science Initiatives:
RAC will make recommendations regarding reclamation and appropriate end land-use.
The WWG reports to RAC and is preparing a framework for the establishment of wetlands on reclaimed land.
The Native Plant Working Group is developing guidelines for the use of native plant materials in Alberta.
The Guidelines for Reclamation to Forest Vegetation in the Athabasca Oil Sands Region provides a list of
vegetation species suitable for use in reclamation.
55

Terrestrial - Traditional Use
Values and Mitigation

What vegetation species existed in the predisturbance landscape and what species will be
established in the reclaimed landscapes, and when.

Approvals:
Alberta Timber Harvest Planning and Ground Rules:
Section 5.2.2, Standard 1d: Timber operators are required to provide: a) stand and site assessments provided by
the department which will include a basic level of stand assessment and any or all of the following information as
required; and b) a description of understory at stand levels of detail.

Management and Science Initiatives:
Industry EIAs provide baseline data on vegetation communities before disturbance.
RAC will make recommendations regarding reclamation generally and provide co-ordination for management and
science initiatives in this area.
The WWG reports to RAC and is preparing a framework for the establishment of wetlands on reclaimed land.
The Native Plant Working Group is developing guidelines for the use of native plant materials in Alberta.
56

Human Health - Traditional
Use Values and Mitigation

Impact of development on medicinal plants. Are
the plants going to be available in reasonable
distance during development, are the plants etc.
going to be available on the reclaimed landscape
and, in either case, are they going to be safe to
consume?

Management and Science Initiatives:
RAC and CEEMP will review the sequencing and timing for an initiative to develop reclamation guidelines for
replacement of traditional land uses (ELU rec. 4.5). Decision expected in 1999.
The WWG reports to RAC and is preparing a framework for the establishment of wetlands on reclaimed land.
The TEEM program monitors trace metal content in soil, vegetation and small mammals. A study of metals in
traditionally harvested vegetation and wildlife is under development.
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69

Terrestrial - End Land-Use

Issue
Mitigation of cumulative environmental effects
through regional development planning and
integrated mine plans of oil sands developments.

Work in Progress
Approvals:
Alberta Timber Harvest Planning and Ground Rules:
Section 2.2.6, Guideline 1: harvesting proposals must provide planning for reforestation and harvesting be coordinated to minimize soil erosion, soil compaction and watercourse sedimentation.
EUB approvals address integrated mine development planning.
RSDS provides for adaptive regional development planning using EPEA and other approvals at the time of initial
approval or at review intervals.

Management and Science Initiatives:
RAC will provide a forum for co-ordination of reclamation plans to ensure the evolution of ecosystems. (ELU rec.
2.2.1 & 3.1.2).

70

Surface Water - Tailings

Reduction and mitigation of surface disturbances of
oil sands developments through the examination
and use of alternate tailings technologies and
management.

Approvals:
Albian Sands Energy Muskeg River Mine, Approval 20809-00-01:
5.2.28: Requirement to submit a Tailings Management Research Program and schedule by June 30, 2001.
Syncrude Aurora North, Approval 18942-00-00:
5.1.14: Tailings research required to determine the considerations that will allow for suitable reclamation of tailings
storage areas to forest or wetland ecosystems, or combinations of such. Research will be included within annual
reports.

Management and Science Initiatives:
RAC will make recommendations regarding reclamation and appropriate end land-use.
TERRE is conducting research on reclamation techniques.
Industry is conducting research on improved technologies to deal with tailings and their emissions.
72

Terrestrial - Forest Values

Cumulative impact of development on annual
allowable cut and other forest values.

Approvals:
Albian Sands Energy Muskeg River Mine, Approval 20809-00-01:
3.7.11: The approval holder shall salvage topsoil to reclaim disturbed land to achieve, at a minimum, the site index
productivity for re-established commercial forests.
5.2.19-5.2.20: Requirement for a Forest Resource Plan, by January 31, 2001, that includes strategies to minimize
and mitigate impacts to the annual allowable cut in the area by the development.
Suncor Millennium (July 16 ‘99 Draft), Approval 94-01-21:
5.2.29: Submit a Forest Resource Plan by January 31, 2001.

Management and Science Initiatives:
AENV, forest industry and regional stakeholders will work to determine and understand the impact and loss of
productive forest lands. (ELU rec. 4.3). AlPac Detailed Forest Management Planning Task Force will prepare the
updated DFMP, including mine development and other factors affecting the forest. (Due in 2001.)
RAC will make recommendations regarding reclamation and appropriate end land-use.
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Theme 2
2

Air - Traditional Resource Use Effect of air pollution on bird flyways.

63

Terrestrial - Cumulative
Impacts on Wildlife - Habitat
Changes

The uncertainty about cumulative impact of
individual and multiple oil sands developments on
wildlife as a result of habitat loss, and larger scale
(regional) fragmentation of the ecosystem, has
major implications to regional wildlife populations.
This is particularly important for wildlife species of
concern in Alberta such as the Red, Blue, and
Yellow listed species.
- Changes in habitat availability, connectivity and
diversity
- Preservation of habitat for threatened animals
- Increased mortality risks due to industrial activity
and increased traffic flow

Approvals:
Albian Sands Energy Muskeg River Mine, Approval 20809-00-01:
5.2.23-5.2.24: Requirement to provide a Wildlife Plan by June 30, 2001, which includes techniques and procedures
for a) returning disturbed lands to pre-disturbance wildlife habitat capability, and b) re-establishing a diversity of
wildlife habitats characteristic of pre-development landscape.
5.2.38 (a) (b): Requirement to participate in a regional wildlife assessment program to include a) validation of
wildlife suitability index models used to assess impacts, and b) long-term monitoring of selected special status
species, and species of concern, to quantify cumulative impacts on wildlife populations in the region.
Syncrude Aurora North, Approval 1894200-00:
5.1.13: Requires the establishment of a diversity of wildlife habitats consistent with undisturbed surrounding land
and that which existed in pre-disturbance.
5.1.19-5.11.20: Requires demonstration, through monitoring of wildlife use of reclaimed lands, progress in achieving
the wildlife habitat objectives, and reported within the annual plan.
Suncor Millennium (July 16 ‘99 Draft), Approval 94-01-21:
5.2.23: Provide an updated Athabasca River Valley Reclamation Plan, which includes re-establishment of equivalent
habitat diversity, patch size, arrangement and distribution.
5.2.33-5.2.34: Submit a Wildlife Plan by June 30, 2001.
5.2.37: Submit a Regional Wildlife Assessment Update by September 1, 2000.

Management and Science Initiatives:
AENV with AlPac and WEPA have a Total Effects project to develop a decision support tool for use in addressing
habitat fragmentation. (Three year project, complete in 2002.)
AENV and industry are working together to address potential improvements to the biodiversity assessment process,
such as determining appropriate methods and baseline surveys.
The provincial government monitors populations of selected species of concern, such as game species, waterfowl,
furbearers and Red, Blue and Yellow listed species.
In summer 1999, AENV and EC collaborated on collecting baseline biodiversity data for birds, amphibians and
vegetation in the Oil Sands area.
The AFBMP is currently under development and will provide a standardized provincial biodiversity monitoring
program for forested areas.
The Boreal Caribou Committee develops and manages a science program and provides recommendations on the
management regime which are being used to condition all industrial activities in key caribou habitat.
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65

Issue

Work in Progress

Wildlife - Traditional Use
Values and Mitigation

Impact of development on wildlife of high traditional
value; moose, rabbits, aquatic furbearers, grouse,
waterfowl, and squirrels.

Management and Science Initiatives:

Terrestrial - End Land-Use

Uncertainty about the type of wildlife that the
reclaimed land will sustain and if the wildlife
(moose, rabbits, aquatic furbearers, grouse,
waterfowl, and squirrels) that will be sustained is
congruent with traditional needs.

Approvals:

AENV with AlPac and WEPA have a Total Effects project to develop a decision support tool for use in addressing
habitat fragmentation. (Three year project, complete in 2002.)
The provincial government monitors populations of selected species of concern, such as game species, waterfowl,
furbearers and Red, Blue and Yellow listed species.

Albian Sands Energy Muskeg River Mine, Approval 20809-00-01:
5.2.23-5.2.24: Requirement to provide a Wildlife Plan by June 30, 2001, which includes techniques and procedures
for a) returning disturbed lands to pre-disturbance wildlife habitat capability, and b) re-establishing a diversity of
wildlife habitats characteristic of pre-development landscape.
Syncrude Aurora North, Approval 18942-00-00:
5.1.12: Restoration of Moose habitat levels equivalent to pre-disturbance conditions.
5.1.13: Requires the establishment of a diversity of wildlife habitats consistent with undisturbed surrounding land
and that which existed in pre-disturbance.
Suncor Millennium (July 16 ‘99 Draft), Approval 94-01-21:
5.2.33-5.2.34: Submit a Wildlife Plan by June 30, 2001.
5.2.37: Submit a Regional Wildlife Assessment Update by September 1, 2000.

Management and Science Initiatives:
RAC will make recommendations regarding reclamation and appropriate end land-use. RAC is also the forum for
stakeholder review of reclamation plans to ensure relevant wildlife habitat and population objectives for black bear,
deer, moose, bird game and furbearers is incorporated into all reclamation plans (ELU rec.3.1.2).
AENV with AlPac and WEPA have a Total Effects project to develop a decision support tool for use in addressing
habitat fragmentation. (Three year project, complete in 2002.) The provincial government monitors populations of
selected species of concern, such as game species, waterfowl, furbearers and Red, Blue and Yellow listed species.
TERRE is conducting research on reclamation techniques.
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Wildlife - Traditional Use
Values and Mitigation

Concern that increased activity in the region has
and will result in increased 'unregulated' tourism
which might occur on traditional trap lines. What
protection do the holders of these trap lines have
regarding tourism development on their lines?

Management and Science Initiatives:

Wildlife - Hunting

Over-hunting pressures from increased access and
restrictions of hunting access within the
development areas and bag limits within the region.
The potential for increased access and increased
human populations to impact wildlife populations.

Approvals:

The provincial government monitors furbearer populations.

There was a recommendation to put WMU 530 as draw only for the next hunting season, restricting the number of
moose hunters in the area. This will require additional public consultation before the recommendation is approved.

Management and Science Initiatives:
The provincial government monitors populations of selected species of concern, such as game species and
waterfowl.
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48

Terrestrial - Wetland
Assessment and Impacts

Issue
The undetermined impact on wetland vegetation
communities due to basal aquifer and surface
aquifer drawdown and the uncertainty of lateral
distance of impact. This surface drawdown may
cause the drying of wetlands over a significant
area, depending on the volume of water removal
required to dry a wetland.

Work in Progress
Approvals:
Albian Sands Energy Muskeg River, Approval 20809-00-01:
5.2.42: Wetland Monitoring Program to determine the potential effects of dewatering and mine development on
wetland communities, required September 1, 1999.
Suncor Millennium (July 16 ‘99 Draft), Approval 94-01-21:
5.2.53-5.2.54: Submit a Wetlands Monitoring Program by September 1, 1999 and implement program.

Management and Science Initiatives:
The provincial Groundwater Observation Well Network and individual industry programs monitors groundwater
levels around mine sites.
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Terrestrial - Biodiversity
Assessment

The Canadian Biodiversity Strategy recommends
addressing the impacts to biodiversity for
environmental impact assessments. There is
uncertainty as to the acceptable level of detail and
scope of assessments and expectations for
restoration. Impacts to biodiversity include changes
in landscape and community levels, changes in
species and genetic levels, and impacts to rare
species like rare plants.
- Soils, plants and wildlife tend to be treated
separately rather than in an integrated fashion,
as an ecosystem.

Approvals:
Albian Sands Energy Muskeg River, Approval 20809-00-01
5.2.39-5.2.41: A Biodiversity Program, required by June 30, 2001. The program will include a determination of best
practices for development of biodiversity on a range of ecosites; a plan to monitor the return of biodiversity on
reclaimed lands; a rare plant survey; proposals for the protection of rare plants around the mine perimeter;
comprehensive plant lists for each terrestrial and wetland community type.
5.2.44: Requirement to participate in regional industry initiatives for establishing benchmark sites in adjacent areas
to evaluate and monitor changes in biodiversity on reclaimed oil sands leases.
Suncor Millennium (July 16 ‘99 Draft), Approval 94-01-21:
5.2.49-5.2.51: Submit and implement a Biodiversity Program by June 30, 2001.
Alberta Timber Harvest Planning and Ground Rules:
Section 4.3.2, Guideline 1 & 2: Forest Harvesting must ensure a minimum of 10 per cent of the gross productive
forest land base of each FMU should be managed as mature/overmature forest that is representative of stand types
in the area. The types left should be a variety of sizes starting at four hectares or larger.

Management and Science Initiatives:
AENV and industry are working together to address potential improvements to the biodiversity assessment process,
such as determining appropriate methods and baseline surveys.
The AFBMP is currently under development and will provide a standardized provincial biodiversity monitoring
program for forested areas.
In summer 1999, AENV and EC collaborated on collecting baseline biodiversity data for birds, amphibians and
vegetation in the Oil Sands area.
The SFMN is a network of programs conducting research on sustainable forestry practices.
RAC will make recommendations regarding reclamation and appropriate end land-use.
59

Terrestrial - Biodiversity
Conservation

Protection of areas in the lease that are not
underlain by economic oil sands and are not
specifically needed for mine as biodiversity in situ
conservation areas.

Approvals:
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Albian Sands Energy Muskeg River, Approval 20809-00-01
3.7.5: Requirement to maintain a buffer along both sides of the Muskeg River.
Alberta Timber Harvest Planning and Ground Rules:
Section 4.3.5, Guideline 3: Applied to authorizations to harvest trees; small timber stands surrounded on at least
three sides by meadows or shrub lands should be maintained in a state of mature forest cover.
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60

Terrestrial - Diversity of Soil
Types to Promote Potential
for Vegetation Diversity

Issue
The re-creation of a single type (homogenous)
topsoil across the reclaimed landscape may not
provide an “equivalent capability” for the return of a
diversity of native vegetation communities.
Research is required to understand the soils and
technology necessary to re-establish a diversity of
vegetation types, in a reasonable period of time.
The requirement to salvage all the presently
existing mineral soils may be necessary to prevent
the permanent loss of the capability to re-establish
and sustain equivalent vegetation and other
biological diversity.

Work in Progress
Approvals:
Albian Sands Energy Muskeg River Mine, Approval 20809-00-01:
3.7.10-3.7.11: Requirement to salvage topsoil to reclaim disturbed land to achieve equivalent to pre-disturbance for
land capability classes and forest site productivity indexes.
3.7.12: Requirement to selectively salvage and store classes 1, 2 and 3 mineral topsoils from the upland portions of
the Muskeg River valley.
5.2.10: Requirement to return disturbed land to the minimum post-disturbance area of 4,450 hectares for land
capability classes 1, 2 and 3.
5.2.48 (b) (c): Require a coversoil salvage plan with maps showing characteristics, depths, and distribution of
coversoil to be salvaged and stockpiled; require a summary of placement depths of coversoils and land capability
class for each reclaimed area.
Syncrude Aurora North, Approval 18942-00-00:
5.1.11: Requiring re-vegetation of disturbed lands to ecosystems compatible with the surrounding undisturbed lands,
including commercially viable forest and wetland ecosystems.
Suncor Millennium (July 16 ‘99 Draft) Approval 94-01-21:
5.2.11: Provide an update to the Detailed Conservation Reclamation Plan for Suncor’s Integrated Mine Plan - Lease
86/17, Steepbank Mine and Athabasca River Valley, July 30 1996 by January 31, 2000. This is to include an
updated Athabasca River Valley Reclamation Plan, which includes: management of topsoils materials
(Class 1 and 2) to the re-establishment of a variety of ecosites on the reclaimed landscape; and a minimum of
20 per cent of the disturbed land within the Athabasca River valley shall be reclaimed with soils.

Management and Science Initiatives:
RAC will make recommendations regarding reclamation and appropriate end land-use.
The Soils Working Group reports to RAC and has developed a land classification system to evaluate land capability
for forest ecosystems.
The OSVRC reports to RAC and has prepared guidelines for establishing forest ecosystems on reclaimed land.
The WWG reports to RAC and is preparing a framework for the establishment of wetlands on reclaimed land.
TERRE is conducting research on reclamation techniques.
61

Terrestrial - Diversity of Soil
Types to Promote Potential
for Vegetation Diversity

Reclamation soil depths and types should be based
on end land-use needs. The soil depth may be
adjusted for different vegetation types in different
locations so as to maximize the speed and likely
success of initial reclamation efforts.

Approvals:
Albian Sands Energy Muskeg River Mine, Approval 20809-00-01:
5.2.11: Requirement to replace coversoil to a minimum depth of 0.1 m with an average depth of at lease 0.2 m on
all disturbed land reclaimed as capability class 2, 3 and 4.
5.2.48 (c): Require a summary of placement depths of coversoil, types of materials used and land capability class
of each reclaimed area on a year to year cumulative basis.

Management and Science Initiatives:
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RAC will make recommendations regarding reclamation and appropriate end land-use.
The Soils Working Group reports to RAC and has developed a land classification system to evaluate land capability
for forest ecosystems.
The OSVRC reports to RAC and has prepared guidelines for establishing forest ecosystems on reclaimed land.
The WWG reports to RAC and is preparing a framework for the establishment of wetlands on reclaimed land.
TERRE is conducting research on reclamation techniques.
Various industry-led initiatives are monitoring and co-ordinating reclamation activities.
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62

Terrestrial - Diversity of Soil
Types to Promote Potential
for Vegetation Diversity

Issue
The productivity of soils used to support commercial
forest are based on the use of a soil rating
procedure called the “Land Capability Classification
for Forest Ecosystems in the Oil Sands Region
(LCCS)”. The rating system is new and requires
monitoring to determine the factors that influence
productivity and the long-term sustainability of the
forests established and the establishment and
viability of other uses.

Work in Progress
Approvals:
Albian Sands Energy Muskeg River Mine, Approval 20809-00-01:
5.2.35-5.2.36: Requirement for a Land Capability Classification System (LCCS) research program by June 30,
2001. The program will include a) participation in research and monitoring programs to determine soil and
landscape factors required to establish equivalent capabilities of site index productivity for the range of ecotypes
used in reclamation, and b) validation of whether the LCCS provides the capability for the development and
sustainability of a wide range of native ecosite phases.
Suncor Millennium (July 16 ‘99 Draft), Approval 94-01-21:
5.2.45-5.2.46: Submit a Land Classification System Research Plan by June 30, 2001.

Management and Science Initiatives:
RAC will make recommendations regarding reclamation and appropriate end land-use.
The Soils Working Group reports to RAC and has developed a land classification system to evaluate land capability
for forest ecosystems. It will be calibrated to show what level of productivity can be achieved from various soils.
The OSVRC reports to RAC and has prepared guidelines for establishing forest ecosystems on reclaimed land.
The WWG reports to RAC and is preparing a framework for the establishment of wetlands on reclaimed land.
TERRE is conducting research on reclamation techniques.
Various industry-led initiatives are monitoring and co-ordinating reclamation activities.
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Environmental Component/Topic

Issue

Work in Progress

Theme 4
7

Air - Air Pollutant Interaction

Cumulative impacts of concentration and
deposition of air pollutants on human health,
wildlife, and vegetation in the region (individual
emissions and their interactions, including
synergistic effects of ozone).

Approvals:
Albian Sands Energy Muskeg River, Approval 20809-00-01:
4.1.13: Environmental effects monitoring (Biomonitoring) report required.
4.1.34: Participation is required in multi-stakeholder forums that include the collection of long-term air quality and
human exposure monitoring data to improve future health impact assessments and further the understanding of the
links between air quality and human health.
Syncrude Aurora North, Approval 18942-00-00:
4.1.8: Participation is required in the Southern Wood Buffalo Zone air monitoring environmental effects monitoring
(biomonitoring) programs.
Suncor Steepbank Approval 94-01-00:
4.4.1: Report on result of all ambient air quality environmental effects monitoring (biomonitoring) performed between
1996 and 2000 (inclusive) is required prior to March 15, 2001.
4.4.11: A report summarizing performance in achieving expected air emission improvements stated in the
Steepbank Mine Project Application is required prior to March 15, 2001. An assessment of the status of SO2, NOx,
VOC and particulate emissions must be included.
Suncor Millennium (July 16 '99 Draft), Approval 94-01-21:
4.1.32: Participate in WBEA ambient air monitoring network and operate one continuous ambient air quality
monitoring station.
4.1.33: Environmental effects monitoring (Biomonitoring) report required.
4.1.37: Participate in RAMP.

Management and Science Initiatives:
The NSMWG is working to design and establish a management system for regional NOx and SO2 emissions by
January 31, 2001.
WBEA continuously monitors ambient air quality.
The TEEM program conducts long-term monitoring of forest health, chemistry and metal content of soil, streams,
vegetation, traditional resources and small mammals. The emphasis is on detecting impacts of air emissions on the
ecosystem.
The OMWG is using modeling and research to fill gaps in knowledge about the regional ozone situation.
The AOSCEHEAP program is studying the links between human health and exposure to air pollutants in the Fort
McMurray community. A similar program is under consideration for Fort McKay.
8

Air - Air Quality Notification

Establishing community air quality notification
levels, incorporating both human health and
aesthetic needs.

Approvals:
Albian Sands Energy Muskeg River, Approval 20809-00-01:
4.1.20 (p): An annual air emissions summary and evaluation report is required by March 15 of each year, for the
previous year’s data, which includes a description of consultation with the community of Fort McKay to establish,
monitor and report community based air quality notification levels.

Management and Science Initiatives:
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The community of Fort McKay is involved in consultations with Shell and Suncor to address their concerns about air
quality.
WBEA continuously monitors ambient air quality.
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Environmental Component/Topic
9

10

Air - Air Toxics

Air - Ambient Air Quality
Guidelines

Issue

Work in Progress

Cumulative impact of concentration and deposition
of air pollutants (Air Toxics, Priority Substances List
1/2) on human health and wildlife (especially
amphibians) due to air emissions.

Management and Science Initiatives:

Meeting ambient air quality guidelines for criteria
emissions, e.g. SO2 and NOx (recognizing that
some guidelines are in the process of being
updated and that others may need updating, e.g.
SO2 and NOx).

Approvals:

WBEA continuously monitors ambient air quality.
The AOSCEHEAP program is studying the links between human health and exposure to air pollutants in the Fort
McMurray community. A similar program is under consideration for Fort McKay.
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Albian Sands Energy Muskeg River, Approval 20809-00-01:
4.1.10, 4.1.11: Continuous emission monitoring required annually.
4.1.21-4.1.24: Mine mobile and equipment emission study and minimization plan required six months prior to
start-up of the extraction portion of the plant.
4.1.20: Air emission summary and evaluation report required annually on March 15 until 2003.
Syncrude Aurora North, Approval 18942-00-00:
4.1.6: Continuous Emissions monitoring report required annually.
4.1.7: Required to operate and maintain an ambient air quality monitoring program through participation in the
Southern Wood Buffalo Zone ambient air monitoring network and operate and maintain one continuous ambient air
quality monitoring station.
4.1.12: Annual air emissions summary and evaluation report required.
4.1.13: Must submit a summary report on the results of all ambient air quality environmental effects monitoring
(Biomonitoring) performed between the years 1998 and 2002 (inclusive) prior to March 15, 2003.
4.1.14: Must submit a summary of performance in minimizing atmospheric emissions between the years of 1998
and 2002 (inclusive), that identifies and evaluates all options for further reduction of air contaminant emissions and
that demonstrates Syncrude's meaningful efforts to achieve emissions reductions, prior to March 15, 2003.
Suncor Steepbank Approval 94-01-00:
4.4.2: In the event that the emission rate of SO2 to the atmosphere from all plant sources, excluding the newly
quantified emission sources defined in the approval, is higher than an average of 51 tonnes per day during any
calendar year, the approval holder shall submit a detailed written report on or before January 31 of the following
year.
Suncor Millennium (July 16 '99 Draft), Approval 94-01-21:
4.1.30-4.1.31: Continuous emission monitoring report required annually.
4.1.32: Participate in WBEA ambient air monitoring network and operate one continuous ambient air quality
monitoring station.
4.1.45-4.1.46: Compile a monthly and annual air emission summary report.
4.1.48-4.1.49: Submit a plan for a program to study and minimize all emissions, where practicable, from mine
mobile equipment, by June 30, 2000.
4.1.58: Must submit a summary report on the results of all ambient air quality environmental effects monitoring
(biomonitoring) performed between the years 1996 and 2000 (inclusive) prior to March 15, 2001.
4.1.59: In the event that the emission rate of SO2 to the atmosphere from all plant sources, excluding the newly
quantified emission sources defined in the approval, is higher than an average of 66 tonnes per day during any
calendar year, the approval holder shall submit a detailed written report on or before March 31 of the following year.
4.1.60: Submit a written report within seven days of any readings of SO2 or H2S greater than the Alberta Ambient Air
Quality Guidelines occurring at a continuous ambient air monitoring station operated by the WBEA.
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Environmental Component/Topic

Issue

Work in Progress
Management and Science Initiatives:
The NSMWG is working to design and establish a management system for regional NOx and SO2 emissions by
January 31, 2001.
WBEA continuously monitors ambient air quality, including NOx and SO2.

11

Air - Lack of Ambient Air
Quality Guidelines

Several air emissions lack air quality guidelines
(e.g., reduced sulphur, individual VOCs, PM2.5).

13

Air - Ground Level Ozone

Impact of Ground Level Ozone on human health
and vegetation. (Ground level ozone is a secondary
pollutant formed from NOX and VOC emissions).

Approvals:
Albian Sands Energy Muskeg River, Approval 20809-00-01:
4.1.21-4.1.24: Mine mobile and equipment emission study and minimization plan required six months prior to startup of the extraction portion of the plant.
4.1.31-4.1.33: Oxide and nitrogen plant emission report due June 1, 2005.
4.1.25: Participation in the WBEA Ozone Modeling Working Group is required until its conclusion.
Syncrude Aurora North, Approval 18942-00-00:
4.1.12: Annual air emissions summary and evaluation report required.
Suncor Millennium (July 16 ‘99 Draft), Approval 94-01-21:
4.1.52: Participate in the WBEA Ozone Modeling Working Group until its conclusion.

Management and Science Initiatives:
The OMWG is using modeling and research to fill gaps in knowledge about the regional ozone situation.
The NSMWG is working to design and establish a management system for regional NOx and SO2 emissions by
January 31, 2001.
WBEA continuously monitors ambient air quality, including ozone levels.
The AOSCEHEAP program is studying the links between human health and exposure to air pollutants in the Fort
McMurray community. A similar program is under consideration for Fort McKay.
15

18

Air - Inhalable Particulate
Matter

Impact of inhalable particulate matter on human
health and wildlife.

Management and Science Initiatives:

Air - Odours

Cumulative impact of odour levels in residential
settlements and odours from individual projects.

Approvals:

WBEA continuously monitors ambient air quality, including particulate matter.
The AOSCEHEAP program is studying the links between human health and exposure to air pollutants in the Fort
McMurray community. A similar program is under consideration for Fort McKay.

Suncor Millennium (July 16 ‘99 Draft), Approval 94-01-21:
4.1.43: Conduct sampling and analysis of potentially odorous liquid streams.

Management and Science Initiatives:
WBEA continuously monitors ambient air quality.

72

1569

Environmental Component/Topic
23

25

Air - Visibility

Air - VOCs

Issue

Work in Progress

Deterioration of atmospheric visibility due to
elevated concentrations of dust, smoke and smog.

Management and Science Initiatives:

Impact of Volatile Organic Compounds (VOC)
concentrations on human health, vegetation and
wildlife. VOC is a group of compounds with
relatively few ambient air quality guidelines that
have been stipulated. VOCs are from industrial
and natural sources and are a major contributor to
odour and ozone formation. Issues here are odour,
health and perception of problem.

Approvals:

WBEA continuously monitors ambient air quality, including particulate matter.

Albian Sands Energy Muskeg River, Approval 20809-00-01:
4.1.17, 4.1.18: Fugitive VOC emissions and leak detection and repair program report required prior to start-up of the
extraction portion of plant.
4.1.26 - 4.1.30: VOC and TRS compound quantification and characterization plan required six months prior to
start-up of the extraction portion of the plant.
Syncrude Aurora North, Approval 18942-00-00:
4.1.12: Annual air emissions summary and evaluation report required.
Suncor Millennium (July 16 ‘99 Draft), Approval 94-01-21:
4.1.41-4.1.42: Fugitive VOC emissions and leak detection and repair program report required prior to start-up of the
extraction portion of plant.
4.1.53-4.1.55: Submit a plan to quantify and characterize the emissions of VOCs and TRS compounds from fugitive
and point sources, by June 30, 2000.

Management and Science Initiatives:
Industry is conducting research on VOC emissions from tailings ponds.
WBEA continuously monitors ambient air quality.
The AOSCEHEAP program is studying the links between human health and exposure to air pollutants in the Fort
McMurray community. A similar program is under consideration for Fort McKay.
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Environmental Component/Topic

Issue

Work in Progress

Theme 5
1

Air - Traditional Resource Use Effects of deposition of heavy metals and acidifying
compounds on traditional plants used by First
Nations and Metis residents in and around the Oil
Sands developments.

Approvals:
Albian Sands Energy Muskeg River, Approval 20809-00-01:
4.1.14: Acid deposition monitoring program for aquatic ecosystems report required 12 months prior to start-up of the
extraction plant.
Suncor Millennium (July 16 ‘99 Draft), Approval 94-01-21:
4.1.34-4.1.35: Participation in, report on and commence an acid deposition monitoring program for aquatic
ecosystems prior to June 30, 2001.

Management and Science Initiatives:
The NSMWG is working to design and establish a management system for regional NOx and SO2 emissions by
January 31, 2001.
The TEEM program monitors trace metal content in soil, vegetation and small mammals. A study of metals in
traditionally harvested vegetation and wildlife is under development.
The RAMP Acid Sensitive Lake Long-term Monitoring Program will monitor acid sensitive lakes to detect changes
caused by acid deposition.

14

56

Air - Heavy Metal Deposition

Human Health - Traditional
Use Values and Mitigation
DUPLICATED IN THEME 1

Impacts of increasing levels of heavy metal
deposition on soil and vegetation, fish, wildlife
and/or human health.

Management and Science Initiatives:

Impact of development on medicinal plants. Are
the plants going to be available in reasonable
distance during development, are the plants, etc,.
going to be available on the reclaimed landscape
and, in either case, are they going to be safe to
consume?

Management and Science Initiatives:

The TEEM program monitors trace metal content in soil, vegetation and small mammals. A study of metals in
traditionally harvested vegetation and wildlife is under development.

RAC and CEEMP will review the sequencing and timing for an initiative to develop reclamation guidelines for
replacement of traditional Land-use (ELU rec. 4.5). Decision expected in 1999.
The WWG reports to RAC and is preparing a framework for the establishment of wetlands on reclaimed land.
The TEEM program monitors trace metal content in soil, vegetation and small mammals. A study of metals in
traditionally harvested vegetation and wildlife is under development.
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SHELL CANADA ENERGY
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JACKPINE MINE EXPANSION PROJECT
FORT MCMURRAY AREA

2013 ABAER 011
AER Application No. 1554388
CEAA Reference No. 59540

SUMMARY AND DECISION
[1]
Shell Canada Energy (Shell) applied to the Energy Resources Conservation Board
(ERCB) for an amendment to the Jackpine Mine—Phase 1 (Phase 1) Approval 9756 to increase
bitumen production. The Jackpine Mine Expansion Project (the Project), located about 70
kilometres north of Fort McMurray, would include additional mining areas and associated
processing facilities, utilities, and infrastructure and would increase bitumen production by
15 900 cubic metres per day. Shell submitted an environmental impact assessment (EIA) report
to Alberta Environment and Sustainable Resource Development 1, the Canadian Environmental
Assessment Agency (CEAA), and the ERCB. The EIA forms part of the application to the
ERCB.
[2]
The Oil Sands Conservation Act (OSCA), the Environmental Protection and
Enhancement Act, and the Water Act require provincial approvals for the Project. The Public
Lands Act, the Municipal Government Act, and the Historical Resources Act require ancillary
approvals. The Fisheries Act and the Navigable Waters Protection Act require federal approvals.
[3]
The federal Minister of the Environment and the Chairman of the ERCB entered into the
Agreement to Establish a Joint Review Panel for the Jackpine Mine Expansion Project (the
Agreement) on September 20, 2011. They established the Joint Review Panel (the Panel) under it
and appointed Mr. J. D. Dilay, P. Eng. as the Panel chair, and Mr. A. Bolton and Mr. L. Cooke as
Panel members. Under the Agreement, the Panel must conduct its review in a manner that
discharges the responsibilities of the ERCB under the Energy Resources Conservation Act
(ERCA) and the OSCA and discharges the requirements of the Canadian Environmental
Assessment Act, 2012 (CEAA, 2012) and the terms of reference attached as an appendix to the
Agreement.
[4]
In July 2012, CEAA, 2012 came into force and repealed the Canadian Environmental
Assessment Act. The Panel’s assessment continued under the process established in section 126
of the CEAA, 2012 as if it had been referred to a review panel under section 38 of the CEAA,
2012. The Minister and Chairman signed an amendment to the Agreement on August 3, 2012, to
account for the CEAA, 2012 changes. The amended Agreement states that the Panel’s report shall
set out the rationale, conclusions, and recommendations of the Panel, relating to the
environmental assessment of the Project, including any mitigation measures and follow-up
program, and a summary of comments received from the public, including Aboriginal persons
and groups. The report must also identify those conclusions and mitigation measures that relate
to the environmental effects to be taken into account under section 5 of the CEAA, 2012.
1

Alberta Environment and Alberta Sustainable Resource Development were combined in 2012 to form Alberta
Environment and Sustainable Resource Development
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[5]
The Panel conducted a hearing that began in Fort McMurray, Alberta on October 23,
2012, and concluded in Edmonton, Alberta on November 21, 2012.
[6]
On June 17, 2013, the Responsible Energy Development Act (REDA) came into force in
Alberta. The REDA repealed the ERCA (which established the ERCB) and created the Alberta
Energy Regulator (AER). In accordance with the terms of the REDA, the AER assumed all of the
ERCB’s powers, duties, and functions under Alberta’s energy resource enactments, which
include the OSCA. Under the terms of the REDA and its Transition Regulation, the AER
assumed the position of the ERCB under the Agreement, and it completed the ERCB’s
responsibilities under the Agreement. Throughout this transition from the ERCB to the AER, the
authority of the Panel members continued without interruption in accordance with the Transition
Regulation.
[7]
Section 3 of the ERCA required the Panel to consider whether the Project was in the
public interest when the Panel conducted the hearing. The Panel has therefore included findings
about the public interest in this report to indicate how it considered the public interest when it
conducted the hearing. The Panel is also aware of its responsibilities under section 15 of the
REDA and section 3 of the REDA General Regulation and is satisfied that throughout this
proceeding and in this decision report it has considered the factors that are identified in those
provisions. This includes a consideration of the social and economic effects of the Project and of
the effects of the Project on the environment.
Decision
[8]
Having regard for its responsibilities under the REDA, ERCA, OSCA, and CEAA, 2012,
the Panel has carefully considered all of the evidence pertaining to Shell’s application. The Panel
notes that the Project is in an area that is nearly surrounded by other oil sands mines and in
which the government of Alberta has identified bitumen extraction as a priority use. The Panel
further notes that Shell’s application is for an expansion of an existing oil sands mine project.
The Project would provide significant economic benefits for the region, Alberta, and Canada.
Although the Panel finds that there would be significant adverse project effects on certain
wildlife and vegetation, under its authority as the AER, the Panel considers these effects to be
justified and that the Project is in the public interest. The Panel has decided to approve AER
Application No. 1554388 and to amend AER Approval 9756, subject to the conditions in
appendix 5. The Panel expects Shell to adhere to all of the commitments it made to the extent
that those commitments do not conflict with the terms of its AER approval, any other approval or
licence affecting the Project, or any law, regulation, or similar requirement that Shell is bound to
observe.
[9]
The Panel finds that the Project would likely have significant adverse environmental
effects on wetlands, traditional plant potential areas, wetland-reliant species at risk, migratory
birds that are wetland-reliant or species at risk, and biodiversity. There is also a lack of proposed
mitigation measures that have been proven to be effective. The Panel also concludes that the
Project, in combination with other existing, approved, and planned projects, would likely have
significant adverse cumulative environmental effects on wetlands; traditional plant potential
areas; old-growth forests; wetland-reliant species at risk and migratory birds; old-growth forestreliant species at risk and migratory birds; caribou; biodiversity; and Aboriginal traditional land
use (TLU), rights, and culture. Further, there is a lack of proposed mitigation measures that have
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proven to be effective with respect to identified significant adverse cumulative environmental
effects.
[10] The Panel understands that the provincial and federal governments will need to make
separate decisions about the Project, taking into account the Panel’s report. The Panel
acknowledges that Shell is planning to reclaim the Project footprint to equivalent land capability.
The Panel believes that reclamation is useful but that it will not mitigate all of the significant
effects because some habitat types cannot be reclaimed (e.g., peatlands), and reclamation will not
occur or be complete for many years.
[11] Minimizing adverse effects may be difficult or impractical in a large mine because it
generally requires sterilizing bitumen resources, or it may impose constraints that affect the
ability to operate the mine in a safe, efficient, and economical manner. However, the Panel is
concerned about the lack of mitigation that has proven to be effective for the loss of these
habitats and believes that without additional mitigation, significant adverse effects will occur.
[12] The Panel believes that conservation offsets are one of the few available mitigation
measures that could be used to mitigate these effects. The Panel is also of the view that offsets
used to help mitigate project effects would also help mitigate cumulative effects. However, Shell
did not propose or support the use of conservation offsets, and none of the other participants in
the hearing provided any evidence on the possible location of such offsets that would allow the
Panel to assess the potential for the offsets to further mitigate the effects of the Project. The
Panel therefore recommends that before other provincial and federal approvals are issued, the
governments of Canada and Alberta cooperatively consider the need for conservation offsets to
address some of the likely significant adverse effects of the Project. The Panel also recommends
that if the governments of Canada and Alberta identify offsets as necessary, the selection and
implementation of conservation offsets should consider the effects of the offsets on existing
Aboriginal TLU and consider the need to maintain areas for traditional use by Aboriginal
peoples, including areas containing traditional plants and other culturally important resources.
[13] With regard to the prediction of significant cumulative effects for several key indicator
resources and species at risk, the Panel has determined that the Project itself only contributes
incrementally to some of these effects and that most of these effects result from projects and
disturbances that either currently exist or have already been approved. The Panel took a
conservative and precautionary approach when making these determinations and recognizes that
any determination of significant adverse cumulative effects includes some degree of uncertainty.
[14] The Panel also believes that the Lower Athabasca Regional Plan (LARP), although still a
work in progress, is an appropriate mechanism for identifying and managing regional cumulative
effects, including the proposed biodiversity management framework and new Alberta wetlands
policy (both in development). The LARP is an excellent and important framework for beginning
to introduce a more integrated regional approach, and the Panel strongly encourages Alberta to
continue to implement this regional plan. It is critical that the frameworks, plans, and thresholds
identified in the LARP be put in place as quickly as possible. Future project reviews will benefit
greatly from the completion of this regional approach.
[15] The Panel also notes that the governments of Canada and Alberta have established the
Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring in order to ensure
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environmentally responsible development of the oil sands resource, and this initiative will help
promote a better understanding of cumulative effects in the Lower Athabasca region.
[16] The Panel has made 88 recommendations to the federal and provincial governments
(appendix 6). The Panel believes that these recommendations are important for the successful
implementation of the Project and for the future development of the oil sands area. The Panel
also sets out 22 conditions for Shell (appendix 5).
Summary of Key Findings
[17] While some uncertainties continue at the project level, particularly with groundwater
modelling, bitumen recovery, tailings management, and reclamation, Shell stated that it will
continue to use an adaptive management strategy and will work with regulators to address the
uncertainties and site-specific issues associated with the mining and processing of oil sands in its
lease areas.
[18] The Panel has concluded that the Project would provide significant economic benefits for
the region, the province, and Canada. The Project is an expansion of an existing project and is in
an area where the government of Alberta has identified bitumen extraction as a priority use. Shell
stated that the Project will result in the recovery of about 325 million cubic metres of dry
bitumen over its approximately 40-year life. The municipal, provincial, and federal governments
will all receive significant financial benefits as a result of the Project. The Project will provide
major and long-term economic opportunities to individuals in Alberta and throughout Canada,
and will generate a large number of construction and operational jobs.
[19] The Panel finds that diversion of the Muskeg River is in the public interest, considering
that approximately 23 to 65 million cubic metres of resource would be sterilized if the river is
not diverted, and considering the low level of predicted environmental effects on water quality
and quantity in the lower reaches of the river. The upper reaches of the Muskeg River to be
diverted have low fisheries habitat value, and the evidence indicated only limited Aboriginal use
of the area. The Panel recognizes that the relevant provincial agencies were not at the hearing to
address questions about why the Project is not included in the Muskeg River Interim
Management Framework for Water Quantity and Quality. The Panel believes that there will be
significant and unacceptable sterilization of bitumen if the diversion does not occur.
[20] The Panel recognizes that Shell’s proposal to eliminate mature fine tailings (MFT) from
the Project’s end pit lakes (EPLs) will improve current tailings management practices and could
reduce potential toxicity in receiving water bodies and potential fish tainting risks. The Panel
agrees with the adaptive management concept and concludes that with the implementation of
Shell’s proposed mitigation measures and commitments and with the Panel's conditions,
expectations, and recommendations, significant adverse environmental effects are unlikely to
result from the use of MFT-free EPLs. However, the Panel requires that Shell report on
alternatives to treating EPLs passively and provide a comprehensive economic and technical
assessment of feasible active water treatment options to ensure that EPLs will meet water quality
release criteria at closure.
[21] Although the Panel has concluded that the Project is in the public interest, project and
cumulative effects for key environmental parameters and socioeconomic impacts in the region
have weighed heavily in the Panel’s assessment. In approving this Project, the Panel has set new
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approval conditions for mining operations, resource conservation, tailings management,
groundwater, EPLs, and reclamation. For a summary of the new conditions, refer to appendix 5.
The Panel has also made recommendations, summarized in appendix 6, to the federal and
provincial governments.
Environmental Effects
[22] The Panel has concerns with some of the methods used by Shell to assess effects on
terrestrial resources and Aboriginal TLU, rights, and culture. These concerns are that the local
study area (LSA) consists of only the Project and existing Phase 1 footprints, that there is a lack
of ecological context, and that the large size of the regional study area (RSA) adopted by Shell
causes a “dilution effect.” The Panel also found it difficult to assess the significance of effects
because of the coarse-scale Landsat imagery Shell used to estimate land cover type, because of
the lack of use of thresholds to determine significance, and because of Shell’s consequent
reliance on professional judgement.
[23] The Panel concludes that it could not rely on Shell’s assessment of the significance of
project and cumulative effects on terrestrial resources. The Panel reviewed the evidence using a
20 per cent loss threshold and considered other factors relating to the reliability of Shell’s
determination of the significance of effects.
[24] The Panel concludes that the Project would have significant adverse environmental
project effects on wetlands, traditional plant potential areas, wetland-reliant species at risk,
migratory birds that are wetland-reliant or species at risk, and biodiversity. The Panel also
concludes that the Project, in combination with past, present, and reasonably foreseeable future
projects, would likely result in significant adverse cumulative effects on wetlands; old-growth
forests; traditional plant potential areas; wetland-reliant species at risk and migratory birds; oldgrowth forest-reliant species at risk and migratory birds; caribou; biodiversity; and Aboriginal
TLU, rights, and culture.
[25] The Panel understands that a large loss (over 10 000 hectares) of wetlands would result
from the Project, noting in particular that 85 per cent of those wetlands are peatlands that cannot
be reclaimed. The Panel further understands that wetlands provide important habitat for many
migratory birds and species at risk. Based on the evidence presented, the Panel could not
conclude that the remaining wetlands in the RSA would be sufficient to alleviate the effects of
wetland habitat loss in the LSA. The Panel concludes that the Project would have highmagnitude, long-term, and likely irreversible effects on wetlands that are in an area nearly
surrounded by, and thus affected by, other existing and approved oil sands mines. The Panel has
determined that due to the adverse effects on wetlands in the LSA, species that rely on these
habitats would be significantly affected. The Panel finds the effects on species reliant on
wetlands to be high in magnitude, regional in scope, long-term, and potentially irreversible. The
Panel also finds that significant cumulative effects on wetlands and wetland dependent species
are likely in the RSA.
[26] The Panel finds that there would be high-magnitude, long-term, but possibly reversible
cumulative effects on old-growth forest in the far future (2165). The Panel believes that Shell’s
estimation of remaining old-growth in the RSA is, at best, uncertain, and thus using the
precautionary approach the Panel concludes that there would be significant cumulative effects.
The Panel also believes that reclamation will not sufficiently mitigate the effects on species at
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risk and migratory birds that rely on old-growth forest because of the substantial amount of time
needed to re-establish habitat. The Panel has also determined that there would be significant
adverse cumulative effects on species that rely on old-growth forests.
[27] The Panel finds that most of the high and moderate traditional plant potential in the LSA
will be lost during the construction and operation phases and that after closure and reclamation
the high and moderate traditional plant potential will decrease in the LSA by 7 and 52 per cent,
respectively. Given that most of the Project area will not support traditional plants for several
generations, the Panel also considers the effects to be long-term. The Panel notes that some
traditional plants may never re-establish because they occur on wetlands that cannot be
reclaimed. The Panel also notes that although Shell’s planting prescription for achieving the
desired post-reclamation range of ecosite phases includes some traditional plants, Shell largely
relies on natural ingress and that there is limited opportunity to place topsoil and subsoil directly.
For these reasons, the Panel finds that there would be significant adverse project effects on
traditional plant potential areas. The Panel also concludes that the Project would have significant
adverse cumulative effects on traditional plant potential in the RSA because of the significant
levels of disturbance predicted for areas of high and moderate traditional plant potential, the long
time lag between disturbance and reclamation, and the uncertainty associated with wetlands
reclamation.
[28] The Panel notes that a substantial amount of habitat for migratory birds that are wetland
or old-growth forest dependent will be lost entirely or lost for an extended period. The Panel
finds the project effects on wetland and old-growth forest-reliant migratory birds to be moderate
in magnitude, regional in extent, long-term, and potentially irreversible given that some habitat
types cannot be reclaimed. The Panel concludes that these effects would be significant. The
Panel further concludes that there would be significant cumulative effects on wetland and oldgrowth forest-reliant migratory birds, mainly as a result of the effects on habitat loss of past,
present, and future projects in combination with the Project.
[29] The Panel notes that caribou, a species at risk that appears to be declining to extirpation
in some herds, are traditionally and culturally important to Aboriginal people. The Panel finds
that there has been and would continue to be significant adverse cumulative effects on caribou
largely due to the catastrophic loss of caribou habitat from the preindustrial case (PIC) to the
application case. The Panel concluded that Project effects would likely result primarily from a
potential increase in predation on caribou in adjacent areas due to the increasing loss of habitat
for caribou predators (e.g., wolves) within the Project LSA.
[30] The Panel has assessed the effects on biodiversity at the species, ecosystem, and
landscape levels. The Panel believes that there appears to be a high potential for significant loss
of biodiversity based on overall wildlife habitat loss, unproven methods for reclamation of
peatlands and old-growth forest, and the long time lag between disturbance and reclamation. The
Panel finds a high-magnitude, long-term, potentially irreversible effect on biodiversity at the
LSA scale and concludes that it is a significant effect. The Panel also finds that there would be
significant adverse cumulative effects on biodiversity in the RSA.
[31] The Panel is concerned about the lack of mitigation measures proposed for loss of
wildlife habitat in the LSA that have been shown to be effective, particularly for wetland and
old-growth habitat used by species at risk and migratory birds. The Panel believes that without
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additional mitigation, there will be significant adverse effects on species abundance and
diversity. The Panel believes that these adverse project effects, if not adequately mitigated, will
contribute to adverse effects on biodiversity as well. Given the predicted declines in biodiversity
in the RSA, the degree of error associated with Shell’s estimates, the loss of habitat for species at
risk, the uncertainty associated with habitat reclamation, and the lack of mitigation shown to be
effective, the Panel finds a significant adverse effect on biodiversity in the RSA as a result of the
cumulative effects of the application case and the planned development case (PDC) compared
with the PIC. Despite uncertainty around appropriate thresholds to be used, the Panel believes
that cumulative effects on wildlife observed in both the application case and PDC in the Project
area have exceeded or are approaching some of the proposed thresholds, resulting in significant
adverse effects on biodiversity. Although the Panel recognizes that LARP and other regulations
and policies of the government of Alberta do not currently mandate the use of conservation
offsets in the oil sands region, given that there are few options available for avoiding or
minimizing the adverse effects of large surface mines, the Panel believes that the use of
conservation offsets may be necessary.
[32] The Panel recognizes that numerous issues and challenges are related to the regional
environmental effects of oil sands development. It is clear that critical issues about oil sands
development are increasingly not project specific, and successful management of these issues is
often not the sole responsibility of an applicant or proponent. As has been the case with other
recent decisions on mineable oil sands development, many of the concerns and issues related to
this proposal have to do with the pace of development of the mineable oil sands and the capacity
of the regional environment to absorb these developments without creating effects that result in
further development not being in the public interest. The Panel believes that a more integrated
and comprehensive approach is required to adequately address cumulative effects of mineable oil
sands development. While the LARP is an essential first step, its value will be fully realized only
when all of its frameworks and thresholds are in place and being applied. The Panel encourages
the government of Alberta to continue the processes associated with implementation of the LARP
on an urgent basis.
Effects on Aboriginal Traditional Land Use, Rights, and Culture
[33] The Panel finds that the Project will result in the loss of lands and some resources used
for TLU activities and that this will affect some Aboriginal people who use the Project area. The
Panel finds that the mitigation measures proposed by Shell are not sufficient to fully mitigate
these effects. The Panel believes, however, that project effects alone are unlikely to destroy or
fundamentally alter the ability of the Aboriginal groups to practise TLU activities or to exercise
their rights. The Panel therefore finds that project effects, while adverse, are not likely to be
significant.
[34] In contrast, the Panel finds that project effects, in combination with the effects of other
existing, approved, and planned developments and other disturbances in the region surrounding
the Project are likely to result in significant adverse cumulative effects on Aboriginal TLU,
rights, and culture. The Panel finds that significant areas have already been or will be lost for the
purposes of TLU as a result of existing, approved, and planned activities. The Panel also finds
that natural disturbances and other resources important for the practise of Aboriginal TLU,
rights, and culture such as wetlands, old-growth forests, traditional plant potential areas,
migratory birds, and wildlife species, such as caribou, have been or will be subject to significant
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adverse cumulative effects. The Panel recognizes that disturbed areas will eventually be
reclaimed, but this will not occur for many years, some types of habitat cannot be reclaimed, the
landscape will be significantly altered, and some species loss may be irreversible. The long-term
and possibly irreversible nature of these effects has significant implications for the sustainability
of traditional ecological knowledge, TLU practices, Aboriginal and treaty rights, and culture.
[35] The Panel believes that determining the significance of project and cumulative effects on
TLU and on Aboriginal and treaty rights and culture is a complex exercise that cannot be done
simply by looking at the availability of the required resources and access to them. A thorough
and proper assessment requires an understanding and integration of a host of issues, including
effects on the availability of and access to the resources important to Aboriginal people and the
combined effects of noise, odours, barriers to access, perceived contamination of resources,
socioeconomic effects, cultural practices, and other factors that influence the choices of people
about whether to engage in TLU activities. In addition, the number and variety of projects and
activities occurring in the oil sands region, the multiplicity of TLU, rights, and cultural practices
associated with the various Aboriginal groups, and a lack of consensus on the appropriate
methodology and thresholds for determining when significant adverse effects on Aboriginal
TLU, rights, and culture might be occurring make it challenging for individual project
proponents, as well as panels such as this one, to complete these assessments. The Panel agrees
with Shell and the Aboriginal groups participating in this review that completing cumulative
effects assessments on a regional basis, rather than on a project-by-project basis, would be more
effective and would reduce the potential for individual project cumulative effects assessments to
produce inconsistent results.
[36] It is apparent to the Panel that the mitigations being proposed by individual project
proponents are not effective at avoiding significant adverse cumulative effects on TLU in the
Project region. The Panel acknowledges that the intent of the LARP is to take more of a
cumulative-effects-based approach to managing environmental effects in the Lower Athabasca
Region, but notes that the LARP does not specifically address TLU issues. Instead, the LARP
provides for continued consultation and engagement with Aboriginal peoples to help inform land
and natural resource planning in the region. Several of the Aboriginal groups expressed concern
that the LARP does not address their concerns and does nothing to ensure ongoing traditional use
of the land or to protect their Aboriginal or treaty rights. The absence of a management
framework and associated thresholds for TLU makes it very difficult for Aboriginal groups,
industry, and panels such as this one to evaluate the impact of individual projects on TLU. The
Panel believes that to inform land use planning and allow better assessment of both project and
cumulative effects on Aboriginal TLU, rights, and culture, a TLU management framework
should be developed for the Lower Athabasca Region. The Panel recommends that Alberta
develop and implement a TLU management framework for the Lower Athabasca region as a
component of the LARP. The Panel recommends that the government of Alberta develop this
framework with the involvement of all of the Aboriginal peoples who practise their rights in the
oil sands region and who are affected by industrial development.
[37] All of the Aboriginal groups that participated in the hearing raised concerns about the
adequacy of consultation by Canada and Alberta, particularly with respect to the management of
cumulative effects in the oil sands region and the impact of these effects on their Aboriginal and
treaty rights. In its submissions to the Panel on the questions of constitutional law, Canada and
Alberta both advised the Panel that Crown consultation with Aboriginal groups was not complete
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and that the Panel's report would inform the Crown's subsequent decisions about Aboriginal
consultation. The Panel notes that it has determined that the Project may affect Aboriginal TLU,
rights, and culture and that the cumulative effects of existing, approved, and planned
development on Aboriginal TLU, rights, and culture are likely to be significant. The Panel
recommends that Canada and Alberta each consider the Panel’s findings in this report when it
assesses the adequacy of Crown consultation that has occurred to date in relation to the Project,
and when it considers what further consultation may be needed or desirable in order to complete
their respective consultation obligations to affected Aboriginal groups.
Section 5 of CEAA, 2012
[38] Conclusions, mitigation measures, and recommendations related to section 5(1) of the
CEAA, 2012 in this report can be found in the following sections: No Net Loss Plan; Effects of
Tailings Ponds on Migratory Birds; Diversion of the Muskeg River; Effects on Wetlands; Effects
on Old-growth Forests; Effects on Traditional Plant Potential Areas; Effects on Wildlife and
Their Habitat; Human Health; Physical and Cultural Heritage Resources; Capacity of Renewable
Resources; and Effects on Aboriginal Traditional Land Use, Rights, and Culture. These sections
provide the Panel’s findings on
•

the effects on fish and fish habitat, and migratory birds; and

•

with respect to Aboriginal peoples, the effects in Canada of any change to the environment in
health and socioeconomic conditions, physical and cultural heritage, or the current use of
lands and resources for traditional purposes, and to any structure, site, or thing that is of
historical, archaeological, paleontological, or architectural significance.

[39] Conclusions, mitigation measures, and recommendations related to section 5(2) of the
CEAA, 2012 in this report can be found in the following sections: No Net Loss Plan; Water
Withdrawal from the Athabasca River; and Diversion of the Muskeg River. These sections
provide the Panel’s findings on the effects that may be caused to the environment and are
directly linked or are necessarily incidental to a federal authority’s exercise of a power or
performance of a duty or function that would permit the carrying out of the project. For this
Project, the federal regulatory approvals that may be issued are those required by the Department
of Fisheries and Oceans and Transport Canada.
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INTRODUCTION
Application(s)
[40] In December 2007, Shell Canada Energy (Shell) applied to the Energy Resources
Conservation Board (ERCB), in accordance with the Energy Resources Conservation Act
(ERCA) and section 13 of the Oil Sands Conservation Act (OSCA), for an amendment to
Jackpine Mine—Phase 1 (Phase 1) Approval No. 9756 to increase bitumen production at its
Jackpine Mine (JPM). The Jackpine Mine Expansion Project (the Project) includes additional
mining areas and associated processing facilities, utilities, and infrastructure. Shell also applied
to the ERCB to receive third-party oil sands material at the facilities for processing and to
produce and ship oil sands material from the Project for processing at third-party facilities.
[41] Shell submitted an environmental impact assessment (EIA) report to Alberta
Environment and Sustainable Resource Development (ESRD), under Environmental Protection
and Enhancement Act (EPEA), for an amendment to and renewal of the Phase 1, 10-year
operating approval (No. 153125-00-00 as amended). Shell prepared a single EIA to assess the
combined effects of the Project and Pierre Rive Mine project (PRM). Shell also applied under the
Water Act to amend and renew an existing licence to divert water for use at the Phase 1 Project
and for a new licence to divert water from the Athabasca River and other surface and
groundwater sources for the Project. Shell submitted a copy of the EIA to the ERCB and to the
Canadian Environmental Assessment Agency (the Agency) as required by the Canadian
Environmental Assessment Act, 2012 (CEAA, 2012).
[42]

The Project will involve

•

expanding the Phase 1 mining area as shown in figure 1;

•

building ore handling, conditioning, and bitumen extraction facilities, and a high-temperature
froth treatment facility at the Phase 1 site;

•

constructing a new external tailings disposal area (ETDA); and

•

diverting 22 kilometres (km) of the main stem of the Muskeg River.

[43] Phase 1 is about 70 km north of Fort McMurray, Alberta. Shell expects that the
processing capabilities of these modifications and additions will increase the average capacity of
the facilities by approximately 15 900 cubic metres per day (m3/d) of dry bitumen, for a total
average capacity of the expanded facilities of approximately 47 700 m3/d of equivalent dry
bitumen.
[44] ESRD determined that the EIA was complete in October 2010. The Project was subject to
an environmental assessment under the CEAA, 2012 because components of the Project required
authorizations under section 35(2) of the Fisheries Act and section 5(1) of the Navigable Waters
Protection Act (NWPA). On December 13, 2010, the federal Minister of the Environment
referred the Project’s environmental assessment to a review panel.
[45] The OSCA, the EPEA, and the Water Act require provincial approvals for the Project. The
Public Lands Act, the Municipal Government Act, and the Historical Resources Act require
ancillary approvals. The Fisheries Act and the NWPA require federal approvals.
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Joint Review Process
[46] On September 20, 2011, the federal Minister of the Environment and the Chairman of the
ERCB announced the Agreement to Establish a Joint Review Panel for the Jackpine Mine
Expansion Project (the Agreement) for the Project (see appendix 3). The Agreement set up a
three-member panel (the Panel), which will be referred to throughout this report as the Panel, to
review the Project.
[47] The Minister and the Chairman appointed Mr. J. D. Dilay, P. Eng., as the Panel chair and
Mr. A. Bolton, P. Geo., and Mr. L. Cooke as Panel members. The Panel members and secretariat
members visited the site by helicopter on November 16, 2011.
[48] Subsequently, the Minister and Chairman signed an amendment to the Agreement on
June 8, 2012, to coordinate the review process with the proposed Shell PRM. In July 2012, the
Canadian Environmental Assessment Act (CEAA) was repealed and the CEAA, 2012 came into
force. The Panel’s assessment continued under the process established in section 126 of the
CEAA, 2012 as if it had been referred to a review panel under section 38 of the CEAA, 2012. The
Minister and Chairman signed an additional amendment on August 3, 2012, to account for the
CEAA, 2012 changes.
[49] Under the Agreement, the Panel must conduct its review in a manner that discharges the
responsibilities of the ERCB under the ERCA and the OSCA as well as discharging the
requirements set out in the CEAA, 2012. The Panel has all the powers and duties of a panel
described in section 45 of the CEAA, 2012 and of a division of the ERCB described in section 8
of the ERCA. The Agreement described the terms, conditions, and process to be followed by the
Panel when conducting the joint review. The Agreement also described the scope of the
environmental assessment. Table 1 summarizes the key steps of the review process and the
associated timelines.
[50] Shell’s EIA as submitted in 2007 used a base case, an application case, and a planned
development case (PDC) defined as follows:
•

Base case —existing and approved developments

•

Application case—base case plus the Project

•

PDC—application case plus planned developments

[51] On October 3, 2011, the Panel announced a public comment period on the adequacy of
Shell’s EIA and Application. On January 30, 2012, the Panel determined that the information
provided by Shell was not sufficient to proceed to a public hearing and therefore sent
supplemental information requests to Shell.
[52] In May 2012, Shell submitted a response to the Panel’s SIRs and updated its assessment
cases to account for revisions to the September 2011 project inclusion list and separation of the
Project from the PRM effects. Shell referred to these cases as the 2012 base case, the 2012 JPME
application case, and the 2012 PDC. Shell also included a preindustrial case (PIC) to address the
Panel’s SIRs, which it stated represents conditions before substantial industrial development of
the region. Shell stated that because information for some components is lacking, the PIC is
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based on the oldest data available, or on the most representative data available for each
component.
[53] After receiving the additional information from Shell, the Panel announced a second
public comment period to allow the public to review this information. On August 15, 2012, the
Panel determined that more information was required and asked Shell to provide the information
on or before September 7, 2012. Shell committed to providing the information, and the Panel
issued the notice of hearing on August 17, 2012.
[54] The Panel’s report uses the most recent data provided by Shell: therefore, references to
the base case, application case, PDC, and PIC are all for the most recent cases, e.g., 2012 base
case, 2012 JPME application case, 2012 PDC, and PIC.

Date

Key dates in the review process
Process Step

December 20, 2007

Application submitted

January 10, 2008

Application registered with ERCB

May 30, 2008

EIA update submitted

June 16, 2008

Joint notice of application issued (ERCB & ESRD)

October 24, 2008

Round 1 SIR sent (ERCB & ESRD)

December 18, 2009

Response to round 1 SIR

March 2, 2010

Round 2 SIR sent (ERCB & ESRD)

June 4, 2010

Response to round 2 SIR

July 21, 2010

Round 3 SIR (ESRD only)

August 9, 2010

Response to round 3 SIR

October 14, 2010

ESRD determined EIA complete

December 13, 2010

EIA referred to a review panel

May 27, 2011

Additional information submitted

July 22, 2011

Traditional knowledge (TK) and traditional land use (TLU) supplemental information
submitted

September 20, 2011

Joint Review Panel established and agreement announced

October 3, 2011 to
December 16, 2011

Public comment period on sufficiency of information submitted to date

November 15, 2011

Additional information submitted to the Panel by Shell

January 18, 2012

Additional information submitted to the Panel by Shell

January 30, 2012

Round 1 SIR by the Panel

March 1, 2012

Initial response to round 1 Panel SIR by Shell

May 16, 2012

Further response to round 1 Panel SIR by Shell

June 4, 2012 to August
3, 2012

Public comment period on sufficiency of information in responses to Panel SIR

June 8, 2012

Amended Panel agreement signed

August 3, 2012

Amendment #2 to Panel agreement signed

August 15, 2012

Round 2 Panel SIR

August 17, 2012

Notice of hearing issued
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Date

Process Step

September 7, 2012

Response to round 2 Panel SIR by Shell

October 23, 2012

Hearing on questions of constitutional law

October 26, 2012

Panel ruling on questions of constitutional law

October 29, 2012 to
November 21, 2012

Hearing

January 7, 2013

Hearing record closed

Participant Funding Program
[55] The Agency allocated $119 970 2 among the following five applicants to help with their
review of the EIA and their participation in the public hearing: John Malcolm on behalf of the
Non-status Fort McMurray/Fort McKay First Nation (NSFMFM) and Clearwater River Paul
Cree Band No. 175 (Clearwater Band), Patricia Whiteknife, Amanda Annand, Sierra Club
Canada (Prairie chapter), and the Oil Sands Environmental Coalition (OSEC).
[56] The Agency allocated $357 0503 among the following five Aboriginal groups to help
with their review of the EIA and their participation in the public hearing, including prehearing
engagement and consultation activities with the federal government that are linked to the EIA:
Athabasca Chipewyan First Nation (ACFN), Mikisew Cree First Nation (MCFN), Métis Nation
of Alberta Association Region 1; Fort McKay First Nation (FMFN); and Fort McMurray #468
First Nation (FMMFN #468).
Questions of Constitutional Law
[57] Part 2 of the Administrative Procedures and Jurisdiction Act (APJA) states that a decision
maker does not have jurisdiction to determine a question of constitutional law unless it is
designated under the act as having authority to decide the question. Under the Authorities
Designation Regulation, Alta. Reg. 64/2003, the ERCB is a designated decision maker with
authority to decide all questions of constitutional law as defined in the APJA.
[58] Prior to the hearing, the Panel received notices of questions of constitutional law (NQCL)
from the ACFN, the FMMFN #468, and the Métis Nation of Alberta (MNA) (made up of Métis
Nation of Alberta Region 1, Métis Nation of Alberta, Fort McMurray Métis Local 1935, Fort
Chipewyan Local 125, and named individuals). On October 18, 2012, the FMMFN #468 advised
the Panel that the FMMFN #468 would not be pursuing or leading any evidence in support of its
NQCL.
[59]

The ACFN's NQCL posed the following questions:

1) Has the Crown in right of Alberta discharged the duty to consult and accommodate ACFN with
respect to the potential adverse effects of the Project on ACFN's treaty rights, as mandated by
[Treaty 8] and s. 35 of the Constitution Act, 1982?

2) Has the Crown in right of Canada discharged the duty to consult and accommodate ACFN with
respect to the potential adverse effects of the Project on ACFN's treaty rights, as mandated by
[Treaty 8] and s. 35 of the Constitution Act, 1982?
2

Money allocated does not necessarily equate to money disbursed (e.g., if a group did not participate in the hearing).
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[60]

The Panel considered that the MNA's NQCL posed the following question:

1) Has the Government of Alberta upheld its duty to consult with the Métis people whose rights will
be impacted by this project? The MNA asserts that these rights exist and are and have been
asserted by the MNA Region 1 throughout this process.

[61] The Panel provided a process for receiving written submissions concerning any matters
that could bear on the Panel’s jurisdiction over or consideration of the questions presented in the
NQCLs. The Minister of Justice and the Attorney General of Alberta (Alberta), the Attorney
General of Canada (Canada), Shell, and the FMMFN #468 filed written submissions. ACFN and
MNA provided written submissions replying to Alberta’s, Canada’s, and Shell’s submissions.
[62] After considering the written submissions, the Panel decided to hold a hearing session in
Fort McMurray on October 23, 2012, to receive oral argument on the matters addressed in the
submissions. All of the parties that filed written submissions concerning the NQCLs participated
in the oral hearing, except for the FMMFN #468.
[63] On October 26, 2012, the Panel released a written decision stating that it did not have
jurisdiction over the questions of constitutional law, and (in any event) that it would be
premature for the Panel to make a finding on the questions of constitutional law. The Panel
found that it does not have an express grant of statutory authority to consider the adequacy of
Crown consultation in relation to the Project. Although the Panel is empowered by statute to
consider questions of constitutional law relating to the matters before it in this proceeding or
arising from its statutory mandate, the questions presented in the NQCLs do not arise from
either. As a result, the Panel does not have jurisdiction over the questions of constitutional law
raised in ACFN’s and MNA’s NQCLs.
[64] The Panel also found that even if the Panel had jurisdiction over the questions of
constitutional law raised in the NQCLs, it would be premature for the Panel to make a finding on
the adequacy of Crown consultation and make a decision in reliance on that finding (if the Panel
concluded that consultation was inadequate). The Crown conduct that gives rise to the duty to
consult will continue after this proceeding is completed and after the Panel has issued its report.
The Panel's report will inform the Crown’s subsequent decisions about constitutional
consultation, and opportunities will exist for the Crown and Aboriginal groups to continue the
consultation process. When that process is completed, and if the Crown's decision is that
constitutional consultation is adequate, the Aboriginal groups will be entitled to challenge the
Crown's decision if they are not satisfied with the results of that process.
[65] Notwithstanding that the Panel decided that it could not consider the questions of
constitutional law because it did not have jurisdiction to do so, the Panel confirmed that it would
consider all the evidence and argument relating to the potential effects of the Project on
Aboriginal groups and individuals in accordance with the terms of the Agreement.
[66] The Panel set out its reasons for the foregoing decision in a letter from the Panel to all
interested parties dated October 26, 2012 (see appendix 4).
[67] On October 26, 2012, ACFN filed a motion for an adjournment of the hearing to allow
ACFN to apply to the Court of Appeal for leave to appeal the Panel’s decision in relation to the
questions of constitutional law filed by ACFN. Shell, Alberta, and Canada filed written
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responses to the ACFN’s motion. On October 29, 2012, the Panel heard oral submissions on
ACFN’s motion. On October 30, the Panel gave an oral decision denying ACFN’s motion for
adjournment.
[68] ACFN and MNA applied to the Alberta Court of Appeal for leave to appeal the Panel’s
decision of the Panel that it had no jurisdiction to consider their questions of constitutional law.
The Court dismissed the applications on November 26, 2012. On April 11, 2013, the Supreme
Court of Canada dismissed ACFN’s application to obtain leave to appeal the Court of Appeal’s
decision.
Participant Involvement in the Review Process
Industrial Organizations
[69] Imperial Oil Resources Ventures Limited (Imperial) provided a statement of concern to
ESRD in 2008 but later withdrew it. Fort Hills Energy Corporation (FHEC) provided a notice of
intervention, which it later withdrew. Total E&P Canada Limited (Total) stated that it did not
have any specific objections to the Project.
[70] Syncrude Canada Limited (Syncrude) provided a statement of concern to ESRD. It
participated in the hearing by cross-examining witnesses and giving final argument. It did not
oppose the approval of the Project but had some concerns about how the Project could impact
Syncrude’s operations and plans.
[71] Northland Forest Products Limited stated that it was concerned that the Project could
adversely affect the long-term sustainability of its forest management unit, but it did not
participate in the hearing.
Regional Municipality of Wood Buffalo
[72] The Regional Municipality of Wood Buffalo (RMWB) participated throughout the
review process, including providing comments on the draft Agreement and comments on the
sufficiency of Shell’s information and responses to SIRs. It participated in the hearing by sitting
a witness panel, cross-examining other interested parties at the hearing, and making final
argument. RMWB withdrew its statement of concern on October 18, 2012, and said that it did
not object to the Project but remained concerned about the socioeconomic impacts on the region
as a result of oil sands development.
Aboriginal Groups (in alphabetical order)
[73] ACFN provided a statement of concern to ESRD in 2008. It provided written submissions
to the Panel, including comments on the draft Agreement and comments on the response to SIRs
by Shell, some of which it jointly submitted with MCFN. ACFN provided an Integrated
Knowledge and Land Use Report and Assessment for Shell Canada’s Proposed Jackpine Mine
and Pierre River Mine (IKLU Report) that concluded the projects would cause significant
adverse residual effects on ACFN’s knowledge and use. ACFN asked that the Panel not approve
the Project and that a five year moratorium be imposed on further oil sands development while
proper planning is completed and put in place. ACFN participated in the hearing, including
sitting witness panels, cross-examining Shell and other parties, and making final argument.
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ACFN was concerned about project and cumulative effects in the oil sands region on its
traditional way of life, Aboriginal and treaty rights, and culture. It expressed specific concerns
about the Project’s effect on the Muskeg River and about the adequacy of Crown consultation.
[74] The FMFN and Fort McKay Métis Community Association ([FMMCA] also known as
Métis Local #63). Both parties are collectively referred to as Fort McKay. Fort McKay
participated throughout the review process, including providing comments on the draft
Agreement. On October 1, 2012 Fort McKay provided a written submission to participate in the
hearing and requested that the Panel find that the Project is not, at this time, in the public interest
pursuant to the ERCA and recommend to the Governor in Council (GIC) that no approvals be
issued that would allow the Project to proceed, because the Project’s significant and adverse
effects, including its added contribution to the loss and infringement of Fort McKay’s treaty and
Aboriginal rights, are not justified in the circumstances, pursuant to s. 52 and 7 of CEAA, 2012.
[75] On October 26, 2012 and October 29, 2012 the Panel received letters from the FMFN and
FMMCA stating that the FMFN and FMMCA wished to withdraw their objections to the Project
on the basis that they entered into an agreement with Shell regarding the site-specific impacts of
the Project. FMMCA indicated that it was withdrawing all recommendations from its October 1,
2012, submission, except for those related to cumulative effects management and Crown
consultation and accommodation. The letters also stated that FMFN and FMMCA both had
outstanding concerns regarding the cumulative impacts of regional development and the lack of
consultation and accommodation by Alberta and Canada with respect to these impacts on their
lands and Aboriginal and treaty rights. FMFN and FMMCA stated that they intended to
participate jointly in the hearing by legal representation and final argument and reserved the right
to file submissions, cross examine parties and call witnesses. Fort McKay did not provide a
witness panel at the hearing but was represented by counsel who cross-examined interested
parties and provided final argument.
[76] FMMFN #468 provided a letter of objection to the Project on October 2, 2008. It
participated throughout the review process and provided written submissions on the sufficiency
of Shell’s information and response to the Panel’s SIRs. Its legal counsel cross-examined
interested parties and provided final argument; however, it did not sit a witness panel. FMMFN
#468 expressed concerns that Shell did not provide funding for it to complete a technical review
or traditional land use (TLU) study. It had concerns about project and cumulative effects on
terrestrial resources and how these effects would impact its treaty rights and current use of land
for traditional purposes. It also raised concerns about water quantity and quality.
[77] MNA represented members in the region from Lac La Biche to Fort Chipewyan, Alberta,
Métis Locals 1935 and 125, and Métis individuals. MNA participated in the review process,
including providing comments on the sufficiency of Shell’s information and response to the
Panel’s SIRs. MNA participated at the hearing by cross-examining interested parties, providing
witness panels, and providing final argument. MNA indicated that Shell’s EIA was lacking in
information about Métis traditional use. It was concerned about effects on its use of lands and
resources, socioeconomic impacts, and Shell’s and the Crown’s consultation for the Project. It
also raised issues related to capacity funding.
[78] MCFN submitted a statement of concern to ESRD in September 2008. MCFN
participated in the review process by providing written submissions and comments to the Panel,
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including comments on the draft Agreement and comments on the response to SIRs by Shell,
some of which were jointly submitted with the ACFN. The MCFN provided an Indigenous
Knowledge and Traditional Use Report and Assessment for the Jackpine Mine Expansion
Project and Pierre River Mine Project, which concluded that the projects would cause
significant adverse residual effects on MCFN’s rights and indigenous knowledge. MCFN
provided a hearing submission; however, it withdrew its statement of concern on October 2,
2012, stating that it did not object to the approval of the Project but that it remained concerned
about cumulative effects in the Athabasca region and about Crown consultation. MCFN crossexamined the government of Canada and provided closing arguments at the hearing but did not
present witnesses to speak to its filed evidence, nor was its evidence tested through crossexamination or questioning by Shell or the Panel.
[79] The Non-status Fort McMurray and Fort McKay First Nation (NSFMFM) and Clearwater
River Paul Cree Band #175 (Clearwater Band) filed an objection to the Project with the ERCB
on February 23, 2011. The NSFMFM and Clearwater Band objected to the Project on the basis
that it would result in adverse impacts to their rights under section 35(1) of the Constitution Act,
1982. John Malcolm testified that he was the interim Chief of the NSFMFM and the Band
Manager of the Clearwater Band and was authorized to represent the NSFMFM and Clearwater
Band’s interests with respect to consultation and environmental assessment of the Project.
NSFMFM and Clearwater Band participated in the hearing by way of cross-examination, sitting
a community witness panel, cross-examining Shell and other parties and making final argument.
They were concerned about effects on their TLU, culture, socioeconomic conditions, air quality,
and traditional food.
Members of the Public Attending the Hearing
[80] Dr. Anna Zalik and Isaac Osuoka provided a hearing submission. Dr. Zalik participated
in the hearing to present evidence and to cross-examine Shell. Both individuals submitted that
the Project should be denied approval on the grounds that it violates the treaty rights of ACFN
and other Aboriginal peoples and the long-term rights of community members in the area. They
also stated that the Project would have negative consequences for the regional and global
environment and hence would not be in the best interests of Albertans and Canadians.
[81] Donna Deranger identified herself as an ACFN Elder. She made a statement at the
hearing about water quality, traditional use, and socioeconomic and cultural issues. She did not
want to be cross-examined.
[82] Mary Tourangeau stated that she was a member of FMFN. She attended the hearing to
provide evidence that responded to another participant’s evidence concerning Mr. Laviolette’s
use of her trapline. She was available for cross-examination.
Non-Governmental Organizations Attending the Hearing
[83] Keith Stewart of Greenpeace provided a hearing submission and participated in the
hearing by presenting information and being cross-examined. His concerns related to cumulative
greenhouse gas emissions for oil sands projects.
[84] OSEC provided a statement of concern to ESRD. It participated throughout the review
process, including providing comments on the adequacy of Shell’s information. It participated in
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the hearing by way of written submissions, a witness panel, cross-examination, and final
argument. OSEC submitted that the Project would cause significant adverse effects that would
not be mitigated and that it was not in the public interest.
[85] Sierra Club Prairie participated in the hearing by presenting evidence and by crossexamining Shell’s witnesses. It was concerned about the potential that a tailings containment
facility may fail.
Non-Governmental Organizations not Attending the Hearing
[86] Several non-governmental organizations provided letters or written submissions to the
Panel including Alberta Wilderness Association, Keepers of the Athabasca, Sierra Club 3,
ForestEthics Advocacy, Environmental Defence, Nature Canada, World Wildlife Fund Canada,
Earthjustice and Ecojustice, Natural Resources Defense Council, and Keepers of the Athabasca.
[87] Sierra Club’s main concerns related to climate change effects of oil sands extraction,
processing, and combustion and downstream effects of pipeline transport and refining.
ForestEthics Advocacy’s concerns related to effects on the boreal forest and the Athabasca
River, and from tailings ponds and cumulative effects on wildlife and acid rain. It was also
concerned about the increased number of pipelines and First Nation consultation by Shell and the
federal government. Environmental Defence opposed the Project because of concerns about
adverse environmental effects, including effects on wildlife, specifically caribou and migratory
birds, water and air quality, and global warming. Nature Canada was concerned about the longterm effects on specific bird populations, and it questioned the adequacy of Shell’s information.
World Wildlife Fund Canada provided information on the absence of and need for an ecosystem
base flow 4 (EBF) threshold for the Lower Athabasca River. Earthjustice and Ecojustice provided
a submission on behalf of the Center for Biological Diversity, the Council of Canadians,
Environmental Defence, ForestEthics, Friends of the Earth, the National Wildlife Federation, the
Natural Resources Defense Council, and the Sierra Club. The submission discussed the
cumulative effects of oil sands on migratory birds and caribou. The Natural Resources Defense
Council submitted a letter opposing the Project, and it provided information on cumulative
greenhouse gas emissions from the Project and the effects of oil sands mining on migratory
birds. Keepers of the Athabasca provided a submission on cumulative effects of oil sands
development. These groups were contacted by counsel for the Panel to determine if they
intended to participate in the oral hearing, however, none of them indicated an intention to
participate further in the process.
Comments from the Public
[88] The Panel received a form letter from many people urging the Panel to reject the Project.
It focused mainly on air emission effects and tailings waste.

3

Sierra Club as stated here is a United States based national organization that provided separate submissions from
Sierra Club Prairie.
4
Ecosystem base flow — Refers to a threshold streamflow value below which a component of the aquatic
ecosystem is believed to be under increased stress. (Alberta Environment and Fisheries and Oceans Canada. Water
Management Framework: Instream Flow Needs and Water Management System for the Lower Athabasca River..,
February 2007.)
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[89] The Agency received many e-mails entitled “No tar sands expansion” that opposed the
Project, focusing on land and river disturbance and greenhouse gas emissions.
[90] Many people sent e-mails using a form that was not created or provided by the Panel,
expressing various concerns with the Project. A few of these people participated further in the
process (see appendix 1).
[91] Other people sent letters or e-mails to the Panel during the review process, mostly
objecting to the Project.
[92] Clinton Westman provided a hearing submission but could not attend the hearing. His
submission discussed assessing effects of oil sands development on Aboriginal people.
Government of Canada
[93] The Government of Canada participated throughout the review process, providing
comments on the draft Agreement, sufficiency of information, and response to SIRs from Shell.
Departments involved included Department of Fisheries and Oceans Canada (DFO), Transport
Canada (TC), Environment Canada (EC), Natural Resources Canada (NRCan), Health Canada
(HC), and Parks Canada Agency (Parks Canada). DFO, TC, NRCan, and EC provided
submissions and attended the hearing with a witness panel. The Government cross-examined
other participants and made final argument.
[94] Parks Canada stated that it manages and administers Canada’s national heritage and
preserves and presents the rich diversity of Canada’s natural and cultural heritage to the benefit
of Canadians and visitors from around the world. On December 16, 2011, Parks Canada
provided a letter of comment on the sufficiency of the EIA, indicating that the EIA was not
sufficient to go to hearings and highlighted areas where it was deficient which included not using
a preindustrial case, not including the Athabasca River Delta portion of the Peace Athabasca
Delta (PAD) as part of the regional study area (RSA), and not taking into account the Canada
National Parks Act. It did not attend the hearing.
[95] HC stated that it is the federal department responsible for helping Canadians maintain
and improve their health. HC participated by reviewing the Environmental Impact Statement
(EIS) as well as providing technical comments on the additional information for the Project
provided by Shell and determined that there was sufficient information to proceed to a public
hearing. It did not attend the hearing.
[96] DFO stated that it administers and enforces the Fisheries Act and regulations and its
mandate is to ensure the protection of fish and fish habitat. It stated that impacts to fisheries
resources will be minimized if its recommendations, including mitigation measures, follow-up
and monitoring, and fish habitat offsets are met. These recommendations can be found in
appendix 7. DFO also remained concerned about cumulative effects on fish and fish habitat.
[97] EC stated that its mandate is to conserve and enhance the quality of the natural
environment, including water, air, soils, sediments and biota, and that it has expertise,
responsibility, and administration over legislation for migratory birds, federally listed species at
risk, and pollution prevention. It had concerns about local and cumulative effects on species at
risk and migratory bird habitat. It provided information on potential mitigation measures that
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could be used to mitigate the effects on the habitat of these species. It commented on mortality of
migratory birds in tailings ponds. EC also commented on water quality, climate change, aquatic
health, air quality, greenhouse gas emissions, and environmental emergencies. EC’s
recommendations are set out in appendix 7.
[98] NRCan stated that it has expertise in physical hydrogeology, geotechnical slope stability,
geohazards and geotechnical science, forestry, and tailings management. NRCan provided
comment on groundwater quantity, slope stability of mine pit and waste disposal facilities,
tailings management, and volatile organic compound (VOC) emission estimates from tailings. Its
recommendations are set out in appendix 7.
[99] TC stated that it is responsible for federal transportation policies and programs and seeks
to ensure that air, marine, road, and rail transportation are safe, secure, efficient, and
environmentally responsible. TC stated that its mandate with respect to the Project is to ensure
the public right of navigation under the NWPA. TC provided comment on potential effects
related to the Muskeg River Diversion Alternative (MRDA) Mine Plan, the proposed bridge over
the Muskeg River to access the north overburden dump, and the proposed modifications to the
existing Muskeg River Mine Project (MRM) water intake system. Its recommendations are set
out in appendix 7.
Government of Alberta
[100] The Government of Alberta completed its review and determined that the EIA was
complete in October 2010. Alberta opted to not participate in or provide a written submission to
the hearing but advised that it was prepared to provide written responses to any questions the
Panel might have regarding environmental issues. The Government of Alberta was represented at
the hearing for the session on questions of constitutional law.
Hearing
[101] The Panel began the hearing on questions of constitutional law on October 23, 2012, in
Fort McMurray, Alberta and adjourned the same day.
[102] The Panel continued the public hearing in Fort McMurray, Alberta, from October 29 to
November 16, 2012, and in Edmonton, Alberta from November 20 to November 21, 2012. Those
who appeared at the hearing are listed in appendix 1.
[103] At the close of the hearing, a number of undertakings were outstanding. The undertakings
were completed, and the Panel closed the hearing record as of January 7, 2013.
ISSUES
[104] The Panel considers the issues with the applications to be the following:
•

Purpose

•

Need for the Project

•

Alternatives to the Project
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•

Alternative Means of Carrying out the Project

•

Mine Planning and Resource Conservation

•

Surficial Deposit Dewatering and Basal McMurray Aquifer Depressurization

•

Devonian Geohazard

•

Bitumen Recovery and Operating Criteria

•

Asphaltene Rejection

•

Solvent Loss and Release of Untreated Froth Treatment Tailings

•

Tailings Management

•

Accidents and Malfunctions

•

Noise

•

Air Quality

•

Greenhouse Gas Emissions

•

Climate Change Considerations in the Environmental Assessment

•

Change to the Project Caused by the Environment

•

Water Withdrawal from the Athabasca River

•

Potential Effects on Groundwater from Process Affected Water

•

Diversion of the Muskeg River

•

Use of End Pit Lakes

•

Effects on Surface Water Quality

•

No Net Loss Plan

•

Effects of Tailings Ponds on Migratory Birds

•

Methods Used to Assess Effects on Terrestrial Resources

•

Effects on Wetlands

•

Effects on Old-growth Forests

•

Effects on Traditional Plant Potential Areas

•

Effects on Wildlife and Their Habitat

•

Effects on Biodiversity

•

Reclamation

•

Human Health
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•

Physical and Cultural Heritage Resources

•

Social and Economic Effects

•

Capacity of Renewal Resources

•

Effects on Aboriginal Traditional Land Use, Rights, and Culture

•

Regional Effects

[105] In reaching the determinations contained in this report, the Panel has considered all
relevant materials constituting the record of this proceeding, including the evidence and
argument provided by each party. Accordingly, references in this decision to specific parts of the
record are intended to help the reader understand the Panel’s reasoning relating to a particular
matter and should not be taken as an indication that the Panel did not consider all relevant
portions of the record with respect to that matter. The Panel further notes that as a general
principle, if written material was filed in the proceeding and the submitter did not participate in
the oral hearing so as to allow that material to be tested, the Panel has given that written material
less evidentiary weight than other written material that was able to be tested during the oral
hearing.
PURPOSE
Evidence
[106] Shell stated that its objective for proposing the Project was to fully develop its mineable
lease holdings on the east side of the Athabasca River. Shell said that the Project would allow
Shell and the Governments of Canada and Alberta to realize the substantial economic benefits
that would flow from investing in the development of these resources. Shell noted that approval
of the Project, coupled with the previously approved MRM and Phase 1 projects, would
complete the development of its lease holdings on the east side of the Athabasca River.
[107] Interested parties raised no issues related specifically to Shell’s description of the purpose
of the Project.
Analysis and Findings
[108] According to the Agency’s operational policy statement that addresses “need for,”
“purpose of,” “alternatives to,” and “alternative means”, Shell was required to describe the
purpose of the Project from its perspective. The purpose is defined as, “what is to be achieved by
carrying out the project.”
[109] The Panel finds that Shell fulfilled the requirements of the Agency’s operational policy
statement and CEAA, 2012 by providing a clear description of the purpose of the Project.
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NEED FOR THE PROJECT
Evidence
[110] Shell stated that it had an obligation to its shareholders to define and advance
development of the Project lease holdings in economically viable ways. Shell also stated it had a
responsibility to the people of Alberta to develop the resource in a timely and efficient manner.
Shell noted continued development of the Athabasca Oil Sands would provide a secure, domestic
source of crude oil, which can replace diminishing conventional supplies and offset a growing
demand. Shell submitted that the Project is required to meet these needs and to allow Shell to
extend the life of its existing operations and to integrate and optimize such existing operations in
an efficient, economic, and environmentally acceptable manner. Shell further concluded that the
Project would achieve the purposes of maximizing the value of the resource and providing a
supply of bitumen as a source of energy products, for the benefit of Shell’s shareholders,
Albertans, and the broader public.
[111] Shell indicated that its investment in the oil sands would result in increased employment,
income, business revenue, and government revenue. Shell also stated that there were no
alternatives to or functionally different ways to meet the Project need.
[112] OSEC stated that when considering whether the Project was in the public interest, it was
important to note that the bitumen that will be produced will be predominantly for export. It
claimed that the bitumen would not be used to meet Albertans’ or Canadians’ needs.
Analysis and Findings
[113] According to the Agency’s operational policy statement, Shell is required to describe the
need for the Project from its perspective. Need for the project is defined “as the problem or
opportunity that the proposed project is intending to solve or satisfy by establishing the
fundamental justification or rationale for the project.”
[114] The Panel recognizes that OSEC appeared to be of the view that production for export
was less desirable than production to meet domestic needs.
[115] The Panel notes that production benefits such as royalties, taxes, and employment are
important factors affecting Alberta’s and Canada’s economy regardless of where the production
is used.
[116] The Panel finds that Shell adequately provided a description of the need for the Project as
outlined in the Agency’s operational policy statement.
[117] The Panel also finds that, from an AER perspective, there is a need for the Project, to
allow Shell to recover the resource that is owned by the people of Alberta, so that the benefits
can be realized by the people of Alberta and Canada.
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ALTERNATIVES TO THE PROJECT
Evidence
[118] Shell stated that it had considered alternatives to the Project in accordance with the
Agency’s operational policy statement which requires that “any alternative must be capable of
fulfilling the need and purpose identified for the project by the proponent.” Shell noted that the
operational policy statement also confirmed that the level of detail on alternatives should reflect
the conceptual nature of the Project at this stage of the process.
[119] Shell concluded that the development plan described in its application represented the
most practical, economical, and sustainable means of extracting the resource. Shell further
concluded there were no alternatives to or functionally different ways to meet the project need
and achieve the project purpose. Shell claimed a “no development” option was inconsistent with
the need and purpose of the Project and therefore could not be considered an alternative.
Analysis and Findings
[120] According to the Agency’s operational policy statement, Shell is required to describe
alternatives to the project where alternatives to the project are defined as “the functionally
different ways to meet the project need and achieve the project purpose.” Analysis of alternatives
to the project should describe the process the proponent used to determine that the project is
technically, economically, and environmentally viable.
[121] The Panel is satisfied, from both an AER and Agency perspective, that Shell provided
both its rationale for and details relating to technically, economically, and environmentally viable
alternatives to the Project.
[122] The Panel accepts Shell’s view that a “no development” option is inconsistent with the
need and purpose of the Project. The Panel notes that Shell did not describe the criteria used for
evaluating how it reached its “no development” conclusion. However, the Panel is of the view
that, despite a lack of specific detail on how Shell evaluated its alternatives, Shell provided
enough information to have adequately assessed alternatives to the Project.
[123] The Panel believes that Shell provided a rationale for its Project timing which meets the
Agency’s operational policy statement requirements.
ALTERNATIVE MEANS OF CARRYING OUT THE PROJECT
Evidence
[124] Shell provided alternative means analysis on select aspects of the Project including
diversion of the Muskeg River, use of End Pit Lakes (EPLs), and no net loss plan (NNLP)
compensation. These issues are addressed further in other sections of this report.
[125] Shell stated that the use of in situ methods of bitumen recovery, such as steam-assisted
gravity drainage (SAGD), fireflood, and in situ upgrading, were not technically feasible. Shell
indicated that the Project resource is too shallow and not amenable to SAGD. Shell assessed
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other in situ technologies and found these alternatives were not sufficiently developed and
entailed unacceptably high risk. Shell pointed out that the Project is an amendment to an existing
operation and that the introduction of a different technology platform would be incompatible and
would reduce opportunities to leverage synergies with existing operations. Accordingly, Shell
did not consider in situ methods to be alternatives to the Project because existing techniques
would not represent a timely, efficient, and economically viable way of developing the resource,
nor would they maximize the value of the resource. Shell stated that it identified no other
potential alternatives to the Project through its assessment.
[126] Shell stated that one of the alternative means of carrying out the Project related to the
timing of Shell’s potential future development. Shell stated that it had considered delaying its
plans for development and increasing the time gaps between potential expansions. Shell rejected
this approach in favour of a close-coupled expansion approach because Shell concluded that
delaying the Project would erode the potential for economic value to be captured through
development timing and workforce overlap. Shell stated that a gap between project
developments at the JPM site would reduce the value of the opportunity by not being able to roll
engineering, construction, precommissioning, commissioning, and start-up resources from one
project to the next. Shell indicated that it had not considered the environmental impacts of
delaying the Project for a number of years in its various scenarios of alternative means of
carrying out the project.
[127] FMMFN #468 submitted that delaying the Project by ten years would have
environmental benefits and that the likely future increase in the oil price, combined with
uncertainties in pipeline capacity for the coming years, support delaying the Project. FMMFN
#468 explained that if the Project were delayed, it would still be possible for Shell to share its
mining resources (workforce, engineering, etc.) with the MRM, which would still be in
operation.
[128] To address air quality and acid deposition, OSEC recommended a delayed start-up of
operations until 2033 when estimated nitrogen dioxide (NO2) emissions from existing and
approved projects in the region would no longer exceed regulated air quality limits.
[129] Shell disagreed that the Project needed to be delayed until 2033, given NO2 predictions in
the EIA. Shell noted that NO2 levels predicted in the local study area (LSA) were above the
Alberta Ambient Air Quality Objectives (AAAQO) levels. For the RSA, Shell stated that it
predicted exceedances in the application case but that these exceedances were a result of
approved projects in the region. Shell stated that its modelled results were conservative. Shell
said that the Lower Athabasca Regional Plan (LARP) air quality management framework says
that modelling results are only to be used to inform investigation and planning. Shell noted that
the Government of Alberta designed this framework to ensure that actual ambient concentrations
stay below these levels in the region, and indicated that Alberta would require industry to adapt
its plans, as necessary, to ensure that air quality in the region is protected.
Analysis and Findings
[130] According to the Agency’s operational policy statement, Shell is required to describe
alternative means for carrying out the Project. Alternative means are defined in the statement as,
“the various technically and economically feasible ways the project can be implemented or
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carried out including alternative locations, routes, and methods of development, implementation,
and mitigation.”
[131] The Panel believes that Shell provided a rationale for its Project timing that meets the
Agency’s operational policy statement and CEAA, 2012 requirements. The Panel finds Shell’s
rationale for not delaying the Project in light of additional costs to Shell’s operation to be sound.
[132] The Panel finds that Shell provided sufficient information on the alternative means of
carrying out the Project and that Shell selected appropriate options.
[133] The Panel believes that a delay in the approval of the Project will not significantly
contribute to the protection of the environment because air emissions will not be allowed under
the LARP to exceed the maximums specified by the air management framework and that the
Project, if approved, should not be delayed.
MINE PLANNING AND RESOURCE CONSERVATION
Evidence
[134] Shell said that it shares a common lease boundary with two approved oil sands projects—
Syncrude Aurora South Mine and Imperial Kearl Oil Sands Project (KOSP).
[135] Shell stated that it has a cooperation agreement with Imperial dated March 4, 2009. This
agreement states that both Shell and Imperial will employ the mid-ore mining solution along
their common lease boundary, which can be seen in figure 1. According to the timelines
presented, Shell will approach the lease boundary before Imperial. In following the mid-ore
mining solution, Shell would remove all of the overburden on its side of the boundary, then
remove enough overburden on the Imperial side of the boundary to allow Shell to mine the ore
down to the mid-ore elevation at the boundary location. This would establish a pit wall that
straddles the lease boundary, with ore remaining on the Shell side of the boundary, in the toe of
the wall. Shell would then construct a berm along the toe of the wall and leave all of the
remaining ore for Imperial.
[136] Shell stated that it also has a cooperation agreement with Syncrude dated March 20,
1997, for the areas in which Shell is planning to mine along the common lease boundary with
Syncrude, which can be seen in figure 1. This agreement states that Shell will employ the midore mining solution along the common lease boundary. The remaining ore would be left in place,
as Syncrude is not planning to develop the area. Shell also said that it is working to reach an
agreement with Syncrude for the South external tailings disposal area (ETDA) where Shell is
planning a surface disturbance. However, no ore mining is set to take place on Shell’s side of the
lease boundary in the South ETDA area.
[137] Shell stated that it has no commercial agreement with FMFN for mining near their
common lease boundary, which can be seen in figure 1. Since there is no agreement for
cooperation across the lease boundary, all of Shell’s development must occur on the Shell side of
the lease boundary. The Muskeg River Diversion Channel (MRDC) would dictate the pit limit at
the north end of the common lease boundary. Shell would leave a boundary pillar in place
between the pit crest and the lease boundary at the south end of the common lease boundary.
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[138] In closing arguments, Shell committed to working with all adjacent leaseholders to
address any lease boundary issues that may arise.
[139] Shell further stated that it would work with both Syncrude and Imperial to coordinate
reclamation and watershed drainage. Shell noted that if the issues cannot be resolved between the
parties, the dispute will be brought to the AER for adjudication.
[140] Shell identified the potential failure mechanisms for its mine slopes, including slumping
of saturated glacial materials, sliding on weak layers at residual strength, and flows in rich oil
sands ore. Shell stated that the presence of weak layers in the mining sequence was the most
important stability issue. Shell incorporated a preliminary setback distance of 150 metres (m)
from pit crest to the toe of the overburden disposal area (OBDA), based on industry practice and
experience at MRM. Shell applied a safety design factor of 1.1, which it agreed was close to the
critical condition of 1.0. Shell noted that the setback of the OBDA to a mining pit wall was site
specific and said that it would do a detailed geotechnical analysis at the location of each OBDA
pit wall interaction.
[141] The North ETDA would be surrounded by mine pits as mining progresses on the Shell
and Imperial leases. Shell established a 200 m setback from the North ETDA to accommodate
the surrounding mining activities, based on an assessment of the foundation materials under the
South ETDA dikes. Shell also provided a preliminary stability assessment of dike pit wall
interactions to show that there was adequate setback.
[142] Shell indicated that the mine plan would involve mining through a part of the Muskeg
River and that it would divert the river by an open channel at that point. Where the Muskeg
River would not be mined through, Shell proposed a minimum 100 m setback from the
undisturbed reaches of the Muskeg River to the pit crest. Where the pit wall is not constrained by
an OBDA or an ETDA, Shell proposed 60 m operational setbacks.
[143] Shell said that it changed the Muskeg River diversion from a pipeline to an open channel
and stated that it did not, at the conceptual stage, consider lining the open channel. However,
Shell also stated that determining if lining is required would be a part of its detailed investigation
program.
[144] NRCan stated that Shell did not justify its proposal for a near critical slope condition of
1.1 for its proposed waste dump and pit slope stability. NRCan stated that slope stability was a
potential environmental and safety concern for both the pits and the tailings/waste disposal
facilities. NRCan stated that it recognized that some of these detailed technical questions might
be addressed by the proponent during regulatory permitting. NRCan recommended that the Panel
consider requiring that Shell inform the AER on how it intends to address any unfavourable
slope conditions.
[145] Shell stated that it based the design criteria on data from geotechnical laboratory testing
from the MRM and Phase 1, regional data, and experience. Shell understood the need for sitespecific information and detailed geotechnical analysis at both the construction and operation
phases.
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Analysis and Findings
[146] The Panel accepts Shell’s and Imperial’s agreement to employ the mid-ore mining
solution to eliminate resource sterilization along their common boundary.
[147] The Panel accepts Shell’s commitment to work with Syncrude on updating the
cooperation agreement for the areas where Shell is planning to mine along the common lease
boundary. The Panel also accepts Shell’s commitment to reach an agreement with Syncrude on
the South ETDA area where only surface placement is to occur.
[148] The Panel requires Shell to submit a lease boundary update five years before any
disturbance along a particular common lease boundary, unless some other period is stipulated by
the AER upon application by Shell. The lease boundary update should include any update to the
agreement between the common boundary leaseholders, the mining or disturbance plan along the
boundary, and any changes from the evidence given by Shell in this proceeding in relation to the
boundary.
[149] The Panel believes that Shell’s assessment of the preliminary pit wall designs and
setbacks is satisfactory for planning purposes at the conceptual level. The Panel understands that
Shell plans to carry out detailed site investigation and analysis before any earth work begins. The
Panel notes that section 24 of the Oil Sands Conservation Regulation (OSCR 24) requires that
Shell provide a detailed geotechnical design to the AER.
[150] The Panel is concerned about the stability of the pit wall for the MRDC between the toe
of the North OBDA and the mine pit crest, given that Shell's design criteria is for near critical
stability conditions. The channel adds a load and pore pressure that could cause potential
instability. The Panel requires Shell to provide, for AER approval, a geotechnical interaction
assessment of the North OBDA, the MRDC, and the pit wall before any earth work begins at the
interaction area of the North OBDA, the MRDC, and the pit wall.
SURFICIAL DEPOSIT DEWATERING AND BASAL MCMURRAY AQUIFER
DEPRESSURIZATION
Evidence
[151] Shell stated that before overburden stripping and mining operations, it must dewater
surficial deposits that are present including overburden materials and the Pleistocene Channel
Aquifer (PCA). Shell proposed to do so by draining shallow groundwater through surface
trenches and removing water by pumping from water wells. Operational surficial deposit
dewatering will also be required beside active mine areas to limit surface water inflows from
adjacent undisturbed land into active mine areas. Shell stated that it will manage surficial deposit
waters removed through these operations in an open-circuit system, returning them to the
environment to maintain/supplement surface water flows.
[152] Shell stated that it must also depressurize the Basal McMurray Aquifer underneath the
ore zone to facilitate safe mine operations and to limit water ingress into active mining areas. It
stated that groundwater removal using pumping wells will lower the groundwater level to a safe
level below the base of the mine. Water within the Basal McMurray Aquifer may have naturally
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poor quality and therefore will be handled within a “closed-loop” system to prevent those poorquality waters from potentially impacting the surrounding environment.
[153] Dewatering and depressurization will result in a period of decreased groundwater levels
and alterations in groundwater flow patterns near the Project during operations and into the postclosure period. Potential effects of the decline in groundwater levels include a reduction of
groundwater discharge to surface water bodies, including wetlands and the Muskeg River and its
tributaries. Specifically, Shell predicted that lenticular and patterned fens at the north end of the
proposed development would experience water level drawdown between 0.1 m and more than
1.0 m as a result of dewatering, which is discussed further in the Effects on Wetlands section.
Reduced groundwater discharge and lowered groundwater levels could potentially affect surface
water flows and vegetation. MCFN, ACFN, and Fort McKay expressed particular concern over
those effects and about their ability to continue pursuing their traditional lifestyles.
[154] Shell stated that it completed conservative groundwater modelling at both the regional
and local scales to evaluate the potential effects of dewatering and depressurization. It
constructed those models with regional data, available site-specific data, and commonly accepted
values presented in scientific literature. It built into its models the assumption that all dewatering
and depressurization activities will occur simultaneously but said that in reality, those operations
will be progressive, operating ahead of the mining face, and ceasing after mine operations have
passed and backfilling is completed.
[155] Shell stated that its groundwater modelling demonstrated that groundwater level
drawdowns of more than 0.1 m in surficial deposits will mainly be confined to the LSA.
However, there is the potential for this level of drawdown to extend beyond the LSA towards the
west and north. Substantially greater groundwater level drawdowns will happen near the
pumping locations. Shell anticipated decreases in discharge to surface water bodies near the
Project. To mitigate reductions in surface water flows, it will release water from the open-circuit
water collection system to the surface water system to maintain minimum flow levels.
[156] Shell indicated that dewatering of the PCA by adjacent operations could also affect
groundwater levels in the LSA. Shell stated that dewatering the PCA at Phase 1 and the KOSP
would cause groundwater level drawdowns of less than 20 m in an area up to 2 km from the
southeastern boundary of the LSA. Shell stated that it did not predict any residual overburden
dewatering effects for the LSA after dewatering ceased at the Aurora South and KOSP mining
areas by 2065.
[157] Shell stated that groundwater modelling indicated a potential decline in groundwater
levels of 0.01 m near the McClelland Lake Wetlands Complex (MLWC); this would be a
minimal impact within natural variability and would not require mitigation. FHEC expressed
concern that the Project could directly impact its protection plan for the MLWC, which was a
requirement of AER Decision 2002-089 for the Fort Hills Oil Sands Project (FHOSP). Shell did
not agree that the proposed Project would impact FHEC’s plan, and committed to ESRD that it
would establish a monitoring program before mining the northern parts of the Project. The
monitoring will allow Shell to develop mitigation plans before advancing mining activity into
that area, if required. Shell indicated that it currently has groundwater monitoring piezometers
installed on the north end of the Project development area.
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[158] Shell stated that its models showed that drawdown of groundwater levels in the Basal
McMurray Aquifer will remain largely within the lease area but will extend beyond that
boundary to the west and south because of the continuity of the aquifer unit in those directions.
However, it predicted that depressurizing the Basal McMurray Aquifer will not result in reduced
flow in the Athabasca River, which is more than 10 km to the west.
[159] On the basis of the results of its groundwater models, Shell predicted that groundwater
levels and flow patterns in areas not directly disturbed by mining will largely return to premining conditions once dewatering and depressurization stops. Shell said that it will manage
groundwater levels and flow patterns within disturbed areas through design of the closure
landscape. In those areas, it will control groundwater conditions by managing groundwater levels
and directing flows towards the EPLs.
[160] NRCan stated that Shell had done its numerical modelling and impact assessments
appropriately, and the results seem to reasonably predict future conditions. However, NRCan
concluded that there is a lack of field data/evidence to support simulated predictions. NRCan
noted that Shell used few sources of local hydrogeological data to construct the models, assigned
single values to geological units that are extensive in area, and used literature values in some
situations. It said that there was a potential for large errors in groundwater levels, in the range of
a few metres, which might be acceptable on the regional scale, but could result in important
impacts at the local scale.
[161] NRCan recommended that Shell conduct groundwater monitoring to confirm its
predictions of the groundwater models. NRCan recommended that Shell be required to review its
groundwater models regularly and update them as more site-specific monitoring data becomes
available, to verify the predictions of the current models, and to increase confidence in the results
of future updated models.
[162] Shell agreed with NRCan’s recommendation to regularly update hydrogeology models
using collected field data, and indicated that it will incorporate the Project area into existing
Phase 1 models when supporting data is available.
[163] Shell stated that it had a drilling program in progress to further understand the extent of
the PCA. Shell said that it would require additional information on the PCA to design an
appropriate dewatering program that would dewater the PCA effectively. Shell further stated that
it would implement a groundwater monitoring program prior to operation of the Project to
establish baseline conditions and provide for informed mitigation of dewatering-related effects.
Shell said that it would continue to work cooperatively with both Syncrude and Imperial to
ensure that proposed mitigation measures for the PCA remain appropriate.
Analysis and Findings
[164] With respect to groundwater modelling, the Panel finds that although Shell had limited
site-specific data available to it for the construction of its models, it made adequate use of
available data and used appropriate professional judgment and scientific literature data in lieu of
site-specific data. The Panel understands that collection of site-specific data is challenging at the
early stages of project planning, but it also notes that adequate site-specific data is crucial for
appropriate mine planning and that more site-specific field data will be collected in the future.
Regular updating of the models with field data will allow the simulated results to be confirmed
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and predictions of the current models to be verified. The Panel accepts Shell’s commitment that
it will incorporate the Project into existing Phase 1 models once more site-specific data is
available.
[165] The Panel recommends to ESRD that it require Shell to update its groundwater models
when field data is available, and to inform affected stakeholders of any significant changes to
model predictions resulting from the incorporation of site-specific data.
[166] On the basis of the evidence before it, the Panel finds that the potential effects of
dewatering and depressurization would be largely limited in magnitude and duration, with the
exception of the potential effects on the lenticular and patterned fens immediately north of the
proposed development (discussed further in the Effects on Wetlands section). Notwithstanding
effects on the lenticular and patterned fens, the Panel believes that Shell has proposed
appropriate mitigation techniques to maintain surface water flows such that they will not be
negatively affected by dewatering activities. The Panel acknowledges that all dewatering
activities, including the Basal McMurray Aquifer depressurization, will be subject to licensing
under the Water Act, which includes associated monitoring and reporting requirements. The
Panel agrees with Shell that its Basal McMurray Aquifer depressurization activities at the Project
will not likely affect the Athabasca River.
[167] The Panel understands that there is no previous industry experience with mining through
the PCA. It notes that Shell is currently working on plans for PCA dewatering and mining, as
Phase 1 will be the first mine to conduct mining operations through such buried channels. The
Panel believes that PCA groundwater level drawdown and mining has the potential to result in
cross-lease drawdown, groundwater flow pattern changes, and mining safety issues. The Panel
notes Shell’s commitment to cooperate with adjacent leaseholders in the matter of cross-lease
connectivity of the PCA and associated mining activities. The Panel requires Shell to provide an
update on its plans for dewatering and mining through the PCA five years before mining
operations reach the PCA. The update is to include a description of any changes that Shell
intends to make when dewatering and mining the PCA as a result of Shell’s experience at Phase
1.
DEVONIAN GEOHAZARD
Evidence
[168] In October 2010, Shell experienced ingress of deep saline aquifer water into Cell 2A of
its MRM site while it was conducting base of feed ore clean up operations. The saline water
ingress was contained within Cell 2A. Shell stated that the saline water ingress had stopped after
reaching hydraulic head balance with the pore pressure in the deep aquifer. The incident resulted
in some ore sterilization and a loss of storage space for tailings. Consequently, Shell had to
revise its mining and tailings plans to accommodate the Cell 2A incident. Shell has not yet
identified the failure mechanism that resulted in the ingress of saline water.
[169] The ACFN was concerned that the Project could detrimentally impact the quality of
water in the Athabasca River as a result of potential Devonian limestone rupture and deposition
of deleterious substances into the Athabasca River and its tributaries. The ACFN was also
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concerned about the potential that rupture contamination from the deep Devonian aquifer would
affect the water quality of pit lakes.
[170] Shell noted that the MRM Cell 2A incident had provided it with valuable experience
preparing for and managing future incidents in the unlikely event that they occur. Shell noted
that in the event of an ingress incident similar to Cell 2A, the impact could be ore sterilization,
changes to the mine plan or tailings plan, and a requirement to plan mitigation measures to seal
the ingress.
[171] Shell stated that it considered the environmental effects on local freshwater supplies and
vegetation due to saline water ingress in the Project pits to be negligible because the expected
stabilized water levels would be lower than the top of the McMurray Formation. Low
permeability oil sands in the McMurray Formation would effectively contain any saline water
that might enter a pit. Shell further stated that it had entered into agreements with a number of
industry participants to share data to understand the regional Devonian geology better.
[172] Shell stated that it would carry out a site-specific risk assessment at the Project following
its geohazard protocols. Shell identified a number of potential risk management activities that
could be used to minimize the potential for future problems with saltwater ingress, such as
establishing absolute pit bottom, leaving a buffer zone that leaves some ore in place, or grouting
and sealing fractures or passageways before mining the ore.
[173] As a result of the Cell 2A incident, Shell initiated a Devonian geoscience program.
Through this program, Shell developed a geohazard management protocol for MRM and
Phase 1. The protocol includes identifying geological risk, assessing the risk potential, and
executing plans with operational measures, where necessary. The protocol established absolute
elevation below which no mining activity takes place. The protocol also recommends leaving an
ore buffer zone in high risk areas.
[174] In the event that deep saline aquifer inflow occurs, Shell’s geohazard management
program would implement control measures such as sealing or grouting the water pathways and
sand sequestration of the saline water in the containment cell/pond.
[175] Shell stated that it would complete its geohazard management assessment for the Project
within one to two years after approval.
Analysis and Findings
[176] The Panel notes that the Cell 2A incident is the first of its kind in the oil sands and that no
established procedure exists to manage incidents related to ingress of water from a deep, saline
aquifer.
[177] The Panel notes that while Shell has some level of understanding of Devonian geology
and deep aquifer conditions, Shell’s information and interpretation does not include a detailed
understanding of local site-specific conditions. The Panel understands that it is hard to justify
detailed study when the study is very expensive and there was no past experience with an
incident of a similar nature. The Cell 2A incident shows now that there is a need for detailed
understanding of local bedrock (Devonian) geology and deep aquifer conditions. The Panel
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commends Shell for entering into agreements with other operators on data sharing about
Devonian geology.
[178] The Panel notes that any occurrence involving saline aquifer ingress may impact resource
recovery, operational safety, and the environment. Therefore, proper proactive measures should
be in place.
[179] The Panel believes that Shell’s stated intention to complete a geohazard management
assessment within one to two years of approval may be optimistic. However, the Panel accepts
Shell’s phased approach to assessing the Devonian geohazard in advance of mining operations.
The Panel believes that the geohazard assessment should be a continuous process that requires
site-specific study as a part of the mine planning and operational program. The Panel also
believes that the level of understanding could be improved and thus a risk assessment could be
adaptively implemented if site-specific Devonian geological characterization is put in place. The
Panel requires Shell to provide an updated geohazard management plan as a part of its annual
mine plan submission, commencing with the expansion mining operations.
BITUMEN RECOVERY AND OPERATING CRITERIA
Evidence
[180] Shell stated it based its selection of its bitumen mining and extraction process on the need
to produce a diluted bitumen product that will meet pipeline specifications and downstream
processing and marketing requirements. The process selected provides Shell the opportunity to
integrate its expanded operations with existing facilities. Shell stated that the process and
facilities will meet or exceed the bitumen recovery requirements of AER Directive 082:
Operating Criteria: Resource Recovery Requirements for Oil Sands Mine and Processing Plant
Operations (Directive 082). 5
[181] Shell stated that since start-up of the MRM in 2002, it had been compliant with the
bitumen recovery requirements of Directive 082 at MRM for two years (2005 and 2006). Shell
stated that it had implemented numerous bitumen recovery improvements at MRM, but it did not
believe that these changes would be sufficient to achieve bitumen recovery compliance. Shell
said that it was evaluating further modifications to improve bitumen recovery at MRM.
[182] Shell stated that it started Phase 1 in August 2010 and that the Phase 1 extraction design
included improvements over MRM, including a longer slurry conditioning line, primary
separation cell design improvements, and additional flotation capacity. Shell stated that Phase 1
did not meet the bitumen recovery requirements of Directive 082 in 2011 due to instability
throughout the first twelve months of operations. Shell expected Phase 1 to meet the bitumen
recovery requirements of Directive 082 for 2012.
[183] Shell stated that the Project extraction design was similar to that of Phase 1. Shell stated
that it will incorporate improvements currently being made at the MRM and Phase 1 to help
improve bitumen recovery performance for all oil sand grades. It said that it will use the
5

Replaces and supersedes Interim Directive (ID) 2001-07: Operating Criteria: Resource Recovery Requirements for
Oil Sands Mine and Processing Plant Sites
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knowledge gained from these two operations to improve the performance of the Project’s
facilities.
[184] Shell stated that there is a relationship between bitumen recovery and ore blend,
specifically grade, clay fines, and ions in the ore. Shell believed that it has sufficient data to
develop and execute a mine plan that will supply an acceptable plant feed that allows it to meet
bitumen recovery requirements.
[185] Shell committed to submit to the AER, two years before construction, details of the
bitumen recovery improvements that Shell will implement as part of the Project.
[186] Shell stated that it will provide measurement plans to the AER one year before plant
start-up. Shell stated that it expects that the startup and commissioning plans for the Project will
be required by the AER at least one year before plant start-up.
[187] Shell stated that it will pursue integration with and optimization of existing facilities.
Shell stated that regulatory approval of the overall development plan, coupled with flexibility in
the manner in which approved developments are executed, would be a prerequisite to enabling
the most effective development.
Analysis and Findings
[188] The Panel notes that Shell failed to meet the bitumen recovery requirements of Directive
082 at both MRM and Phase 1 in certain years, and that Shell did not expect to meet the bitumen
recovery requirements at MRM with existing facilities but did expect to meet them at Phase 1 in
2012. The Panel reminds Shell that these criteria are the minimum acceptable level of
performance, and it expects operators to design their plant facilities and mining operations to
meet them.
[189] Shell’s proposed Project extraction process is similar to that used by Shell at Phase 1. The
Panel understands that Shell is evaluating a suite of recovery initiatives and that Shell will apply
knowledge gained at Phase 1 to the Project’s design. The Panel requires Shell to provide a
bitumen recovery improvement plan for AER approval two years before construction. This plan
must include details of all bitumen recovery improvements Shell intends to incorporate into its
expanded Jackpine Mine plant (i.e., Phase 1 and the Project) design and mine plan.
[190] The Panel requires Shell to provide measurement plans for AER approval one year before
the expanded Jackpine Mine plant start-up. These plans must include process and
instrumentation diagrams, metering, sampling methods, analytical methods, and material balance
procedures that satisfy AER measurement requirements.
[191] The Panel requires Shell to provide a commissioning and start-up plan for AER approval
one year before the expanded Jackpine Mine plant start-up.
[192] Shell discussed the need for flexibility in the manner in which approved developments
are executed and the need for an integrated approach. The Panel accepts this approach with the
understanding that MRM, Phase 1, and the Project are all interconnected. Shell’s MRM and
Phase 1 are currently subject to high risk enforcement action for failure to meet bitumen
recovery requirements. The 2012 enforcement action suspends all currently approved expansion
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plans that relate to, or that are intended to achieve, increased bitumen production capacity at
MRM and Phase 1. The enforcement action states that if and when Shell is able to demonstrate to
the AER’s satisfaction that both MRM and Phase 1 are consistently achieving the Directive 082
bitumen recovery requirement, the AER will be prepared to consider rescinding the suspension
outlined above. Therefore, the Panel directs that the Project will be subject to the same
enforcement actions currently being applied to the MRM and Phase 1 approvals.
ASPHALTENE REJECTION
Evidence
[193] Shell stated that it will process bitumen froth using a high-temperature paraffinic froth
treatment process. Shell stated that bitumen normally contains about 17 mass per cent
asphaltenes and that the mixing of bitumen froth and solvent at a specific solvent-to-bitumen
ratio results in the precipitation of asphaltenes. The final product is partially deasphalted bitumen
containing small amounts of solids and water. The precipitated asphaltenes will be discharged
with the tailings solvent recovery unit (TSRU) tailings to the tailings ponds or deposition
locations.
[194] Shell stated that the current design basis of the high temperature paraffinic froth
treatment process was to reject less than 10 mass per cent asphaltene based on bitumen
production. Shell stated that the asphaltene rejection level was a balance between upstream
bitumen recovery and final bitumen quality. The higher the asphaltene rejection, the higher will
be the quality of bitumen produced and the lower will be the bitumen recovery. Shell stated that
it needed the ability to deliver bitumen of a quality that was compatible with a broad range of
upgraders, specifically those using hydroconversion or catalytic processes.
[195] Shell committed to limiting asphaltene rejection to 10 mass per cent based on bitumen
production on an annual average basis, consistent with the existing Phase 1 approval. Shell stated
that it would discuss changes to the rejection limit with the AER if it saw an opportunity to
optimize value.
Analysis and Findings
[196] The Panel notes that Shell has proposed a process that would result in asphaltene
rejection and disposal of asphaltenes as a component of the TSRU tailings stream. The Panel
accepts that higher quality bitumen provides a more marketable product but is concerned about
the rejection of asphaltene, which is a potentially usable resource. The Panel believes that
asphaltene rejection should be minimized in order to maximize resource recovery and utilization
and to minimize the amount of asphaltenes deposited in the tailings ponds.
[197] The Panel accepts Shell’s commitment to limit asphaltene rejection to 10 mass per cent
based on bitumen production on an annual average basis. The Panel requires as a condition of
approval that Shell must provide to the AER annually, on or before February 28, a calculation
showing the amount of asphaltene rejection based on bitumen production, for the previous year
of operation. The Panel also requires that on an annual average basis, the amount of asphaltene
rejection must be limited to 10 mass per cent based on bitumen production.
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SOLVENT LOSS AND RELEASE OF UNTREATED FROTH TREATMENT TAILINGS
Evidence
[198] Shell stated that its froth treatment plant would include a two-stage, high-temperature
countercurrent decantation process, a solvent recovery unit, and a two-stage TSRU. The TSRU
would recover solvent from the froth treatment tailings before discharging tailings to the tailing
ponds or deposition locations. Shell committed to limiting solvent losses from all sources to no
more than four volumes per thousand volumes of bitumen production on an annual average
basis. Shell committed to not discharge untreated froth treatment tailings to any tailings ponds or
deposition locations during normal operations.
Analysis and Findings
[199] The Panel notes that it is important to recover the solvent used in the bitumen extraction
process for health and safety, resource recovery, and environmental reasons.
[200] The Panel notes that on a monthly basis, operators have been able to demonstrate solvent
losses of less than 4 volumes of solvent per 1000 volumes of bitumen production. However, this
has not been demonstrated to be sustainable on an annual average basis. The Panel also notes
that estimated emissions as a result of solvent losses of less than 4 volumes of solvent per 1000
volumes of bitumen production are not expected to result in the exceedance of the AAAQOs or
result in adverse health effects.
[201] The Panel accepts Shell’s commitment to limit solvent losses to no more than 4 volumes
of solvent per 1000 volumes of bitumen production, on an annual average basis as is presently
required by the AER for MRM and Phase 1. Therefore, the Panel requires as a condition of
approval that on an annual average basis, Shell must limit site-wide solvent losses to not more
than 4 volumes per 1000 volumes of bitumen production. This calculation must be based on sitewide losses and must include all solvent losses during all operating conditions.
[202] The Panel accepts Shell’s commitment to not discharge untreated froth treatment tailings
as is presently required for Phase 1 and MRM. Therefore, the Panel requires as a condition of
approval that Shell not discharge untreated froth treatment tailings to the tailings ponds or
deposition locations.
TAILINGS MANAGEMENT
Evidence
[203] Shell stated that it had expanded its Phase 1 tailings management plan to include the
Project. The plan would
•

implement three tailings technologies to capture fines by thickened tailings (TT), nonsegregating tailings (NST), and mature fine tailings (MFT) centrifugation;

•

place the MFT centrifuged cake on the TT and NST dedicated disposal areas (DDAs); and
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•

achieve annual and cumulative Directive 074: Tailings Performance Criteria and
Requirements for Oil Sands Mining Schemes (Directive 074) compliance.

[204] Shell stated that it required a new ETDA to accommodate expanded production. It said it
will operate the new ETDA as a sand dump with a minimum volume of fluid tailings.
[205] Shell said that it would start placing its TSRU tailings on the JPM site subaqueously
when the Project starts up. In addition, Shell stated that it would not transfer tailings between the
JPM and MRM sites. Shell committed to have zero fluid tailings volume at closure. It would
therefore not place any fluid tailings in EPLs.
[206] Shell stated that the Project thickener design was similar to that of Phase 1. Shell noted
that the solids content of the Phase 1 thickener underflow was less than expected due to a lower
fines content in the ore body. Shell stated that it had placed high priority on modifying the Phase
1 thickener to produce an underflow with higher solids content. Shell will continue to improve its
understanding of fines in ore, which will benefit not only the thickener design and performance,
but also contribute to overall operations, such as ore blending, bitumen extraction, and tailings
management planning. Shell also stated that it would incorporate the knowledge it gained from
existing thickener operations into the Project thickener design and operation.
[207] Shell stated that it will continue to collaborate with industry through Canada’s Oil Sands
Innovation Alliance (COSIA) to evaluate alternative tailings technologies and optimize their
application. However, Shell stated that it would take almost a decade to develop a new
technology from conceptual idea to commercial implementation.
[208] Shell based its Project EIA on subaqueous TSRU tailings placement. However, Shell
noted that it treated the Phase 1 froth on the MRM site and placed the TSRU tailings subaerially,
instead of subaqueously, on the beach of the MRM external tailings facility.
[209] Shell stated that although the ERCB had initially conditioned the MRM approval to
require subaqueous TSRU placement, when Shell subsequently encountered operational
challenges the AER granted an amendment to allow subaerial placement. Shell stated that it had
a monitoring program in place for the MRM external tailings facility to confirm that subaerial
placement was not causing odour problems. Shell indicated it would apply for approval of
subaerial placement on the JPM site if that approach proved to be successful on the MRM site.
Analysis and Findings
[210] The Panel is concerned about the viability of the Project’s tailings management plan
since Shell has not been able to demonstrate the success of its thickener technology at its Phase 1
operation. All three fines capture technologies cited by Shell rely on the success of thickener
technology. The Panel is concerned that thickener underperformance may hinder fines capture
rate by TT. On the basis of Shell’s experience to date, the TT deposit formed by a low solids
content thickener underflow has been unable to meet the Directive 074 strength requirements.
The Panel is similarly concerned about Shell’s fines capture rate by NST because off-spec NST
produced by low solids content thickener underflow will not be able to meet the Directive 074
strength requirement. Consequently, the fines capture rate by MFT centrifugation would be
limited by the shortage of placement area because only the beach areas of TT and NST deposits
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would have adequate strength for the centrifuged cake placement, instead of the whole areas of
those deposits as planned.
[211] For Shell to fulfill its commitments if the thickener cannot produce a suitable product, it
will need to implement alternative technologies with sufficient fines capture capacity in a timely
fashion. The Panel is concerned about the potential delay of compliance with Directive 074
because Shell indicated that it would take almost a decade to identify a technology and take it to
full-scale commercial implementation.
[212] The Panel is also concerned that Shell’s thickener underperformance would result in the
TT deposit not developing into a trafficable deposit in a timely manner. It would then,
potentially, be left as a soft deposit in an above-ground structure at the end of mining operation
and would not be maintenance free.
[213] The Panel concludes that Shell’s Project tailings plan is overly optimistic and may not be
achievable. However, the Panel recognizes that Shell has made improving the Phase 1 thickener
performance a high priority. Shell intends to continue improving its understanding of fines in ore
and will incorporate the knowledge gained from existing operations into the Project’s thickener
design. Shell will also continue to develop other technologies to improve its tailings
management. The Panel requires Shell to provide a tailings management plan for AER approval,
two years before the expanded project start-up. The plan must indicate that Shell will be
compliant with Directive 074 from the time of start-up.
[214] The Panel acknowledges that Shell has applied for subaqueous TSRU tailings placement.
The Panel is concerned that if Shell proposed to change to subaerial placement similar to MRM,
the solvent in the TSRU tailings would be directly exposed to air, which might change the
conclusions of the EIA. The Panel believes that monitoring for subaerial TSRU placement at the
MRM site should include not only odour emissions, but also VOC emissions. The Panel notes
that Shell would need to apply if it wished to change the TSRU placement on the JPM site to
subaerial, and in doing so it would need to address whether that change affects the conclusions in
the EIA.
[215] Directive 074 is part of a larger initiative to regulate mineable oil sands tailings. It is the
first step toward reducing fluid tailings and expediting the formation of trafficable deposits.
Future policies, specifically the tailings management framework being developed by the
Government of Alberta, will provide operators with further direction for managing and
reclaiming oil sands tailings.
[216] Despite its concerns about the potential delay in the Project’s tailings plan complying
with Directive 074, the Panel recognizes that Shell’s commitment to have no fluid tailings at
closure surpasses Directive 074 requirements in the long term. Shell’s commitment is aligned
with other recently approved mineable oil sands projects. Both the Joslyn North Mine project
and FHOSP committed to eliminate fluid tailings completely at the end of mine life, and the
AER conditioned its approvals to require such elimination. The commitment addresses one of the
long-term objectives of tailings management: to minimize and eventually eliminate long-term
storage of fluid tailings in the reclamation landscape. Therefore, the Panel requires Shell to have
no fluid tailings at the end of the mine’s life.
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ACCIDENTS AND MALFUNCTIONS
Evidence
[217] Shell assessed potential environmental effects of accidents and malfunctions associated
with Project activities and facilities, including hydrocarbon releases, mining activities, surface
water incidents, air quality control, and migratory birds landing in tailings areas. For information
on migratory birds landing on tailings ponds, see the Effects of Tailings Ponds on Migratory
Birds section. Of the accident scenarios Shell evaluated, it considered only an accidental release
of solvent to the tailings facility and a process upset causing emergency flaring as likely events,
but it considered the environmental consequences of both of these scenarios to be low. Shell
stated that hydrocarbon pipeline loss of containment and spill into a watercourse, ETDA dike
failure, overburden disposal area failure into the Muskeg River, and tailings pipeline failure over
a watercourse were of high environmental consequence. However, Shell said that the likelihood
of these accidents actually occurring was remote to very unlikely.
[218] Sierra Club Prairie conceded that the risks of oil sands tailings containment failures are
low but stated that they are far from remote. It believed that the worst single environmentally
damaging event would be failure to contain a tailings dike and a resulting release of toxic tailings
into the Athabasca River or its tributaries. It stated that many of the tailings ponds were next to
water bodies, creating concerns about both massive failures and smaller leakages from existing
tailings ponds and from future remediated or buried tailings.
[219] Shell stated that it modelled a worst-case scenario that demonstrated a failure would
result in a peak flow of 1.65 m on the Athabasca River at Fort McKay about six hours after the
breach, which is within the range of flood levels for the Athabasca River. Shell said that the
worst-case failure would therefore not affect public health and safety.
[220] Shell considered whether and to what extent such a failure would affect communities,
water bodies, and recreational sites. Shell identified linkages with Fort Chipewyan, Fort McKay
leases, Kearl Lake, Jackpine Creek, Muskeg River, Athabasca River, Peace-Athabasca Delta
(PAD), Wood Buffalo National Park, and all wildlife receptors. Shell determined that Fort
McKay, Fort McMurray, trapper cabins, the Naumr River, Poplar Point, worker camps, MLWC,
Isadore’s Lake, and Quarry of the Ancestors would not be impacted if a dike failure occurred.
Shell stated that the direction of the dike failure would determine which receptors would be
affected. Shell determined that there would be little to no effect on people and moderate-to-high
effects on environmental components and wildlife habitat, but no population-level effect on any
of the wildlife species.
[221] Sierra Club Prairie did not believe that Shell appropriately examined the sensitive
elements of the environment as requested by the Panel in its SIRs, and it said that a worst-case
scenario would affect the Fort Chipewyan community and surrounding wildlife more adversely
than Shell predicted.
[222] Shell stated that it invests a significant amount of time and money to ensure that
preventative measures are in place. Shell noted that it has established an independent
geotechnical review panel to assess the risk in the design and operation of the tailings dam. Other
design measures that Shell committed to implement include
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•

designing the dam in accordance with the Canadian Dam Association (CDA) guidelines;

•

having the design approved by ESRD;

•

constructing the dam to accommodate heavy rain;

•

having the dam constructed and assured by independent panels;

•

operating, maintaining, and monitoring the dam in accordance with the Mining Association
of Canada’s (MAC) Guide to the Management of Tailings Facilities;

•

having the dam reviewed by the AER annually; and

•

conducting regular audits.

[223] Shell committed to a monitoring program to ensure that design conditions are met and to
correct conditions as needed. Shell stated that it would monitor
•

the water table to indicate dike stability;

•

slope inclinometers to indicate stability;

•

general dike condition;

•

pond water levels to indicate potential for overtopping; and

•

exit flows from drains for volumes, water quality, suspended sediments, and water chemistry.

[224] Shell stated that in the event of a failure, it would take immediate actions to
•

implement its emergency response system;

•

secure the immediate area and ensure workers are safe and accounted for;

•

divert flows away from the ETDA and/or shut down tailings production;

•

request aid support as required; and

•

initiate remedial works as appropriate.

[225] Shell noted that there has never been a dam failure in the oil sands. Sierra Club Prairie
rebutted that this was not correct because data collected by the International Commission of
Large Dams indicated that there have been three major accidents in Canada’s oils sands. Shell
explained that these losses of containment were not the result of a tailings dike breach and should
be considered “minor incidents.”
[226] Sierra Club Prairie said that it would like to see improved accessibility to reports such as
emergency preparedness plans; emergency response plans; operation, maintenance, and
surveillance manuals; the annual tailings dam performance reports; and the five-year dam safety
reviews. Sierra Club Prairie stated that it could not verify Shell’s determination of no adverse
effects because it was unable to review these documents. Shell stated that it does not publicly
disclose the information contained in emergency response plans and safety audits because it
could be used for mischief.
[227] Sierra Club Prairie noted that Shell had not completed a cumulative effects assessment
(CEA) that considered a tailings dam breach. It recommended that Alberta and the federal
government, with the engagement of industry, First Nations, and stakeholders, undertake a
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rigorous CEA that include a quantitative analysis of the risk of oil sands tailings containment
failure throughout the Athabasca watershed, with an analysis of consequent environmental
effects and appropriate mitigation measures.
Analysis and Findings
[228] The Panel is satisfied that Shell has evaluated applicable accident and malfunction
scenarios and has prepared reasonable contingency plans to prevent accidents and malfunctions.
The Panel also believes that Shell has identified appropriate mitigation measures to address
potential accidents and malfunctions, should they occur. The Panel finds that Shell provided
information on sensitive elements of the environment and included these elements in its
assessment of the effects of potential accidents and malfunctions.
[229] The Panel agrees that if a tailings dam failure occurred the effects would be catastrophic,
long-term, beyond regional, and thus significant. However, the Panel also agrees that the
probability of a failure is extremely low. Furthermore, the Panel finds that the likelihood of
multiple failures occurring from multiple oil sands mines and resulting in a cumulative impact is
extremely remote. Accordingly, the Panel finds that a CEA, as suggested by Sierra Club Prairie,
is not necessary. The Panel is confident in these findings because tailings dams are designed,
constructed, and operated in accordance with the CDA guidelines and MAC Operation,
Maintenance and Surveillance Manual for Tailings and Water Management Facilities, and
because provincial regulators review and approve detailed geotechnical designs for tailings
dams, emergency preparedness and response plans, and annual performance reports, and they
require an independent five-year dam safety review for each dam. The Panel agrees that the
losses of containment that have been reported in the oil sands are minor incidents and recognizes
that the proven record of safe operation of tailings dams indicates a robust system of design,
operation, and government regulatory oversight, and as a result the risk to public safety is
extremely low.
NOISE
Evidence
[230] Shell presented a noise impact assessment (NIA) that concluded that the Project would
meet the requirements of Directive 038: Noise Control (Directive 038). Shell’s NIA indicated
that effects from traffic and construction would be negligible. Shell’s NIA also indicated that
assessed wildlife species affected by noise will habituate to the disturbance effects of the Project
and it predicted that disturbance effects would be negligible. Shell did not expect that outdoor
noise levels from the three aircraft flights per day that it assessed would cause significant indoor
noise fluctuations resulting in sleep disturbance.
[231] Shell based most of the sound power level information used in its NIA on theoretical
calculations. Shell indicated that there was a possibility that the equipment and location of
equipment in the NIA could be somewhat different, depending on the final engineering design
and detailed mine plan. Shell also indicated that it would update the NIA to reflect changes to the
bird deterrent system and to the future turnover to tier IV haul trucks. Fixed equipment will
include any noise control needed to meet the Alberta Occupational Health and Safety Act
(OHSA) design requirements.
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[232] Shell indicated that it had not yet taken actual sound level measurements of the Phase 1
operations that began in August 2010. Shell committed to completing a post-construction
monitoring report for Phase 1 in 2013, and stated it would be willing to accept this as a condition
of approval. Shell also committed to completing a post-construction survey for the Project.
[233] ACFN indicated that noise effects from the Project include loss of enjoyment of its
members’ lands, practice of treaty rights, disturbance of bison from chronic noise, and
intentional disturbance of migratory birds and flyways from bird cannons.
[234] Fort McKay stated that the cumulative impact of noise from present and future mining
operations continues to be a concern for Fort McKay.
[235] NSFMFM and Clearwater Band expressed concern about wildlife and about noise effects
of bird cannons on migration flyways.
[236] EC asked the Panel to recommend that Shell evaluate noise levels in residual habitat and
implement mitigation measures to reduce noise effects to an average noise disturbance threshold
of 48 decibel A-weighting (dBA).
Analysis and Findings
[237] The Panel finds that the NIA provided by Shell is technically complete. While the Panel
acknowledges that the Project will result in an increase in noise in the area, the Panel believes
that the noise mitigation measures proposed by Shell are appropriate.
[238] The Panel requires Shell to provide, within one year after expansion operations start-up, a
post-construction, comprehensive sound monitoring survey of the Project, including
measurements of expansion equipment, to verify compliance with Directive 038.
[239] The Panel requires Shell to provide an update to its NIA or complete a comprehensive
sound monitoring survey to demonstrate compliance with Directive 038 after its selection of new
tier IV haul trucks.
AIR QUALITY
Project Effects
Evidence
[240] Shell stated that the Project’s air emissions sources include natural gas-fired cogeneration
units and boilers, diesel-fired mobile equipment fleet, and fugitive emissions. Shell confirmed
that it was applying to use a natural-gas fired cogeneration plant to provide steam and electricity
for the Project and that it was not currently seeking approval to recover asphaltene energy.
[241] Shell noted that the Project’s stationary combustion equipment will have nitrogen oxide
(NOX) controls with the best available technology that is economically achievable. Shell stated
that it would use ultra-low sulphur diesel fuel in its mine fleet and committed to purchasing
mobile equipment that would meet the applicable NOX management standards at the time of
purchase.
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[242] Shell characterized the 129 ambient air quality parameters it assessed in the application
case as having a negligible to low effect with no significant adverse environmental effects.
[243] Shell predicted that the base case and application case operations would result in
exceedances of the annual AAAQO for NO2 in the LSA and RSA and at the Project’s fence line.
Shell maintained that the predicted exceedances were not caused by the Project’s emissions but
by the cumulative effects of multiple operations in the area. Shell noted that predictions at
community receptors were below the NO2 objectives.
[244] OSEC stated that the Project would be a significant source of NO2 emissions. OSEC
noted that Shell had modelled NOX emissions based on the assumption that its mine fleet, and
the mine fleet of all other operators, would be replaced by tier IV-compliant fleets by the end of
2024 at the latest. OSEC noted that Shell’s predictions of future ambient air concentrations of
NOX were not conservative because Shell testified that it would not commit to ensuring that its
mine fleet met tier IV standards by 2025. EC stated that the mine fleet would be a significant
source of the Project’s NOX emissions, and noted that depending on the availability of tier IV
trucks, Shell may have underestimated the Project’s mine fleet NOX emissions. EC
recommended that Shell consider vehicle emission testing in its mine fleet management plan.
[245] Shell stated that its assessment of the mine fleet emissions was reasonable and
conservative because it assumed that the highest annual mine fleet emissions would occur every
year over the life of the Project.
[246] Shell noted that transition to tier IV trucks would likely occur by 2025. Shell
acknowledged that if tier IV trucks were not available by 2025 as it had assumed, the emissions
from its mine fleet would be higher and the resulting ground-level concentration would be higher
than Shell predicted. Shell maintained that although it could not make a commitment that would
tie it to a supplier’s technology development, it would commit to continuing to work closely with
the equipment suppliers to develop equipment that is more energy efficient and emissions
friendly. Shell also noted that although it is not currently considering retrofitting its mine fleet to
reduce NOx emissions, it would work toward reducing the size of its truck fleet, fuel costs, and
maintenance and provide the highest reliability and uptime possible in order to maximize
equipment efficiency and reduce emissions.
[247] OSEC maintained that Shell did not provide any information about what measures it
would take to reduce mine fleet emissions if monitored air quality exceeded thresholds. OSEC
stated that because Shell provided no mitigation, approving the Project would contravene the
LARP air quality management framework. OSEC recommended that as a minimum, Shell be
required to measure end-of-pipe emissions from its mine fleet and report those emissions
annually.
[248] Shell stated that the region was already having odour incidents from existing projects.
Shell predicted that there would be an increase in the number of hours in which the peak odour
levels would exceed odour thresholds as a result of the Project. Shell stated that because this
increase was minimal, the residents within the regional communities would not likely be able to
notice any change in odour levels.
[249] Fort McKay expressed concerns about more odours, deteriorating air quality in general,
and potential associated adverse health effects in its community. Fort McKay said that there was
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a gap in regulations and standards to manage odours and urged the Panel to recommend to
relevant governments that they implement odour regulations and standards forthwith. Shell stated
that it would continue to support the monitoring of the air in Fort McKay.
[250] NSFMFM and Clearwater Band expressed concerns about dust emitted from the Project’s
mine face and tailings pond. Shell stated that its normal practice was to water its roads during
spring, summer, and fall and that results from monitoring at Wood Buffalo Environmental
Association (WBEA) station 9 indicated that dust was being kept to a minimum.
[251] Shell maintained that although Project contributions to regional air emissions were small,
it would still do its part to help manage regional air quality and would commit to several
operational standards as part of the Project, including
•

meeting the best regulatory standards available for cogeneration units and boilers;

•

conforming to the Canadian Council of Ministers of the Environment (CCME)
Environmental Guidelines for Controlling Emissions of Volatile Organic Compounds from
Above-Ground Storage Tanks;

•

identifying and controlling plant-wide fugitive emissions using the protocol recommended by
the Canadian Association of Petroleum Producers (CAPP) Management of Fugitive
Emissions at Upstream Oil and Gas Facilities;

•

minimizing flaring and complying with AER Directive 060: Upstream Petroleum Industry
Flaring, Incinerating, and Venting (Directive 060);

•

meeting the emission standards that apply at the time of purchasing mine fleet vehicles, and
regularly maintaining the mine fleet;

•

monitoring truck idling, and implementing pit-stop practices to minimize idling during shift
changes;

•

using condition-based monitoring and maintenance rather than time-based maintenance to
ensure optimal fleet performance;

•

managing TSRU tailings deposition to maintain an annual average rate of 4 volumes of
solvent per 1000 volumes of bitumen produced;

•

managing slash burning according to Shell’s Environmental Management System procedure;
and

•

watering roads during dry periods to control road dust.

[252] Shell predicted that all polycyclic aromatic hydrocarbons (PAH) compounds and metals
would be below the AAAQO limits or other applicable criteria. Shell stated that it had conducted
a fairly extensive modelling analysis in order to understand the effects of aerial deposition of
PAHs and metals on water bodies. Shell concluded that the Project’s air emissions would not
result in any measurable change in water quality in the region.
[253] Shell estimated that the background potential acid input (PAI) levels would have already
exceeded the critical loads of 18 lakes before there was any industrial development. Shell noted
that 21 lakes would exceed critical loads in the base case. Shell maintained that no lakes
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exceeded their critical loads as a result of the Project in the application case. Shell predicted that
there would be negligible acidification effects on soil, vegetation, and water receptors and that
none of the 414 model lakes would become acidified as a result of the Project.
[254] Shell maintained that it had designed the Project to result in less acid-forming emissions,
and its environmental assessment was both consistent with regional guidance and conservative
because it assumed that all developments would be operating at full capacity simultaneously,
which is unlikely to be the case.
[255] OSEC noted that Shell had not identified how the Project would avoid increasing acid
deposition, contrary to the Acid Deposition Management Framework. OSEC stated that the
Project would cause exceedances of the limits in the Acid Deposition Management Framework,
and it was not in the public interest to approve it. OSEC stated that approval should be granted
only if there was a net-zero contribution to PAI.
Analysis and Findings
[256] The Panel notes that Shell predicted that all PAH compounds and metals were below the
AAAQO levels or other applicable criteria.
[257] The Panel notes that there are predicted exceedances of the AAAQO for fine particulate
matter (PM2.5) in the base case and application case. The Panel notes Shell’s argument that the
predicted exceedances were due to existing and approved projects in the region, and there were
no increases in predicted concentrations as a result of the Project’s emissions.
[258] The Panel notes that air emissions are an important concern for a number of stakeholders
and acknowledges Fort McKay’s concern regarding odours. The Panel notes that although there
is a lack of regulations or standards aimed specifically at odours, attention is paid to odour
control by limiting emissions of odorous products, including fugitive ones, responding to odour
complaints, and following up on the complaints. The Panel expects Shell to follow through
diligently on its commitments regarding the Project’s operational standards.
[259] The Panel believes that proponents of new or expanding oil sands schemes in Alberta
need to be aware of reasonably foreseeable changes to current emissions standards and new
environmental management frameworks and need to incorporate flexibility into project design to
facilitate retrofitting of improved controls. As changes to current source emission standards are
reasonably foreseeable and may need to be applied retroactively to ensure that LARP limits are
not exceeded, the Panel expects that Shell, as well as proponents of new and expanding oil sands
projects, will incorporate sufficient flexibility into their projects so that they can achieve
compliance with future standards within a reasonable timeframe.
[260] The Panel is of the view that the Project is not likely to result in significant adverse
environmental effects on air quality, provided that the mitigation measures and the Panel’s
recommendations are implemented.
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Cumulative Effects
Evidence
[261] Shell stated that the Project’s contribution to NOX and sulfur oxide (SOX) emissions
would constitute less than 1 per cent of regional emissions. Shell predicted that the planned
development case (PDC) operations would result in exceedances of the annual AAAQO for NO2
in the LSA and RSA. Shell maintained that the exceedances would not be caused by the Project’s
emissions but by the cumulative effects of multiple operations in the area.
[262] Shell stated that its modelling showed that the LARP limits would be exceeded for NO2 in
the base case and therefore no exceedances of the LARP limits would be as a result of the
Project. OSEC noted that Shell forecasted exceedances of the level 4 thresholds 6 for NO2
established in LARP, with the base case already exceeding the annual limits. Shell noted that
LARP was clear that modelling results were to be used for regional planning purposes and not for
predicting exceedances. OSEC noted that LARP was intended to guide decision makers in
deciding what activities should be allowed to occur in the area.
[263] OSEC stated that NOX emissions have been steadily rising in the region, as confirmed by
the WBEA monitoring stations. OSEC noted that in 2011, the WBEA Millennium monitoring
station recorded annual NO2 emissions at two-thirds of the LARP limit (30 micrograms per cubic
metre [µg/m3]), at which point immediate management action is required. OSEC stated that this
measurement occurred at a time when production levels were between 500 000 and
1 500 000 bbl/d, corresponding to about half of all approved projects in the region. Shell noted
that the WBEA Millennium station had shown a consistent trend of decreasing NO2 emissions
since 2007, and NO2 concentrations measured at all WBEA stations were well below the
AAAQO and LARP limits.
[264] Shell predicted that the annual AAAQO for sulphur dioxide (SO2) would be exceeded in
the RSA for the PDC. Shell maintained that the exceedance was related to population growth in
Fort McMurray. Shell stated that for all other assessment scenarios, including at regional
community receptors, SO2 concentrations were below the AAAQO and LARP limits. Shell noted
that regional sulphur emissions had been declining due to installation of flue-gas scrubbing at
Suncor and Syncrude.
[265] Shell predicted that, in all three assessment scenarios, the 24-hour concentrations for
PM2.5 were above the AAAQO at the fence line, and in Fort McKay, Fort McMurray, Cabin J,
Cabin K, and the Oil Sands Lodge. Shell noted that the exceedances were due to existing and
approved projects in the region, but there was no increase in predicted concentrations as a result
of the Project’s emissions. Shell also noted that its assessment indicated that Fort McMurray’s
background PM2.5 concentration would already be above the AAAQO. Shell maintained that the
exceedance at its fence line was primarily due to mine fleet activities at adjacent operations and
that there will likely be limited or no public access to the area.
[266] OSEC stated that Shell excluded developed areas from its regional assessment and that
there was no basis for doing so. Shell noted that the Alberta Air Quality Model Guideline
allowed the exclusion of developed areas in dispersion modelling. Shell stated that ambient air
6

LARP level 4 is the limit at which the ambient air quality exceeds the air quality limit.
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quality limits did not apply within disturbed areas because they are subject to OHSA Guidelines
within the fence lines.
[267] Fort McKay stated that there was a need for better emissions controls to limit the impact
that industrial developments have on regional air quality. Fort McKay noted that it would
continue to rely on regulators to diligently manage and monitor air emissions to ensure that air
emissions would not continue to rise at the current growth rate.
[268] OSEC stated that recent studies had found significantly elevated mercury levels in the
snowpack near oil sands facilities, and fugitive emissions from mine fleets were the likely source
of local deposition of mercury and other metals. Shell stated that the Project would have nearly
negligible emissions of metals, as confirmed in Shell’s current reporting trends in the National
Pollutant Release Inventory (NPRI) database. OSEC stated that research has shown that
considerably more particulate matter and trace metals were released from oil sands facilities than
were reported to the NPRI, and the NPRI excludes mine fleet emissions from reporting
requirements. Shell stated that studies have shown that 99 per cent of mercury emitted to the
environment was retained by the watershed and did not contribute to changes in mercury
concentrations in water. Shell noted, however, that its modelling assessment was highly
conservative because it assumed that nearly all aerially deposited metals would reach the water
bodies.
[269] OSEC noted that recently released abstracts from ongoing research studies showed
findings of concentrations of PAHs and metals close to existing mine sites. Shell maintained that
the recently released abstracts were preliminary results that had not yet been vetted by the
scientific community. It noted that recently published research papers had confirmed that the
deposition rate of PAHs in the PAD had not been increasing since the 1950s despite oil sands
development and that most of PAH deposition was of natural origin.
[270] OSEC stated that Shell’s EIA indicated that PAI levels already exceeded the Acid
Deposition Management Framework’s critical levels in 2 grid cells and 21 lakes in the base case.
OSEC noted that Shell predicted exceedances of the PAI levels to increase to 23 lakes in the
PDC.
[271] Shell maintained that its assessment indicated that 23 lakes would exceed critical loads in
the PDC; however, a predicted exceedance of a critical load did not mean that a lake is suffering
from adverse effects due to acid deposition but rather that monitoring should be done on the lake
as a precaution.
[272] Shell stated that work done by the Cumulative Environmental Management Association
(CEMA) indicated that the region was well below the Acid Deposition Management Framework
criteria, and published documents by WBEA showed little change in NO2 levels in the region
since 1998. Shell stated that it would continue to provide a leadership role in regional initiatives
that address the issue of acid deposition, including support for nitrogen deposition monitoring
done by the WBEA’s Terrestrial Environmental Effects Monitoring Program.
Analysis and Findings
[273] The Panel understands that Shell’s model predictions indicate that PAI levels exceed the
critical loads for a number of lakes as set by the Acid Deposition Management Framework. The
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Panel notes that the PAI in the base case already exceeds the guidelines and although the Project
will contribute to further increase these values in the application case and the PDC, they do not
cause the guidelines to be exceeded. The Panel notes that Shell did not provide any specific
mitigation strategies because it emphasized that the Project’s acidification effects will be
negligible. The Panel expects that the model predictions will show even further increases in PAI
levels as more oil sands projects are proposed. The Panel finds that because the region is well
below the Acid Deposition Management Framework criteria, there will be no significant adverse
effects. The Panel recommends that the government of Alberta conduct regional monitoring to
verify model predictions. The Panel believes that regional monitoring will provide the data to
ensure that action can be taken to ensure that there are no negative effects from acid deposition.
[274] The Panel notes that Shell predicted exceedances of the AAAQO for PM2.5 in the PDC
due to existing and approved projects in the region and that it predicted no increases in
concentrations as a result of the Project’s emissions. The Panel also notes Shell’s argument that
Fort McMurray’s background PM2.5 concentration would already be above the AAAQO. The
Panel is of the view that exceedances already exist in the baseline case due to conservative
assumptions in the modelling and that the Project would not materially change the frequency of
exceedances.
[275] The Panel notes that Shell’s model predictions indicate that the AAAQO and LARP limit
for SO2 would be exceeded in the RSA for the PDC. The Panel believes that the Project would
not be a major source of sulphur emissions.
[276] The Panel notes that Shell’s modelling predictions indicate that the LARP limits for NO2
will be exceeded in the RSA and LSA in the base case, application case, and PDC. The Panel
acknowledges that recent regional modelling predictions have consistently shown exceedances of
the AAAQO and LARP limit for NO2; however, current monitoring trends have not shown
exceedances of these limits.
[277] The Panel is of the view that many oil sands facilities have been approved but not yet
built and that model predictions serve as a warning that the AAAQO and LARP limits may be
exceeded when all approved oil sands facilities become operational. However, the Panel believes
that the LARP air quality management framework provides an appropriate mechanism for
managing NO2 and SO2 emissions to avoid exceedances of the AAAQO and LARP limits.
[278] The Panel also recognizes that LARP establishes that modelling should be used to
understand the relative impact of future development plans on, and trends in, ambient
concentrations. In this regard, the Panel believes that the predicted exceedances are likely due to
conservative assumptions in the modelling and that actual exceedances are not likely to occur to
the extent and frequency forecast. The Panel also notes that monitoring results and time will be
available to allow for adaptive management adjustments if needed and that triggers and limits for
NO2 and SO2 are designed to identify and prevent exceedances of critical thresholds before they
occur.
[279] For the reasons expressed above, the Panel is of the view that the Project is not likely to
result in significant adverse cumulative environmental effects on air quality provided that the
mitigation measures and the Panel’s recommendations are implemented.
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GREENHOUSE GAS EMISSIONS
Project Effects
Evidence
[280] Shell stated that it would employ the following principles in managing greenhouse gas
(GHG) emissions:
•

be a leading company in carbon dioxide (CO2) mitigation;

•

address direct emissions from facilities;

•

include the cost of CO2 in the evaluation of all significant growth projects; and

•

optimize and continuously improve energy efficiency in existing operations and in the design
of new facilities

[281] Shell stated that the Project would have greenhouse gas emissions from direct emission
sources generated on site, including emissions from the natural-gas fired cogeneration units,
boilers, and mine fleet. The Project’s indirect emissions would be generated in association with
grid-sourced electricity consumption and would only occur when the cogeneration units are shut
down.
[282] Shell noted that the Project would contribute approximately 1.2 million tonnes of GHG
emissions in CO2 equivalent per year (Mt CO2e/yr). Shell stated that the Project’s GHG intensity
would be 32.3 kilograms (kg) CO2 equivalent per barrel of bitumen produced (CO2e/bbl).
[283] Shell maintained that governments must set policy to encourage greater energy efficiency
and emission reductions across all economic sectors. Shell stated that the Project would comply
with the requirements of Alberta’s Specified Gas Emitters Regulation and any future federal
regulatory requirements.
[284] Shell indicated that it would proceed with its Quality Urban Energy Systems of
Tomorrow (QUEST) carbon capture and storage project. Shell noted that QUEST planned to
capture more than one million tonnes of CO2 per year beginning in 2015. Shell stated that
QUEST was not a project-specific mitigation but would be used to offset emissions from all of
its heavy oil and oil sands operations by apportioning benefits across its operations.
[285] OSEC stated that the Project's emissions at 1.2 megatonnes per year would increase
Alberta’s emissions by 2.5 per cent relative to 2010 emission levels. OSEC noted that Shell
generated GHG emission estimates without considering the full lifecycle of emissions. OSEC
also noted that the Project failed to offer any improvements in GHG emissions intensity over
Phase 1.
[286] OSEC stated that Shell had failed to show how it would effectively mitigate the Project’s
GHG emissions, as most of the proposed mitigation practices were vague, business-as-usual, or
not specifically tied to the Project.
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[287] EC noted that Shell had provided general mitigation options but did not provide specifics,
particularly how the proposed mitigation options would mitigate GHG emissions from the
Project. EC concluded that it was unclear how Shell’s mitigation options would fully mitigate the
effects of GHG emissions from the Project.
[288] OSEC recommended that the Panel withhold approval for the Project until Shell provides
a detailed plan demonstrating how Shell will mitigate the GHGs emitted by the Project and how
Shell will reduce GHG emissions from the Project to a level less than that of a conventional oil
and gas operation of similar size at start-up. OSEC also recommended that the Panel require
Shell to have an operational carbon capture and storage system in place by 2020 to offset Project
emissions.
Analysis and Findings
[289] The Panel recognizes that Shell has committed to investing in energy efficiency projects,
alternative fuels, and lower carbon energy sources in order to manage GHG emissions.
[290] The Panel acknowledges Shell’s intent to proceed with the QUEST carbon capture and
storage project in Fort Saskatchewan, Alberta which Shell expects will capture more than one
million tonnes of carbon dioxide per year beginning in 2015. The Panel further notes it is Shell’s
intention to apportion some of the benefits from this initiative to the Project. The Panel
encourages Shell to offset more greenhouse gas emissions by implementing additional measures
elsewhere.
[291] The Panel is of the view that the Project meets existing GHG regulatory requirements and
is not likely to result in significant adverse environmental effects from GHG emissions, provided
that the mitigation measures proposed are completed and implemented.
Cumulative Effects
Evidence
[292] Shell noted that the Project’s GHG emissions of approximately 1.2 Mt CO2e/yr would
represent 0.5 per cent of Alberta’s emissions and 0.2 per cent of Canada’s emissions. Shell noted
that GHG emissions and climate change were global issues and should be considered in that
context. Shell stated that the Project’s contribution to global GHG emissions at 0.004 per cent
was insignificant.
[293] OSEC did not agree with Shell’s view and noted that assessing the Project’s impact on
climate change on a global scale meant that the effects would virtually never be found to be
significant.
[294] OSEC stated that Shell had not met its GHG reduction commitments established for
MRM and JPM to reduce GHG emissions from the projects to a level less than that associated
with imported oil. Greenpeace was of the view that Shell had made previous commitments to
reduce GHG emissions from its oil sands projects but had since abandoned those commitments.
Shell noted that it had an aspirational goal to reduce GHG emissions from its oil sands projects
to the same level as the equivalent basket of imported crude into North America.
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[295] OSEC noted that Alberta and Canada were failing to meet their climate change
commitments. It said that immediate action was required to limit global impacts of climate
change. OSEC stated that the Project would further contribute to the failure of Canada to meet its
emissions reductions target of 17 per cent below 2005 levels by the year 2020. The Project
would also contribute to the failure to meet Alberta’s goal of reducing GHG emissions by 50
megatonnes by 2020. Greenpeace stated that Canada was not on track to meet its GHG
reductions targets.
[296] EC noted that the Government of Canada was still committed to meeting its target of
reducing GHG emissions by 17 per cent below 2005 levels by 2020. EC acknowledged that there
was still work to be done by the federal government. EC indicated that it intends to draft
regulations in 2013 to address GHG emissions, including those from the oil sands sector.
[297] OSEC stated that by 2020 the oil sands industry would represent approximately 14 and
36 per cent, respectively, of Canada’s and Alberta's climate change emissions. OSEC said that
the policy tools in place to achieve reduction in GHG emissions were not strong enough. OSEC
pointed to the need for substantial reductions across all economic subsectors, including the oil
sands. Greenpeace concluded that in the absence of effective federal policies and measures, no
new long-lived sources of GHG should be approved.
Analysis and Findings
[298] The Panel believes that the Project’s GHG emissions at 1.2 Mt CO2e will increase GHG
emissions from the oil sands industry and make it more difficult for Alberta and Canada to meet
their GHG reduction targets. The Panel notes that Shell stated that it would comply with the
requirements of Alberta’s Specified Gas Emitters Regulation, which is the only existing
regulatory requirement for GHG emissions. The Panel also notes that Shell committed to
complying with any future Federal regulatory requirements. To this end, the Panel expects Shell
to incorporate sufficient flexibility into the project design to facilitate retrofitting of any controls
needed to fully comply with future climate change regulations.
[299] The Panel notes that Shell’s goal is to reduce GHG emissions from its oil sands projects
to the same level as the equivalent basket of imported crude into North America. The Panel
believes that GHG emissions is an important concern for a number of stakeholders and expects
Shell to follow through on its commitments.
[300] For the reasons expressed above, the Panel is of the view that the Project meets existing
GHG regulatory requirements and is not likely to result in significant adverse cumulative
environmental effects from GHG emissions provided that the mitigation measures proposed are
completed and implemented.
CLIMATE CHANGE CONSIDERATIONS IN THE ENVIRONMENTAL ASSESSMENT
Evidence
[301] Shell considered climate change scenarios in its assessment of environmental effects
using the Global Climate Model from 2001 (Intergovernmental Panel on Climate Change 3rd
Assessment [IPCC3]). Shell noted that annual forecast changes in temperature relative to the
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1961 to 1990 baseline for each of the 26 model and climate forecast scenario combinations range
from 1.6 to 6.3 degrees Celsius. Shell noted that annual forecast changes in precipitation range
from -5.4 to 18.4 per cent. Shell stated that this rise in average annual temperatures and a change
in the upper and lower bounds of precipitation predicted by the climate change model may have
an effect on aquatic resources due to increased winter flows and decreased annual mean and peak
flows in surface water.
[302] In its assessment, Shell analyzed stream flow variables to determine linkages with trends
in climate and predict potential resulting effects. Shell reported a decreasing trend in the
Athabasca River flow records at various stations over the recorded time period for the river
(1958 to 2006) and observed similar trends for the Bow River at Banff and Calgary stations over
the same recorded period. However, the Bow River had a longer period of record available (1911
to 2006), and the resulting flow decreases during this period were less exaggerated compared
with the shorter flow record series for the Athabasca River. Shell believed that the 40 to 50 year
period of records for the Athabasca River may not properly reflect the long-term trend due to
climate variability, climate change, or both. Shell cited a study that indicated that climate cycles
can rotate in periods of 45 to 60 years. Shell noted that trend analyses of recorded periods less
than 60 years should be completed with caution. As a result, Shell determined that an
extrapolated flow model based on the Bow River would be more appropriate for analysing flow
in the Athabasca River than the shorter flow model of recorded data for the Athabasca River.
[303] Shell presented evidence from the Journal of Hydrology 7 that states, “As shown from the
Bow River discharge data, the estimated rates of trend become stable after the record length
reaches 70–80 years. It should be clear that this is not simply a function of more data providing
better statistical results, but it is the length of the data record relative to cycle length that is
critical.” From the same source Shell also quoted, “Given the predominance of climate cycles of
45–60 years observed from instrumental records, trend analyses of time series records of less
than 60 years should be done with caution. The estimated trend from such analyses may have
limited power in providing appropriate future trend estimates.”
[304] Shell explained that 50 years of data was available for the Athabasca River and that it
was necessary to use the longer period of data available from the Bow River to determine the
more appropriate hydrogeological trend. As Shell indicated, its explanation is consistent with
NRCan’s article, Assessing Climate Change Impacts on Water Availability for Oil Sands
Development in the Athabasca River Basin. In this article NRCan states, “The river [Athabasca
River] discharge rates naturally fluctuate on decadal and century scale cycles, but since most
records along the Athabasca River only date back 50 years, some cycles may be missed and
therefore provide an inaccurate estimate of trends. Scientists have built models by integrating
multiple observed cycles in river flow discharge.” Shell also indicated that its decision to use a
longer period of data is consistent with NRCan rationale that a trend extrapolated over part of a
cycle makes the declining trend appear more severe than if the trend was extrapolated over the
full cycle.
[305] Based on this methodology, Shell stated that the mean annual flows of the Athabasca
River were predicted to decrease by about 7.8 per cent by the year 2050. However, using the
shortened flow period for the Athabasca River, Shell stated that the resulting decrease in mean
7

Chen, Z., Grasby, S.E., 2009. Impact of decadal and century-scale oscillations on hydroclimate trend analyses.
Journal of Hydrology 365, 122-133.
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annual flow would be about 21.1 per cent. Shell determined that a longer flow period was more
demonstrative of long-term trends and so even though the shorter flow model produced a larger
reduction, it did not think it was representative. Shell stated that the decrease as predicted in the
longer flow model in mean annual flows (a 7.8 per cent decrease) would not significantly change
the Project or the predictions developed in the EIA. Shell considered these flow predictions to be
conservative because model simulation and its analysis of regional and local data indicated an
increasing trend. With respect to the seven-day low flow predictions, Shell determined that the
seven-day low flow would not change appreciably using the longer-term flow model as opposed
to the decreasing trend that is observed from the shorter period of record.
[306] Dr. Carver, on behalf of the ACFN, stated that Shell’s methodology, data, and
interpretations were incorrect and misleading. Furthermore, he stated that the conclusions were
not supported by the material presented. Dr. Carver also stated that using the Bow River flow
record to project the Athabasca River flow record was inappropriate because using the more
recent period may be a more accurate representation of anthropogenic climate change. He noted
that while Shell reasoned that past behaviour was a good predictor of future behaviour, this may
not be the case with human-induced climate change.
[307] Dr. Carver said that to other methodological flaws include the use of subjective
comparisons in discussions of modelling and non-conservative assumptions. He stated that a
systematic chain of subjective considerations led Shell to conclude that critical minimum winter
flow in the Athabasca River below Fort McMurray will not be affected by future climate change.
He also said that Shell’s conclusions were invalid due to the nested and systemic subjectivity and
unscientific methodologies that Shell used.
[308] Dr. Carver stated that climate change introduces uncertainties into the EIA that, if not
addressed appropriately, undermine the ability of Shell to deliver the outcomes projected in its
EIA. Dr. Carver stated that an objective assessment of potential declines in future flow in the
Athabasca River was key for evaluating total water withdrawals under Lower Athabasca River
Water Management Framework restrictions for multiple projects in the oil sands region. He
asserted that errors in this work could have far-reaching implications for mine viability in future
decades. He explained that the low-flow periods of the river may be exacerbated by additional
factors expected to drive these hydrograph metrics lower through time. These factors included
that some experts expect climate change to result in deeper declines in the hydrograph as
analyzed by the Phase 2 Framework Committee, that oil sands water withdrawals were
increasing, and that the regulator’s management framework permits substantial withdrawals.
These combined pressures threaten the magnitude of Athabasca River flows and thus threaten
water value and river function. He also noted that using a longer flow record may have
significant ramifications in the EIA for the CEA of the Athabasca River and the PAD.
[309] EC noted that by not using the potential worst-case climate change scenario, Aboriginal
concerns related to wetlands, river and stream flows, water quality, and the use of aquatic
resources may also be not affected as Shell predicted. EC stated that without the consistent use of
a representative set of seasonal precipitation and temperature assumptions, it was difficult to
assess the potential long-term significance of aquatic effects that were driven by precipitation
and temperature.
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[310] ACFN noted that a more recently completed EIA in the oil sands region for the Teck
Frontier project evaluated the effects of climate change using the updated climate model from
2007 (Intergovernmental Panel on Climate Change 4th assessment [IPCC4]). ACFN pointed out
that the more recent model for Teck Frontier predicted the opposite effect on flows in the
Athabasca River than Shell’s model. ACFN questioned how Shell could state that the results of
the EIA would remain unchanged if the newer model had been used.
[311] Shell responded that no single approach to this issue would satisfy all reviewers, and
believed that the methods used appropriately characterized the impacts of climate change. Shell
noted that the Teck Frontier EIA predicted that flows in the Athabasca River would increase
significantly by 2050. Shell stated that because the EIA for the Project predicted a decline in
flow, it should be considered sufficiently conservative.
[312] EC noted that Shell’s climate change model and assumptions reduced the range and
magnitude of predicted environmental effects while increasing the uncertainty of the effects
predictions and the determination of their significance. It noted that Shell used inconsistent
methodologies between tributary and main stem regions of the Athabasca River and also used a
restricted range of climate model precipitation outputs based on annual values (-3.9 to +4.6 per
cent) that likely underestimated potential climate change impacts in the region. EC stated that
predicted biological effects may not be as stated in the EIA because Shell's sensitivity analysis
indicated that a larger output, such as a 10 per cent change in precipitation, could trigger a
significant change in stream flow. EC concluded, in particular, that concentrations of
contaminants in the rivers could be higher than Shell predicted from its modelling and as a result,
predictions on impacts to fish could be underestimated.
[313] Shell submitted that it had the ability to adaptively manage if climate change effects
turned out to be different than it predicted through the Phase 2 – Lower Athabasca River Water
Management Framework for the Athabasca River and had other means of water storage.
Analysis and Findings
[314] The Panel acknowledges that there is a high level of uncertainty associated with
predicting the effects of climate change. The Panel finds that the climate change model used by
Shell may not be the most conservative model; however, the Panel is satisfied with Shell’s
approach given that it was the best model available when Shell was preparing its EIA. The Panel
notes that since that time, however, there have been improvements in climate change modelling
that Shell should use when following up and monitoring to ensure that its predictions are
accurate.
[315] The Panel agrees with NRCan’s rationale that using full cycles of data provides better
accuracy when estimating trends in flow rates. The Panel agrees with Shell’s methodology for
predicting trends in Athabasca River discharge rates. The Panel considers that Shell’s
methodology is consistent with the work completed by others to determine impacts of climate
change on stream flows, and it is satisfied with this approach.
[316] Based on the above, the Panel believes that Shell’s incorporation of climate change into
its prediction of environmental effects of the Project was reasonable.
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[317] It appears to the Panel that predictions of decreased flow would be more problematic for
the environment than periods of increased flow, because a low flow that is lower than predicted
could affect fish and fish habitat, human health through increased water contamination,
navigation and use of land, and resources for traditional purposes. Therefore, the Panel believes
that Shell’s determination relating to the seven-day low flow is sufficiently conservative to
predict significance of environmental effects.
[318] With respect to Shell’s assessment of annual flow, the Panel understands that the
decrease in flows predicted by climate change models is not a result of the Project; however, the
Project and others in the oil sands region may act cumulatively with climate change to
exacerbate the effects on the Athabasca River and other areas of the environment. If the
predictions in the EIA based on climate change carry a degree of uncertainty and the predictions
based on project effects are also uncertain, Shell’s predictions of the Project’s effects on the
environment may be unreliable. The Panel accepts that adaptive management is an appropriate
response for dealing with uncertainty and recommends that the Governments of Canada and
Alberta ensure that Shell conducts rigorous follow-up and monitoring on environmental effects
of the Project related to climate change predictions, and manages accordingly should those
predictions be incorrect. Specifically, the Panel recommends that the Government of Canada
ensure that Shell conducts this follow-up and monitoring in relation to CEAA, 2012 section 5
effects. The Panel believes that managing environmental effects of climate change on the Project
is important.
CHANGE TO THE PROJECT CAUSED BY THE ENVIRONMENT
Evidence
[319] Shell evaluated several environmental events that could have an effect on the Project.
These events included climate change, forest fires, extreme weather, and seismic activities. For a
discussion on climate change as it relates to environmental effects that may be compounded with
project effects, see the Climate Change Considerations in the Environmental Assessment section.
See the Greenhouse Gas Emissions section for a discussion on the Project’s contribution to
climate change.
[320] Shell stated that it designed the Project in such a way that it would be protected from
extreme weather such as flooding, drought, forest fires and seismic activities. Shell proposed
mitigation for floods, including locating facilities outside of flood risk limits, designing the
closure landscape to provide flood plains to manage flood events, providing clean-waterhandling facilities and sedimentation ponds, constructing perimeter dikes, and implementing
erosion measures along pit walls and watercourse banks. Shell stated that it had designed the
Project to handle less available water from the Athabasca River. Shell proposed mitigation for
forest fires, including developing fire prevention and response strategies, identifying ignition
sources, and conducting fire prevention training. Shell noted that the occurrence of seismic
activity in the area is believed to be low, but that the design criteria account for the possibility of
seismic activity over the lifetime of the Project.
[321] Shell used the Global Climate Model from 2001 (IPCC3) to evaluate the effects of
climate change during the lifetime of the Project. Shell stated that even though a more recent
model had been developed (IPCC4), it completed the EIA in 2007 when the output from that
2013 ABAER 011 (July 9, 2013) • 55

Joint Review Panel Report, Shell Canada Energy, Jackpine Mine Expansion Project, Application to Amend Approval 9756

1635

model was not available. Shell stated that even though the newer model was refined to reflect
current trends, the results of the EIA would not have changed if it had used IPCC4.
[322] Shell stated that a likely climate change scenario resulting from this model was a rise in
average annual temperatures and a change in the upper and lower bounds of precipitation. Shell
determined that it was unlikely that a change in climate, as described by the model, would have a
significant impact on the Project. It stated that potential effects would be minor but may include
an increase in winter temperatures, which could slow operations slightly, an increase in
precipitation, which could affect mine stability, and a reduction in water availability, which
could affect mine operation.
[323] Shell proposed better road construction and more drainage as mitigation measures. Shell
also stated that it designed the Project to handle low water availability through the capture of
groundwater and surface runoff for reuse in the extraction process. Shell also committed to
comply with the Water Management Framework for the Lower Athabasca River Phase 1 to
further reduce withdrawals during low-flow conditions.
Analysis and Findings
[324] The Panel determined that Shell’s assessment of the effects of floods, droughts, and
forest fires on the Project is sufficient and that the design and mitigation measures proposed are
reasonable to minimize potential effects. The Panel recommends that the Governments of
Canada and Alberta ensure that Shell monitors environmental changes that result from climate
change and undertakes adaptive management, as required, to respond to any unanticipated
environmental effects that may affect the Project.
WATER WITHDRAWAL FROM THE ATHABASCA RIVER
Evidence
[325] Shell proposed four objectives for its Project water management plan:
•

ensure sufficient water was available to meet Project requirements;

•

minimize the Project’s effects on aquatic resources;

•

minimize consumption of fresh water; and

•

maximize recycle and reuse of process affected water (PAW).

[326] The site water management strategies that Shell presented to achieve these objectives
include:
•

effective separation of clean water and PAW streams;

•

recycling of PAW;

•

a 30-day raw water storage to support operations during low-flow conditions; and

•

capture of groundwater and site runoff for use in the extraction process to reduce river
withdrawals.
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[327] Shell indicated that the primary source of make-up water for the Project will be the
Athabasca River. Supplemental process water will be supplied by runoff and seepage within the
closed circuit system, the Basal McMurray Aquifer, and the PCA.
[328] Shell requested, under the Water Act, an allocation of 18 million cubic metres (Mm3) of
water per year from the Athabasca River for the Project, approximately 0.09 per cent of its
average annual flow. Shell noted that the cumulative Lower Athabasca River water withdrawal
for Phase 1 and the Project was 53.3 Mm3 per year (Mm3/yr) or approximately 0.27 per cent of
the annual river flow. The Project would use the existing MRM intake structure. Shell also
applied under the Water Act for approval to divert 24.5 Mm3/yr of site runoff and 26 Mm3/yr of
groundwater.
[329] Shell stated that the reduction in mean seasonal Lower Athabasca River flows in reach 4
(from the Athabasca River gauge below Fort McMurray to the gauge at the mouth of the
Steepbank River) for the application case compared to the preindustrial case (PIC) due to water
withdrawals would range from 1.9 per cent in summer to 12.9 per cent in winter. Shell noted that
the water reduction in the mean seasonal Lower Athabasca River flows for the application case
compared with base case due to water withdrawals would range from 0.04 per cent in summer to
0.3 per cent in winter. Shell predicted that changes in water level at station S24 (downstream of
Pierre River) would be less than 5 centimetres (cm) for the application case (less than 1 per cent
of the maximum flow depth), with the Project accounting for 0.1 cm. Shell concluded that the
predicted changes in the Lower Athabasca River flows and levels would have no perceptible
effect on the river or the PAD.
[330] Shell committed to following the limits prescribed by the Water Management Framework
for the Lower Athabasca River Phase 1 to ensure that water withdrawals would be reduced as
necessary during low-flow conditions. Shell committed to reducing water withdrawals across all
of Shell’s mineable oil sands projects to 0.2 m3 per second (m3/s) whenever the total flows in the
river reach 87 m3/s or less. Shell was confident that its adherence to the Water Management
Framework for the Lower Athabasca River Phase 1 would maintain the integrity of the Lower
Athabasca River, including the PAD. Shell noted that the Water Management Framework for the
Lower Athabasca River Phase 1 would be adaptive and, as such, informed by ongoing scientific
research and modified as necessary to protect the river. Shell committed to complying with
Phase 2 and subsequent updates of the Water Management Framework for the Lower Athabasca
River.
[331] DFO stated that it and ESRD were in the final stages of developing Phase 2 of the Water
Management Framework for the Lower Athabasca River to address cumulative water
withdrawals from the Lower Athabasca River. DFO noted that within the next few months, DFO
and ESRD intended to consult with all First Nations that might be affected, Métis groups,
companies that participated in the Phase 2 Framework Committee (P2FC) 8 report development,
and other nongovernment organizations. DFO indicated that Phase 1 would remain in effect until
Phase 2 is formally released. DFO stated that the Project would require water withdrawals from
the Lower Athabasca River, which would affect flows in the river. DFO indicated that conditions
of authorization issued under paragraph 35(2)(b) of the Fisheries Act for the Project will require
8

The Phase 2 Framework Committee (P2FC) was a multi-stakeholder committee established in 2008 to develop
recommendations for a Phase 2 water management framework that will prescribe when, and how much, water can
be withdrawn from the Lower Athabasca River for cumulative oil sands mining water use.
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Shell to comply with the Water Management Framework for the Lower Athabasca River Phase
1.
[332] DFO acknowledged that the P2FC did not achieve consensus on a final set of water
management rules due primarily to disagreement about issues associated with the EBF
exemption specifications. DFO and Alberta took ACFN and other Aboriginal groups’ reports
into consideration when drafting the Phase 2 of the Water Management Framework for the
Lower Athabasca River. DFO indicated that the Aboriginal base flow (ABF) figures presented
were not indicative of the overall nature of the river’s historic levels and that other factors (e.g.,
Bennett Dam, dredging) had affected Athabasca River navigation over time. DFO recommended
that Shell continue its support for development of a monitoring program that focuses on CEA of
water withdrawals.
[333] EC stated that the hydrograph of the Peace River has flattened due to the Bennett Dam.
EC noted that the dam was constructed in the late 1960s, and in the mid-1970s there was a
climatic or hydroclimatic shift towards drier conditions and lower snowpacks that has definitely
contributed to some of the lower water levels in the PAD.
[334] MNA stated that when the Bennett Dam started operating, the flooding stopped in the
PAD.
[335] ACFN stated that cumulative effects on the PAD were influenced primarily by historic
changes in flow of the Peace River caused by the Bennett Dam. ACFN's position was that the
Bennett Dam had changed water flows to the PAD, which forced members to change their
patterns of traditional land use.
[336] DFO stated that it supported the EBF of 87 m3/s and considered that the work done to
propose this EBF and the discussions that took place were substantial. DFO mentioned that if
flows in the Athabasca River were at or below 87 m3/s, Phase 2 would still allow water
withdrawals of up to 4.4 m3/s, comprised of 2 m3/s for Syncrude, 2 m3/s for Suncor, 0.2 m3/s for
Shell Muskeg River, and 0.2 m3/s for Canadian Natural Resources Limited (CNRL). DFO stated
that 0.2 m3/s to provide freeze protection of the facilities seemed reasonable.
[337] ACFN and OSEC expressed concerns that neither the Water Management Framework for
the Lower Athabasca River Phase 1 nor the P2FC recommendations for Phase 2 adequately
considered the EBF.
[338] OSEC stated that Alberta and Canada have not met previous panel recommendations to
implement a Phase 2 of the Water Management Framework for the Lower Athabasca River that
includes an EBF beyond which further water withdrawals would be prohibited. In the absence of
an EBF, OSEC recommended all water withdrawals be prohibited during periods of flows at or
below 87 m3/s to ensure that the Project does not contribute to damage to the river during lowflow periods.
[339] ACFN stated that nonconsensus P2FC report recommendations would be more protective
of river flows than the Water Management Framework for the Lower Athabasca River Phase 1
rules currently in place. Phase 2 of the Water Management Framework for the Lower Athabasca
River Phase 1 did not include the ABF. ACFN recommended that Alberta and Canada take the
following steps immediately to prevent further harm:
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•

establish a temporary precautionary (cut-off) flow of 100 m3/s until a science-based EBF can
be determined. When the flow drops below 100 m3/s, allow minimal withdrawals (a total of
less than 1 m3/s) to prevent freezing; and

•

establish a temporary precautionary ABF at a level of 1600 m3/s, and a temporary
precautionary Aboriginal extreme flow (AEF) at a level of 400 m3/s, during river travel
months.

[340] Fort McKay noted that Alberta and Canada have not established an EBF for the Lower
Athabasca River, and an increase in water withdrawals would cause the river to be at risk.
Including the Project, the total water allocation from the Lower Athabasca River would be about
4 per cent of the river’s mean annual flow. Fort McKay stated that there was no cut-off flow in
the Water Management Framework for the Lower Athabasca River Phase 1 and that the date
when a complete cut-off flow may be implemented continues to be pushed further into the future.
[341] OSEC stated that the Oil Sands Developer Group agreed that operators could reallocate
unused licence allocations within the group for the 2011–2012 winter. OSEC indicated that this
could enable withdrawals greater than what would be permitted by the Water Management
Framework for the Lower Athabasca River Phase 1. OSEC recommended conditioning any
approvals to limit Shell's water withdrawal in the low-flow periods to 0.2 m3/s for Phase 1 and
the Project, and doing so without allowing Shell to purchase additional withdrawals from other
operators. OSEC further recommended that Shell be required to retrofit its water diversion
infrastructure so that withdrawals during low-flow periods could reach zero in the future.
[342] OSEC noted that the 30-day water storage proposed by Shell may not be sufficient to
meet the Project's requirements during low-flow conditions in the Lower Athabasca River.
OSEC stated that the proposed volume of stored water would not allow both Phase 1 and the
Project to maintain regular operations, and would not be consistent with newer projects, such as
the Total Joslyn mine, that have responsibly planned for 90 days of water storage and would be
able to cease or limit withdrawals during low-flow periods.
[343] Shell stated that its current water management plan for the Project includes 30 days of
river water storage onsite, although Shell would be able to draw from additional onsite water
sources in the event of prolonged periods of low flow of the Athabasca River. Shell indicated
that for the Project, it intends to reduce the amount of water withdrawal from the river by
capturing onsite groundwater and surface water runoff, and through freeboard in its existing
tailings facilities and ponds. Shell stated that potential options to minimize the footprint of raw
water storage and the use of river water include treating process water onsite. Shell reaffirmed its
commitment to comply with the phase 2 of the Water Management Framework for the Lower
Athabasca River Phase 1, and stated that it would adapt to what this framework states about
onsite water storage requirements.
[344] ACFN stated that the Project will affect regional hydrology. Water withdrawals would
reduce Lower Athabasca River flows, which are already too low to support the exercise of treaty
rights. ACFN claimed that Shell addressed only direct withdrawals but not indirect withdrawals
through groundwater changes or tributary withdrawals. ACFN stated that these incremental
water withdrawals would jeopardize the viability of the Lower Athabasca River downstream
navigation.
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[345] OSEC noted that to date, assessment reports have indicated that water monitoring in the
Athabasca region was inadequate. OSEC indicated it would be inappropriate to draw conclusions
about new projects or impacts based on RAMP data.
[346] Shell stated that for the surface water hydrology assessment it used data from RAMP, the
Water Survey Division of EC and Alberta Sustainable Resource Development, the Water Rights
Branch of Alberta Environment, and local monitoring stations installed in the LSA as part of the
environmental setting studies. Shell stated it has supported monitoring of surface water quantity
and quality under RAMP and would support the Joint Canada-Alberta Implementation Plan for
Oil Sands Monitoring.
[347] EC stated that following the announcement of the Joint Canada-Alberta Implementation
Plan for Oil Sands Monitoring, Canada and Alberta have made good progress in implementing
enhanced oil sands monitoring. EC noted that the two governments have also made progress
toward putting in place the governance arrangements needed to jointly deliver this program and
manage the transition to a government-run monitoring plan. EC added that the two governments
would be managing the transition from current arrangements to a government-led plan. EC stated
that scientific reviews have been critical of the RAMP’s program design, implementation, and
transparency of results. EC concluded that the two governments agreed that RAMP would be
wound down in due course and its relevant activities delivered under the government-run
monitoring plan. The Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring will
monitor both surface water quantity and quality.
[348] Shell stated that its CEAs based on the current Water Management Framework for the
Lower Athabasca River Phase 1 indicated that the predicted changes in water level for the Lower
Athabasca River through the application and PDC would be insignificant. Shell noted that if and
when Phase 2 of the Water Management Framework for the Lower Athabasca River comes into
effect, there would be further restrictions on water withdrawal from the Lower Athabasca River,
reducing cumulative effects on hydrology.
[349] Shell stated in its 2010 navigability assessment that TC had identified the Muskeg and
Athabasca Rivers as the only navigable watercourses in the Project area. Shell indicated that
flow changes in the Lower Athabasca River would be affected mainly by the withdrawals for the
Project rather than drainage area changes due to an increase in the closed-circuit area during
mine development. Shell concluded that surface water withdrawals from the Athabasca River
would result in negligible impacts on navigation. TC stated that the impacts of the Project on
navigation in the Lower Athabasca River would be negligible.
[350] ACFN said that low flows would undermine the health of the PAD and its ability to
sustain traditional resources, adversely affecting ACFN's ability to exercise its treaty and
Aboriginal rights in the PAD. ACFN stated that Shell’s CEA excluded the PAD. ACFN claimed
that declines in Lower Athabasca River mean annual flow would be accelerated by additional
industrial withdrawals that would lead to further declines in Lower Athabasca River flows. This
would in turn lead to reductions in recharge of the PAD.
[351] Shell stated that it assessed project effects on the PAD in its May 2012 updated CEA for
the application case and PDC. Shell concluded that cumulative effects of the Project in
conjunction with existing, approved, and planned developments on water level changes and
flooding in the PAD would be negligible. Since it predicted negligible surface water quantity
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effects in the Lower Athabasca River, Shell concluded that the spatial extent of the aquatics RSA
was appropriate.
[352] Shell stated that in the context of total river flows, the amount of water that Shell is
proposing to withdraw is less than 0.1 per cent of the mean annual flow; and that the predicted
change in the Athabasca River water level would be less than one millimetre, a change that
would have no discernible effect on the Athabasca River or the PAD.
[353] Shell stated that cumulative effects on the PAD were influenced primarily by historic
changes in Peace River flows caused by the Bennett Dam. Shell agreed with TC’s observation
that the Lower Athabasca River was historically dredged and that the river was now returning to
its pre-1940s levels, likely explaining the increase in the occurrence of sandbars.
Analysis and Findings
[354] The Panel recognizes that Shell committed to:
•

meet the conditions set out under the Water Management Framework for the Lower
Athabasca River Phase 1, and under the updated Phase 2 when implemented;

•

participate in oil sands mining water management agreements to ensure that industry meets
the requirements of the Water Management Framework for the Lower Athabasca River
Phase 1 as amended;

•

reduce water withdrawals to 0.2 m3/s whenever the total flows in the river reach 87 m3/s or
less; and

•

support cumulative effects initiatives from advisory bodies tasked with overseeing
cumulative effects monitoring.

[355] The Panel acknowledges that DFO and ESRD are in the final stages of developing Phase
2 of the Water Management Framework for the Lower Athabasca River. The Panel understands
that the federal and provincial governments will conduct a consultation process to determine
acceptability of Phase 2 that will include all Aboriginal groups, industry, and other nongovernment organizations.
[356] The Panel agrees with the concept of a precautionary cut-off to protect the river and
understands that Phase 2 is likely to include an EBF of 87 m3/s that includes industry needs
during low-flow conditions. The Panel agrees that the withdrawal limit of 0.2 m3/s for the Shell
MRM and JPM when flows are at 87 m3/s should be maintained.
[357] The Panel recommends that the Governments of Canada and Alberta consider the
precautionary cut-off flow approach to address impacts of water withdrawals during extreme
low-flow conditions, and potential impacts on navigation. The Panel recommends that DFO,
ESRD, the oil sands industry, and all other involved stakeholders, dedicate the necessary
resources to ensure that Phase 2 of the Water Management Framework for the Lower Athabasca
River is completed and implemented in a comprehensive manner by January 2016 as
recommended in the P2FC report.
[358] The Panel believes that Shell’s proposed 30-day onsite river water storage is appropriate
considering that Shell has committed to complying with the Water Management Framework for
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the Lower Athabasca River as amended, that Shell has additional onsite water sources to
continue operating when low-flow restrictions on water withdrawal are in effect, and that Shell,
if required to do so, would treat process water for re-use in its extraction process.
[359] The Panel believes that the data used by Shell was adequate based on what was available,
including RAMP data. The Panel recognizes that RAMP will be wound down in due course and
its monitoring activities will be assumed by an agency under government management. The
Panel also recognizes that the Joint Canada-Alberta Implementation Plan for Oil Sands
Monitoring proposes a more comprehensive monitoring program for both surface water quantity
and quality that will address concerns over deficiencies in current monitoring activities. The
Panel acknowledges that the Government of Alberta will establish a new arm’s length
environmental monitoring agency. While this takes place, the environmental monitoring of
surface water quantity and quality in the oil sands region will continue to be led by the joint
federal-provincial program.
[360] The Panel acknowledges observations from EC and DFO that flows and navigation in the
PAD are also affected by Lower Athabasca River dredging cessation, the Bennett Dam, and
changes in precipitation. The Panel recognizes TC’s conclusion that the impacts of the Project on
navigation in the Lower Athabasca River would be negligible. The Panel also agrees with Shell’s
prediction that there would be no impacts on navigation in the Muskeg and Athabasca Rivers or
the PAD from project-related water withdrawals.
[361] The Panel concludes that with the implementation of Shell’s proposed mitigation
measures and commitments, the work being developed on the Joint Canada-Alberta
Implementation Plan for Oil Sands Monitoring to address surface water quantity and quality, and
adherence to the Panel’s expectations and recommendations, it is unlikely that significant project
and cumulative environmental effects on water flows and levels in the Athabasca River or the
PAD would result from the Project’s use of Lower Athabasca River water.
POTENTIAL EFFECTS ON GROUNDWATER FROM PROCESS-AFFECTED WATER
Evidence
[362] Shell stated that it will operate a closed-loop water handling system in order to prevent
groundwater impacts from PAW during operations. It said that it will fully contain any water that
has the potential to become affected by process-related operations (including seepage into mine
pits) and will control it on site. Therefore, Shell concluded that there is very limited potential for
PAW to impact groundwater resources during operations.
[363] Shell stated that it will construct the ETDA on the landscape without including a lowpermeability lining on the bottom and that natural muskeg and clay till underlying the ETDA
area will help to reduce downward flow rates. However, during operations, PAW seepage will
occur as a result of precipitation flowing through the various materials deposited in the ETDA.
Shell will mitigate this seepage by installing a system of perimeter seepage collection ditches,
and managing the elevation of those ditches will allow Shell to control the hydraulic gradient and
direct seepage into those collection ditches. Seepage collected in the ditches will be returned to
the ETDA. Shell said that seepage may impact surficial deposits (including the PCA, which
underlies portions of the ETDA) and potentially the Basal McMurray Aquifer, but that vertical
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seepage below surficial deposits to the Basal McMurray Aquifer will be limited due to lowpermeability oil sands material underneath the ETDA, which will preferentially direct seepage
laterally.
[364] Shell stated that upon closure of the ETDA, it will cap it with low-permeability materials
reducing the rate of water infiltration into, and therefore seepage out of, the ETDA, and will
direct seepage toward backfilled mine pits and ultimately the EPL via the closure landscape.
Shell did not anticipate lateral seepage and release to surface water bodies because mining will
occur on three sides of the ETDA, and it will backfill those pits when mining ceases.
[365] Shell stated that it will backfill mine pits with a variety of materials, including tailings.
There is potential for water infiltrating these materials to become degraded in quality and then be
considered PAW. To mitigate and limit the seepage of this potentially impacted water into
adjacent groundwater aquifers, Shell indicated that it will design the closure landscape in such a
way that the water in the backfilled mine pits will migrate toward constructed wetlands and the
EPL as groundwater discharge areas. Once potentially impacted groundwater enters the EPL, it
will be subjected to the same mitigating processes as all water in the lake.
[366] Shell indicated that it will place low-permeability material adjacent to the PCA and other
permeable sediments exposed in the pit walls prior to backfilling. This low-permeability material
will restrict water from flowing from the backfilled mine pits into the PCA and other permeable
sediments; instead, the water will preferentially flow toward constructed wetlands and the EPL,
which will be the groundwater discharge areas.
[367] Shell stated that it completed conservative groundwater modelling to evaluate the
potential for both backfill seepage and ETDA seepage and its possible extent. It also modelled
the effectiveness of proposed mitigation options. Based on the available data on which the
models were built, Shell considered that its proposed mitigation techniques would be effective at
reducing potential seepage impacts to acceptable levels.
[368] NRCan was concerned that the groundwater model data inputs included limited sitespecific data. Shell indicated that it will refine its conservative groundwater models as more data
becomes available, which will validate and increase the confidence in the model outputs.
[369] Shell said that it will monitor actual groundwater conditions during operations, and EPEA
approvals will require groundwater quality monitoring and reporting for potential impacts on
groundwater from the backfilled pits and the ETDA.
[370] Shell committed to monitor for lateral seepage of PAW from the ETDA and stated that it
will develop a closed-circuit seepage interception system to fully intercept seepage through the
Quaternary deposits. Shell stated that it will install a system of wells to monitor and collect water
that infiltrates the subsurface from the ETDA into the PCA. Shell stated that it has designed a
conceptual groundwater monitoring program, and it intends to meet with regulators to develop a
rigorous monitoring program if the Project is approved.
Analysis and Findings
[371] The Panel acknowledges that there is a risk of PAW reducing the quality of groundwater
surrounding the proposed Project. Shell has presented several mitigation strategies that it said
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will effectively mitigate seepage of PAW into the environment during operations and the postclosure period. The Panel agrees that the use of a properly designed and managed closed-loop
water handling system will largely mitigate the risk of PAW-related groundwater impacts during
mining operations. The Panel believes that the proposed ETDA seepage mitigation and
management system will adequately address potential PAW impacts on surficial deposits from
this structure.
[372] EPEA requires approvals for industrial facilities, including requirements for monitoring
and reporting of groundwater conditions. Such requirements will exist for the ETDA, backfilled
pits, and other operational areas of the Project. Shell must fully comply with all regulatory
requirements in this regard and work with the regulators to develop robust monitoring systems
and programs.
[373] Shell has completed groundwater modelling to understand the potential impairment to
groundwater quality and the likely flow directions that groundwater would travel in the
subsurface. The Panel finds that although Shell had limited site-specific data available to it for
construction of its models, it made adequate use of available data and used appropriate
professional judgment and scientific literature data in lieu of abundant site-specific data. Regular
updating of the models with field data will allow for confirmation of the simulated results and
verification of predictions of the current models. The Panel expects Shell to regularly update the
groundwater models when field data is available and to inform the AER and stakeholders of any
significant changes in model predictions resulting from incorporation of site-specific field data.
[374] The Panel recognizes that Shell is obligated to follow all requirements to report
impairment of groundwater quantity or quality to the appropriate regulator. Shell should strongly
consider developing a notification process to inform potentially affected stakeholders if such
situations arise during operation or the post-closure period of the proposed project.
[375] The Panel requires Shell to place low-permeability material against all water-bearing
permeable zones exposed in the pits (including the PCA) to effectively reduce the potential for
PAW to be released out of the backfill into those permeable zones. Shell is expected to achieve a
permeability equal to or lower than that of the low-permeability materials in the mine pit walls
adjacent to the PCA and other exposed water-bearing zones.
[376] On the basis of the evidence, and subject to the condition prescribed above, the Panel
does not believe that the Project will result in significant adverse effects to groundwater quality.
DIVERSION OF THE MUSKEG RIVER
Evidence
[377] In 2007, Shell proposed a mine plan that included diverting the upper reaches of the
Muskeg River through a gravity pipeline to maximize bitumen recovery while minimizing
environmental impacts. In 2011, after four years of consultation with First Nations groups, Shell
developed an alternative plan, the MRDA Mine Plan, to address First Nations’ concerns about
the use of a pipeline to divert the river. The MRDA Mine Plan includes an open channel to divert
about 21 km of the upper reaches of the Muskeg River across the northern portion of the
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development area, allowing Shell to recover about 64 Mm3 of resource. Shell stated that the
diversion channel would sterilize about 4 Mm3 of resource.
[378] Shell considered two other mining scenarios that would leave the Muskeg River intact.
The first alternative contemplated mining on both sides of the river with a 200 m setback. This
alternative would sterilize approximately 27.5 Mm3 of recoverable bitumen at an average grade
of 11.2 per cent bitumen by weight (wt %) and would involve two small satellite pits on the
north side of the river. Shell indicated it did not assess the feasibility of this alternative as it
would require multiple crossings of the Muskeg River and dikes or low permeability berms
adjacent to the Muskeg River pillar, which is restricted by the availability of suitable material.
The second alternative, which contemplated mining on only the south side of the river with a
200 m setback, would sterilize approximately 65.5 Mm3 of recoverable bitumen at an average
grade of 11.4 wt%.
[379] Shell stated that it anticipated that the proposed change to an open channel would allow
navigation on the river through the construction and operation stages. Shell noted that there
would be a very brief transition period when Muskeg River waters revert back from the
temporary boundary channel to the newly established closure channel and pit lakes. Shell stated
that the Muskeg River diversion would be subject to DFO and TC approval.
[380] ACFN stated that diverting the river would permanently affect water flows, water quality,
and fishery resources. These impacts would in turn affect access to traditional lands, reducing the
opportunities to use the resources in the area and significantly affecting spiritual values of the
watershed. ACFN indicated that given the lack of analysis of TLU in Shell’s revised MRDA
Mine Plan, it was not assured that this reassessment would protect its treaty and Aboriginal rights
and/or traditional uses.
[381] ACFN claimed that it was impossible for it to evaluate the impacts of the MRDA Mine
Plan on the Muskeg River because Shell provided few quantitative details about the plan. ACFN
considered that Shell’s MRDA Mine Plan did not actually mitigate its concerns about
disturbance of the Muskeg River. It stated that the river has cultural and spiritual significance to
the ACFN, who have used the Muskeg River basin for millennia and continue to use the river
and to access the lands within the basin. ACFN’s preferred option would be to not divert the
river. ACFN stated that it believed the ore beneath the Muskeg River and its riparian zone should
be sterilized and that full protection of the river be put in place. ACFN stated that should the
Project be approved, it strongly urged the Panel to approve it only on the condition that the
Muskeg River be left in a natural state and not be diverted.
[382] Shell acknowledged that ACFN would prefer that Shell leave the river in place. However,
Shell maintained that the alternative plan did attempt to substantively address the diversion
concerns raised by several stakeholders. Shell claimed its evidence showed that the upper
reaches of the Muskeg River that flow through the Project lease have low use by Aboriginal
groups; therefore, Shell focused on protecting the lower reaches of the river that it considered
more important for Aboriginal uses (e.g., fisheries). Shell noted that the MRDA Mine Plan still
allows for continued access by watercraft along the river, and addresses some of the issues
around losing the spirit of the river. Shell also pointed out that its closest Aboriginal neighbour,
Fort McKay, had not objected to the proposal.
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[383] OSEC stated that Shell’s plan to mine the upper reaches of the Muskeg River and replace
them with a diversion channel would adversely and permanently impact the river and its
watershed. OSEC highlighted that the Project would remove about 21 km of the main stem of the
Muskeg River and would disturb 40 per cent of the river’s watershed. OSEC stated that the
Project would cause unacceptable damage to the Muskeg River basin and that poor modelling
and lack of credible monitoring data downplayed the major impacts on fish, fish habitat, and the
Muskeg River.
[384] OSEC stated that it was concerned that, although the AER and past joint review panels
asked ESRD to develop a management plan for the Muskeg River watershed, the Muskeg River
Interim Management Framework for Water Quantity and Quality only deals with water quantity
in the lower reaches of the river and specifies some water quality parameters.
[385] According to OSEC’s assessment, the Muskeg River Interim Management Framework for
Water Quantity and Quality
•

does not include water quality parameters such as naphthenic acids and PAHs or any
components for aquatic health;

•

includes a water quantity objective to ensure no physical diversion or rerouting of the
mainstem of the Muskeg River while the Muskeg River Interim Management Framework for
Water Quantity and Quality is in place; and

•

indicates that the decision on this application should be guided by the public interest,
considering economic, social, and environmental values.

[386] OSEC also noted that in Muskeg River Interim Management Framework for Water
Quantity and Quality, ESRD left with the AER the responsibility to determine whether mining
the river is in the public interest.
[387] ACFN stated that the Muskeg River Interim Management Framework for Water Quantity
and Quality included an objective that there be no diversion of the Muskeg River mainstem and
was put in place in response to past joint review panel recommendations to manage cumulative
environmental effects and protect the integrity of the river.
[388] Fort McKay stated that ESRD has not completed a comprehensive management plan for
the Muskeg River but instead has set out arbitrary water quantity and quality parameters for it.
According to Fort McKay, the Muskeg River Interim Management Framework for Water
Quantity and Quality is incomplete and puts the Muskeg River at risk. In Fort McKay’s opinion,
if the area under and beside the river must be mined, the MRDA Mine Plan is an acceptable
approach. Fort McKay stated that it did not object to the Project because it has an agreement with
Shell about the site-specific impacts of the Project.
[389] OSEC noted that although Shell said that it can maintain the integrity of the lower
reaches of the river, this is not the same as maintaining the ecological integrity of the watershed.
[390] Shell concluded that integrating operational and closure drainage plans would cause
negligible changes in the mean annual flow levels in Jackpine Creek and to the water levels at
Kearl Lake. Shell predicted that changes to the median, the mean open-water, and the mean icecover lake levels would be less than 0.3 m. Shell predicted that in the application case, compared
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with the PIC, the mean annual discharge in the Muskeg River, at the mouth, would be reduced by
20.5 per cent during mine operations (2050) and would increase by 8.7 per cent at closure (2065
and far future).
[391] DFO noted that the Project would affect fish habitat from two upper reaches of the
Muskeg River that would be diverted, lower reaches of Wapasu Creek, four unnamed water
bodies, several unnamed tributaries of the Muskeg River, and Unnamed Water Body 4 in the
McClelland Lake watershed. Lower reaches of the Muskeg River would also lose fish habitat as
the result of flow alterations associated with the Muskeg River diversion and development of the
mine.
[392] TC stated that impacts on navigation associated with the diversion of the Muskeg River
could be mitigated through the terms and conditions of NWPA approval.
[393] ACFN stated that until Shell provided further details on the closure landscape, Shell
could not conclude that the potential for the proposed reclamation works to affect downstream
Muskeg River navigability is limited. ACFN stated that Shell did not adequately specify the rate
of pit lake filling, the timeframe for when the EPL would feed the Muskeg River, and how long
it would take for the open diversion channel to be closed and reclaimed. ACFN stated that Shell
did not give enough detail on how it would direct the Muskeg River through the northern pit
lakes before returning it to its original channel.
[394] Shell responded that it expected that the transition period during which navigation might
be affected would be only days to weeks.
[395] Shell stated that it was confident that its proposed mitigation measures would maintain
the integrity of the lower productive reaches of the river and that the proposed open-channel
diversion would have either no change or positive impacts on water quality compared with the
original diversion.
[396] Shell indicated that the diversion channel would only erode during the channel
conditioning period with potentially high total suspended solid (TSS) concentrations in excess of
regulatory guidelines. To minimize sediment generation in the channel, Shell proposed
revegetation of the stream banks, overbank areas, and berms, and the use of channel armour
where required.
[397] Shell committed to maintaining water quality in the Muskeg River in compliance with the
Muskeg River Interim Management Framework for Water Quantity and Quality and the
comprehensive framework once it is developed. Shell committed to working with regulators to
finalize a comprehensive framework for the Muskeg River.
[398] Shell stated that it would monitor water quality in the Muskeg River and Kearl Lake
regularly. If Project activities resulted in adverse effects on water quality, Shell would develop
and implement an incident-specific response plan. Shell concluded that the Project would have a
low-to-negligible effect on key water quality constituents in Jackpine Creek, Kearl Lake, and the
Muskeg River.
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Analysis and Findings
[399] The Panel notes that diversion of the Muskeg River has implications for resource
sterilization, water quality, and use of the river, both during and after mining.
[400] The Panel acknowledges that Shell has committed to
•

maintain water quality in the Muskeg River in compliance with the Muskeg River Interim
Management Framework for Water Quantity and Quality,

•

control diversion channel erosion and sediment generation and manage PAW in a closedcircuit system,

•

monitor water quality in the Muskeg River and Kearl Lake and implement specific incidentresponse plans and mitigation measures when required, and

•

work with regulators to finalize a comprehensive management framework for the Muskeg
River watershed.

[401] The Panel acknowledges that Shell’s hydrology CEA concluded that there would be
negligible project-related effects on Muskeg and Athabasca River flows. The Panel finds that the
MRDA Mine Plan provides adequate detail of Shell’s intended approach to resource extraction
under the Muskeg River and of potential project-related effects on navigation.
[402] The Panel recognizes TC’s observation that Shell provided enough information to fulfill
NWPA requirements. The Panel acknowledges TC’s conclusion that the transition period
between the end of temporary channel use and inception of the new navigational area in the
Project’s area would be short term and, according to TC’s discussions with Shell, navigability
would not be compromised. The Panel is of the view that Shell’s proposed MRDA Mine Plan
will allow for adequate navigation through the upper Muskeg River waterway.
[403] The Panel reviewed Shell’s bitumen sterilization estimates for each alternative scenario
related to maintaining the Muskeg River, using the set-back criteria proposed by Shell. For the
alternative of mining on both sides of the river with a 200 m setback, the Panel estimates that
about 23.05 Mm3 of recoverable bitumen at an average grade of 11.0 (wt%) would be sterilized,
or some 84 per cent of Shell’s estimate. The Panel estimates for the alternative of mining on only
the south side of the river with a 200 m setback, about 51.11 Mm3 of recoverable bitumen at an
average grade of 11.3 (wt%) would be sterilized, or some 78 per cent of Shell’s estimate.
Although the Panel believes that Shell has somewhat overstated the amount of bitumen resource
that would be sterilized for each option, the volumes of resource that would be sterilized by
either alternative is still very significant. The Panel believes that if either of these alternatives
were pursued, significant feasibility and closure planning work would be required.
[404] The Panel recognizes there is an inconsistency between the plan to divert the Muskeg
River and the Muskeg River Interim Management Framework for Water Quantity and Quality’s
goal of ensuring “no physical diversion or rerouting of the mainstem of the Muskeg River while
the framework is in place” because it does not include the Project and therefore does not consider
the contribution of the Project in the cumulative effects.
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[405] The Panel recognizes that the relevant provincial agencies were not present at the hearing
to address questions about the lack of Project inclusion in the Muskeg River Interim Management
Framework for Water Quantity and Quality.
[406] The Panel finds that although Shell has provided an acceptable degree of information at
the Project level, the current Muskeg River Interim Management Framework for Water Quantity
and Quality does not fully address cumulative effects on the Muskeg River from oil sands
projects. The Panel finds that the province has not applied the precautionary approach in
considering the Project’s impacts on the Muskeg River.
[407] The Panel has determined that diversion of the Muskeg River is in the public interest. The
Panel notes that Shell predicted that the diversion will have low impact to water quality and
water flows in the lower reaches of the Muskeg River. Furthermore, the upper reaches of the
Muskeg River to be diverted have low fisheries habitat value, there is proposed compensation,
and the evidence indicates there is limited Aboriginal use of the area affected by the diversion.
The Panel finds that there will be significant and unacceptable sterilization of oil sands resources
if the diversion does not occur.
[408] The Panel recognizes that ACFN has significant unresolved concerns about the proposed
diversion of the Muskeg River, including the potential for impacts on its TLU activities, the
exercise of Aboriginal rights, and on the spirit of the river.
[409] The Panel recommends that the Government of Alberta take immediate steps to ensure
the comprehensive Muskeg River Water Management Plan is completed and approved to
coincide with the Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring, which is
expected to be implemented in 2015. This management plan should incorporate the Project.
USE OF END PIT LAKES
Evidence
[410] In 2007, Shell had proposed three EPLs containing MFT as part of its reclamation and
closure plan for Phase 1 and the Project. In 2011, following consultation with Aboriginal groups
and others, Shell proposed to use four EPLs free of MFT for closure management of Phase 1 and
the Project. Shell stated that the elimination of MFT from the EPLs would result in better overall
pit lake water quality. Shell indicated that the long-term flux of PAW from MFT would not be
present in the EPLs, and that it would replace the void resulting from the removal of MFT with
Athabasca River water.
[411] The proposed four lakes would have a total area of about 40 km2. In addition to
Athabasca River water, other sources of water to fill the EPLs include upstream inflows from
Imperial’s EPLs, reclaimed landscape runoff, tailings seepage and consolidation flux, and
precipitation. Shell stated that by 2065, Shell and Imperial would have integrated closure
drainage and that once Imperial’s EPLs meet water quality criteria, it would release water into
Shell’s Northeast Pit Lake.
[412] According to Shell, the elimination of MFT from the EPLs would require two changes
that could affect water quality: the creation and operation of DDA2 to remove PAW from fine
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tailings, and the creation of deeper EPLs, which requires re-evaluation of meromictic and
aeration potential. Shell stated that it would manage the PAW from the DDA within the closedcircuit system according to current mitigation measures and practices. Shell concluded that the
impacts of construction and operation of the DDA on water quality would be negligible. Shell
incorporated the changes to reflect the MFT-free EPLs and ran its pit lake model again. Shell’s
model predicted that the EPLs would be dimictic and that due to replenishment during the annual
or semi-annual vertical mixing of the water column, dissolved oxygen (DO) concentrations
would be above the aquatic life chronic guideline and would be sufficient for aerobic degradation
of organic constituents.
[413] NRCan noted that Shell would capture all MFT as NST to form a dry deposit. NRCan
estimated that the centrifugation of MFT would produce about 16 Mm3 of saline and toxic PAW
at the end of mine life. NRCan noted that Shell would not recycle the remaining PAW back to
extraction; instead, Shell would place that final inventory of PAW in the EPLs. In NRCan’s
opinion, actively treating the water would be less risky to the environment than putting the water
in the EPLs to let natural processes provide treatment.
[414] Shell indicated that because the ore body to be mined is shallower than other mineable
areas, these lakes would be relatively shallower and larger in surface area than other EPLs in the
oil sands region.
[415] In ACFN’s opinion, littoral zones are too small in current pit lake designs. Shell stated
that it was working to optimize the design of the littoral zone, having in mind ACFN’s desire for
more littoral zones in the EPLs.
[416] ACFN stated that Shell had not considered the cumulative effects of discharge from
multiple EPLs into regional freshwater bodies. ACFN indicated that cumulative discharges from
EPLs would have a significant adverse impact on surface water quality in the Athabasca River.
[417] Shell indicated that it used the aquatic life guideline values from the regulatory water
quality guidelines (AENV 1999; CCME 1999, 2007; United States Environmental Protection
Agency -U.S. EPA- 2002) for the impact assessment of the Project on surface water quality.
Shell stated that it used various predicted mine-related water releases from other operators for
modelling water quality in the Project area at closure and in the far future, including EPL waters
from Imperial KOSP, Shell MRM, Syncrude Aurora North, and Shell JPM Phase 1.
[418] Shell predicted that concentrations of most contaminants in the EPLs would remain
below aquatic life guideline values or within natural variation of the receiving streams at the time
of initial discharge (2065) and in the far future (2165). Shell indicated that due to assimilation of
PAW from the reclaimed landscape in the EPLs at closure, concentrations of barium,
molybdenum, PAH group 6, sodium, strontium, sulphate, total dissolved solids (TDS), total
nitrogen, and vanadium would exceed guidelines or levels of natural variation.
[419] Shell stated that, due to the removal of MFT from the EPLs, it would use additional
Athabasca River water to fill the lakes. Shell noted that concentrations of aluminum, copper,
iron, lead, manganese, and phosphorus in the Athabasca River are high, compared with
regulatory water quality guidelines, which would cause EPL water to exceed these contaminants’
guidelines in 2065. In contrast, the use of Athabasca River water would result in concentrations
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of TDS, total metals, major ions, and organic contaminants in the EPLs to be within natural
variation of water river quality at closure and in the far future (2165).
[420] Shell indicated that the chronic effects benchmarks (CEBs) used in the EIA are
conservative thresholds by which potential effects of the Project on aquatic health can be
assessed. Shell developed the CEBs for the Project in accordance with the 2007 CCME protocol.
Shell concluded that the Project would have negligible effects on water quality in the Athabasca
and Muskeg Rivers, and no significant effects on fish, fish health, or human health.
[421] Shell used CEBs to conduct its assessment of the application case and PDC cumulative
effects on fish health. Shell noted that total metals and nutrients often exceeded aquatic life
guideline values in its PIC. Shell said that parameters that it predicted would exceed guidelines
under the base case snapshots would also do so in the PIC. Shell concluded that operating and
approved developments in the oil sands region would not appreciably change the levels of acute
and chronic toxicity, tainting potential, or labile naphthenic acids (biodegradable and more toxic)
and refractory naphthenic acids (less toxic and nonbiodegradable) in the Athabasca River. It
predicted that acute and chronic toxicity and tainting potential levels in the Muskeg River
watershed would be appreciably lower than aquatic life guideline values, and labile naphthenic
acids would be less than 1 milligram per litre (mg/l) under both the application case and the
PDC.
[422] Shell indicated that the EPLs would be low in key contaminants such as those that cause
chronic and acute toxicity and fish tainting. Shell predicted that labile naphthenic acids would be
below 1 mg/l at closure and in the far future and, therefore, below CEB values or within the
natural variability of existing local surface water bodies. Shell noted that the concentrations of
refractory naphthenic acids in EPL water would be higher than corresponding CEB values for
surface waters in the oil sands region. Shell noted that existing and proposed mitigation measures
would ensure that acute and chronic toxicity and tainting potential would be at levels appreciably
lower than the corresponding CEB values defined in the application. Shell committed to
continuous water quality monitoring during operations and post-closure.
[423] Shell stated that its proposed EPLs would bioremediate contaminants in water and would
help attenuate closure drainage flood flows. Shell indicated that even though its EPLs may not be
similar to naturally occurring lakes, they would become self-sustaining aquatic ecosystems and
would support fish and other aquatic organisms. Shell noted that there was no certainty about
when the fish from the EPLs would be safe to eat. Shell stated that, based on the literature, fish
would be safe to eat two to three decades after closure.
[424] OSEC asserted that naphthenic acids account for the largest contribution to the aquatic
toxicity of the water in the EPLs and that they may bioaccumulate within the tissues of aquatic
organisms and be passed up the food web. OSEC also noted that naphthenic acids may give fish
an abnormal taste or smell.
[425] NSFMFM and the Clearwater Band stated that although Shell had committed to ensuring
that EPLs would, with time, contain fish, it had not committed to ensuring that EPLs would
contain the same species of fish currently found in the Project area, and could not say when the
fish would be safe to eat. NSFMFM and the Clearwater Band expressed concerns about the time
required for EPLs to provide adequate fish habitat, the quality of the fish in the EPLs, and the
related health impacts should traditional land users consume fish from these EPLs.
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[426] DFO stated that there was uncertainty about the likelihood of success of EPLs and that
currently it does not consider EPLs to be a viable option for fish compensation. DFO noted that
EPLs would provide some degree of fish habitat over time and that required fish compensation
would be provided by Shell’s Redclay Compensation Lake.
[427] Shell confirmed that it would not build its own demonstration EPL. Shell said that it had
a high degree of confidence in its proposed EPLs based on ongoing research from Canadian Oil
Sands Network for Research and Development (CONRAD) and CEMA, Syncrude’s Base Mine
Lake (BML) demonstration project, the predictions from the models it used in its EIA, and its
proposed mitigation and contingency options. Shell committed to complying with current water
quality guidelines, continuing to work with regulatory agencies toward better understanding of
contaminant effects, and following CEMA's 2012 End Pit Lake Guidance Document (EPLGD).
[428] Syncrude and others have developed models that they intend to validate through
Syncrude’s BML demonstration lake. In Syncrude’s opinion, it was important that current
research and validation plans continue to completion; for this purpose, Syncrude would need a
couple of decades of data to confirm the success of its demonstration lake. Syncrude stated that
each EPL would be unique and must be successful, and even though the AER has approved
EPLs in concept, it would be ESRD’s responsibility to ultimately approve all forms of
reclamation, including EPLs.
[429] Shell stated that it had designed, in compliance with current regulation, the closure
landscape to drain toward wetlands and EPLs, and this would provide adequate passive water
treatment and protect water quality in the receiving streams. Shell also stated that it would
closely monitor the performance of the EPLs and would not release water into the environment
until Shell and the public can be assured that water quality meets the applicable criteria.
[430] OSEC stated that while high salt levels could be diluted, they would remain in the
receiving environment. OSEC stated that no water quality criteria have been developed yet for
EPLs despite CEMA undertaking this work in 2003.
[431] Shell stated that ESRD has not developed criteria for EPL water release. When asked if it
would commit to meet CCME and ESRD aquatic life guideline values when discharging water
from the EPLs in the absence of discharge criteria, Shell responded that it was reticent to just
agree to that because there are natural exceedances of CCME criteria currently occurring in the
Muskeg River watershed. Shell indicated that it has to be cognizant of what the background
water quality would be in the region into which Shell’s EPLs would be discharging. Shell stated
that in the absence of CEMA guidelines, it would agree to prepare a proposed set of criteria and
request ESRD’s consent to release on that basis, ensuring that the lower reaches of the Muskeg
River will be protected.
[432] Shell indicated that it had not provided and was not prepared to provide an economic or
technical feasibility assessment for actively treating EPL water in the event that the EPLs do not
perform as expected because Shell believed the need for such treatment was not currently
indicated. However, Shell said that if the EPL water did not meet criteria for surface water, it
could draw on its existing experience to build water treatment into its mitigation plans and treat
EPL water to make it acceptable. Shell stated that it had a high degree of confidence in the
overall functioning of EPLs and that there was considerable time available to implement

72 • 2013 ABAER 011 (July 9, 2013)

Joint Review Panel Report, Shell Canada Energy, Jackpine Mine Expansion Project, Application to Amend Approval 9756

1652

adaptive management in accordance with CEMA’s EPLGD if monitoring indicated that
alternative water treatment was necessary.
[433] In Shell’s opinion, adaptive management is not about having fully developed lists of
alternatives at all times; it is about having a plan that can be delivered and a way of tracking and
measuring progress towards the company’s objectives. Shell indicated that one of the things that
it is directly engaged with, and is very interested in the results of, is the work with Syncrude on
its BML. Shell stated that monitoring and measurement plans would identify the trigger for when
it might need to explore alternatives in more detail. Shell indicated that it would start filling the
EPLs in 2050; this would give Shell 38 years to assess the BML progress and put in place
alternative plans if the monitoring shows that there could be challenges with the remediation of
the EPLs. Shell stated that its progress will be very closely tracked and monitored through its
engagement with the regulators. Shell is confident in what it can deliver and is committed to
doing what is necessary to make sure that at the end of the day, the mine will deliver the ultimate
closure and reclamation landscape that is necessary.
[434] Shell stated that other types of mining industries have used water treatment facilities to
either attenuate or eliminate the contaminants in the EPLs; it would have a significant cost, but
technically it would be feasible. Shell noted that through the Mine Financial Security Program
(MFSP), Alberta ensures that money would be available to do reclamation and that measures
would be in place to guarantee that operators meet progressive reclamation commitments.
[435] OSEC stated that EPLs would have long-term and significant adverse effects, and that
Shell had not demonstrated that EPLs would be technically or economically feasible. In OSEC’s
opinion, Shell’s EPLs would not become self-sustaining ecosystems. OSEC indicated that
Shell’s plan to demonstrate the efficacy of its proposed EPLs would essentially rely on
Syncrude’s BML test results and CONRAD and CEMA research. OSEC concluded that current
EPL modelling results are insufficient to approve the Project, and that the efficiency of EPLs to
treat/dilute PAW remained unknown and untested. OSEC indicated that Shell had not conducted
detailed assessments of alternative water treatment options that could be used in the event that
the EPLs do not work as intended.
[436] OSEC noted that although Shell's modelling predicted that the EPLs’ water quality would
exceed Alberta's water quality guidelines and several CEBs at closure and in the far future, Shell
concluded that the impacts on water quality would be negligible. OSEC also noted that Shell
would rely on adaptive management, particularly as it related to EPL malfunctions, for which
Shell had no contingency plans.
[437] OSEC disagrees with Shell's position that if there is a potential significant adverse effect,
particularly as it relates to EPLs, the answer should be monitoring and adaptive management. In
OSEC’s opinion, adaptive management has proven to be a failure. To support its position, OSEC
pointed out that
•

CEMA’s EPLGD stated that adaptive management has a poor track record worldwide and
stressed the need for a concrete plan for the various failures that may occur;

•

the Oil Sands Advisory Panel to the federal Minister of the Environment found that a clearly
focused set of objectives and a statistically sound decision-making process that can allow for
adaptive management in a rapidly changing oil sands environment does not exist; and
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•

Canada recommended contingency plans be developed because it was concerned about
Shell's ability to predict and control effluent quality from the EPLs.

[438] EC stated that adaptive management allows for change over time, so if things are not
working there are mechanisms for going back and making necessary adjustments in order to
achieve the successful outcome. EC agreed with Shell’s adaptive management approach to
address any potential adverse effects that may be identified through monitoring and apply the
appropriate mitigation.
[439] Shell stated that it has provided a comprehensive package of evidence on the potential
effects of the Project, on the mitigation that it proposed, and on how it would implement that
mitigation. The follow-up monitoring and the adaptive management programs that are planned
by Shell are to demonstrate the accuracy of its predictions and, to the extent that the predictions
are not accurate, to implement the adaptive management program.
[440] OSEC indicated that the Project will have significant adverse effects that cannot be
mitigated and will not be in the public interest, and that the Panel should not rely on adaptive
management as a solution for the Project’s potential adverse effects. OSEC said that Shell must
demonstrate that EPLs are viable by the date of its investment decision or provide a fully
developed contingency plan before it can be granted approval.
[441] Dr. Schindler, on behalf of OSEC, asserted that Shell had not fully evaluated possible
synergistic or additive effects of project contaminants. OSEC stated that targets for individual
contaminants were meaningless in mixtures and that Shell relied on single contaminant
guidelines for metals, which does not account for potential interactivity of effects from different
contaminants. Dr. Schindler advocated the work of EC, Kelly et al, and Parrott et al to better
assess compounding effects. Shell responded that where it knew the mechanisms of effect, it
took these into account when it developed its CEBs. Where it did not know the mechanisms,
Shell stated that it applied a reasonable level of conservatism. Shell indicated that current
Canadian and American criteria for single chemical analysis are the current industry standards.
[442] ACFN asked that any approval or recommendation that the Project proceed be made
conditional upon completion of an independent and scientifically rigorous assessment and
verification of the accuracy of models used to predict the functioning of EPLs. It also said that
such an assessment was required before the AER or a subsequent joint review panels issue any
further decisions on oil sands projects in ACFN's traditional lands.
[443] Dr. Miller, on behalf of OSEC, stated that more than 25 EPLs will be created in the
Athabasca River drainage, and each will contribute to the total loading of contaminants in the
system. OSEC stated that each of these lakes might meet aquatic life guideline values but that
Shell was inaccurate in making generalized statements about how overall compounding effects
from each lake could affect the regional aquatic ecosystem. This was further complicated by a
current lack of water quality guidelines for naphthenic acids and some PAH groups. OSEC noted
that discharge of salts from one EPL might not create a serious impact on a river system but the
cumulative impact could affect water quality far into the future. OSEC concluded that Shell did
not fully examine EPL cumulative discharge.
[444] OSEC noted that Shell seemed to find that hard-rock pit lakes were comparable to oil
sands pit lakes when they were successful but not comparable when they were problematic.
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OSEC stated that neither it nor Shell has expertise in EPLs since there are currently no experts in
this field because no oil sands EPL has been completed to date.
[445] Syncrude argued that it did not support CEMA’s EPLGD because it would not provide
guidance to regulators and operators in respect to the design and operation of EPLs. According to
Syncrude, the fact that it has reservations about CEMA’s EPLGD should not undermine
confidence in EPL technology. Syncrude noted that it has made significant investments to
continue operating for decades to come. This would accommodate progressive reclamation using
EPLs and assure the financial capability to see that reclamation through to a successful
conclusion. Syncrude added that the reality of valuable oil sands reserve back-stopping
reclamation success is at the heart of the MFSP.
[446] Shell stated that its difference of opinion with Syncrude about the EPLGD would not
affect Shell's ability to rely on BML to demonstrate the efficacy of Shell's end pit lake. Shell
considered the work Syncrude is doing to be very informative to all of industry. Shell stated that
it supports the EPLGD because it is trying to advance the science to help industry understand
EPLs and provide successful EPLs in the closure environment. A recurring theme in the EPLGD
was adaptive management, which Shell will apply to the Project in general and to pit lakes in
particular.
Analysis and Findings
[447] The Panel recognizes that Shell’s proposal to eliminate MFT from the Project’s EPLs
would improve current tailings management practices and could reduce fish tainting and
potential toxicity in receiving water bodies.
[448] The Panel notes NRCan’s concern that Shell would place the 16 Mm3 final inventory of
saline and toxic PAW in the EPLs. The Panel notes that the EPLs would also receive
approximately 52 Mm3 of tailings seepage and consolidation flux from 2050 to 2065, which the
Panel believes is a very significant volume. The Panel recommends that ESRD include the
following requirements for Shell to meet in any EPEA approval:
•

provide contingency plans for EPL water that does not meet EPL release criteria, including
active treatment options that Shell would implement to minimize impacts on receiving
streams;

•

validate the models used for predicting water quality in the EPLs and update mitigation plans
accordingly as information on the PAW resulting from Shell’s processes becomes available;

•

provide a research schedule for the testing of EPL predictions and design features; and

•

treat the entire volume of PAW that results from the drying of MFT at the end of mine life.
This treated PAW shall meet release criteria prior to placing it in the EPLs.

[449] The Panel acknowledges that regulators have conceptually approved EPLs for several oil
sands projects, subject to successful full-scale demonstration within 15 years after 2003, which is
only 5 years from now. The Panel acknowledges that Shell’s plan to demonstrate that EPLs
would become functional, self-sustaining aquatic ecosystems depends on Syncrude’s BML
demonstration test, which will not be completed for about two more decades. The Panel
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recognizes that mineable oil sands operators will not be able to meet the expectation to
demonstrate the efficacy of EPLs by 2018 that was established by previous joint review panels.
[450] The Panel realizes that Shell plans to start filling the EPLs in 2050 and that Syncrude’s
BML test results would be disclosed in the early 2030s. The Panel understands that if the BML
test results reveal significant issues with EPLs as reclamation options, Shell would still have
almost 20 years to implement feasible alternatives to the proposed EPLs.
[451] The Panel requires Shell to provide to the AER annual reports that describe: Shell’s EPL
research and development efforts for the proceeding year; Shell’s plans and timelines to
demonstrate the efficacy of EPLs within the next twenty years; and alternatives to passively
treating water in EPLs. The report must include all of Shell’s efforts and contributions toward
collaborating to demonstrate a full-scale EPL. The first such report must be provided two years
before the expanded Jackpine Mine plant start-up.
[452] According to CEAA, 2012, the environmental assessment must take into account
mitigation measures that are technically and economically feasible and that would mitigate
significant adverse environmental effects of the designated project. The Panel notes that Shell
declined to provide an assessment of alternatives for actively treating EPL water that would not
meet release criteria if EPLs do not function as planned. The Panel requires Shell to provide,
before beginning mining operations, a comprehensive economic assessment of feasible active
water treatment options that Shell could implement to ensure that EPLs would meet water release
criteria at closure.
[453] The Panel acknowledges that there is uncertainty about the ability to create, in a
functional and timely manner, an EPL that would support fish fit for consumption. The Panel
notes that Shell proposed that the NNLP compensate for the loss of fish and fish habitat and that
EPLs are not included as part of the proposed compensation but that nonetheless, fish from the
EPLs may be consumed by humans in the future. The Panel recommends that the Governments
of Canada and Alberta include a requirement in any approval ensuring that Shell monitors fish
tissue in the EPLs and, should the fish in an EPL exhibit elevated levels of contaminants,
implement government-approved mitigation measures to prevent consumption of fish until they
are safe to eat.
[454] The Panel understands that through the MFSP, Alberta will ensure that money will be
available to complete reclamation. The Panel also understands that the MFSP liability calculation
is based on approved reclamation and closure plans and includes activities such as treatment of
contaminated soil and water, management of tailings and tailings structures, and development of
lakes, watercourses, and wetlands, including filling water bodies. The Panel recommends that
ESRD review the MFSP liability calculation and, if required, make corresponding adjustments to
ensure that the total costs assigned to the treatment of contaminated soils and water are fully
covered in the event that EPLs do not perform as predicted.
[455] The Panel acknowledges interveners’ concerns about the lack of evidence demonstrating
that EPLs are technically and economically feasible and about Shell’s reliance on adaptive
management to address potential EPL did not perform as expected. The Panel recognizes that the
work that industry and others have completed through CEMA to update the EPLGD is a positive
step toward improving the design of EPLs. The Panel considers that this guidance document
contains reliable research about EPL design, but that until more information becomes available
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(i.e., Syncrude BML test results), the Panel can only view the EPLGD as a guidance document
and not as a regulatory tool. The Panel expects Shell to continue its participation in CEMA and
other multistakeholder groups to research and refine assumptions about EPL development.
[456] The Panel acknowledges interested parties’ concerns about adaptive management;
however, the Panel agrees with EC’s and Shell’s views that monitoring and adaptive
management are appropriate strategies for dealing with the uncertainties associated with EPLs.
The Panel recommends that ESRD include in any EPEA approval a requirement for Shell to
report on adverse effects identified through monitoring and the corresponding mitigation
measures implemented by Shell in accordance with its adaptive management plans.
[457] The Panel acknowledges interested parties’ concerns about Shell’s prediction that EPL
water quality would exceed thresholds in Alberta’s water quality guidelines and several CEBs at
closure and in the far future. The Panel also notes that Shell indicated that in the absence of EPL
water-release criteria, Shell would prepare a set of criteria for ESRD to approve.
[458] The Panel recommends that ESRD consider the following when developing the EPL
water release criteria:
•

The criteria should be consistent with LARP water quality limits, which are based on
provincial water quality guidelines.

•

There are no provincial water quality guidelines for chemicals of concern such as, but not
limited to, naphthenic acids and PAHs.

•

The Governments of Alberta and Canada should work together to ensure that EPL discharge
would have no significant environmental effects on fish and fish habitat.

[459] The Panel recommends that ESRD finalize and issue the EPL water release criteria in the
early stages of the Syncrude BML demonstration test so that the criteria can be incorporated into
the water quality objectives necessary to determine the success of EPLs.
[460] The Panel acknowledges that Shell complied with the requirements of CEAA, 2012 by
discussing environmental effects that are to be taken into account in relation to a change that may
be caused to fish and fish habitat as defined in the Fisheries Act. The Panel recognizes Shell’s
assessment of project-related effects to aquatic health through analysis of potential for chronic or
acute toxicity and increased stress on fish populations from release of contaminants. The Panel
agrees with Shell’s conclusion that there would be negligible project-related effects on the
Muskeg River and the Athabasca River, including the PAD.
[461] The Panel is of the view that Shell’s plan to manage surface water and PAW would assist
to prevent potential effects on receiving water bodies. The Panel finds project-related effects
from the EPLs will likely not result in a significant effect provided that Shell ensures that no
EPL waters are released to surface waters before meeting prescribed surface water quality
guidelines.
[462] The Panel agrees with the adaptive management concept and concludes that with the
implementation of Shell’s proposed mitigation measures and commitments and with the Panel's
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requirements, expectations, and recommendations, it is unlikely that significant environmental
effects would result from the use of MFT-free EPLs.
EFFECTS ON SURFACE WATER QUALITY
[463] Owing to the nature of the subject matter, the reader will see duplication between this
section of the report and the Use of End Pit Lakes section.
Evidence
[464] Shell stated that the water quality of operating streams would be monitored regularly
throughout operations to ensure compliance with corresponding regulatory requirements. Shell
indicated that the Project’s environmental controls for surface water quality during operations
include
•

separation of clean water and PAW streams: clean surface water from undeveloped areas
would continue to flow to nearby streams, whereas PAW would be collected within a closedcircuit system and used in the process;

•

collection of runoff from reclamation material stockpile (RMS), OBDAs, and off-site roads,
and dewatering/drainage from muskeg and overburden in polishing ponds;

•

conveyance of water from the depressurization wells to the ETDA; and

•

collection of seepage and runoff from the ETDA through perimeter ditches and interception
wells.

[465] Shell indicated that it used the aquatic life guideline values from the regulatory water
quality guidelines (AENV 1999; CCME 1999, 2007; United States Environmental Protection
Agency -U.S. EPA- 2002) and the Water Quality Based Effluent Limits Procedures Manual
(AENV 1995) for the impact assessment of the Project on surface water quality.
[466] Shell indicated that the CEBs used in the EIA are conservative thresholds by which
potential effects of the Project on aquatic health can be assessed. Shell developed the CEBs for
the Project in accordance with the 2007 CCME protocol.
[467] Shell used CEBs to conduct its assessment of application case and PDC cumulative
effects. Shell noted that total metals and nutrients often exceeded aquatic life guideline values in
the PIC. Shell stated that operating and approved developments in the oil sands region would not
appreciably change the levels of acute and chronic toxicity, tainting potential, or labile
naphthenic acids (biodegradable and more toxic) and refractory naphthenic acids (less toxic and
non-biodegradable) in the Athabasca River.
[468] Shell predicted that acute and chronic toxicity and tainting potential levels in the Muskeg
River watershed would be appreciably lower than aquatic life guideline values, and that labile
naphthenic acids would be less than 1 mg/l under both the application case and the PDC. Shell
noted that existing and proposed mitigation measures would ensure that acute and chronic
toxicity and tainting potential would be at levels appreciably lower than the corresponding CEB
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values defined in the application. Shell committed to continuous water quality monitoring during
operations and post-closure.
[469] Shell stated that concentrations of many other contaminants in the Athabasca River under
base case conditions are higher than the corresponding aquatic life guideline values, mainly as a
result of background watershed loading upstream of the oil sands region; contaminants with high
concentrations include aluminum, arsenic, cadmium, chromium, copper, iron, lead, silver, zinc,
total nitrogen, total phenolics, and total phosphorus. Shell indicated that high concentrations
typically occur during spring and summer and that these contaminants typically also have high
concentrations in the watercourses within the Project area under base-case conditions.
[470] Shell predicted that Project activities would have negligible effects on water quality in
the Athabasca River and that contaminants such as labile naphthenic acids, acute and chronic
toxicity, tainting potential, and TSS would increase only marginally in the Athabasca River
under the application case. Shell also predicted that concentrations of boron and refractory
naphthenic acids in the Athabasca River would increase downstream of the Muskeg River at the
end of decommissioning and in the far future, with negligible effects on fish, wildlife, and human
health.
[471] Shell predicted that all Athabasca River parameter concentrations would be within 10 per
cent of baseline concentrations or below applicable aquatic life guideline values. It expected that
changes in contaminant concentrations in fish tissues would remain below the CEBs. Shell
concluded that activities associated with the Project for the application case and PDC would
result in negligible effects on aquatic health in the Athabasca River.
[472] EC noted that water quality downstream of the proposed development would exceed
some of the CEBs that Shell developed for the Project. EC recognized that CEBs represent
sensitive responses determined in laboratory tests and that it would be difficult to extrapolate
these results directly to the receiving environment. EC stated that the use of a restricted range of
modelled precipitation underestimated the range in contaminant concentrations in the receiving
streams and the predicted biological effects. EC noted that the CEB approach was based on
assessing the response to a single chemical, creating uncertainty about the potential synergistic
interactions between contaminants in the complex mixtures found in the environment.
[473] EC recommended that Shell recalibrate its aquatic models every five years with best
available information and re-run simulations that estimate predicted impacts on the aquatic
environment and make the results publically available.
[474] EC noted that previous panels assigned to assess oil sands projects recommended that
specific water quality objectives be established for naphthenic acids. EC noted that these
objectives were still not developed and predicted that they would not be available for about five
years.
[475] Shell stated that under base-case conditions in the Muskeg River and Jackpine Creek,
measured concentrations of the following contaminants are higher than the corresponding
aquatic life guideline values: aluminum, barium, beryllium, boron, chromium, cobalt, copper,
iron, molybdenum, PAH Groups 1, 3, 5, 6, and 7, silver, strontium, and vanadium. Shell stated
that under the application case, the predicted peak concentrations of the above-mentioned

2013 ABAER 011 (July 9, 2013) • 79

Joint Review Panel Report, Shell Canada Energy, Jackpine Mine Expansion Project, Application to Amend Approval 9756

1659

contaminants would be less than the corresponding CEBs and would result in negligible effects
on aquatic health in the Muskeg River at closure and in the far future.
[476] Shell indicated that the effects of existing and approved projects on temperature, DO, and
sediment quality would be negligible. Shell stated that polishing ponds in existing developments
are an effective mitigation for the release of water from runoff, muskeg drainage, and overburden
dewatering. Shell also stated that no effects have been observed on the DO levels and sediment
quality of receiving surface waters; therefore, changes to these parameters are not significant for
the base case.
[477] Shell indicated that muskeg and overburden drainage from the Project would not affect
DO levels in receiving streams. Shell stated that data obtained from the operation of existing
polishing ponds suggest that oxygen-consuming contaminants would be reduced to
concentrations similar to the background levels observed in the Muskeg River. Shell noted that
DO concentrations in polishing-pond waters are often higher than background levels for the
small receiving streams, particularly during winter.
[478] Shell stated that the water that flows from muskeg drainage and overburden dewatering
to polishing ponds would typically attain equilibrium and achieve temperatures similar to
ambient receiving stream temperatures. Shell indicated that sporadically, the water temperature
of some ponds might exceed receiving stream temperatures; however, the most extreme cases
would increase receiving stream temperatures by less than 1°C with negligible effects on the
receiving stream.
[479] Shell stated that temperature, DO, and sediment quality in the Athabasca River would not
be affected by existing and approved developments. Shell stated that water temperature and DO
in the Athabasca River would not be affected by the Project due to Shell’s proposed mitigation
and the relatively small volume of water releases compared with the river flow volumes.
[480] Shell predicted that changes in PAH and metal in the sediments of receiving watercourses
and water bodies as a result of the Project would be negligible. The reclamation landscape and
operational and closure drainage systems would be geotechnically stable with a low potential for
erosion. Shell indicated that polishing ponds, wetlands, and pit lakes would trap eroded soils and
particulate contaminants in surface waters, reducing concentration of PAHs and metals in
receiving streams.
[481] Shell stated that it validated the surface water quality model used for the Project and that
the results of the validation indicated that the water quality model overpredicted the
concentrations of most of the contaminants when compared with observed data, and that
predictions for a few contaminants concentrations were slightly lower than observed data.
Despite these differences, predictions for most of the contaminants concentrations were
consistent with the observed data. In the EIA, Shell stated it used the whole effluent toxicity 9
approach to measure the toxicity of external tailings facility (ETF) water seepage. Shell’s results
also indicated that concentrations of naphthenic acids, all total metals, and all dissolved metals
were below the maximum values used to describe tailings pond seepage.

9

Water Quality Based Effluent Limits Procedures Manual, ESRD, 1995.
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[482] OSEC stated that over a four-month winter period in 2008, 11 400 tonnes of airborne
particulates, most of which were bitumen particles, were deposited within a 50 km radius of the
main upgrading facilities. OSEC indicated that NPRI data showed that mercury emissions from
upgraders in the area have increased several fold in the decade ending in 2010. OSEC noted that
there is little mention of airborne sources in water and of some groups of PAH-related
compounds, which are known to be increased in airborne emissions. OSEC also noted that PAHs
are now known to travel at least 90 km from upgraders in the area and to have increased the
background burden of lakes by from 2.5- to over 50-fold.
[483] Shell noted that OSEC had raised concerns about the level of mercury, PAHs, and other
compounds in the Muskeg River watershed that result from air emissions and water emissions
from oil sands development in the region. Shell stated that its evidence clearly showed that the
Project's air emissions would not measurably change water quality in the region, and it
reaffirmed that the Project would not have upgraders.
[484] Shell stated that due to the removal of MFT from the EPLs, it would use additional
Athabasca River water to fill the lakes. Shell noted that concentrations of aluminum, copper,
iron, lead, manganese, and phosphorus in the Athabasca River, already high compared with
regulatory water quality guidelines, would cause EPL water to exceed these contaminants’
guidelines in 2065. Shell also stated that in contrast, the use of Athabasca River water would
result in concentrations of TDS, total metals, major ions, and organic contaminants in the EPLs
being within the natural variation of water river quality at closure and in the far future.
[485] Shell stated that EPL water chemistry would be monitored during the filling period
before release. If the monitoring data indicates that releases will be toxic or cause undesirable
effects on receiving streams, the filling rate could be reduced to allow more time for toxic
contaminants to biodegrade. Shell also stated that if required, passive treatment in the lakes
might also be enhanced, or outflow directed to treatment wetlands for further treatment, to
produce satisfactory water quality before release to receiving surface waters.
[486] Shell stated that releases from pit lakes would be from surface layers and, as a result,
would have temperatures similar to the water bodies in the oil sands region, or would quickly
attain equilibrium with background receiving stream temperatures. Shell indicated that in the
event of detrimental changes to the thermal regimes of receiving streams, outflow from the pit
lakes would be directed to ponds or wetlands with enough residence time to allow thermal
equilibrium with the atmosphere to be obtained before release.
[487] Shell stated that it would implement a monitoring plan, in accordance with ESRD and
DFO requirements, to measure the effects of the Project and to confirm that the proposed
mitigation systems would be effective.
[488] Shell stated it is committed to maintaining water quality in the Muskeg River in
compliance with the Muskeg River Interim Management Framework for Water Quantity and
Quality and the comprehensive framework once it is developed. Shell would also comply with
the cumulative water quality limits for the Athabasca River under LARP. Shell stated it would
closely monitor the performance of these treatment facilities, and no water would be released
into the environment until the water quality meets accepted standards.
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[489] Shell stated it would continue to participate in multistakeholder organizations, such as
RAMP and CEMA, to monitor water quality in receiving watercourses and water bodies and to
confirm performance of mitigation. Shell indicated that it would work with regulators and
stakeholders to develop a detailed aquatics monitoring program for the Project. Shell stated that
the detailed aquatic effects monitoring program for the expansion would incorporate whole
effluent testing and monitoring of aquatic health and would allow early-warning identification of
cumulative effects followed by adaptive management actions as needed to mitigate these effects.
[490] OSEC noted that the RAMP and oil sands companies operate the existing network of
flow and water level monitoring stations in the region. OSEC noted that to date, assessment
reports have indicated that water monitoring in the Athabasca region was inadequate. OSEC
indicated that due to RAMP’s reported problems with the existing sampling programs, a general
lack of understanding of baseline conditions, and inadequate analytical capabilities, it would be
inappropriate to draw conclusions about new projects or impacts based on RAMP data.
[491] Shell indicated that with respect to the data used in the water modelling, Shell not only
relied on RAMP data but also on data from ESRD, EC, and Golder Associates. Shell stated that
most of the information collected was non-RAMP data. Shell noted it has supported monitoring
under RAMP and would support the Joint Canada-Alberta Implementation Plan for Oil Sands
Monitoring.
[492] Shell stated that changes to surface water and sediment quality in the PAD due to the
Project in conjunction with existing, approved, and planned developments would be negligible;
hence impacts on aquatic health in the PAD would also be negligible. Shell based its conclusion
on literature reviews, data analysis from these reviewed studies, and EIA model results.
Analysis and Findings
[493] The Panel finds that for the assessment of project effects on aquatic health, Shell used
current modelling programs, federal and provincial guidelines, and the latest CEBs. The Panel
understands that Shell validated the surface water quality model and that the predictions were
consistent with the observed data. The Panel agrees with EC’s recommendation to recalibrate
surface water quality models every five years with best available information and rerun
simulations to validate predicted effects on the environment. The Panel understands that the
whole effluent toxicity approach considers the combined effect of a mixture of substances in an
effluent. The Panel agrees with the methodology used by Shell to assess the synergistic
interactions between individual contaminants contained in the ETF process-affected water. The
Panel recommends that ESRD include in any EPEA approval a requirement that Shell recalibrate
surface water quality models every five years with best available information and re-run
simulations to validate predicted effects on the environment and ensure compliance with
regulatory water quality guidelines.
[494] The Panel believes that the data used by Shell was adequate based on what was available,
including RAMP data. The Panel recognizes that RAMP will be wound down in due course and
its relevant activities delivered under government management. The Panel also recognizes that
the Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring proposes a more
comprehensive monitoring program that will address concerns about deficiencies in current
monitoring activities. The Panel acknowledges that the Government of Alberta will establish a
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new arm’s-length environmental monitoring agency; while this takes place, the environmental
monitoring in the oil sand region will continue through the joint federal-provincial program.
[495] The Panel acknowledges that the Muskeg River Interim Management Framework for
Water Quantity and Quality does not include water quality targets and limits for naphthenic acids
and PAHs, and that inclusion of these parameters is part of the recommendations that ESRD
provided in the interim framework. ESRD also highlighted in the interim framework the need to
develop a comprehensive management plan for the Muskeg River watershed in a timely manner.
In the absence of the comprehensive management plan, the Panel recommends that ESRD update
the Muskeg River Interim Management Framework for Water Quantity and Quality’s current
water-quality targets and limits to include naphthenic acids and PAHs to coincide with the Joint
Canada-Alberta Implementation Plan for Oil Sands Monitoring expected to be fully
implemented in 2015.
[496] The Panel concludes that with the implementation of Shell’s proposed mitigation
measures and commitments, federal and provincial government work on the Joint CanadaAlberta Implementation Plan for Oil Sands Monitoring, and Panel’s expectations and
recommendations, significant project or cumulative environmental effects on surface water
quality and aquatic health in the Muskeg River, Athabasca River, or PAD are not likely to result
from the Project.
NO NET LOSS PLAN
Project Effects
Evidence
[497] Shell stated that landscape alterations and surface flow diversions associated with the
Project will cause the loss of the following fish habitat areas and riparian areas in watercourse
segments and water bodies:
•

the upper Muskeg River mainstem

•

lower reaches of Wapasu Creek

•

unnamed tributaries and water bodies in the upper Muskrat River and Wapasu Creek

•

unnamed water bodies in the upper Muskeg River watershed

[498] Shell stated that the habitat losses amount to 795 347 m2 based on the surface areas of the
affected water bodies and watercourse segments on existing digital maps.
[499] In accordance with Fisheries Act requirements, Shell developed a draft NNLP in 2012
that provided details of Shell’s estimates of species-specific fish habitat losses and gains in the
Project area and Shell’s strategy to offset the losses. Shell noted that it identified several site
options in its 2007 Conceptual Compensation Plan based on DFO policy. Shell used decision
criteria to screen potential suitability of each compensation-site option, including
•

potential for sterilization of mineable bitumen,
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•

conflict with adjacent developments,

•

watershed size,

•

fish access and colonization,

•

previous stakeholder comments, and

•

long-term sustainability.

[500] Shell stated that the compensation option it chose would be located off site and would
entail development of South Redclay Lake in the Big Creek and Redclay Creek drainages, with
associated outlet channels. Shell listed the following as some of the attributes of developing the
South Redclay Lake option that made it Shell’s preferred option:
•

The site provides flexibility in sizing of the lake such that the lake can be developed to best
match the compensation required.

•

The site offers the potential for a phased development, which will provide opportunities to
build the lake in stages as compensation is needed.

•

The site allows potential integration with other compensation developments and to
potentially expand the lake in the future if necessary.

•

Development of the site would not require ore sterilization.

•

The site is located close to much of the disturbance area and would support the same fish
species as the affected habitat areas.

•

The site is located on a Shell lease.

•

The construction methods would result in the smallest disturbance footprint per unit area of
lake created.

[501] Shell confirmed that, in the event the PRM does not proceed, its intention was to continue
to advance its preferred compensation option with the understanding that the final size and scope
of compensation works would depend on whether one or both projects are approved.
[502] Shell noted that the final decision on the appropriate location for fish compensation
habitat would depend on a number of factors, including cost, regulatory approval, technical
feasibility, constructability, and acceptability to stakeholders. However, Shell acknowledged that
if any of these or other factors precluded development of fish habitat compensation at its chosen
location, Shell would follow the appropriate regulatory process to choose an alternative location
for approval.
[503] Shell noted that during the consultation process, First Nations suggested compensation
construction in the PAD would be appropriate. Although Shell considered that option, it found
that there was less certainty of actual benefits for fish compared to Shell’s option. Shell stated
that the reason it did not accept the PAD option was that it did not consider this option a “walkaway” solution and it would therefore involve regular maintenance in perpetuity.
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[504] Shell stated that the South Redclay Lake compensation location would parallel the
Athabasca River and would not impede wildlife movement along the river. Shell also concluded
that it would reclaim areas used for compensation lake infrastructure, such as access roads,
berms, stockpiles, laydown areas, borrow sites, and dams. Shell therefore predicted a negligible
residual effect on wildlife populations in the region.
[505] ACFN noted that the Ronald Lake Herd of wood bison, the only nonprotected herd and
thus is an important traditional resource located outside Wood Buffalo National Park, is near the
proposed Redclay Compensation Lake. ACFN stated that it anticipated the compensation lake to
inundate and destroy observed and known core Ronald Lake wood bison habitat, specifically a
habitat type known locally as “buffalo prairie.”
[506] Given that Shell showed that existing terrestrial habitat at the Redclay Compensation
Lake location has a high biodiversity potential, EC requested that Shell provide a comparison of
relative values for species at risk in species-at-risk habitat at the Redclay Compensation Lake
location and at alternative compensation lake locations. EC stated that such information would
provide direction on how to best avoid or lessen project effects on species at risk as required by
the Species at Risk Act (SARA). Shell disagreed with EC’s request and stated that because the
Redclay Compensation Lake is a mitigation measure that is being proposed to meet the
requirements of the Fisheries Act, issues surrounding species at risk should be taken up with
DFO and EC, as it is DFO that will finalize the location of the compensation lake.
[507] Shell stated that taking into account mitigation and compensation measures there would
be no project-related environmental effects on fish and fish habitat diversity.
[508] Some Aboriginal groups asked whether Shell had adequately taken into account early fish
life cycle stages and species favoured by them when devising its mitigation and compensation
plans.
[509] Shell noted that it had provided a detailed description of the various spawning areas
identified and how Shell would be compensating for lost spawning and rearing areas in its
NNLP. Shell added that the NNLP includes a description and qualitative rating of each habitat
unit in relation to the habitat requirements of fish at their various life history stages (i.e.,
spawning, rearing, feeding, and overwintering). Shell noted that very few fish species inhabit the
upper Muskeg River watershed and, according to DFO, the species present were less desirable
from a management perspective. Shell added that these species were also very tolerant of
fluctuations in water quality and flow. Shell also noted that the area is heavily affected by beaver
activity, which changes Muskeg River flows, thereby affecting preferred grayling habitat.
[510] Dr. Schindler did not agree with Shell’s conclusions about fish and fish habitat in the
Muskeg River. Dr. Schindler stated that Shell has understated damage to fish in the Muskeg
River. He indicated that there has been an 86 per cent decline in fish produced since
predevelopment. He stated that a study by Bond and Machniak (1979) counted over 6000 fish,
made up of 19 species. The study concluded that white sucker, longnose sucker, and arctic
grayling used the river as spawning habitat, while other species used the lower reaches as a
resting area or as a nursery. He also found Shell’s suggestion that beaver activity on the Muskeg
was affecting the grayling habitat to be absurd and stated that beaver and fish have coexisted in
the Muskeg watershed for millennia. He also noted that many papers indicate that beavers
increase fish habitat and wetland areas.
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[511] Shell said that it had consulted with First Nations and had incorporated Aboriginal
concerns into its NNLP. Shell emphasized that it used TLU information on fish species that
would be affected by the Project to finalize NNLP fish distributions for compensation. Shell
noted that the species Aboriginal groups identified as being of greatest importance for inclusion
in compensation planning were walleye, northern pike, grayling, and lake whitefish.
[512] Dr. Carver, on behalf of ACFN, claimed that Shell’s NNLP was descriptive, relied
heavily on untested professional opinion, and lacked thresholds or tests to determine
significance. OSEC contended that Shell pursued an approach to uncertainty whereby it
compensated for scientific shortcomings by using unacceptably low fish habitat loss calculations.
ACFN provided the following recommendations on how Shell could improve the NNLP:
•

Support the completion of a traditional-use study to identify the expected balance in TLU
opportunities with the NNLP and in the decades of mine operation before full NNLP
implementation.

•

Incorporate climate change projections into the hydrologic, geomorphic, and fish habitat
modelling, and communicate the methods and results.

•

Provide the selection criteria/weightings for the NNLP candidate compensation lake sites.

•

Provide information about the inputs and outputs associated with the hydrologic modelling
and all steps taken in calibration.

•

Provide additional information for the surrogate streams and geomorphic assessments.

•

Present uncertainty in compensation habitat estimates to regulators and explain the
implications of aggregate uncertainty for the goals of the draft NNLP.

•

Slow down the pace of mine development to allow the monitoring and adaptive management
approach to function successfully.

•

Choose monitoring contractors from an independent DFO-created eligibility list of approved
monitoring contractors for the roll-out of the NNLP.

[513] DFO agreed in principle with Dr. Carver’s recommendations to incorporate climate
change projections into hydrology of the lake and fish habitat modelling, provide selection
criteria weightings for NNLP candidate compensation lake sites, provide inputs and outputs for
hydrologic modelling, and assess uncertainty of key NNLP components.
[514] DFO observed that Shell designed the NNLP to compensate for species of recreational,
commercial, or Aboriginal use and that Shell did not intend the NNLP to directly replace habitat
losses on a species-by-species basis. DFO noted that it requested that Shell provide at least a 2:1
ratio of habitat replacement and provide monitoring to assess whether changes to this ratio would
be required over time. DFO stated that the species targeted were selected based on DFO’s local
and regional management goals, taking into account geographic and logistic constraints. DFO
noted it intends to continue working with Shell on finalizing the draft NNLP.
[515] Shell stated that in terms of direct project effects on fish, the fish community within the
direct Project footprint includes relatively few fish species, and the upper Muskeg River
generally does not provide habitat for migratory species from the Athabasca River. Thus fish
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compensation works would target specific species to increase fish diversity and trophic
complexity. For example, it would target sport fish such as arctic grayling.
[516] In its NNLP, Shell stated that it based habitat modelling of South Redclay Lake on a
mature lake, which South Redclay Compensation Lake may not be until 20 to 30 years after
initial filling. Shell said that the compensation lake would be available to the public once its fish
health testing indicated that Redclay Compensation Lake fish were safe to eat. For the purpose of
calculating long-term habitat gains provided by the lake, Shell assumed that the physical habitat
features (e.g., substrate conditions, shoreline vegetation, instream cover), primary production,
and water quality characteristics (including short-term mercury increases) were developed to a
stable and mature condition. Shell noted that it did not directly model the time lag until the lake
matured and the interim conditions while the lake was developing, which is part of the reason for
the 2:1 compensation ratio.
[517] Shell stated that it anticipated that the creation of the compensation lake would increase
mercury concentrations in fish tissue in a pattern similar to other reservoirs created in Canada.
Shell noted that mercury concentrations are generally highest in fish species that are top
predators. In South Redclay Lake, these species would be northern pike and walleye.
[518] Shell committed to implementing mitigation measures outlined in its NNLP in order to
reduce methyl mercury levels including:
•

removing trees and large shrubs that would otherwise be submerged by the reservoir;

•

informing stakeholders of the annual results of the mercury sampling and which species and
sizes of fish do not meet the guidelines for human consumption;

•

performing additional actions if mercury exceeds HC guidelines and background levels for
any species, such as closing the reservoir to domestic fishing, posting warning signs on site
and in the Alberta Fishing Guide for relevant species, notifying local stakeholders of the
status of fish in the lake, and intensively fishing to remove and dispose of the fish that exceed
the guidelines; and

•

installing a temporary drop structure to prevent Athabasca River fish from entering the lake
during the years when elevated mercury is predicted.

[519] Shell indicated that it had augmented the NNLP to account for ACFN concerns about
methyl mercury generation in the compensation lake and the time required for full compensation
of effects. ACFN voiced concern that the compensation lake would not produce harvestable fish
for a number of years.
[520] OSEC questioned the effectiveness of mitigation measures for mercury and other
compounds in Redclay Lake and also stated that, regardless of mitigation, mercury would be
present in the lake for 20 to 30 years.
[521] DFO confirmed that it could take 20 to 30 years before mercury levels were reduced to
concentrations that would make the fish safe to eat. DFO noted that Shell's proposal to remove
vegetation as well as large-bodied fish could lead to a shorter period of elevated mercury levels.
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[522] Shell stated that it is committed to monitoring for increased methyl mercury levels in the
compensation lake. When asked about methods for ensuring that fish in the compensation lake
do not enter an Aboriginal, recreational, or commercial fishery in periods in which there would
be a high methyl mercury load, Shell responded that it has proposed an intensive fish harvesting
program to remove the higher-trophic-level species from the lake.
[523] With respect to other mitigation measures that could be used to reduce methyl mercury,
Shell noted that the reservoir bottom could be stripped or the reservoir could be capped but that
these measures would significantly increase the footprint of the lake because of the need to have
overburden storage areas. The increase in footprint would provide little additional benefit to
limiting methyl mercury production.
[524] Shell stated that with effective implementation of planned mitigation measures as
outlined in the NNLP, mercury accumulation in fish from the South Redclay Lake would pose a
low residual human health risk. Shell noted that tissue mercury concentrations in walleye and
Northern pike in the compensation lake could exceed the HC consumption guideline for
commercial fish and that resource users may need to limit their consumption of these fish. Shell
did not expect concentrations in whitefish tissue to exceed guidelines.
[525] ACFN claimed that the mitigation measures that Shell proposed were largely advisory
based. ACFN stated that fish consumption advisories have been in effect for the Athabasca River
since 2003 and that additional advisories would be of little benefit and would not address the
problem of increased mercury contamination. ACFN further explained that even if mitigation
measures allow fish to be harvested, Dene people might not feel that fishing in a compensation
lake is a suitable alternative to fishing in traditional locations. ACFN stated its opposition to
destruction of the natural fish habitat and the replacement of it with “unproven mitigation” in the
form of a compensation lake. ACFN noted DFO’s uncertainty about the potential for the success
of Shell’s proposed compensation works.
[526] Dr. Schindler, on behalf of OSEC, stated that the compensation lake may be subject to
additional contamination through surface water runoff, snowmelt, spillages, and deposition from
the atmosphere. Dr. Schindler claimed that fugitive sources were likely an important source of
local deposition of mercury and PAH and stated that the Water Monitoring Data Review
Committee reached a similar conclusion. EC concurred that mercury can be emitted from
combustion sources, such as stacks, boilers, and fleet equipment, in particulate or gaseous form.
OSEC noted that dust blown from mine sites was implicated in some of the toxic trace metals
evaluated in the Kelly et al study and noted that stacks, in particular, can be an important source.
[527] OSEC said that the Kelly et al study concluded that considerably more particulate matter
and trace metals are being released from oil sands facilities than are reported in the NPRI. The
Kelly et al study also revealed that particulate deposition decreases exponentially with increasing
distance from emission sources, but that deposition can still be found more than 50 km away
from oil facilities. OSEC said that recent research by EC confirmed these findings.
[528] DFO confirmed that even though the Project does not have an upgrader, the
compensation lake would be within 50 km of another project’s upgrader. In addition, EC agreed
that emissions from the mine fleet would fall close to the source. OSEC indicated that this could
mean that the compensation lake could be subject to pollutants from the Project’s stacks and
mine fleet and from the upgraders of other projects in the area.
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[529] Dr. Schindler noted that some mitigation measures being applied to fossil fuel burning
and smelting sources throughout the U.S. should be applied to the Project. Shell responded that
atmospheric mercury did not necessarily coincide with mercury in fish tissue because most of
mercury in the environment does not contribute to changes in fish or water mercury
concentrations. Shell also identified some studies showing trends of decreasing mercury
concentrations in fish tissue in the region. Dr. Schindler disagreed with Shell’s conclusion,
stating that the Harris et al study indicated an increase in mercury in fish as a result of added
mercury in the environment. Dr. Schindler recommended that oil sands activities that add
mercury to the environment not be allowed. Dr. Schindler also recommended that measures be
taken to reduce emissions of toxic elements and compounds from upgraders, and that measures
be required to prevent the transport of emissions to streams from mined areas and infrastructure.
[530] Shell stated that compensation would be in a phased manner in accordance with the
timing of habitat disturbances. Shell stated it assumed that compensation would be provided at a
ratio of 2:1 and that timing would be based on the start of the impact on fish and fish habitat.
Shell noted that it might provide compensation earlier than required, and therefore may not need
to provide a 2:1 compensation ratio, but it did not provide timing details. Shell noted that it
would construct permanent inlet and outlet channels at closure once the full scale of lake
development for the Redclay Creek area was known and integrated. However, based on the mean
annual discharge from Redclay Creek and Big Creek, Shell expected lake filling would be
complete within the first two to four years after construction.
[531] Shell believed that future EPLs can be designed to perform as well as the existing Phase 1
compensation lake and that water quality concerns about drainage from the closure landscape
can be managed. Shell noted that the NNLP does not consider any credits for fish habitat created
within the future pit lakes or closure landscape that could provide for ratios much greater than
2:1. Shell recommended that regulators consider the use of MFT-free pit lakes and other closure
fish habitat as eligible compensation and provide proponents with appropriate guidelines to use
to achieve fish habitat compensation objectives.
[532] Shell stated its understanding that a greater-than-1:1 compensation is provided to account
for such factors as the time delay between when habitat is disturbed and when fully functioning
habitat is provided. Shell disagreed that a 2:1 ratio should be the minimum compensation
requirement. Shell stated this 2:1 requirement does not consider potential for early compensation.
Shell proposed that DFO scale the compensation ratio to timing of delivery of functioning
compensation habitat.
[533] OSEC asked DFO what options would be available if the compensation lake does not
work. DFO responded that it believed that the mercury would be manageable. It also stated that
the amount of time it expected mercury to be elevated was within a range of time in which it
would expect that ongoing work and study could determine the actual productivity of the lake
before fish from the lake are available for human use. DFO indicated that if the compensation
lake was not agreed upon during consultation, it could look at other options to compensate.
[534] OSEC also asked whether the lake would be considered to be habitat compensation
during the period of time that mercury levels in it were elevated. DFO responded that if fish have
to be isolated to ensure that they are maintained, that would not count as compensation time,
which is why compensation ratios are generally greater than 1:1.
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Analysis and Findings
[535] The Panel acknowledges that Shell provided a description of its project-related fish
habitat losses and gains in its EIA and draft NNLP as required by CEAA, 2012 and the Fisheries
Act.
[536] The Panel notes that proposed compensation for project-related effects will occur off-site
(Redclay Compensation Lake and associated works) in accordance with DFO’s hierarchy of
habitat preference under The Department of Fisheries and Oceans Policy for the Management of
Fish Habitat.
[537] The Panel finds that Shell provided only superficial rationale for its choice of
compensation lake site options in its NNLP. The Panel finds that Shell did not provide the
criteria it used, what specific parameters it considered, or any weighting of these parameters in
its decision making process. The Panel also finds that Shell did not specify how it incorporated
traditional knowledge into its evaluation.
[538] The Panel notes that Shell provided a general description of factors used to inform its fish
habitat compensation site decision. The Panel acknowledges Shell’s statement that Shell took
into account effects on terrestrial resources in conducting its compensation site assessment.
However, the Panel finds that Shell’s compensation site selection study provided no
methodology or criteria specific to how potential terrestrial species effects were incorporated into
its decision making.
[539] The Panel accepts Shell’s determination that there are no bison in the LSA. However, the
Panel notes that the LSA did not include the NNLP compensation habitat on the west side of the
Athabasca River. The Panel believes that bison may use habitat on the west side of the river
where the compensation lake is proposed. The Panel finds that a level of uncertainty about the
potential environmental effects on wood bison remains, and in the absence of a SARA recovery
strategy, it is difficult to determine the significance of the effect.
[540] The Panel recognizes that the NNLP provides extensive detail on how Shell calculated
individual fish habitat requirements, the habitat areas lost, and the proposed habitat areas gained
through compensation. The Panel acknowledges that the NNLP methodology Shell applied is
typical of other compensation program approaches used regionally and nationally and that it is
acceptable to DFO.
[541] The Panel also notes that DFO will require Shell to provide a degree of compensatory
habitat (2:1) through the NNLP commensurate with predicted current and future losses. The
Panel understands that the amount and type of compensation is to be monitored and adjusted
through adaptive management if required. The Panel also notes that the chosen compensation
does not replace the same habitat or species lost in the Muskeg River, but that it was targeting
desirable species, such as arctic grayling, and their habitats.
[542] The Panel notes that Shell’s NNLP did not provide quantifiable benchmarks or thresholds
for assessing significant effects on individual species or on population diversity and abundance.
The Panel further notes that Shell did not provide any quantifiable adaptive management
benchmarks or triggers.
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[543] The Panel acknowledges that the proposed 2:1 compensation ratio for fish habitat takes
into account delays in the compensation works becoming fully operational and available for
public use. The Panel understands that an extended period (more than 20 years) will elapse
before fish are available for human consumption.
[544] The Panel recognizes that elevated surface water methyl mercury levels may lead to
bioaccumulation of mercury in fish and that these fish could be consumed by local residents. The
Panel acknowledges that Shell has proposed some mitigation measures to address mercury input
into the compensation lake and has proposed measures to prevent fish consumption when methyl
mercury in the lake is high. The Panel agrees that preventing human consumption of fish that
have unhealthy level of mercury is critical.
[545] The Panel understands that PAHs and mercury are ubiquitous in the environment and that
forest fires and anthropogenic disturbances are important contributing factors. However, the
Panel recognizes that a significant amount of the PAHs found in the environment may be due to
inefficient combustion and fugitive emissions from oil sands operations. Based on recent studies
(Schindler, Kelly, and Kirk), the Panel is of the opinion that Shell’s proposed compensation lake
may also receive atmospheric emissions from existing facilities and upgraders. It is unclear to the
Panel whether Shell’s modelling accounted for aerial deposition of PAH and for mercury
concentrations. The Panel finds these emissions to be important contributors to the overall
contaminant load in the compensation lake. The Panel recommends that the Government of
Canada ensure that Shell updates its models to account for sources of aerial deposition of
mercury and PAH. Shell should provide the results to the Government of Canada and determine
appropriate mitigation measures in consultation with the appropriate government departments,
stakeholders, and Aboriginal groups if the predictions are different than what was presented to
the Panel.
[546] The Panel is of the view that Shell’s predictions about methyl mercury levels in the
compensation lake carry some degree of uncertainty. The Panel further notes that information
gaps regarding human health effects of exposure to PAH concentrations still exist.
[547] The Panel recommends that the Government of Canada require Shell to implement a
monitoring plan to determine the level of mercury and other contaminants in the postconstruction compensation lake and to identify any resulting contaminant increases in fish tissue.
In the event that fish tissue contaminants exceed HC recommendations, the Panel recommends
that DFO require Shell to implement the adaptive management program as outlined in its NNLP.
[548] The Panel recommends that the Government of Canada ensure Shell develops a specific
timeline, including milestones, for when fishery resources provided through compensation works
would be publicly available. The proposed timeline should be incorporated into any Fisheries
Act s. 35 authorization.
[549] The Panel notes Aboriginal concerns over the possible inability of Shell’s compensation
strategy to provide immediate compensation for lost project-related fishery resources. The Panel
finds that Shell provided limited contingency options for the event that the proposed
compensation works do not meet the prescribed 2:1 ratio.
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[550] The Panel finds that uncertainty remains as to when Shell’s proposed compensation plan
can actually provide publicly usable fishery resources. The Panel also finds that Shell has not
fully considered options in the event it cannot meet its Fisheries Act compensation requirements.
[551] The Panel recommends that DFO require Shell to address the following matters in its
final NNLP, and that DFO ensure that these matters are addressed, to its satisfaction, before
issuing any Fisheries Act section 35 authorization:
•

consider the effects of climate change in fish habitat loss/gain calculations

•

provide methodology selection criteria weightings for NNLP candidate compensation lake
sites

•

provide inputs and outputs for hydrologic modelling

•

assess uncertainty of key components of the NNLP

[552] The Panel recommends that the Government of Canada provide specific benchmarks or
thresholds for assessing significant effects on individual target fish species and on population
diversity and abundance. The Panel also recommends that the Government of Canada ensure that
Shell incorporates these benchmarks or thresholds into its proposed adaptive management
strategy.
[553] The Panel is of the view that there will be no significant adverse effect on fish and fish
habitat if Shell proceeds with its proposed compensation works and if the Panel’s
recommendations are followed.
Cumulative Effects
Evidence
[554] Shell stated that it considered potential effects on fish habitat and abundance that could
not be mitigated to be residual effects. Taking into account mitigation and compensation, Shell
concluded that there will be no residual project-related impacts on the Muskeg or Athabasca
Rivers. Shell concluded that if magnitude of effect was negligible, it did not rate geographic
extent, duration, reversibility, and frequency. Shell therefore concluded that there would be
negligible effects on fish habitat, fish abundance, and diversity in both its application case and
PDC.
[555] Dr. Schindler, on behalf of OSEC, stated that it was unrealistic to assume no permanent
biological damage to the Muskeg River, including its resident fish species, from the 10 mines in
operation and development in the region. OSEC stated that it would be difficult to assess whether
the No Net Loss policy goals would be met because Shell assessed components of the impacts as
discrete components but did no integrated assessment.
[556] DFO remained concerned that Shell had not assessed the potential cumulative effects of
oil sands development on Athabasca River Delta fish and fish habitat and that potential
cumulative effects downstream in the Muskeg River and Lower Athabasca River watersheds
remain uncertain. DFO recommended that the Panel recommend that Shell conduct a CEA on
downstream fish habitats, including middle reaches of the Muskeg River, JPM, and KOSP fish
habitat offsets, Kearl Lake, the lower reaches of the Muskeg River, and the Athabasca River,
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including the Athabasca River Delta. DFO stated that although it was possible for an individual
operator to undertake this assessment, an alternative would be to conduct this assessment in
cooperation with other oil sands operators and regional stakeholders.
[557] Shell disagreed with DFO’s recommendation that additional assessment of downstream
fish habitats was required. Shell stated that it had provided CEA as part of the Project’s EIA for
features in the Muskeg River watershed and for reaches of the Athabasca River below the
confluence with the Muskeg River. Shell concluded that its current CEA provided the necessary
information to inform a public interest determination. Shell also stated that it continues to be
committed to participating in and providing data toward regional initiatives as requested.
[558] DFO also recommended that Shell be requested to develop, in collaboration with
Aboriginal groups, industry, and government, initiatives to detect, monitor, and adaptively
manage cumulative effects on fish habitat in the Lower Athabasca River watershed, and if effects
are detected to mitigate or offset those effects.
[559] ACFN claimed that No Net Loss planning does not have a good overall track record and
quoted the Cohen Commission Final Report that stated that over half of the projects the
Commission reviewed had smaller compensation areas than harmful alteration, disruption, and
destruction (HADD) areas; over one-third clearly did not achieve No Net Loss; and at the
operational level, all indications are that Canada is not meeting its No Net Loss obligations.
[560] In response to an ACFN question about what methodology DFO uses to assess
cumulative impacts, DFO responded that, on a case-by-case basis, it strives to offset the residual
effects of each project and thus prevent the occurrence of cumulative effects on fish habitat. DFO
stated that because there is uncertainty about how the compensation lakes will function and how
they will contribute to the natural ecosystem, associated cumulative effects are also uncertain.
[561] In response to an ACFN question about whether DFO had developed any methodology
for assessing cumulative impacts in the region, DFO noted that any methodology applied would
most likely be related to population-level assessments. DFO explained that there are existing
methods for assessing fish population characteristics in the region for different species, and if a
change in populations is detected, a cumulative effect could also be determined. DFO confirmed
that it had not considered any other contingency options in the event that Shell’s proposed
compensation plan cannot fully compensate for lost fish habitat through adaptive management.
[562] In its NNLP, Shell stated that environmental consequence ratings for wildlife impacts
from the Project varied from negligible to low and that these ratings would not change as a result
of the construction of South Redclay Compensation Lake. Shell noted South Redclay Lake
would flood a long narrow paleochannel characterized by wetlands and beaver impoundments.
Shell noted that South Redclay Compensation Lake and associated infrastructure is parallel to
the Athabasca River, and as such is not predicted to impede wildlife movement along the
Athabasca River. Shell stated the areas for compensation lake infrastructure would be reclaimed
and thus were predicted to have a negligible residual effect on wildlife populations in the region.
[563] Shell noted that ACFN's own expert had agreed with Shell that bison are not habitatlimited in northeast Alberta and that disease has been one of the reasons for historic population
declines. Shell referred to EC’s testimony that some wood bison populations in the region were
actually increasing threefold. Shell said that if a species is declining in Alberta or across its
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North American range but the cause of the decline is not associated with the Project or
cumulative effects within the RSA, Shell’s CEA would conclude that effects within the RSA
were not significant.
[564] Dr. Jones, on behalf of ACFN, presented data from a current study he was completing on
PAH concentrations in the bile of fish taken from the Athabasca River and Slave River at
locations upstream and downstream of existing oil sands mining operations. Dr. Jones believed
the data demonstrated that contaminants from oil sands operations are reaching the aquatic food
webs of the Slave and Athabasca Rivers. However, Dr. Jones agreed that, based on the data, it
did not appear that an increase in PAH concentrations in fish bile were correlated with
incidences of lesions and other abnormalities in the collected fish or other aquatic health impacts.
Dr. Jones also noted that increased PAH concentrations in fish bile were not a direct measure of
human health risk because little or no bile is consumed by humans and that the relationship
between PAH concentrations in fish bile and muscle tissue is not fully understood. Dr. Jones
stated that human health risk could only be estimated from PAH concentrations in tissue
consumed by humans and that these analyses were currently underway.
Analysis and Findings
[565] The Panel acknowledges that Shell concluded that there would be negligible cumulative
effects on fish habitat at the local and regional level based on its proposed mitigation and NNLP
compensation.
[566] The Panel understands that DFO concurred with Shell’s observation that impacted
species in the upper Muskeg River are not important target species and that any fish and fish
habitat losses from the upper Muskeg River can be accommodated through offsite compensation
efforts.
[567] The Panel notes that DFO asked the Panel to recommend that Shell conduct a CEA on
downstream fish habitats and that it develop and implement, in collaboration with Aboriginal
groups, industry, and government, initiatives to detect, monitor, and adaptively manage
cumulative effects on fish habitat in the Lower Athabasca River watershed, and if adverse effects
continue to be found, to mitigate or offset those effects. The Panel does not believe that a single
proponent should have to complete this CEA or monitoring and instead recommends that DFO
lead the CEA on downstream fish habitats and the monitoring. The Panel refers to the Regional
Effects section of this report for further discussion on this issue.
[568] The Panel finds that no significant cumulative effects are expected because no target
species of direct interest identified in the upper Muskeg River reaches would negatively affect
downstream productivity in the Athabasca River.
[569] The Panel notes Shell’s claim that the fish habitat compensation works are parallel to the
Athabasca River, and Shell predicted that there will be no impedance to wildlife movement
along the Athabasca River.
[570] The Panel finds that little evidence was provided about the importance of bison habitat
where the compensation lake is proposed. The Panel is of the view, however, that the
compensation works could affect habitat for the Ronald Lake Herd, the only herd in the RSA that
Aboriginal persons are allowed to hunt. Without identification of critical habitat through a
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recovery strategy, it is difficult for the Panel to assess the importance of the area of the Redclay
Compensation Lake for meeting the objectives of the recovery of the wood bison population, and
hence the significance of environmental effects. Accordingly, the Panel recommends that the
Government of Canada determine whether the habitat in the area of the Redclay Compensation
Lake where the compensation lake is proposed is critical for the survival of the Ronald Lake
Bison herd. In the event the federal recovery strategy for wood bison includes critical habitat in
the area affected by the NNLP, the Panel recommends that the Government of Canada and Shell
work with other key stakeholders, including the Government of Alberta and Aboriginal groups
that use the area for hunting wood bison, to modify the NNLP to avoid or minimize the effects
on bison habitat.
[571] The Panel understands that the study undertaken by Dr. Jones is not yet complete and that
further analysis of the results is ongoing. The Panel does not find the results presented to be very
compelling or conclusive at this stage. While it does appear that there is an increase in PAH
concentration in fish bile immediately downstream of the oil sands mining areas, it is not clear
how or whether the study can distinguish between PAHs that may be originating from oil sands
mining operations or from natural bitumen outcrops in the bed and banks of the Athabasca River,
or other sources. The Panel notes that the data do not seem to support a correlation between PAH
concentrations in fish bile and lesions or other abnormalities in fish. It is not known whether
there is a correlation between PAH concentrations in fish bile and muscle tissue, and therefore
whether there is a link between PAH concentrations in bile and human health risks. The Panel
believes that Alberta should consider concerns related to PAH and fish bile once the results of
Dr. Jones’s studies are finalized.
EFFECTS OF TAILINGS PONDS ON MIGRATORY BIRDS
Evidence
[572] Shell noted that migratory bird landings in tailings ponds occur in the oil sands and were
a possibility for the Project. It noted that incidents were more prevalent during inclement
weather. To prevent birds from landing on the ponds, Shell stated that it employs a deterrent
system that detects approaching birds and engages a hazing device to dissuade birds from the
area. Shell stated that the effectiveness of this system was 96.9 to 99 per cent, based on tests
conducted by the manufacturer. Shell noted that this technology is more effective than a random
radar system, where hazing actions are emitted at random intervals, because it prevents
habituation.
[573] Shell stated that the deterrent system is fully operational and, in the case of power failure,
would “fail on,” sending continuous blasts. Shell stated that it had planned no other adaptive
management. ACFN noted that the “fail on” mechanism did not work in 2007 when 16 bird
mortalities were reported in one of Shell’s tailings ponds. Shell stated that this was due to a radio
communication board failure and not due to a malfunctioning unit.
[574] In determining the effects of tailings ponds on migratory birds, Shell said that the
magnitude of effect of a typical bird group landing in a tailings pond would be slight for most
populations of species at risk, and minor for whooping crane. Shell stated that in 2011, the total
number of birds recovered from all the tailings ponds in the oil sands region was 70 birds, most
of which were ducks. Shell said that any bird mortalities are unfortunate. It stated that it was
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working to prevent these mortalities from occurring. It concluded, however, that the number of
birds impacted by tailings ponds is insignificant when compared with wind turbine kills and
hunting.
[575] ACFN stated that operators have not effectively managed bird-oiling events in the past
and that there is still an inadequate capability to manage the risks that tailings ponds pose to
birds, particularly in inclement weather.
[576] ACFN noted that the oil sands region is in a migratory bird route. It stated that it was
concerned about the increase in the number of tailings ponds on the landscape. ACFN stated that
in 1992 there were 22 km2 of visible industrial water bodies; in 2008 that area had increased to
80 km2 and would increase to 121 km2 with the addition of the Project.
[577] ACFN noted that more tailings ponds and less natural wetland may translate into
increased usage of tailings ponds by migratory birds, which may result in potential health effects
if these birds are consumed by local people.
[578] ACFN showed bird mortality incidents for more than 40 bird species, noting that some of
the species are listed or are important resources for local First Nations. ACFN also referenced a
study by Dr. Cassidy-St. Clair that demonstrated that in 2011, 3565 birds landed on PAW ponds
(including tailings, recycle water, emergency dump ponds, and any other water that may contain
harmful or hazardous materials) at five oil sands operations, and 2408 of those birds belonged to
the duck group. It noted that the total number for the JPM and MRM projects was 767 birds.
ACFN noted that birds were able to fly away in many of these cases but worried that the
reproductive fitness of birds exposed to PAW may be reduced. ACFN noted that indirect
mortality in the oil sands was unknown because these fly-away birds are not monitored. Shell
said that monitoring of birds that come into contact with tailings ponds is very challenging. EC
agreed that monitoring off-site mortality would be difficult but is nevertheless important for fully
understanding the impact of tailings ponds on migratory birds.
[579] MNA and ACFN stated that migratory routes of bird species may be changing due to oil
sands development and noted that air pollution from the stacks, loss of vegetation, presence of
reflective metal, and noise may be contributing to these changes. EC confirmed that migratory
patterns may be shifting, but it has not formally documented this shift. It stated that the Joint
Canada-Alberta Implementation Plan for Oil Sands Monitoring has proposed evaluating this
matter.
[580] EC noted that whooping cranes are one of the most endangered species in North
America. It said that approximately 48 per cent of the population may migrate over the oil sands
region. Shell noted that whooping cranes are unlikely to land in tailings ponds because they
prefer to land on land as opposed to open water and that no whooping cranes have been found in
tailings ponds to date. EC stated that they have, however, been detected flying over and landing
near the Project LSA. EC stated that if mortality occurs, it could have significant negative
population-level consequences because of the small size of the whooping crane population. In a
modelled population viability analysis, EC estimated that the minimum viable population size of
whooping cranes over a span of 100 years is 40 breeding pairs. EC stated that in 2012 it recorded
66 pairs, which is less than the 75 pairs reported in 2011.
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[581] EC agreed that the Project activities and infrastructure, on their own, would not likely
result in sufficient wildlife mortality to have population-level consequences for most migratory
bird species at the scale of the RSA, given the low mortality rates reported at tailings ponds in
recent monitoring programs. However, EC noted that effects on migratory birds must be avoided
in order to comply with the Migratory Birds Convention Act, 1994 (MBCA) and that it was
particularly important to avoid mortality of species at risk such as, whooping cranes. As a result,
EC recommended that Shell implement all possible measures to avoid the potential for migratory
bird mortality related to the Project, including removing surface oil from tailings ponds to the
extent possible.
[582] EC stated that there are deficiencies or limitations with the deterrent system because
migratory birds are still known to land, usually during inclement weather. EC was not aware of a
process that would completely prevent those impacts, but strongly suggested that Shell contain
the oil on its tailings ponds as additional mitigation to prevent birds from becoming oily if they
land. Shell stated that it agrees that operations should be conducted to minimize potential contact
of birds with residual oil in tailings storage areas, and it will look at the viability of residual oil
removal at its operations. Accordingly, Shell stated it would provide findings to EC and ESRD
with a recommended path forward.
[583] Shell developed a monitoring program to record fly-overs and landings on various water
bodies in the area and is collaborating with the University of Alberta to conduct a risk
assessment on these data. Shell hoped that the information collected would help determine
higher-risk areas for bird landings and allow Shell to increase the deterrent and observation
efforts at those sites. Shell committed to conform to any monitoring recommendation proposed
by this study.
[584] Shell stated that workers spend thousands of hours per year conducting mortality
searches. ACFN noted that while Shell stated that over 5000 employees contribute to search time
during regular operations, Shell had reported only 160.4 hours of dedicated search time. ACFN
noted that substantial variation occurs in bird detection among operators and recommended that
independent monitors be involved in conducting these observations.
Analysis and Findings
[585] The Panel observes that the increasing prevalence of tailings ponds on the landscape in
northeastern Alberta combined with a decrease in natural wetlands increases water hazards for
migratory birds. The Panel notes that this issue is of particular concern for species with low
abundance or identified as species at risk.
[586] The Panel finds that, in general, the deterrent system has been very dependable and
effective. While any fatalities are regrettable, the Panel determines that the number of fatalities is
an extremely small percentage of the total number of birds that are said to be migrating through
the area and that this effect is not significant. The Panel finds that the potential effects of birds
landing on tailings ponds are appropriately prevented and mitigated by the use of the deterrent
system.
[587] The Panel notes that birds land on tailings ponds in inclement weather even with
deterrent systems. The Panel has determined that in these cases, the recommendation by EC to
contain and remove residual surface oil from tailings ponds on an ongoing operational basis
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would reduce immediate mortalities and would help mitigate other types of effects of bird
contact with oil. The Panel is satisfied with the approach suggested by Shell and recommends
that the Governments of Canada and Alberta ensure that Shell evaluates the technical and
economic feasibility for removing residual surface oil from tailings ponds.
[588] Although the Panel notes that the number of bird landings tends to be low and the birds
tend not to be species at risk, the Panel believes that any effect on species at risk would be
significant. The Panel notes that the buffer between the 2012 population of whooping cranes and
the minimum viable population is 22 pairs. The Panel further notes that the number of pairs in
the population decreased by nine between 2011 and 2012. Considering that the buffer is very
small and the species appears to be in a decline, the loss of any individuals in the population
would reduce the buffer and would increase the risk that the minimum viable population would
be approached, unless the actual population increased otherwise. Should a species at risk land in
a tailings pond, the Panel finds there to be a significant effect. The Panel notes that there have
been no reported incidents of whooping cranes landing in tailings ponds and believes that the
effect of tailings ponds on whooping crane to be not a likely one.
[589] The Panel finds that more information is required by industry in general on the effects of
tailings ponds and other PAW on birds when mortality is not immediate. There is little or no
information on the potential long-term effects on reproductive success or behaviour as a result of
exposure to tailings ponds along migration routes and any resulting health effects from
consumption by local people. Therefore, the Panel recommends that the Government of Canada
consider if more information is required on the potential long-term effects on migratory bird
reproductive success or behaviour as a result of exposure to tailings ponds along migration
routes. The Government of Alberta should also consider if more information is needed on
potential resulting health effects of consumption of hunted birds by local people. The
Governments of Canada and Alberta, along with key stakeholders, should determine if studies
are required to examine these issues.
[590] Similarly, the Panel notes that the Joint Canada-Alberta Implementation Plan for Oil
Sands Monitoring has proposed to evaluate the possible change in bird migration patterns in the
region. The Panel agrees that this information would be useful. If evidence shows that migration
routes of birds are changing, the Panel is of the opinion that tailings ponds may not be the same
continuing hazard to these birds in the future. However, as stated above, tailings ponds should
still be considered hazardous to migratory birds and thus mitigated as recommended until such
results are confirmed.
METHODS USED TO ASSESS EFFECTS ON TERRESTRIAL RESOURCES
Estimating Land Cover Composition and Wildlife Habitat Availability
Evidence
[591] To assess land cover composition, Shell used Landsat satellite imagery to quantify land
cover types (e.g., percentage composition of old-growth forests and wetlands) present in the
RSA. Shell said that the Landsat imagery used for the terrestrial RSA provided the best available
data for this assessment because finer scale Alberta Vegetation Index (AVI) data were not
available at the RSA scale, and that finer scales of habitat simply cannot be represented at a
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regional scale. Shell also stated that even if finer-scale data (such as AVI) were available, the
analysis would have been rendered too computationally intensive.
[592] EC stated that Landsat mapping cannot accurately describe habitat availability in the
RSA, and it introduces a high level of uncertainty and potential error in Shell’s predictions. EC
stated that models derived from coarse-scale habitat mapping may overestimate habitat
availability at the RSA scale resulting in a potential underestimation of project and cumulative
effects. For example, EC noted that Shell’s RSA mapping did not include forest stand age, an
important determinant of habitat use by wildlife, including several species at risk. EC further
stated that the Landsat data was flawed because it grouped much of the finer-scale habitats into
broad habitat classes, negating the finer habitat units in favour of a coarser representation of the
landscape. EC also stated that because Shell used coarser Landsat data, it considered that Shell’s
wildlife habitat model output had low predictive accuracy at the RSA scale. EC noted that other
recent EIAs in the oil sands region have used more detailed habitat information at the RSA scale,
but it did not identify the specific EIAs.
[593] EC recommended that Shell use the AVI data available for the RSA in order to increase
predictive accuracy. EC also said that other sources of information could be used, including
Phase 3 forest inventory available from the province of Alberta. EC indicated that when
combined with field validation, this data would have provided some forest age-class information
and would result in a much better prediction than using the coarse-scale habitat Landsat
mapping. EC confirmed that it would be difficult to be precise about land-cover type and habitat
availability, given the coarse-scale data used in Shell’s analysis.
[594] When Shell was questioned about predicted levels of certainty in RSA land-cover
mapping that used Landsat data, it responded that it believed the mapping was 75–80 per cent
accurate.
[595] ACFN stated that the Landsat image classification cannot differentiate the impacts on
patterned fens or between a marsh and an open bog. ACFN argued that Shell should have built
detailed vegetation plots for verifying wetlands (including peat lands) and that without field
verification the accuracy of preliminary vegetation maps was in question. ACFN also stated that
it was unclear whether Shell had mapped vegetation in the RSA according to any standards that
would coordinate Shell’s effort with other ongoing regional mapping procedures.
[596] ACFN also submitted that Shell did not describe the accuracy of the AVI data used in the
LSA models.
[597] In order to predict habitat availability in the RSA for wildlife under PIC, base case,
application case, and PDC scenarios, Shell used habitat suitability index (HSI) models that relied
on Landsat imagery for 11 key indicator resources (KIRs) and species at risk. Shell provided
results from models that varied by species, depending on the amount of data available on
species-specific habitat relationships. Shell explained that it developed the model for each
species based on published data, expert knowledge, and professional judgment, all of which it
used to interpret habitat relationships as index scores. Shell reported that there was a lack of field
data for all 11 species, so it could not validate model predictions. Instead, Shell stated that it used
professional judgment to check model output for conformation with the current state of
knowledge about ecology and habitat preference for each species. EC stated that Shell should

2013 ABAER 011 (July 9, 2013) • 99

Joint Review Panel Report, Shell Canada Energy, Jackpine Mine Expansion Project, Application to Amend Approval 9756

1679

collect additional baseline data on the distribution and abundance of wildlife species to better
validate its predictions.
[598] FMFN’s assessment concluded that the vast majority of wildlife habitat models (198 of
228) used in oil sands EIAs were not validated, not adequately documented, or did not perform
well. FMFN stated that as such, predicted local impacts are likely inaccurate and, therefore,
regional cumulative effects predictions are likely inaccurate as well because habitat models need
to be validated and predictions confirmed. FMFN concluded that confirmation of predictions
requires scientifically defensible wildlife surveys to determine habitat use and population
densities in the oil sands region.
Analysis and Findings
[599] According to the Agency’s Cumulative Effects Practitioner’s Guide, if little or no
information is available during a CEA or if uncertainty in predictions arise in a CEA due to
variations in natural systems, a lack of information, or the inability of predictive models to
accurately represent complex systems, any limitations this places on the assessment and any
assumptions made must be clearly stated and the resultant uncertainty explained, otherwise it
may later bring into question the usefulness of the CEA. The Cumulative Effects Practitioner’s
Guide states that, although uncertainty can arise in CEA predictions, a record or audit trail of all
assumptions, data gaps, and confidence in data quality and analysis should be given to justify
any conclusions.
[600] The Panel is of the opinion that use of Landsat imagery for estimating land-cover type is
a concern in the context of modelling available habitat (e.g., wetlands and old-growth forest) in
the RSA and adds substantial uncertainty to Shell’s predictions of habitat availability in base
case, application case, and PDC scenarios. This is compounded by the fact that Shell did not
present any measures of error for its predictions in the EIA. The Panel notes that the provincial
TOR requires that the proponent include a “description of the deficiencies or limitations in the
existing environmental databases, how deficiencies and/or limitations were addressed, and their
impact on the analysis and any appropriate follow-up.”
[601] During the hearing, Shell estimated the measure of error associated with the use of
Landsat imagery to be ±20–25 per cent based on its professional judgment. Given Shell’s
reliance on professional judgment, the Panel is unable to assess the accuracy of this error
estimate for the purposes of its assessment but has used the estimate in considering the potential
effect of this uncertainty on Shell’s predictions and the possible significance of project effects.
[602] The Panel believes that Shell’s use of Landsat imagery for predicting availability of
wetlands and old-growth forest at the base case results in uncertainty in current EIA models of
wetland and old-growth forest availability in the RSA. It appears to the Panel that this
uncertainty in current models was subsequently propagated into Shell’s predictions of pre- and
post-closure wetland and old-growth availability in the RSA, making it difficult for the Panel to
assess the significance of cumulative effects on old-growth forest and wetlands. The Panel
believes that Shell’s predictions of wetland habitat and old-growth forest availability in the RSA
under all scenarios should be subject to ±20–25 per cent rates of uncertainty/error. The Panel
therefore concludes that it is possible that Shell’s predictions represent overestimations of the
amount of wetland habitat (particularly peat land) and old-growth forest that will be present in
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estimations resulting from ±20– 25 per cent error may be equally possible, given the requirement
by CEAA, 2012 to consider EA decisions in a precautionary manner, of greater concern for
decision-making is the potential for overestimations of existing habitat availability.
[603] The Panel believes that the aforementioned uncertainty related to Landsat imagery was
also propagated throughout Shell’s EIA in all of its HSI models for predicting wildlife habitat
availability at base case. Each of Shell’s HSI models included the Landsat error at base case (±25
per cent) plus any additional error associated with the modelling exercise (i.e., no HSI model will
provide a perfect representation of species habitat preferences, with the degree of certainty
dependent on the amount of information available and, varying greatly by species). The Panel
notes that Shell did not provide an estimation of the error associated with each species HSI
model output at base case. The Panel realizes that had Shell been able to validate the models
using field data, certainty around model output would be greater. The Panel also notes that
despite EC’s suggestion during the SIR process that Shell collect additional baseline data to
validate its EA predictions, for all 11 species modelled by Shell, none had sufficient field data
for appropriate model validation. Therefore, given that error is additive, the Panel concludes that
each HSI model output could have an overall error rate associated with Shell’s predictions of
habitat availability at base case that is greater than 25 per cent. And, because Shell then projected
this same Landsat data into future scenarios (application case and PDC), model uncertainty may
increase because these cases are subject to other predictions that are also uncertain (e.g.,
reclamation plans, lease boundaries, market values, etc.).
[604] The Panel notes that Shell did not present measures of uncertainty for AVI data that it
used for predictions about wetland habitat use in the LSA. However, the Panel finds that this is
not as serious a concern given that this data is of a finer scale of accuracy than the Landsat data,
therefore the degree of confidence is greater.
Determination of Significance
Evidence
Study Area Size and Configuration
[605] Shell stated that its RSA was 2 277 376 ha and that the Project footprint (excluding Phase
1) was about 13 291 ha. Shell originally developed the RSA to encompass both the proposed
PRM and the Project. Shell stated that discipline-specific experts developed RSAs to represent
areas in which project effects could overlap with the effects of other activities in a non-trivial
way. FMMFN #468, ACFN, and EC said that Shell’s RSA was too large to be able to conclude
significance for many impacts, including changes to wetlands and habitat availability for
wildlife. They indicated that because of the large size of the RSA, local project effects were
diluted and less likely to be determined to be significant at the regional scale. ACFN suggested
that the larger the RSA, the smaller the apparent contribution of each action.
[606] Shell chose the RSA based on a number of considerations, including the following:
•

at least two moose home ranges,

•

the boundaries of natural regions and vegetation classifications,

•

the defined woodland caribou habitat areas,
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•

the further potential measurable effect in combination with approved and planned projects in
the region, and

•

inclusion of the community of Fort McMurray and other areas likely for future community
expansions.

[607] Shell predominantly presented project effects on wildlife habitat availability in the
context of the RSA as opposed to the LSA. Both OSEC and EC stated that Shell’s approach to
assessing significance was flawed given that it was difficult to evaluate the importance of effects
on the local area and that the assessment of significance of project effects should be focused on
the LSA. EC supported OSEC’s position, stating that project effects should have been evaluated
at both the local and regional scales to provide a complete understanding of project effects and
appropriate mitigation measures. ACFN also said that Shell did not justify the methods it used to
assess significance.
[608] Shell’s LSA included the development areas of both Phase 1 (7511 ha) and the Project
(13 291 ha), for a total development area of 20 802 ha. Shell also included a 500 m offset buffer
in its LSA to account for indirect effects of the Project, for a total LSA size of 29 624 ha.
According to Shell, the buffer zone varied in width depending on the configuration of the Project
development area. Shell’s assessment of project effects on terrestrial resources included a
consideration of the effects of Phase 1, the Project and the buffer.
[609] EC stated that it was unclear whether Shell had combined the effects of the Project with
Phase 1 when evaluating the effects of the Project on all terrestrial indicators, namely species at
risk. EC further stated that this approach did not allow for an accurate assessment of additional
habitat loss as a result of the expansion alone, or for the determination of appropriate mitigation
measures for any additional habitat loss.
Thresholds
[610] Shell stated that it considered cumulative effects on wildlife to be significant if they
compromised resilience such that populations were no longer likely to be self-sustaining,
ecologically effective populations.
[611] EC stated that it was very difficult to know at what point of habitat loss a species was no
longer self-sustaining and ecologically effective, making real-world application difficult. EC also
stated that Shell’s assessment misrepresented how significance was typically determined in
environmental assessments, namely that significance should be based on the context of the local
and regional wildlife populations, as indicated in the TOR. EC said that the scope of the EIA
should be the LSA and the RSA, but that Shell had expanded this to include larger scales of
reference, e.g., provincial and national. EC stated that determinations of significance resulting
from comparisons with these considerably broader scales can be very misleading and, as such,
stated that it was not satisfied with Shell’s determination of significance.
[612] OSEC noted that in the Total Joslyn North Mine Project Decision (ERCB Decision 2011005), that Panel used a 20 per cent habitat loss threshold to determine significant effects on
wildlife. That Panel also considered that any effects on species at risk were significant. OSEC
also submitted that widely available guidance on critical habitat thresholds or disturbance
thresholds was available in CEMA’s Terrestrial Ecosystem Management Framework (TEMF),
which suggests that the level of disturbance to wildlife should be under 10 per cent of natural
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range of variability (NRV). OSEC noted that if Shell had used the guidance in the TEMF, it
would have concluded that at the RSA level, 13 of 19 species would be subject to significant
effects. OSEC also stated that Shell failed to consider in its assessment the Fort McMurray IRP
guidance on thresholds, including a population target for moose. OSEC stated that despite all
three of these potential sources of available thresholds, Shell did not make use of thresholds to
determine the significance of effects in its assessment.
[613] During the SIR process EC asked Shell to calculate the NRV of habitat and wildlife
populations in the RSA and compare habitat availability and estimate population size at the base
case, application case, and PDC in order to inform the analysis of environmental consequence
and significance of cumulative effects. Shell indicated that it did not include the NRV in its
assessment of significance. Shell referred to the concept of critical habitat thresholds as reported
in the scientific literature, indicating that habitat loss of up to 70 to 90 per cent may be required
before a critical habitat threshold is reached. Shell explained that any change of more than 20 per
cent in the measurement end point was considered a high-magnitude change. However, EC
stated that Shell described a 40 per cent loss of habitat for caribou as being a low magnitude
effect. OSEC argued that the critical threshold approach, which could take a species to the brink
of extinction before corrective measures were initiated, was inconsistent with CEAA, 2012 and
SARA, both of which require that the precautionary approach be taken. EC stated that the 70 to
90 per cent threshold is not precautionary, and that thresholds can vary depending on several
factors, including the specific species and the study area. EC also stated that there was much
uncertainty around thresholds and that habitat loss in the range of 20 to 40 per cent can be
enough to change a population trajectory.
Professional Judgment
[614] Shell stated that it used professional judgment to determine significance of effects on
terrestrial resources, including wildlife habitat. Shell said that it based its EIA methodology on
the TOR for the Project, guidance from the Agency, methodologies recommended by the CEMA,
and standard environmental assessment practices.
[615] OSEC and ACFN did not agree with Shell’s means of assessing significance of effects on
terrestrial resources, and in particular, argued that Shell relied too heavily on the professional
judgment of Golder and did not use clear thresholds to make significance determinations about
effects on terrestrial resources. OSEC argued that if the proponent’s professional judgment was
unsupported by evidence, it should be disregarded by the Panel. ACFN said that Shell did not
clearly indicate what factors it considered in making the professional judgments that led to
significance determination or how judgments may have been peer reviewed or verified by
different parties or processes. ACFN further stated that clear thresholds should be used for
determining significance in order to balance and improve significance evaluations.
[616] In response, Shell stated that in the absence of frameworks under LARP, no applicable
thresholds for assessing the effects of the Project are mandated by government policy or
regulation.
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Ecological Context
[617] The Project footprint is immediately adjacent to a number of other existing and approved
oil sands mines, including Shell MRM, Syncrude Aurora North, Syncrude Aurora South,
FHOSP, and Imperial KOSP.
[618] OSEC and FMMFN #468 said that Shell should have included ecological context in its
assessment of significance. FMMFN #468 said that Shell had not appropriately considered
ecological context in its methodology. OSEC said that the true ecological context that Shell
should have used was an LSA and RSA that has been and would be further adversely affected by
industrial development, particularly given that Shell had stated that the LSA would be
completely disturbed during the life of the Project, with the exception of the 500 m buffer.
[619] Shell said that it did look at the ecological context by looking at best available knowledge
pertaining to each species, such as population trajectories and amount of habitat remaining near
the study area. Shell indicated that it did a wider search for available data at the provincial or
national level if that data was not available for the vicinity of the study area.
Analysis and Findings
[620] The Panel notes that Shell often considered Project effects in terms of the effect on the
RSA, whereas the Panel is of the opinion that the significance of project effects needs to be
considered at the LSA and RSA scales.
[621] The Panel notes that Shell originally chose the RSA to encompass both the PRM and the
Project, but that Shell did not change the RSA size even after it assessed PRM and the Project
separately. The Panel believes Shell’s RSA size is inappropriate for the Project alone. The large
proportional difference in the ratio of the LSA to RSA causes a “dilution effect”, whereby the
effects of the Project essentially get lost in the very large RSA, making it difficult to determine
the significance of effects (e.g., loss of wildlife habitat) of the Project on the RSA. The Panel
also finds that this dilution factor is problematic when using Shell’s determination of significant
project effects, and therefore the Panel was unable to rely on Shell’s determinations of
significance.
[622] The Panel finds it noteworthy that Shell did not appear to use any of the available
thresholds when it made its determination of significance for effects on wildlife (e.g., TEMF,
Fort McMurray IRP, or thresholds used in the ERCB Decision 2011-005). Instead, Shell based
decisions largely on professional judgment and, in some cases, on information on specific
species trends at a broader scale (RSA, provincial, or greater). The Panel believes that had Shell
used some of the available thresholds, it would likely have determined that some effects related
to wildlife habitat loss were significant and adverse.
[623] The Panel acknowledges that the Cumulative Effects Practitioner’s Guide states that the
assessment of cumulative effects is often hindered by a lack of thresholds, particularly for
terrestrial components of ecosystems. The Panel notes that the Guide advises that in the absence
of defined thresholds, the practitioner can: 1) suggest an appropriate threshold; 2) consult various
stakeholders, government agencies, and technical experts (best done through an interactive
process such as workshops); or 3) acknowledge that there is no threshold, determine the residual
effect and its significance, and let the reviewing authority decide if a threshold is exceeded.
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[624] The Panel believes that Shell’s rationale for deciding what constitutes a significant effect
is unclear and largely based on professional judgment, not on existing thresholds from guidance
documents and scientific literature. The Panel notes that Shell has stated there was a lack of
clear, established thresholds for terrestrial resources, and therefore it appears that Shell has
decided to take the third option described in the Guide as stated above. The Panel will therefore
determine which thresholds are appropriate for assessing the significance of project effects.
[625] The Panel believes that when addressing uncertainty, conclusions should be made
conservatively, employing the precautionary principle where appropriate. CEAA, 2012 includes a
requirement to ensure that designated projects are considered in a careful and precautionary
manner to avoid significant adverse effects. Consequently, where there is an absence of
agreement on appropriate thresholds for assessing the significance of project effects, the Panel
will use the 20 per cent loss threshold adopted by the Joslyn North Mine project JRP and
recommended in the TEMF for assessing the potential significance of habitat loss.
[626] Although the Panel used the 20 per cent loss threshold as a general guide when making
decisions about significance, the Panel recognizes that the overly large size of the RSA makes it
difficult to base such decisions solely on the numerical and other predictions for the RSA
provided by Shell given its methods.
[627] The Panel notes that the Agency’s Guide to Determining Whether a Project is Likely to
Cause Significant Adverse Environmental Effects (November 1994) advises that ecological
context of the area to be developed should be considered as a criterion for determining whether a
project has significant effects. Specifically, the Guide states that, “The adverse environmental
effects of projects may be significant if they occur in areas or regions that have already been
adversely affected by human activities, and/or are ecologically fragile and have little resilience to
imposed stresses.”
[628] Although Shell maintained that it did consider ecological context, the Panel believes that
Shell’s use of ecological context was not consistent with the approach outlined in the Agency’s
guidance because it did not explicitly discuss the effects of existing and approved projects
immediately adjacent to the proposed Project, nor did it address the fragility of the area to be
affected (e.g., lenticular patterned fen). The Panel is of the view that had Shell appropriately
considered the ecological context of the Project, it would have recognized that the Project occurs
in an area already adversely affected by human activities given that the Project footprint is nearly
surrounded by numerous existing and approved oil sands operations, including Shell’s MRM and
JPM Phase 1 mines, Syncrude’s Aurora North and South mines, FHOSP, and Imperial’s KOSP.
[629] Although a number of other mine projects are close or directly adjacent to the Project’s
footprint, Shell did not consider these mines to be contributing to effects on terrestrial resources
at the LSA scale and considered them only at the RSA scale in the cumulative effects context.
The Panel also finds that the 500 m buffer around the Project footprint used by Shell to define
the LSA is not particularly useful and only further confuses the interpretation of local project
effects. By adding a 500 m buffer to the Project footprint to define the LSA, Shell gives the
impression that an area around the Project footprint will be undisturbed during operations.
However, the Panel understands that the Project shares boundaries with other oil sands projects
and that the 500 m buffer includes lands that are not on Shell’s lease. Hence the lands in the
buffer may be developed in the future and not maintained intact (e.g., wetlands or old-growth)
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for wildlife habitat. This lack of clarity about the role of the LSA buffer during Project
operations has increased the Panel’s difficulty in interpreting and assessing the effects on
terrestrial resources.
[630] The Panel believes that the way in which Shell defined the LSA to include both the
approved JPM Phase 1 mine and the Project footprint makes it difficult to assess the effects of
the Project alone at the LSA level. For example, the results presented by Shell propose a 40 per
cent loss of old-growth forest from the Project. However, given that the remainder of the LSA is
made up of the Phase 1 mine site, plus a 500 m buffer that is not intended to be protected from
development, it is unlikely that the other 60 per cent of old-growth forest in the LSA will be
maintained. The proposition that only 40 per cent of old-growth will be destroyed is not a
reasonable interpretation of Shell’s information. Another example is provided by table 4.3-1 of
appendix 1 in Shell’s May 2012 submission, which indicates that 12 613 ha of wetlands will be
directly and indirectly lost or altered by the expansion and Phase 1 projects but does not indicate
how many hectares are attributed to each project.
[631] The Panel believes that Shell’s methods for determining effects of the Project and
cumulative effects on wildlife habitat are problematic given Shell’s reliance on Landsat data, the
lack of measures of uncertainty, and the size of the RSA. The Panel believes that the
interpretation of local project effects is flawed given the size and configuration of the LSA and
its buffer. The Panel further believes that Shell’s determination of significance of effects on
wildlife habitat is unclear due to the overuse of professional judgment, its failure to use existing
thresholds, and the lack of ecological context. As such, the Panel relied on the evidence provided
and tested and employed its own analysis to make determinations regarding significance of
Project and cumulative effects on terrestrial resources. When evaluating Shell’s predictions for
significance, the Panel took into account Shell’s numerical prediction, the RSA dilution factor,
and the potential uncertainty around the prediction.
EFFECTS ON WETLANDS
Project Effects
Evidence
[632] Shell stated that 47 per cent of the land cover in the LSA is wetlands. Shell’s plans
propose removing all wetlands in the proposed development area. According to Shell, from base
case to application case, 12 613 ha of wetlands (91 per cent of the resource) will be lost or
altered due to land clearing and the indirect effects of groundwater drawdown, leaving 1282 ha
of wetlands at closure. Of the 12 613 ha of wetlands that will be lost, 85 per cent are peatlands
(i.e., bogs and fens). Shell stated that it would reclaim 3618 ha of wetlands post-closure, but
confirmed that peatlands cannot be reclaimed.
[633] Shell noted the presence of a large lenticular patterned fen (642 ha) in the northeast corner
of the Project area and stated that 16 per cent of it would be directly affected by mine clearing
and the remaining 84 per cent by drawdown. Shell stated that the fen contains a special plant
community, and is the only known community of its kind in the RSA. Both Shell and Imperial
identified this fen as a special plant community KIR due to its unique landform characteristics.
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[634] According to OSEC, wetlands provide several key ecological services and special
functions including the accumulation of carbon (sequestration), the slowing of water runoff
allowing for longer time intervals for groundwater recharge, and the moderation of storm water
runoff and attenuation of flood pulses. OSEC also maintained that wetlands are important for the
maintenance of water quality, and that the natural microbe communities of wetlands can
transform, sequester, bind, and isolate many undesirable materials (e.g., contaminants) from the
water column, thereby purifying the water. OSEC emphasized that wetlands are also
disproportionately valuable for wildlife, concentrating insects, fish, birds, and mammals in
closely linked food chains. According to OSEC, the Project is not in the public interest because
losses of wetland habitat would translate into significant effects on wildlife and on several
species at risk and migratory birds.
[635] EC stated that loss of peatlands and limitations on reclamation are among its primary
issues and concerns. EC recommended that Shell experiment with peatland reclamation and
report on successes and challenges. EC expressed particular concern regarding the loss of the
unique lenticular patterned fen, indicating that the graminoid fen matrix may provide suitable
habitat for several federally listed species, including yellow rail. EC recommended that Shell
identify and implement measures that avoid the effects of drawdown on the lenticular patterned
fen and, in particular, on yellow rail habitat during Project construction and operations.
[636] Shell outlined potential mitigation measures that could minimize drawdown effects on
the fen, including establishing a mine setback or constructing an engineered mitigation such as a
barrier and pumping system designed to mimic natural water levels and flows in the fen. Shell
stated that it did not propose specific mitigation to avoid drawdown effects on the lenticular
patterned fen during construction and operations, but confirmed that it has already committed to
monitoring the fen as part of its wetland monitoring program. Shell discounted the mine setback
option as it would sterilize bitumen in the northern part of the mine. During the SIR process,
Shell discounted the engineered mitigation method based on suggestions by third-party experts
that success of such measures would be low due to a lack of understanding of the complex
relationship between natural water levels and flow in the fen. Shell acknowledged that FHEC
was developing strategies to minimize effects of its operation on the McClelland Lake Fen, but
Shell did not believe that this strategy can be applied to the lenticular patterned fen.
[637] Shell stated that the reclaimed landscape would include a greater proportion of upland
habitat and open water compared with predisturbance levels of wetlands. As a result, Shell stated
that there would be more habitat area for some species (i.e., those that prefer uplands) and less
for others, particularly wetland-dependent species. However, Shell said that wildlife that
dependent on wetlands would have ample habitat in the RSA and that habitat loss in the LSA
should not be a significant issue. While EC agreed with Shell’s conclusion that the Project would
not likely cause a significant adverse effect on habitat availability for species at risk at the scale
of the RSA, it accorded this to the difficulty of assessing LSA effects within the large size of the
RSA given that local project effects become diluted and are thus unlikely to be considered
significant on their own at the regional scale.
[638] EC and OSEC both stated that reclamation of peatland habitats is not currently possible
in the mineable oil sands region or will be limited by landform topography in the final reclaimed
landscape, resulting in permanent habitat loss for species that occupy peatland habitats. EC
stated that because peatlands cannot be reclaimed, the reclaimed landscape would shift from a
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lowland-dominated ecosystem before development to an upland-dominated ecosystem after
closure, resulting in a shift in the wildlife community. ACFN also expressed concern about the
permanent loss of most of the wetlands in the LSA and the availability of habitat for wetlanddependent species. EC further stated that effects on wetland-dependent species such as the
yellow rail may be permanent given the limitations in reclaiming peatland habitat. EC submitted
that effects would be likely in the LSA and that they need to be mitigated based in part on the
requirements of SARA. EC suggested that in the event that Shell’s proposed mitigation measures
cannot reduce the loss of habitat, measures such as conservation allowances may be considered
to mitigate the residual effects of the Project on habitat loss for species at risk and migratory
birds, especially those that use wetlands (e.g., yellow rail, horned grebe, and rusty blackbird).
ACFN recommended that the Panel set approval conditions to address the re-establishment of
diverse habitats similar to those that existed before disturbance, including monitoring to
demonstrate the progress in achieving these habitats and the use of the reclaimed land by wildlife
and fish species.
[639] OSEC, EC, and ACFN said that Shell should implement conservation allowances (also
referred to as habitat offsets) to compensate for the loss of wetland habitat in the LSA. OSEC
asserted that despite irreversible loss of peatlands and loss of habitat for numerous species at
risk, and despite EC’s observation that Shell had not provided enough mitigation for these
effects, Shell had refused to consider conservation offsets. OSEC recommended that Shell
implement an offset mitigation strategy in which Shell would restore degraded wetlands or
purchase and conserve existing wetlands that would otherwise be degraded or destroyed. OSEC
said that the Panel should require that the Project follow the guidelines in Alberta’s current
wetland policy for the White Area (the settled portion of Alberta): a requirement of a 3:1 ratio
for replacement wetland area to disturbed wetland area. EC recommended that Shell refer to the
design criteria outlined in EC’s Operational Framework for Use of Conservation Allowances.
[640] Shell stated that it did consider offsets but rejected them on the basis that they were not
required as part of its mitigation because the effects of wetland habitat loss on wildlife would not
be significant, with the exception of effects on woodland caribou. Shell further stated that the
Project, independently, would not likely result in any significant adverse effects, and therefore
project-specific offsets were not necessary. Shell also indicated that it looks to the Government
of Alberta for direction on the need for and use of conservation offsets but that the use of such
offsets is not required under current policy guidance such as the LARP.
[641] Shell acknowledged that peatlands cannot be reclaimed but said that loss of wetlands will
be mitigated through reclamation and availability of wetlands in the RSA. Shell stated that it
would construct large wetlands according to the Guideline for Wetland Establishment on
Reclaimed Oil Sands (CEMA 2007) that would provide a number of important functions in the
closure landscape, including habitat provision, run-off flow attenuation, biodegradation, and
sediment capture. Shell stated that its wetland reclamation plans include strategies considering
succession and sustainability of wetland ecosystems, and as such, Shell proposed that specific
areas such as depressional landscapes and areas surrounding closure drainage features would be
revegetated with wetland species. Shell indicated that it would expect these areas to evolve into
wetland in 10 to 30 years. Shell stated that loss of wetlands is not irreversible. Shell also stated
that it is currently providing funding and participating in studies spearheaded by Syncrude and
Suncor to construct peatlands on reclaimed mine areas.
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[642] According to OSEC, site clearing and groundwater drawdown significantly change soil
salinity and hydrology. OSEC further stated that the best reclaimed wetlands on process-affected
oil sands mining sites to date are salt marshes that are low in species biodiversity compared with
the freshwater peat wetlands, which predominate in the predisturbance landscape. OSEC
provided a journal article by Rooney et al in which the authors assert that peat wetlands
destroyed by open pit mining will not be replaced given the constraints imposed by the postmining landscape (greater topographic variation and large elevated landforms) and the sensitivity
of peatland vegetation to high conductivity and ion concentration of the salt, metals, and
naphthenic acids present in the post-mining landscape. OSEC also said that the closure landscape
would have an increased susceptibility to forest fires due to a drier landscape caused by a loss of
peatlands and increase in uplands.
[643] The NSFMFM and Clearwater Band expressed concern that the removal of peatland
would result in a drier environment and warmer water temperatures due to the loss of the cooling
effect of slowly thawing peat. The NSFMFM and Clearwater Band believed that warmer water
would have an adverse effect on aquatic life.
Analysis and Findings
[644] The Panel notes that wetlands are the dominant landcover type in the LSA, that a large
proportion of the wetlands are peatlands (85 per cent), and that the Project will affect 91 per cent
of wetlands in the LSA. The Panel is aware that there is currently little evidence that peatlands
can be successfully reclaimed.
[645] The Panel makes particular note of the loss of the lenticular fen in the northeast corner of
the LSA given its high biodiversity value and its uniqueness in the RSA. The Panel accepts that
Shell has explored means to mitigate dewatering of the lenticular fen, but it also understands that
work may be ongoing elsewhere in the oil sands region may offer potential alternative mitigation
measures. The Panel believes that Shell should continue to explore these options.
[646] The Panel recognizes the concerns of interested parties about the irreversible loss of
peatlands and the lenticular fen, given the essential ecosystem services provided by these
habitats.
[647] The Panel believes that the clearing of the Project area will result in substantial loss of
wetlands and particularly peatlands and this will result in a landscape shift from a predominantly
wet, lowlands-dominated ecosystem before disturbance to a drier, uplands-dominated ecosystem
after Project closure. The Panel notes that the lack of mitigation measures proposed by Shell that
have been shown to be effective and the inability to reclaim wetland habitats to their former
ecosystem function and biodiversity contribute significantly to this outcome. Particularly
concerning to the Panel is the complete and irreversible loss of the lenticular patterned fen, a
land-cover type found in the LSA and nowhere else in the RSA.
[648] The Panel also understands that wetlands provide habitat for a large number of species at
risk and migratory birds, and as such, the loss of wetlands will result in habitat loss for many of
these species, particularly the yellow rail, but also the horned grebe and rusty blackbird. The
Panel notes Shell’s assertion that habitat in the RSA will provide sufficient mitigation for
wildlife habitat loss in the LSA; however, the Panel does not believe that Shell has provided
evidence to support its view that habitat in the RSA is well below carrying capacity and will
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effectively mitigate the loss as discussed in the Effects on Wildlife and Their Habitat section.
Also, as discussed in the Methods Used to Assess Effects on Terrestrial Resources section, the
Panel notes that Shell’s projections of available wetlands in the RSA are subject to a fair degree
of uncertainty, and Shell’s determinations of significance for project effects are based on the
relative amount of wetlands and peatlands in the RSA, and involves a large dilution factor due to
the size of the RSA.
[649] The Panel acknowledges that Shell has committed to
•

reclaiming wetlands on depressional landscapes and areas surrounding closure drainage
features,

•

reclaiming wetlands according to the Guidelines for Wetland Establishment on Reclaimed
Oil Sands (CEMA 2007), and

•

continuing participation in peatland reclamation research on disturbed oil sands mining lands
and continuing reporting its progress in annual environmental performance reports.

[650] The Panel recommends that the Governments of Canada and Alberta ensure that Shell
meets its commitments related to reclamation of wetlands, continues to research peatland
reclamation strategies, and updates its reclamation plans accordingly.
[651] The Panel is also concerned that loss of peatlands may negatively affect species at risk,
and as outlined in the SARA-CEAA guide (EC and PCA 2010), the obligation to identify and
mitigate adverse effects on listed wildlife species is independent of the likely significance of the
adverse effects. The Panel is of the opinion that Shell has not proposed mitigative actions for
wetland habitat loss that will mitigate effects on SARA-listed species.
[652] Based on the criteria provided in the Agency’s guide, Determining Whether a Project is
Likely to Cause Significant Environmental Effects (November 1994), the Panel used the
following approach to determine the significance of project effects on wetland habitat in the
LSA:
•

The likelihood of the loss of wetlands in the LSA is likely—the Project footprint will be
cleared and post-reclamation landscape will not be the same as base case.

•

The magnitude will be high—given a 10 000 ha loss of wetlands, 85 per cent of which are
peatlands that cannot be reclaimed.

•

The geographic extent is regional—given that the lenticular fen in the LSA is the only one in
the RSA. Furthermore, the effects of drawdown as a result of the Project will extend beyond
the LSA, as will the potential effects on the greater ecosystem of the oil sands region, such as
increased forest fire risk and loss of wildlife habitat for species that range broadly throughout
the RSA.

•

The duration is long-term—given that the time frame for wetlands to return to their former
biodiversity and function is more than 80 years and peatland restoration has not been
demonstrated for oil sands projects.

•

The effects are largely irreversible—given that there is no evidence that peatlands can be
successfully reclaimed.
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•

The ecological context of the oil sands region where the Project is taking place has already
been adversely affected by human activities, and some wetlands are particularly fragile given
their inability to be reclaimed (e.g., lenticular fen). The Project footprint is immediately
adjacent to other existing and approved oil sands mines (e.g., Shell Muskeg River, Syncrude
Aurora North, and Imperial Kearl Lake).

[653] Given the aforementioned analysis, the loss of more than 20 per cent of the wetland
resource, the inability to reclaim peatlands, and the effects on species at risk and migratory birds
(as discussed in the Effects on Wildlife and Their Habitat section), the Panel finds a significant
adverse project effect on wetlands (namely peatlands) in the LSA.
[654] The Panel expects Shell to comply with the new Alberta wetland policy currently under
development and highlighted in LARP when finalized and implemented. The Panel understands
that this policy will include a variety of wetland management tools, such as an offset program
that seeks to counterbalance the loss of wetlands where adverse effects are unavoidable. The
Panel also recommends to ESRD that Shell be required to fully comply with the LARP
biodiversity management framework once complete.
[655] The Panel understands that few options are available for avoiding or minimizing the
adverse effects of clearing large areas to allow surface mining of bitumen. Minimizing adverse
effects may be difficult or impractical in the context of a large mine because it generally requires
sterilization of bitumen resources, or it may impose too many constraints that impact the
operation of the mine in a safe, efficient, and economical manner. However, the Panel is
concerned about the lack of mitigation shown to be effective for the loss of peatlands and
believes that without additional mitigation, significant adverse effects will occur.
[656] The Panel is also concerned about the lack of mitigation shown to be effective with
respect to species at risk, as wetlands are a biodiversity hotspot for species at risk. Under section
73 of SARA there is a requirement to mitigate any effects on species at risk and their habitat. The
Panel believes that well-chosen conservation offsets (or allowances) provide a potentially viable
mechanism for mitigating the Project’s effects on wetlands and species at risk without sterilizing
bitumen resources or adversely affecting mine operation. The Panel notes that conservation
offsets are the primary means by which Shell proposes to mitigate for adverse project effects on
fish habitat under the federal Fisheries Act.
[657] The Panel acknowledges Shell’s argument that the LARP and other regulations and
policies of the Government of Alberta do not currently mandate the use of conservation offsets in
the oil sands region. However, the use of conservation offsets is contemplated under division 4
of part 3 of Alberta Land Stewardship Act (ALSA), the biodiversity management framework
being developed under LARP, and the new wetlands policy being developed by the Government
of Alberta. The implementation dates for these initiatives is uncertain, although Alberta has
indicated in LARP that it will complete the biodiversity management framework by the end of
2013.
[658] The Panel notes that in addition to their use under the Fisheries Act, opportunities for the
consideration of conservation allowances may arise through other federal processes administered
under the MBCA, the SARA, the Canadian Wildlife Act (CWA), and CEAA, 2012 that could allow
EC to consider a proposal for conservation allowances as a means of mitigating residual
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environmental effects. The Panel is also aware that EC has established an Operational
Framework for Use of Conservation Allowances.
[659] The Panel recognizes that the use of conservation offsets is a complex issue and the
availability, location, effectiveness, and cost of offsets are all matters that need to be considered.
In the absence of specific direction from governments on when and where conservation offsets
are required, it is not surprising that project proponents are reluctant to commit to the use of
them. However, given that there are few options available for avoiding or minimizing the
adverse effects resulting from large surface mines, conservation offsets should be considered.
The Panel recommends that before other provincial and federal approvals are issued, the
Governments of Canada and Alberta cooperatively consider the need for conservation offsets to
address the likely significant adverse effects of the Project on wetlands and species at risk. In
considering the need for conservation offsets, Alberta and Canada should have regard for their
proposed environmental objectives for the Athabasca oil sands region and current and proposed
policy framework, including the proposed biodiversity management framework under the LARP,
Alberta’s proposed new wetlands policy, and EC’s Operational Framework for Use of
Conservation Allowances.
[660] The Panel expects Shell to continue researching potential peatland reclamation strategies.
[661] The Panel requires that Shell uses all necessary strategies, including watershed design,
landscape contouring, and succession and revegetation planning to ensure the specified areas
evolve into wetlands after closure.
[662] The Panel requires Shell to provide a report on the status of all stages of wetland
reclamation on Phase 1 and the Project as part of its annual closure and reclamation report. The
Panel also requires Shell to report any findings that makes or is aware of related to wetland
reclamation research on disturbed oil sands mine sites.
Cumulative Effects
Evidence
[663] According to Shell, wetlands make up the largest portion of land cover types in the RSA
(1 015 270 ha, almost 50 per cent). From PIC to application case, Shell said that it estimated that
126 531 ha (12 per cent) of wetlands will be lost or altered in the RSA before reclamation due to
direct and indirect effects. Shell estimated that 119 532 ha (12 per cent) of wetlands in the RSA
will be lost after reclamation.
[664] Shell predicted that from PIC to PDC, an estimated 185 872 ha (18 per cent) of wetlands
will be lost or altered in the RSA before reclamation. Shell also predicted that 123 298 ha (12 per
cent) will be lost after reclamation.
[665] Shell said that the effects of cumulative habitat loss on many species at risk and
migratory birds in the application case will have a high negative environmental consequence
when compared with the PIC. However, Shell maintained that wetlands, including peatlands, will
remain abundant in the RSA and wildlife that depend on wetlands will have extensive alternative
habitat available. Shell therefore concluded that the Project will not have significant adverse
cumulative effects on wetlands or peatlands in the RSA.
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[666] EC agreed with Shell that the effects of cumulative habitat loss on many species at risk
and migratory birds for the application case and PDC have a high negative environmental
consequence when compared with the PIC. EC stated that a number of studies and analyses,
including Shell’s cumulative effects analysis, have demonstrated high levels of existing and
potential future habitat loss and possible adverse effects on species at risk and migratory birds in
the region. EC stated that given that reclamation of peatland habitats is not currently possible in
the oil sands region, the end result will be permanent habitat loss for species that occupy
peatlands. EC indicated that the reclaimed landscape will shift from a lowland-dominated
ecosystem before development to an upland-dominated ecosystem after closure, resulting in a
shift in the wildlife community.
[667] EC stated that habitat loss has been identified as an important factor contributing to
population declines of many species at risk and migratory birds in the oil sands region. EC
cautioned that effects on wetland-dependent species such as the yellow rail may be permanent
given the limitations in reclaiming peatland habitat. EC stated that given the potential for
cumulative habitat loss in the RSA for several species at risk and migratory birds, efforts should
be made to implement EC’s full suite of mitigations for project effects on wetland habitats,
including avoiding, minimizing, and compensating for project effects. Specifically, in the event
that proposed measures cannot mitigate direct and indirect habitat loss for species at risk and
migratory birds, EC proposed that Shell should consider the use of conservation allowances.
[668] OSEC maintained that the cumulative effects of the Project on northeastern Alberta’s air,
land, and water systems exceed science-based limits or thresholds causing irreversible harm to
the region. In particular, OSEC stated that the Project will result in significant adverse
cumulative effects on wetlands. OSEC said that the application case on its own will likely result
in unacceptably high, adverse regional cumulative effects on wetlands, and hence should cause
the Panel to reject the Project. OSEC also advised that figures given by Shell for reclamation of
wetlands in the RSA (12 per cent at closure for the PIC to application case) appeared optimistic
given that biodiversity of reclaimed wetlands will not be as high as in the PIC and given that it
expected conditions to be drier.
[669] OSEC suggested that even if reclamation succeeds in reducing areal wetland loss, the
Panel should proceed with a realistic assumption that the biodiversity value of the landscape will
be significantly less given the sensitivity of wetland vegetation to high conductivity and ion
concentration of the salt, metals, and naphthenic acids present in the post-mining landscape.
OSEC also maintained that loss of wetlands will increase the incidence of forest fires and
thereby decrease average forest age. OSEC presented evidence from Rooney et al (2012) that
explained that by replacing peatlands primarily with forested uplands, a system will be created
that will be dominated by plants that accumulate much less carbon in the soil, thereby reducing
carbon sequestration capacity of the ecosystem.
[670] OSEC maintained that if the Project were approved, it was essential that conservation
offsets be required to ensure peatland resources are conserved elsewhere. OSEC identified a
Wetland – Policy Intent draft released by the Government of Alberta in October 2010 which
stated that the policy would promote avoidance of negative impacts on wetlands as the primary
and preferred response, minimization of negative impacts on wetlands where avoidance is not
possible, and as a last resort and where avoidance and minimization efforts are not feasible or
prove ineffective, compensation is required. OSEC proposed that the uncompensated loss of
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wetlands in the RSA associated with the application case is at odds with this policy direction and
the expectations of Albertans. OSEC stated that it believed that the Project was not in the public
interest due to the increased loss of wetlands associated with the Project and the direction of
Alberta’s draft wetland policy.
[671] ACFN said that the Project was just one of many projects that would lead to the
destruction and loss of natural wetlands in the region. ACFN emphasized that boreal wetlands
provide critical habitat for many important wildlife species and, consequently, that wetlands in
the oil sands region were indelibly linked to the traditional way of life. ACFN expressed
particular concern about the effects on fens in the MLWC located on the northeast border of the
Project given that First Nations people gather traditional plants in the wetlands for medicinal use.
ACFN also stated that the MLWC includes several environmentally significant features,
including the McClelland Lake Fen, McClelland Lake, and the McClelland Lake Sinkholes, and
that the Project would affect more than 2000 ha of a potential 2500 ha of adjacent fen wetlands.
ACFN said that Shell did not propose alternative mitigation to protect the wetland complex
despite efforts by other oil sands companies (e.g., FHEC) to reduce dewatering of the lenticular
fen. As such, ACFN stated that this Project would produce irreversible, adverse cumulative
environmental effects that threaten the ecological integrity of the MLWC.
Analysis and Findings
[672] The Panel acknowledges the evidence that cumulative effects on wetlands at both the
application case and PDC scenario could greatly limit available wetland habitat in the RSA. The
Panel recognizes that there is no evidence that peatlands can be reclaimed at this time, hence fens
and other peatlands will not be reclaimed after closure, resulting in irreversible changes to the
ecosystem in the RSA. The Panel acknowledges the position of interested parties that cumulative
effects of site clearing and groundwater drawdown of proposed projects will significantly change
soil salinity and hydrology, resulting in lowered biodiversity value of the landscape and potential
effects on forest fires and forest age. The Panel recognizes that projections of available wetland
habitat in the RSA are subject to uncertainty (±20 per cent), making it difficult to rely solely on
Shell’s predictions.
[673] The Panel notes that the 12 per cent loss of wetlands from the PIC to the application case
will remain at 12 per cent after reclamation, indicating no reclamation of these wetlands (i.e.,
peatlands). The Panel notes that the loss of wetlands from PIC to PDC is 18 per cent, but 12 per
cent after reclamation, indicating the potential for some reclamation of certain types of wetlands.
The Panel also recognizes that the PDC scenario post-reclamation is a rough estimate of far
future conditions.
[674] Of particular concern to the Panel is the loss of the 642-ha rare lenticular patterned fen in
the Project footprint, a habitat characterized by a high level of biodiversity and that is found
nowhere else in the RSA.
[675] While ACFN raised concerns about effects on the MLWC, the Panel notes that the
McClelland Lake Fen will not be affected directly or indirectly by the Project, although it may be
affected by other oil sands projects.
[676] The Panel understands that the greatest cumulative effects associated with the loss of
wetlands are likely to be loss of wildlife habitat for species at risk and migratory birds that are
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wetland dependent (discussed further in the Effects on Wildlife and Their Habitat section). In
particular, the Panel notes that the loss of wetland habitat may have considerable effects on the
SARA-listed yellow rail. According to the SARA Management Plan for yellow rail, the main
threat is habitat loss from development.
[677] The Panel acknowledges that Shell has said that there is ample wetland habitat in the
RSA. However, the Panel is of the opinion that Shell has not shown that the remaining wetland
habitat in the RSA will be sufficient for species at risk and migratory birds.
[678] The Panel recognizes the need to mitigate the loss of wetland habitat in the RSA
(especially peatlands). The Panel acknowledges the view of interested parties who said that
Shell’s mitigations for wetland habitat loss are insufficient and that conservation offsets should
be considered.
[679] The Panel notes that the Agency’s Cumulative Effects Practitioner’s Guide indicates that
regional effects usually cannot be adequately dealt with on a project-by-project review basis. To
properly address this type of cumulative effect, the Panel agrees that regional plans are required
that clearly establish regional thresholds of change against which the specific actions may be
compared. The Panel supports the work of the province in implementing the LARP and in
developing the proposed LARP biodiversity management framework and the wetlands policy as
discussed in the Regional Effects section.
[680] The Panel notes that the inability to reclaim peatlands and the lack of measures proposed
by Shell that are proven to be effective to mitigate effects on species at risk and migratory birds
further exacerbates the issue. In particular, the Panel is concerned about the loss of habitat for
wetland-dependent species at risk and migratory birds as a result of both the application case and
the PDC scenario.
[681] The Panel notes that compounding the issue is the level of uncertainty (±20 per cent) in
the amount of wetlands that will be lost in the RSA as a result of the application case and PDC
scenarios. The Panel believes that given the level of uncertainty around remaining wetlands, the
many uncertainties associated with potential future development projects and associated
reclamation plans, and the degree to which wetlands can be restored to PIC conditions, the
precautionary principle would suggest that actions need to be taken to mitigate or avoid the loss
of wetlands.
[682] Based on the criteria provided in the Agency’s guide, Determining Whether a Project is
Likely to Cause Significant Environmental Effects (November 1994), the Panel used the
following approach to determine the significance of cumulative effects on wetlands based on the
application case and the PDC:
•

The loss of wetlands in the RSA is likely—the Project footprint (along with numerous other
projects) will be cleared resulting in a permanent loss of peatlands given that current
evidence suggests that these cannot be reclaimed.

•

The magnitude will be high—given a loss of peatlands of 126 531 ha and 185 872 ha
(1265 km2 and 1859 km2) in the application case and PDC, respectively.

•

The geographic extent is regional—affecting the RSA.
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•

The duration is long-term—given that the timeframe to restore wetlands is more than 80
years and peatland restoration is still not demonstrated for oil sands projects.

•

The effects are largely irreversible—given that there is no evidence at this time to suggest
that peatlands can be reclaimed.

•

The ecological context of the oil sands region where the Project is taking place has already
been adversely affected by human activities, and is characterized by a wetland-dominant
landscape with unique vegetation communities that are particularly sensitive to development
(i.e., cannot be reclaimed).

[683] Given the aforementioned points, the overly large size of the RSA, the uncertainty around
Shell’s predictions, the lack of proposed mitigation measures shown to be effective for the loss
of peatlands, the resultant changes to the ecosystem, resulting in a landscape dominated by
upland ecosystems, and the cumulative effects on species at risk and migratory birds as discussed
in the Effects on Wildlife and Their Habitat section, the Panel finds significant adverse
cumulative effects on wetlands (namely peatlands) in the RSA. The Panel notes that although the
cumulative losses of 12 and 18 per cent for the application case and PDC, respectively, are below
the 20 per cent threshold used by the Panel to determine significance, the Panel emphasizes that
had Shell chosen a smaller RSA been chosen or had Shell included the amount of uncertainty
around Shell’s predictions as discussed in the Methods Used to Assess Effects on Terrestrial
Resources section, the amount of wetlands lost would have surpassed 20 per cent in the RSA.
[684] The Panel urges the Government of Alberta to fast track the development of the LARP
biodiversity management framework and the new Alberta wetlands policy to provide guidance
on thresholds for development in the oil sands region that will direct future development of the
Project and other developments.
EFFECTS ON OLD-GROWTH FORESTS
Project Effects
Evidence
[685] According to Shell, the total amount of old-growth forest that will be lost in the LSA is
390 ha, approximately 40 per cent of the resource, but only 0.1 per cent of old-growth forest in
the RSA. Shell said that given the very small percentage of old-growth to be cleared, the
Project's effects on old-growth forests will not be significant.
[686] OSEC stated that virtually the entire LSA will be destroyed during the Project duration,
resulting in the nearly complete loss of important vegetation, particularly old-growth forests.
OSEC said that Shell has not taken into account the increased susceptibility to forest fires in the
post-reclamation landscape, resulting in an underestimation of the loss of old-growth forest
potential. OSEC presented a journal article (Rooney et al 2012) that stated that the loss of
peatlands will mean a shift to a drier forest, and drier forests are more susceptible to fire,
impairing the establishment of old-growth forests.
[687] Shell said that the Project will support the return of old-growth in the future and that the
LSA will not necessarily be more prone to forest fires. Shell also said that if the climate becomes
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wetter as a result of climate change, the frequency of fire will likely decrease. Shell simulated
forest fire risk with model inputs used in the LARP, which it said represented the best available
knowledge. EC suggested that there is a fair amount of uncertainty about the effects of climate
change on precipitation and that it is not known whether the oil sands region will be warmer and
wetter, or warmer and drier.
[688] Shell provided mitigations for loss of old-growth forests that are based on forest
replanting and reclamation, which it estimated would take 100 or more years. ACFN provided
evidence that the vegetation communities that develop in reclamation sites are not comparable to
predisturbance communities. It gave an example from the Suncor site that after 20 years, groundcover composition in reclaimed areas was very different than it was in adjacent forest areas, and
native species were not commonly found. ACFN also noted that wildlife use was higher in
undisturbed areas than in reclaimed areas and that wildlife such as moose and furbearers did not
readily return to reclamation sites. ACFN concluded that in the boreal forest, the similarity
between reclamation sites and natural sites in terms of species composition and cover is very
low.
[689] OSEC put forward that Shell should be required to develop a biodiversity offset
mitigation strategy for old-growth forests at the same ratio that old-growth forests occurred on
the landscape before development.
[690] According to Shell, loss of old-growth forest in the LSA will reduce habitat availability
for some key old-growth-dependent species at risk such as the Canada warbler (loss of 64 per
cent of high-quality and 87 per cent of moderate-quality habitat in the LSA from base case to
application case; refer to the Effects on Wildlife and Their Habitat section), but stated that
existing old-growth forest in the RSA will provide ample habitat.
[691] EC stated that there has already been high habitat loss for some species, such as Canada
warbler, in the RSA, and thus there was no evidence that there would be surplus habitat within
the RSA to support the influx of additional birds. EC stated that the success of reclamation and
recolonization of reclaimed habitats by species at risk and many migratory birds is uncertain and,
for old-growth-dependent species, will take considerable time to achieve. EC said that Shell’s
post-reclamation upland vegetation community will be dominated by jackpine and black spruce
habitats, which have relatively low biodiversity potential (based on Shell’s analysis) and support
relatively few migratory bird species. As such, EC identified a suite of mitigation measures that
will avoid, minimize, and lessen effects of the Project on migratory birds and species at risk;
conservation offsets will be an option if other mitigation measures are considered to be
ineffective (refer to the Effects on Wildlife and Their Habitat section).
[692] EC, OSEC, and ACFN stated that even if species that rely on old-growth forests were
able to recolonize those areas after reclamation, there would be a considerable time lag of
essentially 100 years. ACFN described that mature lichen jackpine forests may take 60 years or
more to develop, and it did not know how long it would take lichen (a key food for caribou) to
develop, or for a blueberry and cranberry understory (for animals and people) to regrow. ACFN
concluded that despite the fact that Shell used 80 years as a benchmark for return of old-growth
forests, it would take longer than 125 years for old-growth forest to return. OSEC contended that
Shell had not provided mitigation for species that rely on habitat in the interim.
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Analysis and Findings
[693] The Panel notes that Shell’s mitigations for loss of old-growth forests are based on forest
replanting and reclamation. The Panel is also aware that interested parties believe that Shell’s
mitigation measures for the loss of old-growth habitat are insufficient and that conservation
offsets, in particular, should be considered. The Panel also recognizes that interested parties have
expressed serious concerns about the loss of old-growth forest in the Project area, particularly
given the length of time needed for reclamation to occur.
[694] The Panel notes that Shell’s mitigation measures have currently not been proven to
restore the complexity of old-growth forests and their associated biodiversity. The Panel has
further concerns given that the timeframe to reproduce old-growth forest ecosystems in the LSA
is over 100 years after closure, which results in a substantial time lag in habitat availability.
[695] The Panel recognizes that old-growth forests provide habitat for a number of species at
risk and many migratory birds, and that clearing of the LSA will result in localized habitat loss
for many of these species. The Panel notes that EC did not support Shell’s assertion that the
negative effects of old-growth habitat loss on wildlife would be minimized by old-growth habitat
availability in the RSA.
[696] Based on the criteria provided in the Agency’s guide, Determining Whether a Project is
Likely to Cause Significant Environmental Effects (November 1994), the Panel used the
following approach to determine the significance of project effects on old-growth forests in the
LSA:
a) The loss of old-growth forest in the LSA is likely—the Project footprint will be cleared and
390 ha of old-growth forest will be removed.
b) The magnitude will be low—given the overall size of the area lost (3.9 km2).
c) The geographic extent is local—given the size of the area, although the effects on wildlife
that have the LSA as part of their habitat may be regional.
d) The duration is long-term—given that the time frame for old-growth forests to return to their
former function and biodiversity (at least 100 years) is greater than Shell’s 80-year closure
timeframe.
e) The effects are potentially reversible in the far future. It may be possible to restore
biodiversity in the long term (100 years post-reclamation); however, the Panel notes that
there is still no evidence in the oil sands region that old-growth forests can be restored to
their former biodiversity and complexity.
f) The ecological context of the oil sands region where the Project is taking place has already
been adversely affected by human activities, and old-growth forests may be particularly
fragile given the time required for restoration. The Project footprint is immediately adjacent
to other existing and approved oil sands mines.
[697] Given the aforementioned points, the uncertainty of proposed reclamation as mitigation,
the time lag to restore old-growth forests to base case conditions, and effects on species at risk
and migratory birds described in this report (refer to the Effects on Wildlife and Their Habitat
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section), the Panel finds project effects on old-growth forest in the LSA are adverse, but not
likely to be significant based on the low magnitude of old-growth forest to be cleared.
[698] While the Panel has determined that the loss of old-growth in the LSA is adverse, but
likely not significant, the Panel is concerned about any habitat loss for species at risk and
migratory birds that occur in the Project area, many of which prefer old-growth habitat
(woodland caribou, common nighthawk, Canada warbler, and black-throated green warbler). The
Panel also notes that section 73 of SARA requires mitigation of any effects to species at risk.
[699] As discussed more extensively in the Effects on Wetlands section, although LARP and
other regulations and policies of the Government of Alberta do not currently mandate the use of
conservation offsets in the oil sands region, given that few options are available for avoiding or
minimizing the adverse effects of large surface mines, the use of conservation offsets may be
necessary. The MBCA, the SARA, the CWA, and CEAA, 2012 all provide opportunities for EC to
consider a proposal for conservation allowances as a means of mitigating residual environmental
effects.
[700] The Panel believes that its recommendation that the Governments of Canada and Alberta
consider conservation offsets to help mitigate project effects on wetlands would also be
appropriate for helping to mitigate project effects on old-growth forests if Alberta or Canada
believed that additional mitigation for effects to old-growth-dependant species at risk and
migratory birds was necessary.
[701] The Panel notes that Shell will be subject to guidelines set out in the future LARP
biodiversity management framework. The Panel recommends that the Government of Alberta
work toward timely completion of the LARP biodiversity management framework and that it
include thresholds for old-growth forest loss to guide the development of future oil sands
projects.
Cumulative Effects
Evidence
[702] Shell estimated old-growth forest potential in the RSA at 356 582 ha in the PIC
decreasing by 60 242 ha (17 per cent of resource in the RSA) in the application case. Shell
predicted an additional loss of 22 061 ha of old-growth forest in the RSA from application case
to PDC (total decrease of 23 per cent).
[703] OSEC stated that the application case on its own would likely result in unacceptably high
adverse cumulative effects on old-growth forests in the RSA. OSEC also indicated that the
significant adverse effects are further increased in the PDC.
[704] Shell’s EIA predicted that a loss of old-growth boreal forest will reduce habitat required
by old-growth specialist species at risk, including Canada warbler (loss of 61 per cent high
quality habitat from PDC to PIC), woodland caribou (loss of 93 per cent moderate quality habitat
from PDC to PIC), and many other boreal migratory birds. OSEC maintained that this loss of
old-growth forest will exacerbate the already significant regionally adverse effects on the Canada
warbler.
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[705] Shell simulated forest fire risk in the RSA based on a model used for the LARP, which
Shell believed provided the best available knowledge. ACFN claimed that Shell may have used
the wrong temporal scale in its predictions for the fire cycle in the RSA (80 years) given that
recent evidence from pollen records suggests that the regional mean fire interval may be as little
as 34 years. As a result, ACFN contended that Shell may have overestimated the amount of oldgrowth currently in the RSA.
[706] OSEC indicated that Shell had underestimated the loss of old-growth forest potential in
the RSA because it had not taken into account the increased susceptibility to fire in the postreclamation landscape. OSEC presented evidence that groundwater drawdown and loss of
peatlands in the RSA will create a drier ecosystem that is more vulnerable to forest fires and
indicated that Shell did not consider this additional risk in its assessment. EC agreed that the
RSA may be at a greater risk of forest fires. OSEC maintained that the Panel should not approve
the Project because of significant adverse cumulative effects on old-growth forest both directly
from clearing of the Project footprint and indirectly through an increase in forest fires resulting
from the loss of wetlands and a drier climate.
[707] Shell responded that the 80-year fire cycle it used was a conservative average fire cycle
intended to account for a wide range of possible old-growth forest amounts within a natural
range of variation in the Alberta-Pacific Forest Industries Inc. forest management area. Shell
further argued that some global climate change models predicted that the climate for this region
will be warmer and wetter in the future, thereby negating any increased forest fire risk.
[708] EC suggested that there was inherent uncertainty in climate models and that it was
difficult to predict with confidence that a wetter environment will prevail, particularly in the
summer months.
Analysis and Findings
[709] The Panel understands that projections of available old-growth habitat in the RSA are
subject to a degree of uncertainty given the use of Landsat imagery as discussed in the Methods
Used to Assess Effects on Terrestrial Resources section. The Panel is also aware that Shell did
not take into account the increased risk of forest fires resulting from a drier upland landscape in
its habitat modelling. The Panel acknowledges that changes in the hydrology of the region as a
result of reclamation and climate change may affect the risk of forest fires, thereby increasing the
uncertainty in Shell’s predictions of old-growth habitat available in the RSA.
[710] The Panel notes that Shell predicted old-growth forest would decrease by 17 per cent in
the RSA from the PIC to the application case. The Panel believes that although the effects of
clearing of old-growth forest are theoretically reversible through carefully managed reclamation,
there is currently no evidence in the oil sands region that the complexity and biodiversity of oldgrowth forests can be restored to preindustrial conditions. The Panel further recognizes that the
extended time lag for reclamation of old-growth forests may preclude recolonization by
preindustrial flora and fauna as some of the species that are currently declining may be extirpated
before habitat can be restored.
[711] The Panel recognizes that old-growth forest habitat has high biodiversity value and that
the loss of this habitat in the RSA will negatively affect wildlife that are old-growth forest
specialists, many of which are species at risk (e.g., Canada warbler and woodland caribou). The
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Panel recognizes that unproven mitigation measures for alleviating effects on old-growth forests
and the species at risk and migratory birds that inhabit them exacerbates the issue, as does the
time lag to recovery. The Panel acknowledges that there are not many options for mitigating oldgrowth forest loss to oil sands mine developments that do not entail the sterilization of bitumen.
[712] The Panel notes that Shell’s EIA is one of the few EIAs in the oil sands region that has
incorporated the effects of natural disturbance (i.e., fire).
[713] The Panel believes that a precautionary approach to the determination of significance of
effects would be to consider Shell’s predicted old-growth forest availability in the RSA as a very
rough guide to what might actually be available, while understanding that the amount of habitat
lost could be greater than that predicted by Shell.
[714] Based on the criteria provided in the Agency’s guide, Determining Whether a Project is
Likely to Cause Significant Environmental Effects (November 1994), the Panel used the
following approach to determine the significance of cumulative effects on loss of old-growth
forest based on the application case and the PDC:
a) The loss of old-growth forest in the RSA is likely—the Project footprint (along with
numerous other projects) will be cleared, resulting in a loss of old-growth forest habitat.
b) The magnitude will be high—given that losses of old-growth forest will be in the tens of
thousands of ha (e.g., loss of 60 242 ha and 82 303 ha in the application case and PDC,
respectively).
c) The geographic extent is regional—affecting old-growth in the RSA.
d) The duration is long-term—given that the timeframe to restore old-growth forest is more
than 100 years.
e) The effects are potentially reversible in the long term. There is currently no evidence to
show that old-growth forests can be restored to preindustrial levels of complexity and
biodiversity in the oil sands region in the timeframe of the Project (40 years of operations
plus 100 years). Furthermore, some species that rely on old-growth habitat are already
declining to extirpation (e.g., woodland caribou).
f) The ecological context of the oil sands region where the Project is taking place has already
been adversely affected by human activities and as such, old-growth forest has already been
affected in the oil sands region (e.g., Shell reports a 16 per cent loss of old-growth in the
RSA at the base case [57 009 ha]).
[715] Given this analysis and recognizing the uncertainty regarding the effectiveness of
proposed mitigation measures, the overly large size of the RSA, the amount of uncertainty in
Shell’s predictions, and the effects on species at risk and migratory birds that are old-growth
specialists, many of which are already at risk, the Panel finds significant adverse cumulative
effects on old-growth forest in the RSA as a result of the application case and the PDC when
compared with the PIC. Although the percentage of old-growth lost is predicted to be less than
20 per cent for the application case, the Panel emphasizes that had Shell chosen a smaller RSA or
had Shell included the amount of uncertainty in Shell’s predictions, the amount of old-growth
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forest that would be lost would likely have surpassed 20 per cent in the RSA. The Panel further
notes a loss of 23 per cent is predicted for the PDC, which surpasses the 20 per cent threshold.
[716] Given the cumulative adverse effects predicted for old-growth forests in the RSA under
the application case and PDC and the importance of old-growth forest for some species at risk,
the Panel urges Alberta to complete and implement the proposed biodiversity management
framework under LARP as soon as possible. The Panel recommends to the Government of
Alberta that to the extent possible the biodiversity management framework should provide clear
direction on the management objectives for old-growth forests in the Lower Athabasca planning
region, identify acceptable levels of disturbance (thresholds) for different areas of the region that
reflect the permitted land uses and management objectives for those areas, and provide specific
direction on the role of conservation offsets within the planning region.
[717] The Panel’s recommendation regarding the consideration of the need for conservation
offsets by Canada and Alberta as discussed in other sections of this report would also help
mitigate effects on old-growth forests. The effects on old-growth forests should be considered in
any determination of offsets.
[718] The Panel recommends that the Governments of Canada and Alberta ensure that the best
available research and development is used to improve reclamation of old-growth forest habitat
in the oil sands region in order to provide this habitat as soon as possible.
EFFECTS ON TRADITIONAL PLANT POTENTIAL AREAS
Project Effects
Evidence
[719] Shell stated that it relied on several studies from past projects and on TLU studies that
were available in 2007 to identify traditional plants used in the oil sands region. Shell explained
that it drew from these reports a list of the relevant species in the oil sands region and determined
their uses and use ranking. Shell explained that most of the information in these reports was
relevant to Fort McKay, and it assumed that other Aboriginal groups had similar uses.
[720] Shell stated that it had not completed any field surveys specifically to locate and
document the abundance and distribution of traditional plant species within the LSA. Shell stated
that it did record occurrences of traditional plants when noted in the field.
[721] Shell stated that it established a traditional plant species score for the high-, moderate-,
and low-ranked ecosite phases and wetland types within the LSA and RSA using the list of
traditional plants and their abundance in each ecosite phase and wetland type. Shell provided
maps of the high, moderate, and low traditional plant potential in the LSA and RSA. Shell
explained that it obtained the ecosite phases and wetland types from the AVI for the LSA and
from remote sensing/Landsat in the RSA. Shell explained that it did not assess the effects of the
Project on the abundance of traditional plants directly but assessed the effects of the Project on
areas that had the potential to support traditional plants.
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[722] Shell stated that during construction and operations, the Project will alter 4584 ha (77 per
cent) of the high traditional use plant potential in the LSA, which will have a negative, moderate
environmental consequence. It said that the Project will also alter 8481 ha (92 per cent) of the
moderate traditional plant potential and 10 129 ha (70 per cent) of the low traditional use plant
potential.
[723] Shell stated that in the RSA, due to direct and indirect effects, the Project will alter
5749 ha of the high traditional plant potential, 9623 ha of the moderate traditional plant potential,
and 10 591 ha of the low traditional plant potential. Shell noted that the amount of disturbance
associated with each category of traditional plant potential represented less than 1 per cent of the
RSA. Shell determined that because less than 1 per cent of the high and medium rare plant
potential in the RSA would be affected by the Project, the effects were not significant. The Panel
refers the reader to the Effects on Biodiversity section for more information.
[724] At closure, from the base case to the application case in the LSA, Shell predicted that the
high traditional use plant potential areas would decrease by 7 per cent (424 ha) and the moderate
traditional use plant potential areas by 52 per cent (4733 ha). Shell stated that the low traditional
use plant potential areas will increase by 36 per cent. Shell indicated that its evaluation of
residual disturbance takes into consideration reclamation measures.
[725] Shell indicated that when possible, the terrestrial portion of the land will be reclaimed by
direct placement of subsoil and topsoil on a newly-prepared landscape. Shell stated that after the
seeds in the topsoil have germinated and established, more trees and shrubs may be planted in
order to achieve the ecosites described in Shell's reclamation and closure plan. The Panel refers
the reader to the Reclamation section for more information.
[726] Shell indicated that it designed its planting prescriptions for reclamation to provide a
range of ecosite phases that should support a variety of traditional land end uses. Shell indicated
that the planting prescriptions included species that are highly used by First Nations, such as
blueberry, cranberry, rose, bearberry, white spruce, black spruce, and poplar. Shell planned to
use other species in the planting prescriptions to provide habitat for wildlife species identified in
traditional ecological knowledge (TEK) and TLU studies.
[727] ACFN stated that the number of plant species that the revised reclamation guidelines
(CEMA 2009) recommended to indicate revegetation success was two orders of magnitude fewer
than the number of plant species currently found in the LSA. ACFN expressed concern that, as a
consequence, far fewer traditional plants will be in reclamation sites than will be found in native
ecosites. ACFN said that it was also concerned that wetlands will be replaced by uplands with
lower biodiversity.
[728] ACFN stated that fewer plants will be in Shell’s reclamation sites than currently exist and
that Shell did not provide information on how it intends to re-establish the predisturbance
diversity of plant species or how it will enhance diversity in areas where direct soil placement is
not possible. ACFN stated that with few exceptions, there was no ingress of species from
adjacent native forests onto reclamation sites and there was a risk that invasive species may
colonize the reclaimed area.
[729] ACFN produced evidence of gathering for subsistence and medicinal use in the LSA and
stated that these gathering activities will be directly affected by the Project.
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[730] The NSFMFM stated that it gathers a variety of plants in the Project area, including
blueberries and low-bush cranberries. The NSFMFM and Clearwater Band also had concerns
about the potential loss in the Project area of a fungus that grows on the diamond willow. It said
that the fungus is considered sacred and used for ceremonial purposes.
[731] FMMFN #468 had concerns about certain plant species that would be potentially affected
by the Project, including a wide selection of berries and traditional medicines such as roots, bark,
and sweetgrass.
[732] Some Aboriginal groups stated that the areas south of McClelland Lake and around Kearl
Lake are unique because they supply some valued plants for food and medicinal uses and are
easy to access.
[733] ACFN stated that Aboriginal people gather traditional plants in the wetlands for
medicinal and subsistence uses and are concerned that the wetlands, including the muskeg,
cannot be reclaimed.
Analysis and Findings
[734] The Panel notes that Shell assessed the effects of the Project on traditional plant potential,
not on the abundance of traditional plants that are found and used in the Project area. Shell did
not conduct any specific field surveys on the distribution and abundance of traditional plants in
the LSA and when it recorded occurrences, it did not include these in the EIA. The Panel finds
that it is unclear what species and abundance of traditional plants occur in the LSA.
[735] The Panel notes that most of the high and moderate traditional plant potential in the LSA
will be lost during the construction and operation phase of the Project, and that after closure and
reclamation the high and moderate traditional use plant potential will decrease in the LSA by 7
and 52 per cent, respectively.
[736] The Panel notes that the Aboriginal groups currently gather a variety of traditional plants
in the LSA for subsistence, medicinal, and spiritual purposes. The Panel notes that the Project
footprint shares borders with several other large mines and that none of these areas will be
available for harvesting of traditional plants for many years. As a consequence, the Aboriginal
people currently using the area would be affected because the traditional plants will not be
available in the Project area or in its vicinity and they would therefore have to travel further to
find equivalent resources. The Panel notes that most Project reclamation will take place between
2045 and 2060, and it will take years to decades after closure to re-establishment traditional
plants. The loss for several decades of areas used for traditional plant harvesting has implications
for the transfer of traditional knowledge between generations.
[737] The Panel acknowledges that some wetlands, including peatland, will not be reclaimed
and that several traditional plants are strongly associated with these wetlands. The Panel
therefore concludes that the reclaimed LSA is unlikely to provide the quantity and diversity of
traditional plants that currently exists.
[738] Based on the criteria provided in the Agency’s guide, Determining Whether a Project is
Likely to Cause Significant Environmental Effects (November 1994), the Panel used the
following approach to determine the significance of effects on traditional plant potential areas:
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•

The loss of traditional plants in the LSA is likely—the Project footprint will be cleared.

•

The magnitude will be major—given that Shell predicted that 4584 ha, 8481 ha, and
10 129 ha of the high, moderate, and low traditional plant potential areas, respectively, will
be lost during the operation of the mine.

•

The geographic extent is local—given the size of the LSA.

•

The duration is long-term—most of the reclamation for the Project will take place between
2045 and 2060, and it will take years to decades for some species of traditional plants to reestablish after closure.

•

Some effects may be irreversible—given that wetlands provide for several species of
traditional plants and many wetlands cannot be reclaimed; the reclaimed areas will likely be
of lower biodiversity compared with the baseline or PIC; assuming successful reclamation,
the high and moderate traditional use plant potential will still decrease in the LSA by 7 and
52 per cent, respectively, compared with the base case.

[739] In its evaluation of significance, the Panel has taken into consideration that the Project
footprint shares borders or is close to several other large mines and that none of these areas will
be available for harvesting traditional plants for many years and, as a consequence, the
Aboriginal persons gathering plants in the area would have to travel further to find equivalent
resources.
[740] The Panel notes that wetlands are generally considered areas of moderate traditional plant
potential and that 52 per cent of the moderate plant potential after reclamation arises is lost
because of the difficulty reclaiming wetlands. The Panel has also taken into consideration the
greater proportion of upland in the reclaimed footprint and that several plants of interest to
Aboriginal people are strongly associated with wetlands.
[741] Given the aforementioned points, the fact that a significant portion of quality traditional
plant potential areas in the LSA will be lost for several generations and that the reclamation
process will reinstate less than 50 per cent of the areas of moderate plant potential, the Panel
finds that the Project will have significant adverse effects on traditional plant potential.
[742] The Panel recommends that before reclaiming any portion of the disturbed area, the
Governments of Canada and Alberta ensure that Shell produce, in collaboration with the
Aboriginal groups, a reclamation plan with the goal of optimizing the number and quality of
traditional plants as well as the species distribution.
[743] The Panel recommends that before construction, the Governments of Canada and Alberta
ensure that Shell provides interested Aboriginal groups with full access to the Project lands to
allow any valued traditional plants to be collected.
Cumulative effects
Evidence
[744] Shell stated that in the base case, 23 per cent (126 817 ha) of the high and 9 per cent
(107 410 ha) of the moderate traditional plant potential areas within the RSA have already been
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lost compared with the PIC. Shell further explained that in the application case, 24 per cent
(132 567 ha) of the high and 10 per cent (117 033 ha) of the moderate traditional plant potential
areas within the RSA will be disturbed, and after closure and reclamation there will be a loss of
23 per cent (128 270 ha) of the high and 9 per cent (105 879 ha) of the moderate traditional plant
potential within the RSA.
[745] Shell predicted that there will be a loss of 32 per cent (176 716 ha) of the high and 14 per
cent of the moderate (170 205) traditional plant potential areas in the RSA for the PDC compared
with the PIC.
[746] Shell predicted that in the far future, by 2165, high traditional use plant potential habitat
will increase in the RSA by 1 per cent over the PIC and moderate traditional use plant potential
will decrease by 6 per cent. Shell explained that the predicted increase in high traditional use
plant potential is a result of nontreed wetland reclamation and natural wetland regeneration.
[747] Shell provided information on the effects of the Project on culturally significant
ecosystems as defined and used by Fort McKay. Shell stated that areas of low, moderate, and
intense use for traditional plant harvesting in the culturally significant ecosystems experienced an
increase in disturbance of 321 280 ha (23 per cent), 122 586 ha (31 per cent), and 35 268 ha (47
per cent), respectively, from the PIC to the base case.
[748] Shell stated that in the application case, areas of low, moderate, and intense use for
traditional plant harvesting in Fort McKay’s culturally sensitive ecosystems would experience
disturbance levels of 330 620 ha (24 per cent), 135 286 ha (34 per cent), and 35 268 ha (47 per
cent), respectively. Shell also stated that disturbance in the low, moderate, and intense use areas
would be of 391 989 ha (28 per cent), 168 537 ha (42 per cent), and 41 498 ha (55 per cent),
respectively, from the PIC to the PDC.
[749] Fort McKay stated that Shell’s traditional plant potential ranking system criteria may not
coincide with the experiences of community members harvesting traditional plants and thus may
not accurately describe the values of some areas. For example, Fort McKay stated that plants that
have low frequency and percentage cover in the landscape may be of significant value to the
community and get a low traditional use potential ranking despite their high significance to the
community.
[750] Fort McKay selected a forty township study area (FTSA) approximately centred on the
hamlet of Fort McKay to assess the effects of both PRM and the Project as well as the
cumulative effects of the oil sands development. Fort McKay uses the FTSA as a regional-scale
study area in its Fort McKay Specific Assessment. Fort McKay explained that Shell’s LSA for
both PRM and the Project represents about 13.3 per cent of the land within the FTSA.
[751] Fort McKay stated that seven traditional use berry sites will be lost because of the Project
and other planned developments. Fort McKay explained that the loss of 62 berry-producing sites
in the FTSA represents a cumulative loss of 54 per cent of the total sites since pre-development.
[752] Fort McKay expressed concern that disturbance of wetlands within the FTSA will affect
the availability of traditional-use species or groups of plants usually found in wetlands. Fort
McKay stated that about 18 per cent of the wetlands in the FTSA in the base case will be lost in
the PDC and an additional 14 per cent of the uplands will be disturbed. Fort McKay stated that
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the cumulative effects of all projects developed since the late 1990s and of the Project and other
planned developments results in about a 40 per cent decrease in the area occupied by wetlands
available for the gathering of traditional use plants that are strongly associated with wetlands.
[753] All of the Aboriginal groups expressed concern that the quality and quantity of traditional
plants were declining in the oil sands region and in the Project area because of the existing
cumulative effects of oil sands related development. All of the Aboriginal groups stated that they
were concerned about contamination of traditional plants and that these concerns result in
avoidance of use. They stated that the Project will add to the existing adverse cumulative effects
on traditional plants. These concerns are discussed more fully in the Effects on Aboriginal
Traditional Land Use, Rights, and Culture section.
Analysis and Findings
[754] The Panel notes that according to Shell’s assessment, 23 and 9 per cent of the high and
moderate traditional plant potential, respectively, is already lost in the RSA in the base case. The
Panel further notes that Shell predicted losses of 24 per cent and 10 per cent for high and
moderate traditional plant potential, respectively, in the RSA for the application case and losses
of 32 and 14 per cent in the high and moderate traditional plant potential areas, respectively, in
the RSA for the PDC.
[755] The Panel notes that in the far future, according to Shell, the high traditional plant
potential areas will increase by 1 per cent in the RSA over the PIC while moderate plant
potential will decrease by 6 per cent. The Panel notes that these predictions are based on the
assumption that the wetlands will be successfully reclaimed and equivalent land capability will
be restored. The Panel believes that Shell may have overestimated the potential area in the RSA
that can be reclaimed to land capability equivalent to preindustrial conditions, particularly given
that the methods for reclaiming peatlands are unproven and the substantial time lags for
reclaiming old-growth forests. The Panel believes that Shell did not provide a sound rationale for
its prediction of traditional plant potential in the far future given that the success of oil sands
operators in reclaiming traditional plants is unknown.
[756] The Panel notes that according to Shell the low-, moderate-, and high-use culturally
sensitive ecosystems for traditional plants identified by Fort McKay were already disturbed by
23, 31, and 47 per cent, respectively, in the base case. The Panel believes this indicates that oil
sands related developments in combination with other activities such as forestry and forest fires
have already resulted in adverse effects of high magnitude within these areas of traditional plant
gathering. The Panel further notes that Shell stated that the losses of low-, moderate-, and highuse culturally sensitive ecosystems for traditional plants in these areas would be of 24, 34, and 47
per cent from the PIC to the application case and 28, 42, and 55 per cent from the PIC to the
PDC. The Panel believes this level of disturbance is significant and notes that the areas most
affected are the areas of high traditional use.
[757] Based on the criteria in the Agency’s guide, Determining Whether a Project is Likely to
Cause Significant Environmental Effects (November 1994), the Panel used the following
approach to determine the significance of effects on traditional plant potential:
•

The loss of traditional plant potential areas in the RSA is likely.
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•

The magnitude will be major—there have already been significant losses of high and
moderate traditional plant potential areas in the RSA, and additional losses are predicted in
the application case and PDC compared with the PIC.

•

The geographic extent is regional—given that the effects occur in the RSA.

•

The duration is long-term—most reclamation for the Project will take place between 2045
and 2060, and it will take years to decades after closure to re-establish some traditional
plants.

•

Some effects may be irreversible—given that wetlands provide for several species of
traditional plants and many wetlands cannot be reclaimed; the reclaimed areas will likely be
of lower biodiversity compared with the base case or PIC. The Panel notes that Shell
indicated that after closure and reclamation there will still be a loss of 23 per cent of high and
9 per cent of moderate traditional plant potential for the application case. The Panel also
notes that long after closure and reclamation, the irreversible effects on traditional plant
potential areas in the LSA will continue to contribute to the adverse cumulative effects on
traditional plant potential areas at the regional scale.

[758] The Panel notes that in the base case, the culturally significant ecosystems for traditional
plants and the areas of high and moderate traditional plant potential in the RSA are already
disturbed, and that according to Shell, the application case has a relatively small contribution to
the overall disturbance. The Panel notes that the percentage of disturbance does not change
significantly in the application case, suggesting that the incremental loss of traditional plants
caused by the Project is small at a regional scale. However, the Panel notes that the large size of
the RSA compared with the footprint of the Project helps limit the percentage of losses at a
regional scale. The Panel further notes that the predictions for the PDC further add to the overall
disturbance in the RSA and believes that the incremental effects that result from each project in
the RSA can add up to significant adverse cumulative effects at the regional scale.
[759] The Panel believes that given the significant amounts of disturbance predicted for areas
of high and moderate traditional plant potential, the long time lag between disturbance and
reclamation, and the uncertainty associated with wetlands reclamation, the cumulative effects on
traditional plants in the RSA will be adverse and significant. More discussion on how this affects
traditional land use is in the Effects on Aboriginal Traditional Land Use, Rights, and Culture
section.
[760] The Panel recommends that the Government of Alberta consider the need to identify and
protect areas of significant traditional plant potential as part of the development of the
biodiversity management framework under LARP. The Panel recommends that the Government
of Alberta involve Aboriginal groups in the development of the LARP biodiversity management
framework, particularly sections that are relevant to the protection of traditional plants.
[761] The Panel recommends that if conservation offsets are required by the Governments of
Alberta and Canada to mitigate project effects to wetlands or old-growth forests, that Alberta and
Canada also consider involving Aboriginal groups in site selection to ensure, where feasible,
these areas are also accessible and appropriate for the gathering of valued traditional plants.
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EFFECTS ON WILDLIFE AND THEIR HABITAT
General
Project Effects
Evidence
[762] Shell arrived at conclusions about significance to wildlife species using professional
judgment based on the analysis of effects on abundance, habitat, and movement of all species at
risk and KIRs. Shell concluded that the overall effects of the Project on wildlife are not likely to
be significant.
[763] Shell predicted that activities associated with direct mortality due to site clearing for the
Project would have a negligible environmental consequence for all wildlife species at risk during
operations. Shell also stated that direct mortality due to site clearing was well understood but
lacked quantification, thus it rated confidence in this prediction as moderate.
[764] Shell suggested that the magnitude of the effects of the Project on overall wildlife
abundance will be negligible on the LSA scale after reclamation.
[765] Shell said that during construction and operation the Project will have negative and
negligible effects on wildlife movement at the LSA and RSA scales, ranging from negligible for
avian species to high for terrestrial mammals. It expected wildlife movement around the Project
footprint to be sufficient to maintain genetic connectivity in the RSA. It maintained that this will
be verified through monitoring of presence, relative abundance, and distribution of wildlife in the
Project area, and through Shell’s involvement in regional monitoring initiatives, such as the
Wildlife Habitat Effectiveness and Corridor Program Technical Committee under the CONRAD.
[766] ACFN was concerned that the Project was going to remove a known and regionally
valuable wildlife movement corridor along the Muskeg River and that mitigations to protect that
corridor will be ineffective. ACFN was also concerned that Shell had not provided evidence that
genetic connectivity will be ensured in the Project area. OSEC said that existing fragmentation of
habitat in the RSA from oil and gas exploration will contribute to overall ineffectiveness of
movement corridors.
[767] Shell stated that the environmental consequences of wildlife habitat loss during
construction and operations were high at the LSA scale for all affected species and that it also
expected the Project to result in indirect habitat loss through sensory disturbance and surficial
aquifer drawdown. Shell reported that all KIRs and species at risk had more than 60 per cent
high-quality habitat loss during construction and operations (refer to appendices 10a and 10b for
complete list of KIRs and species at risk).
[768] Shell predicted substantial habitat loss for several species at risk that rely on old-growth
and wetland habitats in the LSA. Consequently, Shell concluded that habitat loss as a result of
the Project will have a high environmental consequence for several species that rely on these
habitats (e.g., yellow rail, horned grebe, rusty blackbird, and Canada warbler). However, Shell
also asserted that the best available information suggests that abundance of these species is not
limited by habitat in northeast Alberta. EC did not dispute Shell’s conclusion that the Project is
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unlikely to cause a significant adverse effect on habitat availability for species at risk and the
black-throated green warbler at the scale of the RSA but expressed concern about Shell’s use of
the RSA to determine significance of project effects given the size of the RSA (refer to the
Methods Used to Assess Effects on Terrestrial Resources section). EC also said that the
effectiveness of using remaining habitat in the RSA to alleviate the effects of the loss of LSA
habitat was uncertain and cumulative effects from other proposed projects reduce this availability
even further.
[769] Shell said that its main mitigation measure for wildlife habitat loss, including species at
risk and migratory birds, was habitat reclamation. According to Shell’s predictions, 8 out of 10
KIRs and species at risk (common nighthawk, horned grebe, olive-sided flycatcher, rusty
blackbird, short-eared owl, western toad, wood bison, and yellow rail) had high or moderate
habitat loss of more than 20 per cent in the LSA after reclamation. However, Shell argued that
habitat loss from the Project is not likely to affect the viability of the regional populations of any
wildlife species after reclamation. Shell also said that some species (e.g., black bear, Canada
lynx, beaver, and the Canada warbler), will benefit from the large increases in productive forests
and associated terrestrial uplands that develop after reclamation.
[770] Interested parties said that using reclamation of LSA lands as a mitigation measure for
wildlife habitat loss was insufficient, particularly for wetlands and old-growth forests. According
to OSEC, the best reclaimed wetlands on process-affected oil sands mining sites are salt marshes
that are low in species biodiversity compared with the prevailing pre-disturbance freshwater peat
wetlands. ACFN stated that Shell’s claims about the return of wildlife to a reclaimed area must
be supported by data that demonstrate that this has occurred elsewhere, and any claim of a
successful re-establishment of habitat and return of wildlife must be tested in the future. ACFN
further stated that reclamation will not lead to the return of the wildlife KIRs within less than 20
years as stated by Shell, resulting in long-term duration of the impact.
[771] EC recognized that there are limited opportunities to directly avoid effects on species at
risk and migratory bird habitat in the Project area given the location of oil sands deposits. As
such, it recommended additional mitigation and suggested that for components of the Project not
within the mineable footprint (e.g., the Redclay Compensation Lake and Kearl Lake levee), Shell
should evaluate all options to avoid or minimize effects on species at risk and migratory bird
habitat.
[772] EC said that Shell had identified residual (i.e., post-mitigation) effects that have high
negative environmental consequence at the local scale for several species at closure, including
species at risk and migratory birds. EC recommended that these local-scale effects be mitigated,
based in part on the requirements of s.79(2) of SARA, which states that if a project is carried out,
measures must be taken to avoid or lessen adverse effects on species at risk and to monitor them.
EC referenced the guide prepared by EC and Parks Canada, Addressing Species at Risk Act
Considerations Under the Canadian Environmental Assessment Act for Species Under the
Responsibility of the Minister Responsible for Environment Canada and Parks Canada (2010),
which describes that the obligation to identify and mitigate adverse effects on listed wildlife
species is independent of the likely significance of the adverse effects.
[773] EC recommended a systematic, rigorous, and hierarchal approach to mitigation that first
considers avoidance of effects, followed by minimization of effects and lastly, when all other
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measures have been implemented, restitution or compensation for any residual adverse effects
(e.g., via habitat offsets). EC recommended that conservation offsets be selected according to its
Operational Framework for Use of Conservation Allowances.
[774] OSEC and Aboriginal groups said that Shell should consider habitat offsets to mitigate
project effects on wildlife habitat (see the Effects on Wetlands section for further discussion).
OSEC stated that the Panel should require Shell to develop and submit a verifiable mitigation
strategy for compensatory offsite offsets in order to achieve a net positive impact on habitat for
species at risk and other valued wildlife species.
[775] Shell did not agree that compensatory off-site mitigation was required in order to achieve
a net positive impact for species at risk and valued wildlife given that it had predicted no
significant adverse effects on species at risk or wildlife KIRs as a result of the Project.
[776] Shell stated that it was conservative in its determination of significance given that it used
20 per cent habitat loss as an indicator of high-magnitude habitat loss while other studies
reported thresholds that were much higher (up to 70 to 90 per cent). However, Shell stated that
even if a species had 20 per cent habitat loss, this did not necessarily mean there would be a
significant adverse effect. Shell indicated that it evaluated significance based on professional
judgment and on information on the species at a regional or larger scale.
[777] OSEC contended that Shell should have used the threshold for habitat loss provided in
the TEMF, which recommends that management triggers be set at 10 per cent below the NRV,
and that a 20 per cent decline in habitat for any one species is a threshold that should equal a
significant adverse impact. OSEC also referred to ERCB Decision 2011-005, which concluded,
“For species at risk, the Panel is of the view that any net harm (negative impact) to an individual
of the species, its residence, or its critical habitat would constitute a significant adverse effect.”
[778] EC said that a 70 to 90 per cent threshold of habitat loss was not precautionary, and that
thresholds can vary depending on several factors, including the species in question and the study
area. EC also stated that there was much uncertainty around thresholds and that habitat loss in
the range of 20 to 40 per cent can be enough to change a population trajectory.
Analysis and Findings
[779] The Panel has not been able to rely on Shell’s determination of significant project effects
on wildlife given the issues raised surrounding Shell’s methods for estimating habitat availability
(see the Methods Used to Assess Effects on Terrestrial Resources section).
[780] The Panel notes that Shell did not use any of the thresholds available in its determination
of significance of effects (e.g., TEMF or ERCB Decision 2011-005). The Panel notes that if Shell
had used the 20 per cent habitat loss threshold, it would have concluded that 7 out of 10 species
demonstrated significant adverse project effects as a result of habitat loss in the LSA.
[781] The Panel is aware that wildlife habitat loss appears to be one of the most important
issues for interested parties, and that there is considerable concern over loss of species at risk and
migratory bird habitat. The Panel understands that Aboriginal groups have particular interest in
effects on culturally important species, such as moose, caribou, bison, and waterfowl.
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[782] The Panel is of the opinion that the greatest threat to species at risk as a result of the
Project is the loss of habitat, particularly for wetland dependent species. The Panel notes the
mitigation measures proposed by Shell may not be adequate, and the inability to reclaim wetland
habitat to its former ecosystem function further exacerbates the issue. Particularly concerning to
the Panel is the loss of habitat for species at risk and migratory birds, in some cases at levels
greater than established thresholds. The Panel notes that the obligation to identify and mitigate
adverse effects on listed wildlife species under SARA is independent of the likely significance of
the adverse effects. The Panel is aware that the joint review panel in ERCB Decision 2011-005
determined that any effects on species at risk were significant. The Panel is of the opinion that
Shell has not provided sufficient mitigation measures for species at risk or migratory birds that
depend on wetlands.
[783] The Panel understands that Shell has relied on habitat availability in the RSA and on
reclamation within the LSA to alleviate and/or mitigate the effects of wildlife habitat loss. The
Panel finds that Shell’s reliance on reclamation is unfounded, particularly in the case of
peatlands. The Panel also finds that Shell has provided no evidence to suggest that the RSA can
provide ample habitat and is below carrying capacity for most species. The Panel notes that Shell
has not indicated how it will mitigate effects on peatland dependent species like the yellow rail.
[784] The Panel notes that Shell determined that project effects to wildlife movement would be
high and negative for terrestrial mammals during construction and operation but that it indicated
that wildlife movement around the Project footprint would be sufficient to maintain genetic
connectivity in the RSA. The Panel notes that Shell has proposed to monitor to ensure that that
this is the case and is satisfied with this approach.
[785] Based on the criteria in the Agency’s guide, Determining whether a project is likely to
cause significant environmental effects (November 1994), the Panel used the following approach
to determine the significance of project effects on wildlife in the LSA:
•

The loss of wildlife habitat in the LSA is likely—the Project footprint will be cleared, and
Shell predicts habitat loss more than 20 per cent for 7 out of 10 species at risk and KIRs after
reclamation.

•

The magnitude will be high—given that over 10 000 ha of wetlands will be cleared and 85
per cent of this area is peatlands, which cannot be reclaimed.

•

The geographic extent is regional—given that many of the species that will be affected have
home ranges that are only partially within the LSA, and given that the area immediately
adjacent to the Project consists of other approved oil sands mines (e.g., MRM, Syncrude
Aurora North, and KOSP). Hence, loss of habitat in their range may affect species viability
on a regional level.

•

The duration is long-term—given that peatland restoration is still not demonstrated for oil
sands projects. Likewise, the ability of some species to rebound after closure will be strongly
linked to characteristics of their life history.

•

The effects are largely irreversible—given that there is still no evidence that peatlands can
be successfully reclaimed, and peatlands constitute 85 per cent of wetland habitat being lost
upon which many species at risk and migratory birds depend. Likewise, the loss of many
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species, depending upon their life history characteristics, may be irreversible, given that
some species are at risk or may be are already declining to extirpation.
•

The ecological context of the oil sands region, the area within which the Project would take
place, has already been adversely affected by human activities and some habitats may be
particularly fragile given their inability to be reclaimed. The Project footprint is immediately
adjacent to other existing and approved oil sands mines.

[786] Given this analysis and the lack of proposed mitigation measures that have been shown to
be effective, the inability to reclaim certain habitats to PIC or base case conditions, and effects
on species at risk and migratory birds, the Panel finds significant adverse project effects on
wetland-reliant species at risk and migratory birds and their habitat in the LSA.
[787] The Panel is concerned about the lack of mitigation shown to be effective proposed for
loss of wildlife habitat in the LSA, particularly for wetland habitat used by species at risk and
migratory birds. The Panel believes that without additional mitigation, significant adverse effects
will occur.
[788] As discussed in the Effects on Wetlands section, the Panel recommends that, before other
provincial and federal approvals are issued, the Governments of Canada and Alberta consider the
need for conservation offsets to further mitigate project effects. The potential use of conservation
offsets should include a consideration of the need to compensate for project effects to wetlandreliant species at risk and migratory birds that are wetland-reliant or species at risk.
[789] The Panel notes that Shell will be subject to guidelines set out in the future LARP. The
Panel recommends that the Government of Alberta continue to work toward timely completion
of the LARP biodiversity management framework and that it include wildlife-habitat-loss
thresholds to guide the development of future oil sands projects.
[790] The Panel recommends that the Government of Canada ensure that Shell develop and
implement a follow-up program that requires collecting additional detailed baseline data on the
distribution and abundance of species at risk and migratory birds in the LSA and drawdown
zone, before any site disturbance, to corroborate Shell’s HSI model predictions. The follow-up
program should also monitor changes in local populations’ habitat use during Project
construction and operation and after closure to further validate Shell’s predictions.
Cumulative Effects
Evidence
[791] Shell quantitatively assessed the significance of the effects of changes in the RSA from
the PIC to the application case and the PDC for wildlife before reclamation based on the
assumption that all future projects occur simultaneously. Shell based its predictions on the
assumption that the influx of wildlife into the reclaimed landscape will be determined by the
proximity of potential immigrants in neighbouring landscapes, the presence of wildlife
movement corridors, and the age and developmental stage of the reclaimed land. Shell said that
the effects presented were conservative and represented worst-case scenarios.

2013 ABAER 011 (July 9, 2013) • 133

Joint Review Panel Report, Shell Canada Energy, Jackpine Mine Expansion Project, Application to Amend Approval 9756

1713

[792] OSEC stated that Shell’s predictions were not conservative or worst-case scenarios
because it did not consider exploration of existing oil sands leases, or planned development
consistent with stated industry expansion goals. OSEC stated that Shell’s assessment did not
represent the actual full extent of development in the PDC.
[793] Shell considered that the overall cumulative effects from the PIC to the application case
and to PDC on barred owl, beaver, black bear, lynx, Western toad, fisher, Canada warbler,
horned grebe, olive-sided flycatcher, rusty blackbird, wood bison, yellow rail, short-eared owl,
and wolverine in the RSA would be adverse but not significant. Shell concluded that although
declines in abundance may occur for these species as a result of development, given the areal
extent of remaining high suitability habitat in the RSA, it was unlikely that the resilience of these
populations in the RSA had been compromised. Shell stated that its population viability analyses
(PVAs) conducted for moose and black bear supported this conclusion.
[794] Given that there is evidence that both the woodland caribou and black-throated green
warbler are declining to extirpation in the RSA, Shell considered the overall cumulative effects
from the PIC to the application case and to PDC for these species to be significant and adverse.
[795] Shell stated that declines in abundance from the PIC to the application case would be
high in magnitude for the barred owl, black-throated green warbler, Canada warbler, rusty
blackbird, woodland caribou, and yellow rail before reclamation. Shell estimated moderate
magnitude population declines from the PIC to the application case for the horned grebe, fisher,
common nighthawk, olive-sided flycatcher, wolverine, beaver, black bear, and moose.
[796] Shell stated that declines in abundance from the PIC to the PDC would be high in
magnitude for the barred owl, Canada lynx, horned grebe, wolverine, black-throated green
warbler, Canada warbler, rusty blackbird, woodland caribou, and yellow rail before reclamation.
Shell estimated moderate magnitude population declines for beaver, common nighthawk, olivesided flycatcher, moose, and black bear from the PIC to the PDC.
[797] EC stated that the population-level consequences of cumulative habitat loss in the RSA
were unknown for most species at risk and migratory birds; however, habitat loss can be a
principle factor contributing to population declines. In particular, EC noted that populations of
many migratory birds and species at risk were already declining in Alberta. EC further stated that
limited information was available on population trends and thresholds of many species at risk
and migratory birds in the oil sands region and on the cumulative effects of industrial
development.
[798] Fort McKay had concerns about cumulative effects. In particular, Fort McKay submitted
that ALCES modelling 10 conducted for the development of the TEMF and for the Government of
Alberta in the development of the LARP indicated that at the current rate of oil sands
development, severe declines in wildlife populations will occur, in some cases 60 per cent below
the natural range of variation within 20 years (e.g., moose and fisher). The ALCES simulations
also indicated that the density of linear features (e.g., pipeline rights-of-way, seismic lines) was a
primary cause of these declines. TEMF predicted that declines would continue unless land use
10

ALCES Group. 2009. Lower Athabasca Regional Plan, ALCES III Scenario Modeling. Summary and technical
results for Scenario Package One. Prepared for Worley Parsons by the ALCES Group, June 2009. 179pp.
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changes were made in the oil sands region. Fort McKay further stated that previous wildlife
surveys were not useful for assessing wildlife populations and cumulative effects in the oil sands
region and in Fort McKay’s traditional territory. Fort McKay concluded that, essentially, no
meaningful trends about regional population and cumulative effects on wildlife populations can
be determined from existing data.
[799] Shell stated that the environmental consequences of effects on habitat during operations
from the PIC to the application case ranged from moderate to high for all KIRs and species at
risk with the exception of short-eared owls, for which effects on habitat were considered
negligible. Shell also stated that most effects on habitat from the PIC to the application case were
due to disturbances that were already present in the base case. As a result, Shell stated that the
environmental consequences of effects on high-suitability habitat from the PIC to the application
case are the same as those from the PIC to the base case for all KIRs and species at risk with the
exception of the western toad.
[800] Shell predicted that high suitability habitat for western toad would decrease by 19 per
cent from the PIC to the base case and by 21 per cent from PIC to the application case, resulting
in a high magnitude environmental consequence. Shell attributed declines of western toads to
disease rather than habitat loss, and as a result did not consider that there would be a likely
significant adverse effect.
[801] Shell stated that most effects on habitat from the PIC to the PDC were similar to those
from the PIC to the base case and application case.
[802] Shell stated that because the precise locations and size of certain planned projects and
associated reclamation and re-vegetation plans were unknown for the application case and the
PDC, it was very difficult to predict post-reclamation conditions for wildlife at the RSA scale.
As such, Shell provided qualitative and not quantitative predictions of wildlife habitat postreclamation.
[803] EC agreed with Shell that the effects of cumulative habitat loss on many species at risk
and the black-throated green warbler at the application case and PDC have a high negative
environmental consequence when evaluated relative to the PIC. EC stated that a number of
studies and analyses have demonstrated high levels of existing and potential future habitat loss
and possible adverse effects on species at risk and migratory birds in this region. As such, EC
stated that it is concerned about the level of habitat loss that Shell has identified both at the
application case and the PDC, for a number of species at risk and migratory birds. EC stated that
these effects will be long-term in duration and possibly permanent, depending on the success of
reclamation, particularly for wetland (lowland) dependent species.
[804] According to OSEC, cumulative effects from the application case and the PDC will
exceed the CEMA wildlife habitat threshold given in the TEMF, which is 10 per cent below the
limit of the NRV. OSEC stated that any projected declines in habitat more than 20–30 per cent of
the preindustrial condition could be considered as inconsistent with CEMA’s recommended
wildlife thresholds. OSEC concluded that if the Project and other proposed projects were
approved, 11 of 19 assessed species will lose more than 20 per cent of their high value habitat in
the 2.3 million hectare terrestrial RSA at the application case as will 13 of 19 assessed species in
the PDC. OSEC further stated that these values did not represent the full picture of disturbance in
the RSA given that Shell did not include many reasonably foreseeable disturbances.
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[805] OSEC said that projected habitat losses in the 20–60 per cent range over an area far larger
than the Fort McMurray Athabasca Oil Sands Sub-Regional IRP were not consistent with the
IRP direction to maintain habitat and promote increased populations of rare and endangered
species. OSEC also noted that projected impacts within the Fort McMurray Athabasca Oil Sands
Sub-Regional IRP area itself would be significantly higher than those in Shell’s RSA.
[806] OSEC stated that Shell’s methods for assessing significance of effects on wildlife based
on whether resiliency of populations in the RSA had been compromised were without merit.
OSEC concluded that Shell’s EIA exceeded the threshold used by the panel assessment of the
Total Joslyn North Mine Project (ERCB Decision 2011-005) for determining significant adverse
effects for KIRs and species at risk assessed at the application case. OSEC further stated that in
addition to ignoring previous Panel decisions (e.g., TOTAL), Shell is also ignoring CEMA and
policy guidance on significance of predicted wildlife habitat losses in northeastern Alberta.
OSEC said that Shell’s proposition that regional extirpation of a species was an appropriate
threshold for a significant adverse effect, was setting the bar far too low. EC said that given the
high level of cumulative habitat loss identified for several species at risk in the RSA compared
with the PIC, any contribution of the Project to cumulative habitat loss for species at risk should
be mitigated. To that end, EC recommended a systematic, rigorous, and hierarchical approach
that includes compensation as described under the Project Effects subsection.
[807] The Fort McKay Specific Assessment showed that a large amount of wildlife habitat has
already been removed from Fort McKay’s traditional territory. This study concluded that the
environmental consequence of habitat change is high for moose, beaver, Canada lynx, and
fisher/marten suggesting that the wildlife habitat of those species had been severely impacted by
oil sands development.
[808] OSEC stated that given delays in implementing the LARP, the TEMF is the most
appropriate guidance for determining if proposed wildlife effects in the oil sands were in the
public interest and conform to the broad IRP directive to maintain wildlife habitat. OSEC
emphasized that previous oil sands panels have pointed to the importance of the TEMF in
determining the significance of cumulative effects. In ERCB Decision 2011-005, the Panel stated
that it believed that the TEMF provided useful ways to manage cumulative effects on wildlife
within the area of the RMWB. In particular, OSEC presented that the TEMF includes a threshold
for constraining the intensive zone 11 (area of oil sands projects under development) to less than
14 per cent of the RMWB at any time. According to its own analysis, OSEC determined that this
threshold would be exceeded by the PDC given that proposed and approved oil sands projects
now cover 21 per cent of the municipality. OSEC concluded that concurrent development of only
a few of the PDC projects would exceed the highest level of intensive development zone
recommended by CEMA. OSEC warned that future oil sands projects will likely further
exacerbate these effects because 51 per cent of the RMWB has been leased for oil sands
development.
[809] Shell rebutted OSEC’s analysis, stating that it was an overstatement of the planned
conditions in the RMWB because its resolution is at the quarter-township level. Based on its own
11

The TEMF recommends the application of a Triad land management approach that involves the identification of
three land use zones: intensive, extensive, and protected. CEMA defines an intensive zone as an area that is
characterized by bitumen extraction comprising 5 per cent to 14 per cent of the RMWB at any time.
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analysis, using hectares instead of quarter townships, Shell estimated that the area of intensive
use in the RMWB is about 8 per cent of the RWMB.
[810] According to OSEC, the cumulative effects on wildlife described in the EIA from PIC to
application case and to PDC were the highest levels of regional wildlife effects ever described in
an oil sands project application particularly with regard to wildlife habitat loss. OSEC also stated
that the effects on wildlife in the EIA are inconsistent with the policy direction of the Fort
McMurray Athabasca Oil Sands Sub-Regional IRP, the LARP, and federal and provincial
legislated policies of sustainable development, EPEA, SARA, and CEAA, 2012. OSEC pointed
out that the IRP has as one of its goals, “to protect wildlife species considered sensitive to
disturbance or environmental change and to promote increased populations and distribution of
species considered rare or endangered (e.g., wolverine, woodland caribou).”
[811] OSEC stated that it is clear that the cumulative effects of reasonably foreseeable
disturbance on wildlife now exceed the threshold used in a previous panel assessment to
determine significant adverse effects. OSEC further stated that Shell had not provided a plan to
adequately mitigate these significant adverse effects, and as such the Project was not in the
public interest and should not be approved.
[812] OSEC stated that should the Project proceed, Shell should be required to develop and
submit a verifiable mitigation strategy including a requirement for the purchase and conservation
of ecologically significant private boreal forest lands, the restoration of existing disturbance
footprints in northeastern Alberta, and/or strategies to retire harvesting rights on public lands on
a three hectare offset for each hectare of project disturbance basis. EC and Aboriginal groups
have also stated that conservation offsets are required to mitigate wildlife habitat loss in the
RSA.
[813] Shell stated that the overall risks to wildlife health will be low and that there would be no
effects on wildlife populations based on estimated wildlife exposures to predicted concentrations
in air, soil, or surface water. ACFN, MCFN, and FMMFN #468 provided information from its
members regarding changes they have seen in a number of fish and animals, such as meat
discolouration, changes in the taste of moose meat, tumours, and abnormal looking organs.
Members have also noted behavioural changes in some animals.
Analysis and Findings
[814] The Panel notes that although Shell based its analysis of cumulative effects on wildlife on
the results of predicted changes to abundance, habitat, and movement, most interested parties
focused their concerns around projected habitat loss. In addition, the Panel believes that changes
to habitat as a result of future development scenarios and the potential for reclamation are more
tangible measures than changes to wildlife abundance or movement. These latter two factors
would tend to have a greater number of assumptions associated with their predictions, as they
would be subject to many more unknowns, such as population dynamics, severe weather events,
predator-prey/food web relationships, declines in other parts of the range, etc. The Panel
therefore directed most of its analysis around Shell’s predictions for habitat loss, with additional
consideration for the size of Shell’s chosen RSA and the potential uncertainty around these
predictions.
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[815] The Panel recognizes that loss of wildlife habitat as a result of existing and proposed
development in the RSA is very high for a number of species (some of them species at risk) and
exceeds some of the critical habitat thresholds proposed in the literature and in regulatory
documents (e.g., IRP and the TEMF). The Panel recognizes that the TEMF recommends that
wildlife habitat loss be constrained to a threshold of below 20 per cent, a threshold that was used
by the Joint Review Panel for the Joslyn North Mine Project. The Panel understands that if the
same threshold was applied for the application case, 11 out of 19 species at risk and wildlife
KIRs would have more than 20 per cent high- or moderate-quality habitat loss and at the PDC,
13 out of 19 would have more than 20 per cent high- or moderate-quality habitat loss. The Panel
notes that Shell participated in the development of the TEMF and the creation of guidelines and
thresholds within it.
[816] The Panel notes that Shell did not use disturbance guidelines provided in TEMF
(maintain disturbance in the RMWB to between 5 and 14 per cent). The Panel recognizes that if
TEMF were used, the PDC scenario would exceed the allotted area available for intensive
development in the RMWB. The Panel recognizes that Shell and OSEC have each attempted to
estimate the intensive zone in the RSA using different means (per hectare basis versus quarter
township, respectively). The Panel notes that the TEMF outlines that the quarter township
method should be used when estimating the intensive zone.
[817] The Panel notes that Shell predicted the greatest losses of habitat (more than 40 per cent
at the PDC) for species that are old-growth- and wetland-dependent such as barred owl, Canada
warbler, caribou, wood bison, and black-throated green warbler. The Panel is aware that many of
the species at risk that will be affected by habitat loss from the Project are already subject to
large-scale declines in northeastern Alberta, many as a result of ongoing industrial activities.
[818] The Panel is aware that Shell’s models of habitat availability at the RSA have numerous
sources of error that could greatly affect model predictions. The Panel acknowledges that Shell
did not provide any measures of the error associated with these models, but that it could be larger
than the ±20–25 per cent error associated with Landsat data alone. Consequently, the Panel
recognizes that the estimates of wildlife habitat availability in the RSA post-closure could be
considerably different than that predicted by Shell, and potentially much less habitat may be
available. The potential loss of habitat could increase substantially if the Panel had a means of
estimating the amount of error associated with Shell’s HSI modelling and the amount of error
associated with uncertainty around application case development and reclamation effectiveness.
[819] The Panel understands that under SARA, if a project is carried out, measures must be
taken to avoid or lessen adverse effects on species at risk and to monitor them. The Panel is also
aware that in the Addressing Species at Risk Act Considerations Under the Canadian
Environmental Assessment Act for Species Under the Responsibility of the Minister Responsible
for Environment Canada and Parks Canada (SARA-CEAA guide), the obligation to identify and
mitigate adverse effects on listed wildlife species is independent of the likely significance of the
adverse effects. The Panel acknowledges that in ERCB Decision 2011-005, that panel considered
any net harm to species at risk to be significant.
[820] The Panel notes that for guidance on wildlife habitat thresholds and the protection of
wildlife habitat, Shell relied heavily on the recently approved LARP and Alberta’s commitment
to develop and implement a biodiversity management framework under the LARP. The Panel
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recognizes that once the biodiversity management framework under LARP is complete, it will be
useful for directing development in the Lower Athabasca Region. However, in the interim, Shell
should utilize existing guidance such as TEMF in setting thresholds for assessing significant
effects on wildlife. The Panel further recognizes that the LARP itself states that, “Within the
Lower Athabasca Region, integrated resource plans have been developed which identify
objectives for long term management of specific landscapes. These plans represent the
Government of Alberta’s resource management policy for public lands and resources and are
intended to be a guide for decision-makers.” The Panel notes that the IRP is in place for the
RSA.
[821] The Panel understands that the effects on wildlife and particularly species at risk at the
application case and the PDC are inconsistent with the guidance provided in the IRP, which has
as a goal to protect wildlife species considered sensitive to disturbance or environmental change
and to promote increased populations and distribution of species considered rare or endangered
(e.g., wolverine, woodland caribou).
[822] The Panel understands that for many species at risk and migratory birds, such as the
woodland caribou and the black-throated green warbler, it is the cumulative effects of industrial
activities, including oil and gas and forestry activities that have led to the predicted decline to
extirpation.
[823] The Panel understands that interested parties contend that mitigation measures to account
for this scale of habitat loss are not sufficient and strongly recommended conservation offsets if
the Project goes forward.
[824] The Panel recognizes that the cumulative effects on wildlife described in the EIA from
PIC to application case and PDC are the highest levels of wildlife habitat loss ever described in
an oil sands project application. The Panel is not surprised that this is the case because it includes
all of the projects that proceeded to date, all that have been approved, the Project, some projects
that are planned but not necessarily applied for and disturbances associated with natural
processes (forest fire).
[825] The Panel is particularly concerned about effects on species at risk and migratory birds as
a result of the application case. The Panel acknowledges that there are not many options for
mitigating wildlife habitat loss for oil sands mines without the sterilization of bitumen. The lack
of mitigation measures proposed by Shell that have been shown to be effective in mitigating
effects on wildlife habitat loss, the inability to reclaim peatlands, and the time lag to recovery of
old-growth forests all compound the issue.
[826] Based on the criteria provided in the Agency’s guide, Determining Whether a Project is
Likely to Cause Significant Environmental Effects (November 1994), the Panel used the
following approach to determine the significance of cumulative effects on wildlife based on the
application case and the PDC:
•

The loss of wildlife habitat in the RSA is likely—Shell will clear the Project footprint (along
with other projects) resulting in a permanent loss of some habitat types and a long time lag to
the restoration of others. Likewise, for many species at risk for which habitat loss is a known
serious threat to their recovery, the likelihood of declines in species abundance is also high.
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•

The magnitude will be high—given that losses to habitat for some species are in the
hundreds of thousands of ha.

•

The geographic extent is regional—affecting the RSA and beyond, given that many species
are large and mobile with home ranges that extend beyond the RSA.

•

The duration is long-term—given the timeframe to restore some wetland habitat, old-growth
forest, and peatland is still not demonstrated for oil sands projects. Also, many wildlife
species are slow growing and long lived, therefore, it may take a long time for animals to
return to areas after closure.

•

The effects are irreversible in the medium to long term—given that no evidence suggests
that wetland and old-growth habitats can be reclaimed in the medium to long term and some
species are already declining to extirpation in the RSA (e.g., black-throated green warbler
and caribou) with no evidence that they will return.

•

The ecological context of the oil sands region—the area in which the Project is taking place
has already been adversely affected by human activities and as such, many species are
already undergoing large-scale declines as a result of these industrial activities (e.g., caribou,
black- throated green warbler and potentially others like yellow rail).

[827] Given this analysis and the ineffectiveness of proposed mitigation measures, the
surpassing of existing thresholds for wildlife habitat loss by over half of all species analyzed by
Shell, the resultant changes to the ecosystem resulting in a loss of wetlands and a landscape
dominated by upland ecosystems, and the pre-existing effects on species at risk and migratory
birds in the oil sands region, the Panel finds that there would be significant adverse cumulative
effects on species at risk and migratory birds in the RSA as a result of the application case and
the PDC when compared with the PIC. The Panel considers cumulative effects on woodland
caribou, black-throated green warbler, Canada warbler, horned grebe, rusty blackbird, western
toad, and yellow rail to be particularly significant, given more than 20 per cent loss of high- or
moderate-quality habitat and reliance on peatland or old-growth habitats.
[828] The Panel is aware that the LARP states that the province is committed to progressive
reclamation to help ensure that environmental and land management goals are met. While more
timely reclamation of mining-related activities should be pursued, the Panel understands that
there may be limited opportunities for significant improvements in the timeliness of mine
reclamation until significant improvements are made in the management of fine-fluid tailings,
reducing the size and number of tailings ponds required.
[829] The Panel recommends that the Governments of Canada and Alberta ensure that the best
available research and development is used to improve reclamation of wildlife habitat in the oil
sands region in order to provide habitat for these species as soon as possible.
[830] The Panel believes its recommendation regarding consideration of the need for
conservation offsets by Alberta and Canada would also help mitigate effects to species at risk
and migratory birds should the use of offsets be required. The affected species described in this
section should be considered in any determination of offsets.
[831] The Panel recommends that until the biodiversity management framework and any
associated thresholds are developed under LARP, the Governments of Canada and Alberta ensure
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that oil sands proponents consider thresholds and guidelines for assessing the significance of
project effects that are available in existing documents, namely the TEMF and the Fort
McMurray IRP.
[832] The Panel recommends that the Governments of Canada and Alberta in collaboration
with key stakeholders collect baseline data, and monitor and report on any future changes to the
distribution and abundance of species at risk and migratory birds in the oil sands region. The data
should be made available for future CEAs by proponents in the oil sands region as well as to
Shell to allow it to confirm its EIA predictions.
[833] The Panel recommends that the Governments of Canada and Alberta, industry,
Aboriginal groups, and other key stakeholders, work together to assess the return of wildlife to
reclaimed oil sands affected landscapes.
Woodland Caribou
Project Effects
Evidence
[834] According to Shell, species at risk, such as woodland caribou, that rely on old-growth and
wetland habitats in the LSA, will have less high- and moderate-quality habitat in the LSA after
reclamation. Shell said that the Project footprint will result in the direct removal of
approximately 1300 ha of high-quality caribou habitat and 3000 ha of moderate-quality habitat in
the LSA. However, Shell also said that woodland caribou were virtually absent in the LSA, and
because the nearest designated caribou range is several kilometres away, it anticipated negligible
effects on caribou due to the Project.
[835] ACFN suggested that Shell’s statement was tantamount to an admission that caribou have
already been so greatly affected by human activities that they are now absent from that
ecosystem and no mitigation was required in trying to bring them back.
[836] EC indicated that to the best of its knowledge, the Project does not occur within caribou
range, and there have been very few sightings of caribou in the area. However, EC
acknowledged that the recent federal recovery strategy for woodland caribou may not take into
account new data provided by Aboriginal groups that suggest that caribou are in the LSA.
[837] ACFN, Métis Region 1, and the NSFMFM and Clearwater Band disagreed with Shell’s
and EC’s view that caribou do not use the Project area, providing evidence of recent sightings
and habitat use within the proposed Project footprint. Interested parties further stated that caribou
used the wetlands and old-growth habitat in the LSA as shelter from predators and to raise their
young.
[838] ACFN stated that the Project will remove or affect habitat for woodland caribou, a
species that is traditionally relied upon given that they were once numerous in the region. ACFN
members were concerned that if the Project proceeds, the caribou will be affected because the
area will be made unusable. Specifically, ACFN noted that within the Project LSA, high-quality
woodland caribou habitat will be impacted by direct disturbance. Mr. Laviolette was particularly
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concerned about the potential project effects on caribou habitat found on the muskeg south of
McClelland Lake because he believed it was an important calving area.
[839] FMMFN #468 expressed concern that the Project will affect the habitat, mobility, and
mortality of caribou, a species important for the exercise of their traditional rights.
[840] The NSFMFM and the Clearwater Band stated that there were caribou from the Audet
and Steepbank herds on Shell’s lease and that the muskeg area on the Project site was an
important calving area. The NSFMFM and the Clearwater Band explained that the Audet and
Steepbank herds were now merged with the Richardson herd. Both groups also explained that
there were some sources of salty water on Shell’s lease and that this salty water attracts caribou.
They were of the opinion that the sources of salty water were important to the animals and will
be lost because of the Project.
[841] Shell referred to the federal recovery strategy for woodland caribou, which states that the
greatest threats to caribou were habitat alteration/degradation and predation. In particular, the
recovery strategy outlined that human-caused habitat alterations (e.g., development of linear
features such as roads and seismic lines) have been shown to facilitate movement of predators
within the boreal forest and hence can increase the abundance, distribution, and hunting
efficiency of species that prey on boreal caribou.
[842] Shell said that it will use long sightlines wherever possible in the LSA to reduce potential
for vehicle collisions with wolverines; however, EC stated that long, straight roads in the LSA
and surrounding area can increase mortality risk to caribou by facilitating predator efficiency,
particularly by wolves.
[843] EC stated that the Project footprint will reduce available habitat for caribou predators
(namely wolves) and force them into the surrounding RSA along with many of their prey (deer
and moose). The recovery strategy identified critical habitat for caribou that was only 5 km away
from the LSA (the Richardson Range). The recovery strategy indicates that given a current
disturbance rate of 82 per cent, the Richardson Range is not self-sustaining and prescribes
immediate action to reverse this negative trend. EC said that an increase in predators could
increase the threats to caribou in the Richardson Range and make it even more difficult to
reverse the negative trend and create a self-sustaining population within the critical habitat.
[844] Shell stated that deer were invading northeastern Alberta, in part because of the
prevalence of early seral habitats to which they were well adapted. Shell further acknowledged
that more deer on the landscape will result in increases in their predators, namely wolves. Shell
further stated that clearing the LSA will result in a situation where additional deer and wolves
may be present in the landscape and may affect caribou within the nearby Richardson Range.
[845] EC stated that Shell has not proposed any mitigation measures for reducing this potential
increased predation of caribou in the adjacent Richardson Range critical habitat. EC further
stated that if the Project goes forward, follow-up and monitoring of movement of wolves and
their prey will be required.
[846] EC indicated that the recovery strategy requires Alberta to develop a range plan for each
nonsustaining caribou herd to ensure long-term recovery of woodland caribou across Canada. EC
suggested that a range plan for Alberta was 3–5 years away from completion. When questioned
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by ACFN on what tools were available to ensure “immediate action” as prescribed in the
recovery strategy, EC responded that there were mechanisms in SARA that could be used, such as
the emergency protection order.
Analysis and Findings
[847] The Panel acknowledges the traditional and cultural importance of caribou to Aboriginal
people. The Panel acknowledges that numbers of caribou in the LSA are likely to be low, given
that they have already been adversely affected by industrial development in the oil sands region.
However, the Panel recognizes that historically, caribou were found in much greater numbers.
[848] The Panel acknowledges that there is considerable debate about the presence of caribou
in the LSA. Although it appears from evidence provided by Aboriginal groups that caribou do
use the Project area, the frequency and magnitude of this use is uncertain. The Panel recognizes
that potential caribou habitat does still occur on the Project lease but it does not fall within
critical habitat identified in the recovery strategy. Given the lack of approved range plans, the
overall importance of this habitat is uncertain; however, because of the declining status of
caribou, largely as a result of human disturbances, all suitable habitat loss (e.g., old-growth forest
and peatlands) is potentially significant in the ability of caribou to recover to self-sustaining
population levels.
[849] The Panel understands that some caribou herds are under particular threat in Alberta and
the oil sands region and are thought to be declining to extirpation. As such, the Panel believes
that there should be particular attention given to restoring and protecting critical habitat for
caribou as outlined in the federal recovery strategy. The Panel is aware that the closest critical
habitat is only 5 km from the LSA, and as such, the Panel shares the opinion with EC that
indirect project effects on caribou in the Richardson Range through increased predation by
wolves is possible. Further, the Panel believes that increased predation may impede the ability of
the caribou in the Richardson Range to meet the population objectives as outlined in the recovery
strategy.
[850] Based on the criteria provided in the Agency’s guide, Determining whether a project is
likely to cause significant environmental effects (November 1994), the Panel used the following
approach to determine the significance of project effects on caribou:
•

The loss of caribou habitat in the LSA is likely—the Project footprint will be cleared,
peatlands will not be recovered, and there will be a considerable time lag for old-growth
recovery. The loss of habitat for caribou predators (e.g., wolves) and their prey (e.g., deer) is
also likely, resulting in their potential movement to nearby critical habitat in the Richardson
Range.

•

The magnitude will be low—while over 10 000 ha will be cleared, the area is not currently
used by many caribou.

•

The geographic extent is regional—given that critical habitat for caribou in the Richardson
Range is only 5 km away, a distance that is well within the home range of caribou, caribou
predators, and their prey (moose, deer). Hence, loss of habitat for these predators may affect
species viability on a regional level in the critical habitat.
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•

The duration is long-term—given that the time frame for caribou habitat (both wetlands and
old-growth) to return to its former biodiversity and function is more than 80 years and
peatland restoration is still not demonstrated for oil sands projects. Likewise, the ability of
caribou to recover after closure will be highly linked to characteristics of their life history,
i.e., longer-lived, slower-growing species like caribou will take much longer to re-establish
after reclamation.

•

The effects are largely irreversible—given that there is still no evidence that peatlands can
be successfully reclaimed, peatlands constitute 85 per cent of wetland habitat lost and caribou
are declining to extirpation in the nearby Richardson Range.

•

The ecological context of the oil sands region where the Project is taking place has already
been adversely affected by human activities, as have caribou. The Project footprint is
immediately adjacent to other existing and approved oil sands mines.

[851] Given this analysis and the categorization of caribou in the nearby Richardson Range as
being “not self-sustaining”, the requirement in the federal recovery strategy for immediate
actions to avoid extirpation in this range, and the inadequacy of Shell’s proposed mitigation
measures, the Panel finds that there are likely adverse project effects on caribou in the nearby
Richardson Range. However, given that the habitat within the LSA does not currently appear to
be used by caribou in any substantial number, the Panel does not find the Project to have
significant adverse effects on caribou.
[852] The Panel recommends that the Government of Alberta in consultation with the
Government of Canada and interested Aboriginal groups in the oil sands area produce a range
plan for caribou in the designated critical habitat of the Richardson Range as soon as possible.
This range plan will outline specific steps for providing immediate action to reverse the current
level of disturbance, as prescribed in the federal recovery strategy. These steps should include
direction for ensuring that indirect effects (e.g., increased predation resulting from nearby land
clearing) on already significantly disturbed populations such as the Richardson Range are
minimized or avoided.
[853] The Panel recommends that the Governments of Canada and Alberta ensure that Shell
monitors the distribution and behaviour of caribou predators (namely wolves) and their usual
prey (e.g., deer and moose) following clearing of the LSA to assess the potential indirect effects
to the Richardson Range.
[854] The Panel recommends that the Government of Canada ensure that Shell conducts further
research and survey work to determine the extent to which caribou are using the LSA, and if they
are, to determine the number of people inhabiting the area and their connection to the caribou in
the Richardson Range. The Panel recommends that the Government of Canada ensure that Shell
works collaboratively with Aboriginal groups in carrying out this research. The results of this
work should be provided to the Government of Alberta to help update caribou range plans in
Alberta.
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Cumulative Effects
Evidence
[855] Shell stated that all three woodland caribou populations in the RSA appear to be
declining to extirpation because the indirect effects of industrial development on predator-prey
dynamics. Shell predicted a high-magnitude decline in woodland caribou abundance in the RSA
from PIC to base case, application case, and the PDC. Shell said that most of the effects on
caribou occurred between the PIC and the base case. For the application case, Shell predicted a
41 per cent (171 753 ha) and a 92 per cent (1652 193 ha) decline in high- and moderate-quality
caribou habitat, respectively, in the RSA. For the PDC, Shell predicted a 47 per cent
(199 988 ha) and a 93 per cent (1 665 049 ha) decline in high- and moderate-quality caribou
habitat, respectively, in the RSA. Shell considered the cumulative environmental effects on
woodland caribou to be likely, significant, and adverse.
[856] The federal recovery strategy for woodland caribou, presented as evidence by Shell,
indicates that three herds with critical habitat are identified in the RSA: the Red Earth,
Richardson, and West Side Athabasca Ranges, and that all three of those herds are considered in
the recovery strategy to be not self-sustaining. The recovery strategy outlines that the recovery
objective for herds that are not self-sustaining involves stabilizing and achieving self-sustaining
status, and that this requires immediate action for boreal caribou ranges where local populations
are declining. The recovery strategy also prescribes that habitat management will be necessary
for nonself-sustaining herds, and identifies 65 per cent undisturbed habitat in a range as the
disturbance management threshold. As such, for boreal caribou ranges with less than 65 per cent
undisturbed habitat, restoration to a minimum of 65 per cent undisturbed habitat will be
necessary. Both the Richardson and the West Side Athabasca Ranges have less than 65 per cent
undisturbed habitat (18 and 31 per cent undisturbed habitat, respectively).
[857] Shell predicted that woodland caribou will experience a decrease in the amount of high
and moderate suitability habitat after reclamation relative to the PIC, attributing this decrease to
the loss of peatlands. Shell further predicted that reclamation landscapes will increase abundance
of white tailed deer, which may increase wolf populations in the reclamation landscape. Shell
attributed the observed decreases in caribou from PIC to base case due to predation by wolves.
[858] EC stated that it was concerned about the level of habitat loss for woodland caribou that
Shell identified in both the application case and the PDC.
[859] OSEC provided evidence from the Dover EIA that suggested that unless trends are
reversed, woodland caribou populations in the RSA were estimated to decline to near extirpation
after 30 years.
[860] ACFN consider woodland caribou to be culturally important. ACFN indicated particular
concerns about project effects on culturally important populations of woodland caribou in the
RSA and beside the Project LSA (Kearl Lake area). ACFN further stated that within the RSA,
areas of core woodland caribou habitat both north and east of the Project and areas downstream
of the Project along the Muskeg and Athabasca Rivers are among the site-specific environmental
values most at risk in the application case.
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[861] MCFN and ACFN expressed concerns with respect to caribou and that the draft LARP
does not provide concrete or strong enough consideration of caribou. Both groups said that the
proposed provincial caribou policy contains serious flaws and loopholes that suppress caribou
protection in favour of economic interests. As such, MCFN and ACFN recommended the
following approaches to protect caribou habitat:
•

No net loss of woodland caribou habitat

•

No net increase in linear disturbance within caribou habitat

•

Restoration of historical caribou range that is already disturbed by industrial activities

•

Protection of all local populations throughout their historical and current ranges in
northeastern Alberta

•

Involvement of First Nations in planning, management, and monitoring of caribou

Analysis and Findings
[862] The Panel understands that it is the cumulative effects of industrial activities, including
oil and gas activities, that have led to the current predicted decline to extirpation of woodland
caribou. The Panel acknowledges that it is both the loss of habitat and the indirect effects leading
to altered predator-prey interactions that have put caribou at risk in the RSA. The Panel
recognizes that when a species at risk is as highly impacted as caribou, recovery will require a
regional effort in order to attempt to rectify current population trends, both inside and outside of
critical habitat.
[863] The Panel understands that the federal recovery strategy provides the initial direction
needed to bring about caribou recovery, including immediate action to reverse the trends of
caribou populations that are considered to be nonself-sustaining, namely all three herds in the
RSA. The Panel also understands that habitat management will be necessary in order to meet the
target of 65 per cent undisturbed habitat in both the Richardson and West Side Athabasca herds.
The Panel further understands that habitat management will require a reduction of both direct
(e.g., habitat loss and sensory disturbance) and indirect (predator-prey dynamics) threats in order
to reverse the trend for the caribou.
[864] Based on the criteria provided in the Agency’s guide, Determining Whether a Project is
Likely to Cause Significant Environmental Effects (November 1994), the Panel used the
following approach to determine the significance of cumulative effects on caribou based on the
application case and the PDC:
•

The loss of caribou habitat in the RSA is likely—the Project footprint along with other
project footprints will be cleared, resulting in a permanent loss of preferred caribou habitat
types and a long time lag for the restoration of others (old-growth and peatlands). Habitat
loss has been identified in the recovery strategy as a serious threat to caribou recovery;
hence, the likelihood of declines in species abundance is also high.

•

The magnitude will be extremely high—given losses of over one million ha of caribou
habitat (e.g., loss of moderate quality caribou habitat of 1 652 193 ha in the application case),
and given that this species is already declining to extirpation.
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•

The geographic extent is regional—affecting the RSA and beyond, given that caribou are
large and mobile, with home ranges that extend beyond the RSA.

•

The duration is long-term—given that the timeframe to restore caribou habitat is at least 100
years for old-growth forests, and that peatland restoration is still not demonstrated for oil
sands projects. Beyond that, caribou are slow growing and long lived, and it may take a long
time for animals to return to areas after closure.

•

The effects are largely irreversible—given that no evidence suggests that wetland and oldgrowth habitats can be reclaimed, and that caribou are already declining to extirpation with
no evidence of significant recovery action to halt the decline.

•

The ecological context of the oil sands region where the Project is taking place has already
been adversely affected by human activities and as such, caribou are already undergoing
large-scale declines as a result.

[865] Given this analysis and the lack of proposed mitigation measures shown to be effective,
the surpassing of existing thresholds for caribou habitat loss in Shell’s analysis, and the threat of
extirpation of caribou in the oil sands region, the Panel finds that there would be significant
adverse cumulative effects on caribou in the RSA in the application case and the PDC.
[866] The Panel recommends that the Government of Alberta work in cooperation with EC
towards the expeditious completion of range plans for caribou in the oil sands region to ensure
that immediate action occurs as prescribed in the federal recovery strategy.
[867] The Panel recommends that the Government of Alberta work with Aboriginal groups
during development of the biodiversity management framework under LARP to specifically
address issues related to caribou in the oil sands region. The Panel further recommends that
during development of the biodiversity management framework, consideration be given to
principles such as no net loss of caribou habitat, limiting linear disturbances in critical caribou
habitat, and restoration of historical and present caribou ranges.
Wood Bison
Project Effects
Evidence
[868] Shell stated that it assessed the effects of the Project on potential wood bison habitat in
the LSA as having a negative, high environmental consequence during construction, operation,
and closure. However, Shell stated that wood bison do not actually occur in the LSA and
therefore will not be affected by the Project. Shell did not consider the effects of the Redclay
Compensation Lake in its analysis of project effects on bison. Shell said that the main threat to
wood bison was disease and that they are not habitat-constrained within the RSA. Therefore, the
Project would have negligible effects on wood bison. Shell also indicated that issues surrounding
species at risk and the location of the compensation lake would fall under the purview of DFO.
[869] ACFN stated that predation, disease, and habitat were the three main factors contributing
to low numbers of wood bison that have to be considered in any recovery plan for the wood
bison.
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[870] ACFN highlighted that the federal recovery strategy for wood bison under the SARA was
over 10 years late. EC stated that it will release a draft SARA recovery strategy for wood bison
toward the end of 2013 and would consult with Aboriginal people before the draft is posted.
[871] ACFN stated that the wood bison was an important traditional resource for the ACFN and
that the Project will have negative effects on the Ronald Lake herd, potentially resulting in the
extinction of this herd. ACFN stated that there will be substantial losses of wood bison habitat
given the proposed site of the Redclay Compensation Lake, which is currently located in the area
used by the Ronald Lake herd. ACFN stated that it anticipated that the compensation lake would
inundate and destroy observed and known core Ronald Lake wood bison habitat, specifically a
habitat type known locally as “buffalo prairie.”
[872] ACFN members indicated that the Ronald Lake herd was particularly important as it was
the only herd of wood bison available to ACFN hunters outside Wood Buffalo National Park
(refer to the Effects on Aboriginal Traditional Land Use, Rights and Culture section for further
detail).
Analysis and Findings
[873] The Panel notes that the federal recovery strategy under SARA is over 10 years late. The
Panel understands that without the recovery strategy in place, it is difficult to determine the
importance of the Ronald Lake herd in contributing to the population objectives for the recovery
of the species. Similarly, without the identification of critical habitat, it is difficult for the Panel
to establish the importance of the area of the Redclay Compensation Lake for meeting the
objectives of the recovery of the wood bison population, and hence the significance of
environmental effects.
[874] The Panel recognizes that Shell did not consider the area of the proposed Redclay
Compensation Lake as being part of the LSA; therefore Shell did not analyze project effects on
the wood bison that inhabit this area for project effects. The Panel recognizes that wood bison
are no longer found on the east side of the Athabasca River.
[875] The Panel recognizes that wood bison habitat of the Ronald Lake Herd would be affected
by the compensation lake and that this might affect ACFN’s ability to hunt wood bison. The
Panel also acknowledges that ACFN provided little information about the abundance of wood
bison in that herd or about the importance of habitat that will be affected by the compensation
lake.
[876] Based on the criteria provided in the Agency’s guide, Determining Whether a Project is
Likely to Cause Significant Environmental Effects (November 1994), the Panel used the
following approach to determine the significance of project effects on wood bison:
•

The loss of wood bison habitat as a result of the Project is likely—Shell will clear the
compensation lake footprint (approximately 303 ha) and not reclaim the existing habitat for
bison.

•

The magnitude will be low—given that hundreds of hectares of habitat available to bison will
be cleared.
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•

The geographic extent is regional—given that the home range for wood bison is bigger than
the compensation lake footprint alone.

•

The duration is long term—given that the habitat will not be reclaimed for use by bison.

•

The effects on bison habitat are potentially irreversible—given that the habitat will be
flooded and not available as bison habitat.

•

The ecological context of the oil sands region where the Project is taking place has already
been adversely affected by human activities, as have wood bison. The Project footprint is
immediately adjacent to other existing and approved oil sands mines.

[877] Given this analysis and the lack of available information on the relative importance of
the Ronald Lake herd to the overall recovery of wood bison, the Panel determines that the project
effects on wood bison in the Ronald Lake herd are adverse but are unlikely to be significant,
pending further information, to be identified in the anticipated recovery strategy, on population
objectives and critical habitat of wood bison.
[878] Given that the recovery strategy is considerably overdue, the Panel recommends that the
Government of Canada consult with Aboriginal groups to help inform the federal recovery
strategy for wood bison and ensure its expeditious delivery. The Panel also recommends that
critical habitat for bison be identified in the federal recovery strategy to provide context for
future decisions on oil sands development in the Athabasca region.
Cumulative Effects
Evidence
[879] Shell’s analysis concluded that changes in the RSA from PIC to application case and
PDC will have negligible environmental consequences for wood bison abundance, attributing
bison decline to disease rather than habitat loss. Therefore, Shell said that there would be
negligible decline in wood bison abundance in the RSA from PIC to application case and the
PDC. Shell said that it did not consider cumulative effects on wood bison in the RSA to be
significant. Dr. Komers, an ACFN expert, agreed with Shell’s assertion that bison were not
habitat limited in the RSA.
[880] MCFN and ACFN stated that bison were a culturally important species. ACFN expressed
concerns about cumulative effects on wood bison in the RSA given their importance to ACFN’s
cultural practices and traditional economy and the use of the Ronald Lake herd. ACFN stated
that large, contiguous areas were essential because of the wide ranging and dispersed nature of
wildlife resources in the boreal forest, especially large ungulates such as bison. MCFN said that
the conservation areas proposed in the LARP do not protect areas that would contain
aggregations of habitat for wood bison.
[881] ACFN indicated that historically important subsistence species such as wood bison were
already at dangerously low levels, were scarcely available for traditional resource use throughout
the region, and the regional landscape is changing in ways that may lead to the disappearance of
bison altogether. MCFN indicated that its analyses demonstrated the decline of many wildlife
species, such as bison.
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Analysis and Findings
[882] The Panel is aware that bison in the RSA are already significantly affected by disease,
and that bison are currently found only on the west side of the Athabasca River. The Panel
understands from the evidence that habitat loss is not the greatest threat to wood bison.
[883] The Panel is aware that the bison are culturally important for Aboriginal people in the oil
sands region and that loss of habitat for the Ronald Lake herd may affect availability of bison in
the RSA for ACFN members to hunt. The Panel acknowledges the substantial delay in the
development of the wood bison recovery strategy, which makes it difficult to make decisions
about the importance of bison habitat in the RSA to recovery of the species as a whole.
[884] Based on the criteria provided in the Agency’s guide, Determining Whether a Project is
Likely to Cause Significant Environmental Effects (November 1994), the Panel used the
following approach to determine the significance of cumulative effects on bison based on the
application case and the PDC:
•

The loss of bison habitat in the RSA is likely—the habitat of the Redclay Compensation
Lake will be lost along with the footprints of numerous other oil sands developments on the
west side of the Athabasca.

•

The magnitude will be low—given that losses of bison habitat are in the thousands of
hectares and given that habitat loss is not the primary threat to bison.

•

The geographic extent is regional—affecting the RSA and beyond, given that bison are large
and mobile with home ranges that extend beyond the RSA.

•

The duration is long-term—given that Shell will not reclaim the habitat lost from the
Redclay Compensation Lake. Beyond that, bison are slow growing and long lived, and it may
take a long time for animals to return to other reclaimed areas after closure.

•

The effects are reversible—while the loss of habitat for the compensation lake is permanent,
other project footprints may be reclaimed.

•

The ecology of the oil sands region where the Project is taking place has already been
adversely affected by human activities.

[885] Given this analysis and the lack of information about the importance of habitat in the
RSA for wood bison and the fact that disease and past management are the most serious threats
to bison recovery, the Panel believes that there are adverse but not significant cumulative effects
on wood bison as a result of oil sands developments in the RSA.
Moose
Project Effects
Evidence
[886] Shell predicted that the project effects on moose abundance, habitat, and movement after
closure and reclamation in the LSA to be either low or negligible. Shell further stated that
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increases in upland habitat after reclamation will result in positive changes in the LSA for
moose.
[887] ACFN said that the Project will remove or affect moose habitat. Specifically, ACFN
noted that within the Project LSA, high-quality moose habitat will be impacted by direct
disturbance.
[888] Shell said that moose will not be adversely affected by the Project. According to Shell,
moose will move from the LSA to the RSA. It stated that because the RSA was below carrying
capacity, the food supply for moose will be sufficient. Shell also said that it predicted the shift in
the landscape from wetlands to upland habitats and shrubland habitats preferred by moose would
result in positive changes to moose habitat in the LSA. However, to be precautionary, Shell
stated it assessed the environmental consequences of the effects of the Project on moose as
negative and low in order.
[889] According to several ACFN members, the compensation lake may affect the migration
routes of moose and they may move to another location as a consequence. ACFN indicated that
moose and deer were increasingly avoiding the Kearl Lake area.
[890] NSFMFM and Clearwater Band stated that they hunt moose within the Project site area
and the numbers of moose have declined.
Analysis and Findings
[891] The Panel acknowledges the traditional importance of moose to Aboriginal people. The
Panel notes that clearing the Project footprint will reduce habitat for moose.
[892] Although the Panel recognizes that reclamation of the LSA may increase moose habitat,
this will not occur for many years. The Panel believes that Shell has not provided clear evidence
to support its view that the RSA is below carrying capacity, can absorb any moose displaced
from the LSA, and as such, would serve to alleviate the effects of habitat clearing.
[893] Based on the criteria provided in the Agency’s guide, Determining Whether a Project is
Likely to Cause Significant Environmental Effects (November 1994), the Panel used the
following approach to determine the significance of project effects on moose:
•

The loss of moose habitat in the LSA is likely—Shell will clear the Project footprint and
there will be a time lag for reclamation.

•

The magnitude will be moderate—given that thousands of hectares of habitat (11 995 ha of
moderate- and high-quality habitat) available to moose will be cleared by the Project.

•

The geographic extent is regional—given that the home range for moose is bigger than the
LSA alone and that their population limits extend beyond the LSA.

•

The duration is medium-term—given that moose should be able to recolonize the early seral
habitat of reclaimed uplands (e.g., 40 years). However, the ability of moose to recover after
closure will be highly linked to characteristics of their life history, e.g., longer-lived, slowergrowing species such as moose will take much longer to re-establish after reclamation.
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•

The effects on moose habitat are reversible—given that moose should be able to recolonize
reclaimed upland habitats after closure.

•

The ecological context of the oil sands region where the Project is taking place has already
been adversely affected by human activities. The Project footprint is immediately adjacent to
other existing and approved oil sands mines.

[894] Given the above analysis, the Panel determines that project effects on the LSA moose
population are adverse but are not significant.
Cumulative Effects
Evidence
[895] Shell conducted a PVA that estimated the initial abundance, carrying capacity, and
population density of the RSA for moose and used it to estimate that the moose population had
declined by 12 per cent from the PIC to both the base case and the application case, but it stated
that no reliable data on historical population trends was available for moose in the RSA. Shell’s
PVA also predicted a decline of 20 per cent from the PIC to the PDC. However, the probability
of population extirpation remains less than 0.001 per cent in all cases. Shell stated that while
there was uncertainty around population size and trends, available data do not suggest major
changes were occurring in moose population size in the RSA. Shell concluded that moderatemagnitude population declines were foreseeable for the PDC, but considered the effects on
moose from PIC to the PDC to not be significant.
[896] Shell predicted that high-, moderately high-, and moderate-quality moose habitat would
decrease by 16, 9, and 8 per cent, respectively, from the PIC to the application case. At the PDC,
Shell predicted declines of 24, 15, and 14 per cent for high-, moderately high-, and moderatequality moose habitat, respectively.
[897] Shell said that a number of factors affected moose population levels in the RSA,
including habitat, predation, access, and hunting. Shell further stated that although moose
populations in the region were declining, there is nothing to suggest that the primary cause of
this decline was habitat loss, given that habitat quality and availability suggest that moose
populations in the RSA remain well below the carrying capacity of the environment. Shell
considered that the cumulative effects of development on moose are not likely to be significant.
[898] ACFN disagreed with the results of Shell’s PVA and believed that, because of
contradictions in conclusions, Shell did not consider the traditional ecological knowledge (TEK)
provided by ACFN. ACFN said that trappers and Aboriginal people consistently report declining
moose numbers in the region, whereas Shell’s analysis predicted some growth in moose
populations. ACFN further stated that Shell’s PVA conflicts with modelling conducted in the
development of the TEMF; the modelling concluded that moose were already below their NRV
and populations will continue to decline.
[899] Fort McKay said that the TEK report filed by Shell documented that Fort McKay
members have observed declining population levels in moose. ACFN provided evidence to show
that between 1992 and 2008, an average of 42 km2 (approximately 10 moose home ranges) of
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moose habitat have been removed each year from ACFN's RSA and that moose density has
declined substantially.
[900] FMMFN #468 also noted declines in abundance of moose. FMMFN #468 indicated that
the moose population was now one quarter to one half of what it was 20 years ago and said that
this decline was a result of the development of the oil industry.
[901] OSEC provided evidence from the Dover Commercial Project EIA (2010), which stated
that unless trends are reversed, Dover estimated moose in the RSA to decline to near extirpation
after 30 years. OSEC and FMFN provided other assessments that gave the following as evidence
of declining moose populations:
•

the survey of wildlife management unit 531 by ESRD, of which about 50 per cent is within
the RSA, indicated a decline of 60 per cent in the population between 1994 and 2009; and

•

the survey of wildlife management unit 530 by ESRD, of which about 50 per cent is within
the RSA, also demonstrates declining population levels compared with past surveys.

[902] OSEC stated that Shell failed to consider in its assessment of significance the Fort
McMurray IRP, which provides a population target for moose in the RSA. Shell agreed that the
population target for moose set out in the Fort McMurray IRP would not be met and in fact, the
moose population was 50 per cent below the target.
[903] ACFN expressed concerns about cumulative effects on moose in the RSA given their
importance to ACFN’s cultural practices and traditional economy. ACFN stated that large,
contiguous areas were essential because of the wide-ranging and dispersed nature of large
ungulates such as moose and that at the regional scale the cumulative effects will result in a high
environmental consequence to moose.
[904] MCFN stated that moose were a culturally important species. MCFN expressed concern
about the cumulative effects on the health and sustainability of moose. MCFN reported that
moose in the oil sands region, specifically in the Kearl Lake area, do not taste as good as moose
from other areas, such as the Birch Mountains (80 km from the oil sands region). MCFN
expressed concern about the health of the moose and believed that fallout and dust may
contaminate the plants and contribute to the poor health of moose.
[905] ACFN also noted concerns with the health and taste of moose. For example, a member of
ACFN reported killing a moose with evidence of infection in its lungs, and other members
reported similar concerns. FMMFN #468 provided information from its members about changes
they have seen in a number of animals, including changes in colour and taste of moose meat,
tumours, and abnormal-looking organs.
[906] Shell conducted a wildlife health assessment for moose focusing on chemicals of
potential concern through inhalation, ingestion, or dermal contact. Shell stated in its wildlife
health assessment that the Project would not contribute to potential wildlife health risks.
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Analysis and Findings
[907] The Panel understands the cultural and economic significance of moose to Aboriginal
people in the RSA. The Panel recognizes that there is some evidence to suggest a decline in
moose populations from the PIC to the base case. The Panel also acknowledges that moose
populations in the RSA are predicted to decline further in the application case and PDC.
[908] The Panel notes that according to TEK, moose health is a concern and many Aboriginal
groups expressed concerns about the health of individual moose. The Panel also acknowledges
that Aboriginal groups expressed concerns about the taste of the moose.
[909] Based on the criteria provided in the Agency’s guide, Determining Whether a Project is
Likely to Cause Significant Environmental Effects (November 1994), the Panel used the
following approach to determine the significance of cumulative effects on moose.
•

The loss of moose habitat in the RSA is likely—Shell will clear the Project footprint and
numerous other projects.

•

The magnitude will be high— given that 151, 621 ha and 246 242 ha of habitat available to
moose will be cleared in the application case and PDC, respectively.

•

The geographic extent is regional—affecting the RSA and beyond, given that moose are
large and mobile with home ranges that extend beyond the RSA.

•

The duration is medium- to long-term—given that moose should be able to recolonize the
early seral habitat of reclaimed uplands (e.g., 40 years). However, the ability for moose to
recover after closure will be highly linked to characteristics of their life history, e.g., longerlived, slower-growing species such as moose will take much longer to re-establish after
reclamation, particularly if moose in the oil sands region are already in decline and there are
not as many individuals to recolonize.

•

The effects on moose habitat are reversible in the medium-term—given that moose should
be able to recolonize reclaimed upland habitat after closure.

•

The ecological context of the oil sands region where the Project is taking place has already
been adversely affected by human activities and as such, moose populations may already be
declining.

[910] Given this analysis and an expected loss of less than 20 per cent of high-quality moose
habitat at the application case, the Panel determines that the cumulative effects on the RSA
moose population are adverse but not significant. The lack of reliable population data upon
which to assess population trends was also a consideration in the significance determination.
[911] The Panel recommends that the Government of Alberta include updated management
objectives for moose for the Lower Athabasca planning region in the biodiversity management
framework being developed under LARP. The Panel also recommends that the Government of
Alberta develop and implement a program to monitor the health and long-term sustainability of
moose populations in the Lower Athabasca region, either as part of the biodiversity management
framework or as part of other monitoring initiatives currently being developed and implemented.
The Panel recommends that the Government of Alberta work with interested Aboriginal groups
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in developing the management objectives and monitoring programs for moose populations in the
Lower Athabasca region.
Migratory Birds
Project Effects
Evidence
[912] Shell’s habitat suitability models predicted that clearing the LSA would reduce habitat
available for nesting boreal birds. For all migratory birds, Shell concluded that the loss of habitat
in the LSA will have high environmental consequences during construction and operations. Shell
suggested that the environmental consequence to the abundance of Canada warbler, common
nighthawk, olive-sided flycatcher, peregrine falcon, red knot, black-throated green warbler, and
whooping crane will be low during construction and operations.
[913] Shell predicted more than 75 per cent habitat loss before reclamation for all migratory
birds it analyzed: black-throated green warbler, common nighthawk, horned grebe, olive-sided
flycatcher, rusty blackbird, and yellow rail. Shell predicted over 45 per cent high- or moderatequality habitat loss at closure for the following old-growth- and wetland-dependent species:
black-throated green warbler, common nighthawk, rusty blackbird, and yellow rail.
[914] According to Shell, yellow rail, common nighthawk, horned grebe, and rusty blackbird
will all experience decreases in high and moderate quality habitat in the LSA after reclamation.
Shell predicted that there will be high negative consequences in the LSA for rusty blackbird,
yellow rail, horned grebe, and black-throated green warbler, but high positive consequences for
Canada warbler and olive-sided flycatcher. Shell stated that after reclamation, migratory bird
populations should recover, resulting in negligible environmental consequences overall. Shell
stated that the effects of landscape change in the RSA may have contributed incrementally to
population declines in Canada warbler.
[915] EC stated that several migratory birds in the LSA are also species at risk (see appendix
10b).
[916] Shell stated that peatlands within the LSA cannot be reclaimed as wetlands; therefore, the
species of migratory birds that will be most negatively affected by the Project will be wetland
specialists, such as yellow rail, red knot, horned grebe, and rusty blackbird. Shell suggested that
species that will be less affected are those associated with upland forested habitats, such as
Canada warbler and olive-sided flycatcher.
[917] Shell predicted that many species of migratory birds will not be negatively affected by
habitat loss in the LSA because there is ample suitable habitat in the surrounding RSA that is
below carrying capacity for most species, (e.g., Canada warbler, common nighthawk, peregrine
falcon, red knot, and whooping crane).
[918] EC stated that there is no evidence to suggest that the surrounding boreal forest can
sustain increased numbers of breeding birds or that it is below carrying capacity. It stated that
cumulative effects from other proposed projects could reduce habitat availability even further.
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EC also stated that using remaining habitat in the RSA to alleviate the effects of the loss of
habitat in the LSA to migratory birds is unproven.
[919] Shell stated that it will use 100 m treed buffers around watercourses outside of the Project
development area that will maintain breeding and foraging habitat for a number of migratory
birds using these areas during the breeding season.
[920] EC stated that although a 100 m buffer may generally be sufficient to maintain movement
of forest songbirds, it may not be sufficient to maintain the overall pre-disturbance songbird
community. EC further stated that although additional research is required, buffer widths up to
200 m may be required to maintain predisturbance forest bird communities.
[921] Shell said that it used the horned grebe as a surrogate species for waterfowl given that the
grebe shares a substantial number of ecological requirements and life stages with ducks and
geese. ACFN and EC stated that Shell should have used a species of waterfowl as a KIR. ACFN
challenged Shell’s use of the horned grebe as being representative of waterfowl and stated that
other species such as the lesser scaup would be more appropriate. ACFN stated that the horned
grebe belongs to the order Podicipediformes which are not considered to be classified within the
waterfowl group. EC stated that the nesting habitat requirements of ducks and geese differ from
that of the horned grebe. Shell predicted a loss of 97 per cent of horned grebe habitat due to
construction and operations and a 58 per cent loss of high quality-habitat at closure.
[922] EC stated that it was particularly concerned about the loss of yellow rail habitat in the oil
sands region, especially in the lenticular fen complex located within and beside the northeast
corner of the LSA (see the Effects on Wetlands section). EC recommended that Shell monitor
and minimize effects of drawdown on yellow rail habitat within and beside the LSA and avoid
direct effects on yellow rail habitat wherever possible.
[923] EC stated that upland vegetation after reclamation would have relatively low biodiversity
potential and would support relatively few migratory bird species. In addition, concerns, EC
stated that the success of reclamation and recolonization of reclaimed habitats by species at risk
and many migratory birds is uncertain and, for old-growth-dependent species (e.g., blackthroated green warbler and Canada warbler), will take considerable time to achieve.
[924] EC raised the concern that alteration of Kearl Lake water levels may reduce habitat
quality on the lake for migrating and nesting birds, thereby reducing the number of birds using
the lake. It said that the alteration may increase the occurrence of birds on nearby tailings ponds,
resulting in an increased risk of mortality. EC recommended that Shell design the levee to
minimize effects on migrating and nesting birds and monitor use of Kearl Lake before and after
alteration of water levels to determine any changes in bird use.
[925] Aboriginal groups stated that the migration pathways for many waterfowl appear to have
changed in that they are no longer flying over the oil sands region or using the PAD in the same
way. EC confirmed that it has observed the shifting patterns in migration pathways but that
further study is required.
[926] EC identified whooping cranes as one of the most endangered birds in North America.
Based on a satellite telemetry study that spans spring and fall migration periods between 2010
and 2012, EC presented evidence that 40 per cent of the population migrates over the oil sands
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region and that 30 per cent of those birds landed within 1 km of a tailings pond (refer to the
Effects of Tailings Ponds on Migratory Birds section).
[927] ACFN stated that the Kearl Lake area of the Project is very important for hunting
waterfowl (refer to the Effects on Aboriginal Traditional Land Use, Rights, and Culture section).
Analysis and Findings
[928] The Panel notes that a substantial amount of habitat for migratory birds that are wetlandor old-growth-forest-dependent will either be lost entirely or lost for an extended period of time.
Many of these species are also species at risk whose numbers are declining throughout Alberta,
particularly yellow rail, rusty blackbird, and horned grebe.
[929] The Panel believes that Shell’s assumption that the RSA still has ample habitat for
migratory birds is unproven because there is no evidence to show that the RSA will be able to
absorb the influx of boreal birds whose habitat has been cleared in the LSA. Accordingly, the
Panel does not accept Shell’s determination of project effects on migratory birds as being not
significant. The Panel also notes that several affected boreal migratory birds are species at risk,
for which a requirement to mitigate adverse effects arises under section 79 of SARA.
[930] The Panel remains unclear about Shell’s intended mitigation of project effects on nesting
birds by establishing 100 m buffers “outside of the project development area” because it does not
know how a mitigation measure outside of the Project development area can mitigate project
effects on migratory birds, or how Shell plans to influence buffer size outside of the Project
development area. The Panel is unclear as to why Shell has chosen to list this as a mitigation
measure.
[931] Given that Shell considered the horned grebe to be a surrogate waterfowl KIR and that
Shell predicted large declines in high-quality habitat loss in the LSA after reclamation (58 per
cent) for this species, the Panel finds that there is a potential for large-scale losses to waterfowl
habitat after reclamation. The Panel recognizes that loss of waterfowl habitat may have important
ramifications for Aboriginal hunting and use of the species.
[932] The Panel understands that Shell chose the black-throated green warbler as a KIR to
represent boreal songbirds and that predicted large-scale declines for this species in the LSA may
indicate the potential for similar declines for the many species of boreal songbirds that use the
LSA.
[933] The Panel recognizes that the Project area does not provide critical habitat for endangered
whooping cranes (nesting or overwintering), therefore habitat loss is not an issue for this species.
However, the Panel has noted that should species at risk land in a tailings pond, a significant
effect would occur (refer to the Effects of Tailings Ponds on Migratory Birds section).
[934] Based on the criteria in the Agency’s guide, Determining Whether a Project is Likely to
Cause Significant Environmental Effects (November 1994), the following approach was used to
determine the significance of project effects on migratory birds.
•

The loss of migratory bird habitat in the LSA is likely—the Project footprint will be cleared
and there will be substantial habitat loss.
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•

The magnitude will be moderate—given that thousands of hectares of habitat available to
migratory birds will be cleared.

•

The geographic extent is regional—given that populations of migratory birds extend beyond
the boundary of the LSA and their population limits extend beyond the LSA.

•

The duration is long-term—given that the timeframe for much migratory bird habitat
(wetlands and old-growth) to return to its former biodiversity and function is more than 80
years and that peatland restoration is still not demonstrated for oil sands projects. In addition,
the ability for migratory birds to recover in the LSA after closure will be highly linked to the
health of populations in the RSA, and current evidence suggests some substantial declines
several migratory birds in the oil sands region.

•

The effects are potentially irreversible—given that there is no evidence that peatlands can be
successfully reclaimed, and peatlands constitute 85 per cent of wetland habitat lost in the
LSA which acts as habitat for migratory birds. In addition, the time lag to restoration of oldgrowth forests (which provides nesting habitat for boreal birds), is well beyond 80 years.
There is also no evidence in the oil sands region that old-growth forest can be restored to its
former complexity and biodiversity. Furthermore, some of the species at risk may decline to
the point where they can no longer re-establish in the LSA.

•

The ecology of the oil sands region where the Project is taking place has already been
adversely affected by human activities. The Project footprint is immediately adjacent to other
existing and approved oil sands mines.

[935] Given this analysis and the lack of proposed mitigation measures shown to be effective,
the potential inability to reclaim certain habitats to base case conditions, the decline of many
migratory bird species in the oil sands region, and effects on migratory birds that are species at
risk described herein, the Panel finds significant adverse project effects on some migratory birds,
particularly wetland-reliant wildlife species and species at risk.
[936] The Panel recommends that before other provincial and federal approvals are issued, the
Governments of Canada and Alberta cooperatively consider the need for conservation offsets to
address some of the likely significant adverse effects of the Project, including effects on some
migratory birds.
Cumulative Effects
Evidence
[937] Shell predicted that changes in the land cover of the RSA from PIC to application case
and the PDC would have a moderate to high adverse environmental consequence on the
abundance of wetland-dependent species, namely horned grebe, olive-sided flycatcher, rusty
blackbird, and yellow rail. Shell stated that the resilience of populations of these species in the
RSA has not been compromised and that high-suitability habitat remains for these species in the
RSA.
[938] Shell chose the black-throated green warbler as a KIR that was representative of oldgrowth forest birds. The black-throated green warbler is used by CEMA’s Sustainable
Ecosystems Working Group as an environmental indicator for the bird community. Shell
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predicted that cumulative effects on the black-throated green warbler are significant and adverse
in both the application case and the PDC, given 35 and 41 per cent declines to high and moderate
habitat, respectively in the application case, and 44 and 51 per cent declines to high and
moderate habitat, respectively in the PDC. Shell also predicted high-magnitude declines in
abundance for this species, which would be of high environmental consequence. Shell stated
that, therefore, it considered effects on the black-throated green warbler population in the RSA
significant and adverse, given that available data suggest that black-throated green warbler
populations in Alberta may be declining to extirpation, potentially because increased
development in Alberta.
[939] Shell chose the horned grebe to represent waterfowl species. Shell predicted moderate
and high consequence to horned grebe habitat given 19 and 26 per cent declines in high-quality
habitat, respectively in the application case and the PDC. Shell identified a moderate-magnitude
decline in horned grebe abundance in the RSA from the PIC to the application case, and a highmagnitude decline in abundance from the PIC to the PDC. However, Shell did not consider the
effects on horned grebe likely to be significant given that resilience of this species in the RSA
has not been compromised.
[940] Shell chose yellow rail as a KIR to be a representative of the marsh-bird community and
a riparian health indicator. Yellow rail is also a species of special concern under SARA. Shell
found declines in yellow rail high-quality habitat of 20 and 27 per cent in the application case
and PDC, respectively; however, given the amount of remaining high-suitability habitat in the
RSA and estimated population trends, Shell concluded that it is unlikely that the resilience of
yellow rail populations in the RSA would be compromised to the point where they are no longer
self-sustaining and ecologically effective. Shell conducted partial field surveys (not completed
because of forest fires) to find yellow rail in 2009, and four individuals were located in fen
habitats in the LSA.
[941] Shell found adverse effects on Canada warbler in the RSA in the application case given
declines in habitat of 49 and 34 per cent for high- and moderate-quality habitat, respectively. In
the PDC, Shell predicted that Canada warbler will have 61 and 45 per cent losses in high- and
moderate-quality habitat, respectively in the PDC. Shell stated that the effects of landscape
change in the RSA may have contributed incrementally to population declines in Canada
warbler. However, Shell concluded that the resilience of populations of this species in the RSA
has not been affected; therefore the cumulative effects are considered adverse but not significant.
[942] Shell stated that after reclamation there would be increases in high-suitability habitat for
Canada warbler, olive-sided flycatcher, and black-throated green warbler relative to conditions
before reclamation given their association with mature forest stands. However, Shell said that the
black-throated green warbler could become extirpated in the timeframe of the Project given
current declines in Alberta. Shell also predicted decreases in habitat for horned grebe, rusty
blackbird, short-eared owl, and yellow rail given the loss of wetlands; however, Shell stated that
these species are not limited by habitat in northeastern Alberta, therefore did not expect regional
populations to change.
[943] EC stated that several studies and analyses have demonstrated high levels of existing and
potential future habitat loss and possible adverse effects on migratory birds in this region. EC
stated that it is concerned about the level of habitat loss that Shell has identified both in the
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application case and the PDC, specifically for Canada warbler, yellow rail, and rusty blackbird.
EC stated that these effects will be long-term and possibly permanent, depending on the success
of reclamation and particularly for wetland-dependent species such as the yellow rail.
[944] EC stated that the population-level consequences of cumulative habitat loss in the RSA
are unknown for most migratory birds; however, habitat loss can contribute to population
declines. In particular, EC noted that populations of many migratory birds are already declining
in Alberta, including Canada warbler, common nighthawk, olive-sided flycatcher, and blackthroated green warbler.
[945] Shell provided a recent report from the Alberta Biodiversity Monitoring Institute (ABMI)
on the status of land birds in Alberta’s boreal plains ecozone. The report stated that the status of
74 common land birds (including forest specialists, neotropical migrants, species at risk, and
human-associated birds) in the oil sands region was 85 per cent intact relative to undisturbed
conditions. Intactness is a measure of how closely the actual abundance of a species compares to
the number of individuals expected to be found in an area without human disturbance.
[946] OSEC pointed out that the ABMI report sampling locations, showing areas of 85 per cent
intact land bird populations, did not include areas where there was oil sands development. OSEC
also stated that the ABMI document does not present a picture of future changes to land birds in
the region because it represented only past and current conditions and does not show the
potential effects of future development to the region, including the Project and other projects that
have been approved but not yet built.
[947] Shell acknowledged that ACFN participants in a 2005 CEMA-sponsored workshop
provided some TEK describing the decline of migratory birds in the PAD. ACFN suggested that
the decline in migratory bird abundance and changes in migration routes are affecting the spring
hunt in the oil sands region and specifically in the PAD. ACFN said that waterfowl serve as a
signpost for the health of the PAD and the Athabasca River.
[948] Shell stated that its assessment of baseline conditions indicated no decline in the number
of migratory birds in the PAD. Shell mentioned that it did not integrate ACFN’s TEK in its EIA
because it did not match the baseline data.
[949] ACFN said that intentional disturbance of birds and flyways through use of deterrent
cannons on tailings ponds may further adversely impact the current or potential availability of
migratory birds for ACFN use in the RSA. ACFN proposed that the following factors could all
contribute to the change of migration routes of birds:
•

large areas along the Athabasca River that are cleared of vegetation

•

large plumes of dust, bad-smelling smoke, and pollution in the air

•

large amounts of reflective metal and numerous large, noisy, brightly coloured vehicles
constantly moving

•

nearly constant noise that increases because of cannons and bird deterrent systems as birds
fly overhead
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[950] EC stated that the migration routes of birds may be changing and this change could affect
the availability of these birds in the PAD. According to EC, the oil sands industry may or may
not be contributing to change in the migration routes and to decline of migratory birds in the
PAD, as the reasons for the changes in the migration routes are not clear.
[951] The Métis suggested that air pollution generated by the oil sands industry is responsible
for changes in the number of birds in the region.
[952] FMMFN #468 also noted declines in abundance of migratory birds.
[953] MCFN stated that migratory birds are culturally important species. MCFN expressed
concern about the cumulative effects on the health and sustainability of migratory birds. MCFN
members reported changes in migratory bird patterns, particularly with respect to ducks and
geese, and overall declines in the availability of migratory birds as a result of oil sands
development. MCFN reported that these changes have adversely affected the quantity of birds
available for the MCFN spring and fall bird hunt, particularly in the PAD.
Analysis and Findings
[954] The Panel recognizes that Shell found substantial loss of high- or moderate-quality
habitat (i.e., more than 20 per cent) for five of seven migratory birds it assessed from the PIC to
application case and for six out of seven from the PIC to PDC. Among those species are the
KIRs Shell chose to represent old-growth forest birds, marsh birds, and waterfowl. Given the
relatively high levels of habitat loss predicted, the Panel is concerned about cumulative effects of
habitat loss on these three guilds of migratory birds.
[955] The Panel notes that Shell’s primary reason for not indicating significant adverse effects
on most species of migratory birds is based on the assumption that there is ample habitat in the
RSA. As previously discussed, the Panel does not believe that Shell has provided sufficient
evidence to support its view that there is adequate habitat for migratory birds in the RSA,
particularly given future planned developments. The Panel also notes that according to EC, many
species of migratory birds are already experiencing declines in the oil sands region. Although the
Panel recognizes that the recent work of the ABMI indicates a relatively high level of intactness
for land birds in the oil sands region, the Panel believes that this document provides only a
snapshot of the recent past. It does not reflect projects that have been approved but not yet built,
and as such, the future development scenario in the region may lead to changes in this degree of
intactness.
[956] The Panel notes that most migratory birds with the greatest loss of habitat (i.e., have more
than 20 per cent habitat loss) are also species at risk (rusty blackbird, olive-sided flycatcher,
Canada warbler, yellow rail, and horned grebe). The Panel recognizes the requirements under
SARA to mitigate any effects on species at risk.
[957] The Panel understands the cultural significance of migratory waterfowl to Aboriginal
people. The Panel recognizes that Aboriginal people have said that there are considerable
declines in waterfowl in the PAD.
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[958] The Panel is concerned about substantial predicted declines in horned grebe, a KIR
chosen by Shell to represent waterfowl. The Panel agrees with EC that the reasons for changes in
the migration routes of waterfowl are not yet understood and that more study is required.
[959] Based on the criteria provided in the Agency’s guide, Determining Whether a Project is
Likely to Cause Significant Environmental Effects (November 1994), the Panel used the
following approach to determine the significance of cumulative effects on migratory birds.
•

The loss of migratory bird habitat in the RSA is likely—Shell will clear the Project footprint
and there will be substantial habitat lost from other projects in the region. Shell predicted
more than 20 per cent habitat loss for five out of seven migratory birds for the application
case.

•

The magnitude will be high—given that hundreds of thousands of hectares of habitat
available to migratory birds will be cleared.

•

The geographic extent is regional—given that population limits of migratory birds extend
well beyond the boundary of the RSA, and many species migrate to southern North America
and South America.

•

The duration is long-term—given that the timeframe for much migratory bird habitat
(wetlands and old-growth) to return to its former biodiversity and function is more than 80
years, and peatland restoration is still not demonstrated for oil sands projects. In addition, the
ability of migratory birds to recover in the RSA will be highly linked to the health of
populations in the RSA, and currently evidence suggests some substantial declines in several
migratory birds in the oil sands region (e.g., black-throated green warbler, rusty blackbird).

•

The effects are potentially irreversible—given that there is no evidence that peatlands can be
successfully reclaimed and the time to restore of old-growth forests is well beyond 80 years,
both of which provide habitat for migratory birds. There is also no evidence in the oil sands
region that old-growth forest can be restored to its former complexity and biodiversity.
Furthermore, evidence suggests that many species of migratory birds are already declining in
the oil sands region (e.g., black-throated green warbler) and may not be able to recover after
reclamation.

•

The ecological context of the oil sands region where the Project is taking place has already
been adversely affected by human activities, and as such, many species of migratory birds are
already undergoing regional declines.

[960] Given this analysis and the lack of proposed mitigation measures shown to be effective,
the potential inability to reclaim migratory bird habitat to PIC or base case conditions, the current
decline of many migratory bird species in the oil sands region, and effects on migratory birds
that are species at risk described herein, the Panel finds significant adverse cumulative effects on
some migratory birds, particularly old-growth- and wetland-reliant wildlife species.
[961] The Panel recommends that the Governments of Canada and Alberta, in collaboration
with interested Aboriginal groups and stakeholders, initiate a joint effort to determine whether
the waterfowl population in the oil sands region has declined and whether migration routes have
changed. If results demonstrate that there has been a decline, or if routes have changed, the Panel
recommends that the Governments of Canada and Alberta work together to determine the causes.
162 • 2013 ABAER 011 (July 9, 2013)

Joint Review Panel Report, Shell Canada Energy, Jackpine Mine Expansion Project, Application to Amend Approval 9756

1742

[962] The Panel recommends that the Government of Canada conduct studies to estimate
abundance, density, and carrying capacity of the oil sands region for migratory birds.
EFFECTS ON BIODIVERSITY
Project Effects
Evidence
[963] Shell stated that during construction and operations, environmental consequences for all
levels of biodiversity in the LSA would be high. Specifically, Shell predicted that the Project and
Phase 1 collectively, would result in a 74 per cent decrease in areas of high biodiversity potential
at closure (a loss of 5 810 ha) and a 9 per cent decrease in areas of moderate biodiversity
potential (787 ha), primarily as a result of the removal of peatlands and the inability to reclaim it.
Shell stated that the following would result from a loss of wetlands:
•

a loss of areas high in biodiversity potential

•

reductions of rare plants

•

reductions in habitat for species such as the rusty blackbird, horned grebe, and yellow rail

Reclamation Plans
[964] Shell stated that it would reclaim many areas as upland habitat consisting of terrestrial
vegetation types ranked low for biodiversity potential. Shell concluded that while the reclaimed
landscape would support a lower level of biodiversity compared with the predevelopment
landscape, the environmental consequences for all levels of biodiversity in the LSA would be
moderate at closure.
[965] EC confirmed that upland vegetation communities would have relatively lower
biodiversity potential than the current lowland-dominated systems.
[966] Shell presented a plan that would apply planting prescriptions based on aspect, moisture,
and nutrient regime created by the landform and watershed design. As part of this plan, Shell
committed to provide a diverse range of plant species at the start of reclamation to increase the
potential of reclaimed sites to evolve into systems with levels of diversity consistent with the
predevelopment state. Shell stated that it expected that vegetation diversity would increase over
time through processes of dispersal, vegetation succession, and natural disturbance.
[967] ACFN stated that it was concerned about reclaimed sites being planted with a low
number of species compared with the species diversity sampled before disturbance. ACFN was
also concerned that natural succession processes will not be set in motion if Shell uses its simple
planting prescriptions. ACFN also stated that it did not believe that diversity will return over
time through the natural ingress of species and that it was likely that diversity will remain at the
level initially reclaimed by Shell.
[968] EC stated that there was a great deal of uncertainty about whether species will recolonize
some upland habitats in the long term.
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[969] Shell stated that it expected emergent properties such as biodiversity, structural
complexity, and microbiotic activity would continue to develop on the reclaimed landscape over
time. Shell further stated that it would use reclamation techniques such as woody-debris
placement to enhance reclamation diversity and ecosystem function. Shell stated that while its
own mines were too young to prove reclamation is effective, other mines in the region have been
successful at this.
[970] Shell also presented plans to include large constructed wetlands at closure. OSEC
provided evidence from wetland biologists who concluded that the marsh wetlands planned for
post-closure leases will not achieve the biodiversity of the preindustrial sites. OSEC was
concerned that losses to biodiversity will be greatest where wetlands are lost given that reclaimed
wetlands in the region to date are salt marshes low in species diversity compared with the
predisturbance peatlands. OSEC also stated that even if reclamation were to succeed in reducing
wetland loss by area, the Panel should assume that the biodiversity value of this landscape would
be significantly less.
[971] In response to statements by ACFN and OSEC that reclamation does not work and cannot
return a landscape to equivalent habitat, Shell stated that the reclamation requirement in Alberta
is not to create a landscape that is identical to the predisturbed state but to re-establish a
functional landscape that provides equivalent land capability.
Biodiversity Monitoring
[972] ACFN and Fort McKay recommended that the Panel require Shell to provide monitoring
that would demonstrate and measure the progress in achieving biodiversity levels equal to
predisturbance conditions on terrestrial and wetland reclamation lands, including the use of
reclaimed land by wildlife and fish species.
[973] EC recommended that Shell support regional biodiversity monitoring initiatives, such as
the Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring that includes terrestrial
biodiversity monitoring and is expected to be fully implemented by 2015.
[974] Shell confirmed that it supported this joint monitoring program.
Impact to Patterned Fens
[975] Shell stated that a unique lenticular patterned fen is in the north east corner of the LSA
and that 101 ha of the fen (16 per cent of the resource) would be directly affected by mine
clearing and 541 ha of the fen (84 per cent of the resource) would be affected by drawdown.
Shell also predicted that surficial aquifer drawdown as a result of the Project would extend up to
3.5 km west of the boundary of the LSA and that this would affect fens beyond the chosen LSA.
[976] EC stated that the fen had high biodiversity value and that it supported several
provincially rare plant species. It recommended that Shell monitor and minimize effects of
drawdown on the lenticular patterned fen.
[977] Shell stated that it was not aware of any similar plant communities in the RSA.
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Biodiversity Framework under LARP
[978] Shell stated that the biodiversity management framework under LARP will provide
direction for mitigating biodiversity loss in the oil sands region.
[979] OSEC maintained that no biodiversity or land disturbance standards have yet been
developed under LARP and that in the absence of those frameworks, LARP provides no
protection for terrestrial resources in the RSA. First Nations and OSEC said that it may be a
significant period of time before the biodiversity management framework is completed and
accepted by the Government of Alberta. According to OSEC, LARP also failed to provide
guidance regarding the thresholds for important considerations such as habitat loss, wildlife
abundance, and land disturbance. OSEC recommended that the Project be delayed until the
LARP biodiversity management framework is produced.
[980] OSEC further noted that the Fort McMurray Athabasca Oil Sands IRP is still the guiding
plan for the region and that several of the IRP objectives include enhancing the diversity of
habitat and wildlife resources for Aboriginal subsistence. OSEC stated that the CEMA TEMF
represents the most appropriate guidance for the Panel in determining whether proposed wildlife
effects are in the public interest and to inform the broad IRP directive to maintain wildlife
habitat.
Conservation Offsets
[981] OSEC recommended that Shell be required to address effects using a mitigation strategy
that includes a biodiversity offset strategy for addressing wetland disturbance and loss of oldgrowth forest. Specifically, OSEC requested that the strategy include the retiring of harvesting
rights on public lands at a ratio of 3:1 using accepted models for biodiversity offsets used
elsewhere.
[982] Shell disagreed that conservation allowances are required to mitigate the effects of the
Project. Shell stated that it would comply with the LARP biodiversity management framework
when it is finalized.
[983] EC stated that the use of conservation allowances to mitigate direct and indirect habitat
loss for species at risk and migratory birds is one option that could be considered. EC further
offered to help the province, if invited, to help understand what offsets might apply to preserving
biodiversity.
Analysis and Findings
[984] The Panel interprets biodiversity to refer to the totality of genes, species, and ecosystems
of a region. Therefore, the effects on biodiversity examined in this section reflect a synopsis of
project effects previously described in the Effects on Wetlands, Effects on Old-growth Forests,
Effects on Traditional Plant Potential Areas, and Effects on Wildlife and Their Habitat sections.
In assessing Project and cumulative effects on biodiversity, the Panel has considered effects at
the species, community (ecosystem), and landscape levels.
[985] The Panel recognizes the concerns of OSEC and Aboriginal groups about the potential
adverse effects of the Project on biodiversity in the LSA.
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[986] The Panel acknowledges that Shell has committed to
•

follow the Guidelines for Reclamation of Terrestrial Vegetation in the Oil Sands Region,

•

comply with the LARP biodiversity management framework when issued,

•

support the Alberta Biodiversity Monitoring Institute,

•

support the Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring, and

•

develop a biodiversity monitoring program to monitor the success of reclamation and
establishment of biodiversity for the Project.

[987] The Panel notes that it is difficult to determine how much high-, moderate-, and lowbiodiversity potential habitat will be lost as a result of the Project given that Shell provided
values for the MRDA and included the areas for both Phase 1 and the Project. However, the
Panel believes that there appears to be a high potential for significant loss of biodiversity based
on overall wildlife habitat loss, the time lag between disturbance and reclamation, and the
unproven methods for reclamation of peatlands and old-growth forest. In particular, the Panel
believes that the loss of the lenticular patterned fen in the LSA appears to be a significant issue,
given the high biodiversity value of the fen and its rarity in the regional landscape.
[988] The Panel believes that project effects on biodiversity at the local (LSA) level cannot be
evaluated without considering the effects of other projects beside or close to the Project. As
discussed elsewhere in this report, several large, existing and approved mines are close to or
beside to the Project, including Shell’s MRM, Syncrude’s Aurora North and South Mines,
Imperial’s KOSP, and FHOSP (yet to be developed). In summary, the Project is nearly
surrounded by other large oil sands developments but Shell has not explicitly discussed this as
part of the ecological context for the assessment of biodiversity at the local level. The
significance of project effects on biodiversity must include consideration of those other projects
immediately beside or close to the Project that also contribute to a loss of habitat and
biodiversity.
[989] The Panel believes that loss of wildlife habitat and reductions in species abundance
resulting from the Project will result in an overall decrease in biodiversity values for the local
area, including the LSA. The Panel believes that the lack of mitigation measures proposed by
Shell for project effects that have been shown to be effective and the inability to reclaim wetland
habitats to their former levels of biodiversity intensifies the issue. Furthermore, the Panel
believes that the loss of wildlife habitat and species abundance resulting from other projects
immediately beside or close to the Project contribute to the significance of effects on biodiversity
at the local level.
[990] The Panel notes that the Project will have a life of about 40 years. After closure and
reclamation, it will take at least several decades for natural processes to re-establish levels of
biodiversity similar to those found before development. The Panel also believes that there is a
level of uncertainty related to reclamation success, including the degree and rate at which species
will recolonize and use the reclaimed landscape.
[991] The Panel understands that Alberta intends to establish under LARP, by the end of 2013,
a biodiversity management framework that will set targets and thresholds for biodiversity
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indicators, including vegetation, aquatic components, and wildlife in order to maintain ecosystem
function and landscape connectivity. The Panel acknowledges that the pending LARP
biodiversity management framework represents the Government of Alberta’s desire to take a
regional approach to managing cumulative effects and implementing standards for biodiversity.
While the Panel notes that the biodiversity management framework may include an objective to
avoid or mitigate land disturbance to biodiversity, currently no biodiversity standards have been
developed under LARP.
[992] The Panel understands the concern of OSEC and Aboriginal groups that the proposed
biodiversity management framework under LARP is not yet available and that in the absence of
the proposed framework under LARP, Shell should use the current TEMF, which provides the
most appropriate guidance for managing wildlife resources in the oils sands region, including
thresholds for wildlife habitat loss.
[993] Based on the criteria provided in the Agency’s guide, Determining Whether a Project is
Likely to Cause Significant Environmental Effects (November 1994), the Panel used the
following approach to determine the significance of project effects on biodiversity in the LSA.
•

The decrease in high and moderate levels of biodiversity in the LSA is likely—the Project
footprint will be cleared, and after reclamation landscape levels of biodiversity will not reach
similar levels.

•

The magnitude will be high—given a 5810 ha loss of high biodiversity areas that cannot be
reclaimed.

•

The geographic extent is regional—given that the lenticular fen appears to be unique in the
RSA and that effects of drawdown as a result of the Project will extend beyond the LSA.

•

The duration is long-term—given that the time frame to restore biodiversity to wetlands is
greater than 80 years and peatland restoration is still not demonstrated for oil sands projects.

•

The effects are irreversible in the medium- to long-term—given that it appears that levels
of biodiversity will not return to base case levels or have the same suite of species or
ecosystems without a significant time lag (about 80 years). There is also no evidence from
the oil sands region to suggest that reclaimed ecosystems can return to their former
preindustrial complexity and biodiversity.

•

The ecology of the oil sands region where the Project is taking place has already been
adversely affected by human activities, and some habitats may be particularly fragile given
the inability of it to be reclaimed (e.g., lenticular fen). The Project footprint is immediately
beside to other existing and approved oil sands mines.

[994] Given this analysis and the lack of proposed mitigation measures for habitat loss that
have been demonstrated to be effective, the inability to reclaim certain habitat types to predevelopment biodiversity levels, the long lag time between disturbance and restoration of
biodiversity levels, and the effects on wildlife, vegetation, and wetlands described elsewhere in
this document, the Panel finds a significant adverse effect on biodiversity in the LSA.
[995] As discussed in previous sections of this report, the Panel is concerned about the lack of
mitigation shown to be effective proposed for loss of wildlife habitat in the LSA, particularly for
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migratory birds that are wetland-reliant or species at risk. The Panel believes that without
additional mitigation, significant adverse effects on species abundance and diversity will occur.
The Panel believes that these adverse project effects will contribute to adverse effects on
biodiversity as well. Although the Panel recognizes that LARP and other regulations and policies
of the Government of Alberta do not currently mandate the use of conservation offsets in the oil
sands region, given that few options are available for avoiding or minimizing the adverse effects
of large surface mines, the Panel believes that conservation offsets may need to be considered.
[996] The Panel has already recommended that before any other provincial and federal
approvals are issued, the Governments of Canada and Alberta cooperatively consider the need
for conservation offsets. When considering the need for conservation offsets, the Panel
recommends the Governments of Canada and Alberta also consider the need to preserve the suite
of species and ecosystems in the region and to maintain local and regional biodiversity. The
Governments of Canada and Alberta should also consider the need to preserve unique
environments and species such as those found in the lenticular fen.
[997] The Panel recommends that ESRD ensure that, in addition to using commercially
available vegetation, Shell initially be required to plant more species and implement measures
such as seed collection, direct seeding, and planting stock from cuttings or seed, instead of
relying more heavily on the natural ingress of species to return biodiversity to reclaimed
landscapes.
[998] The Panel notes that Shell will be subject to the LARP biodiversity management
framework when it is released. The Panel recommends to ESRD that Shell be required to
develop a biodiversity monitoring program and report progress and program results as part of its
closure and reclamation annual report. In order to protect biodiversity, the Panel expects Shell to
modify its mitigation strategies based on the findings of the program.
[999] The Panel recommends that the Government of Alberta work toward timely completion
of the LARP biodiversity management framework, including a reporting and monitoring structure
to ensure that relevant parties such as Shell are in compliance.
Cumulative Effects
Evidence
[1000] Shell stated that during construction and operations in the application case, at an
ecosystem level, high-biodiversity potential areas would decrease by 78 223 ha (14 per cent of
the resource within the RSA) compared with the PIC. Shell noted that in the base case, 65 128 ha
of high-biodiversity habitat had already been lost (12 per cent of the resource). Given the loss of
non-treed wetlands and treed fens that cannot be reclaimed, the decrease in high-biodiversity
potential areas would be 71 884 ha (13 per cent) at closure compared with PIC. Likewise,
moderate-biodiversity potential areas would decrease compared with the PIC by 129 179 ha (15
per cent of the resource within the RSA) during construction and operations. Shell noted that at
base case, there was a loss of 119 534 ha of moderate-quality biodiversity potential compared
with the PIC (14 per cent of resource). At closure there would be a net decrease in moderatebiodiversity potential areas of 14 per cent (121 297 ha). Shell indicated that the only moderateranked land cover class that would increase at closure relative to PIC is water. Only lowbiodiversity potential areas would increase relative to the PIC (22 per cent), largely as a result of
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cut blocks and disturbance areas. At closure, Shell ranked ecosystem effects as having a
negative, moderate environmental consequence.
[1001] Shell said that given the increased level of disturbance in the application case since the
PIC, the potential for permanent change in ecosystem function as a consequence of regional
development exists, yet Shell stated that a biodiversity management framework (i.e., LARP) for
the Lower Athabasca that might define acceptable effect thresholds is currently not available.
Shell concluded that it is unlikely that an unacceptable threshold has been reached for
ecosystem-level biodiversity in the RSA given the areal extent of the resource remaining.
Therefore, according to Shell, it did not consider the change in ecosystem-level biodiversity from
PIC to the application case a likely significant adverse effect.
[1002] OSEC stated that in the absence of the LARP biodiversity management framework, Shell
should have relied on existing guidance in the IRP and the TEMF to assess significance of effects
on wildlife (see Effects on Wildlife and Their Habitat).
[1003] Shell indicated that at a landscape level, there would be a net decrease of 147 191 ha (19
per cent) of terrestrial land covers in the RSA from PIC to application case at closure. All
terrestrial land cover types would decrease in the area except for coniferous jackpine-black
spruce. There would also be a net decrease of 119 532 ha (12 per cent) of wetlands in the RSA
over the same period, and the largest decrease would occur because of the removal of treed fens.
Disturbed landscapes would show the greatest increase from PIC to application case closure,
changing from 1621 ha to 288 497 ha. Shell stated that at both the ecosystem and landscape
level, a large portion of effects on biodiversity from the PIC to the application case are due to
changes that have already occurred from PIC to base case (e.g., 154 814 ha, and 109 254 ha of
habitat of terrestrial and wetland habitats, respectively were already lost in the base case).
[1004] At closure, Shell ranked species effects as having a negative, moderate environmental
consequence. Shell stated that it considered that species-level biodiversity from PIC to
application case would not be significantly and adversely affected because it was unlikely that
the resilience of plant and wildlife populations in the RSA would be compromised to the point
that they were no longer self-sustaining and ecologically effective.
[1005] OSEC viewed residual adverse effects on biodiversity in the RSA for the application case
as significant for species-, ecosystem-, and landscape-level effects.
[1006] OSEC stated that the TEMF provides recommendations for managing wildlife in the oil
sands region and more specifically the RMWB. According to TEMF, the key environmental
management objective for the RMWB is to maintain wildlife indicators within 10 per cent below
the lower limit of the NRV. According to OSEC, rates of habitat loss of more than 20 per cent
would surpass this threshold, and using this rationale, 9 out of 19 species would have habitat
losses exceeding the threshold under the application case. Therefore, losses of more than 20 per
cent of high- and moderate-biodiversity potential would surpass this threshold.
[1007] At an ecosystem level, Shell stated that before reclamation, high-biodiversity potential
areas would decrease by 116 987 ha in the RSA (22 per cent of the resource within the RSA) as a
result of the PDC. After reclamation, there would be an overall net decrease in high biodiversity
potential of 55 073 ha (10 per cent of the resource), largely as a result of being unable to reclaim
treed fens. However, Shell stated that at closure there would be a slight increase in non-treed
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wetlands given inclusion of shrub lands and littoral zone into this category. Similarly, Shell
stated that areas of moderate biodiversity potential before reclamation at the PDC would
decrease by 173 845 ha (21 per cent of the resource) compared with the PIC. After reclamation,
there would be an overall net decrease in moderate biodiversity potential areas of 28 038 ha
(3 per cent of the resource), with the greatest loss being to treed bog and poor fen. There would
be a net increase of 83 830 ha (9 per cent of the resource) in low-ranked areas of biodiversity
potential in the PDC after reclamation.
[1008] At a landscape level, Shell predicted that there would be a negative residual effect on
both wetlands and old-growth forests resulting in a low environmental consequence in the PDC
compared with the PIC. Although Shell determined that the environmental consequence of
species-level effects was high, Shell concluded that effects on all three levels of biodiversity
(species, ecosystem, and landscape) within the RSA due to the PDC would not be significant. As
with the application case, Shell based this conclusion on the following assumptions:
•

the resilience of plant and wildlife populations in the RSA will not be compromised to the
point where they are no longer self-sustaining and ecologically effective; and

•

it is unlikely that an unacceptable threshold has been reached for ecosystem-level
biodiversity in the RSA given the areal extent of the remaining resource.

[1009] OSEC stated that given the growing list of proposed oil sands projects and modelling of
future forestry and fire disturbances, the latest EA predictions from Shell now show higher levels
of cumulative effects on wildlife and biodiversity at the regional level than in any oil sands
assessment previously tabled. For example, OSEC pointed out that under Shell’s modelling, 11
out of 19 species at risk and KIRs will have habitat losses greater than 20 per cent under the PDC
scenario and would therefore surpass the threshold given in the TEMF. OSEC also noted that
Shell’s PDC underestimates future development in the RSA given that it does not include all
reasonably foreseeable disturbances such as mandatory exploration on oil sands leases.
[1010] OSEC also said that the significant effects Shell identified in its updated assessment are
consistent with those identified by the Government of Alberta in scenario modelling conducted
as part of the Lower Athabasca regional planning process. This report shows that under a base
case scenario where mitigation is not improved or proposed oil sands mining developments are
not slowed, a 50 per cent loss in biodiversity indicators is projected.
[1011] Fort McKay stated that biodiversity is critical because it reflects the integrity of the
landscape and ecosystems that support traditional activities. Lands ranked with high biodiversity
potential have decreased in the Fort McKay Specific Assessment area (40 Township) by 26 per
cent between 1960 and 2007, suggesting cumulative effects already exist. The Fort McKay
Specific Assessment further indicated that the principal stressor adversely affecting biodiversity
is land disturbance.
[1012] ACFN stated that Shell's assessment of the cumulative effects of multiple projects on
wildlife was inadequate. ACFN was concerned that Shell’s impact assessment relied on the
belief that effects on wildlife and vegetation will be reversible but that Shell provided no
substantive evidence to support this. Further, ACFN indicated that Shell did not intend to verify
its predictions in the field for biodiversity, rendering its analysis largely theoretical and not
useful for understanding effects on biodiversity.
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[1013] EC shared the same concerns as those expressed by Aboriginal groups about the potential
cumulative environmental effects of oil sands development in northern Alberta on biodiversity.
Analysis and Findings
[1014] The Panel noted previously that the methods Shell used for estimating land-cover type in
the RSA are subject to an error of ±20–25 per cent due to the coarse nature of Landsat imagery.
The Panel notes that Shell’s analysis of cumulative effects is based on assumptions of
biodiversity potential linked to areas of specific land-cover type as determined by Landsat
imagery, and that this level of uncertainty likely translates into Shell’s estimates of areas of high,
moderate, and low-biodiversity potential. The Panel therefore believes that Shell’s predictions of
changes in biodiversity potential at operations and closure should be considered to be somewhat
uncertain, with ±20–25 per cent error.
[1015] The Panel acknowledges that from PIC to the application case, 14 per cent of areas of
high and 15 per cent of areas of moderate-biodiversity potential will be lost before reclamation.
After reclamation, this will decrease to 13 and 14 per cent of the high- and moderate-resource
areas in the RSA, respectively. Similarly, the Panel recognizes that from PIC to PDC, 22 and 21
per cent of these high and moderate biodiversity potential areas respectively will be lost before
reclamation. After reclamation, this loss will be only 10 and 3 per cent of the high- and
moderate-resource areas in the RSA, respectively.
[1016] The Panel notes that Shell has not provided the rationale indicating how reclamation to
within 6 per cent of preindustrial levels of areas of high and moderate biodiversity will be
achieved at PDC closure. The Panel notes that Shell may be reclaiming to equivalent land
capability; however, the Panel understands that this does not necessarily provide for equal levels
of biodiversity (i.e., the same species and ecosystems), particularly given Shell’s intended use of
unproven methods for reclaiming peatlands, and the time lags in reclaiming of old-growth
forests. Similarly, the Panel is uncertain how Shell was able to predict reclamation of high
biodiversity potential ecosystems in the PDC that are greater than high biodiversity potential
after reclamation in the application case. Furthermore, given that Shell chose not to
quantitatively predict wildlife habitat availability after reclamation of the PDC (see the Effects
on Wildlife and Their Habitat section) and given the uncertainty of the future reclamation plans
of other oil sands projects, it is unclear to the Panel why or how Shell chose to take this approach
for biodiversity following reclamation in the PDC. The Panel therefore finds that there is a high
degree of uncertainty about Shell’s predicted biodiversity potential of ecosystems following
reclamation of the PDC.
[1017] The Panel notes that Shell categorized water as having “moderate biodiversity potential,”
and therefore an increase in water equates to an increase in moderate biodiversity potential. The
Panel understands that in Shell’s analysis, the large increase in water is due to the addition of pit
lakes to the closure landscape. The evidence presented indicates that there is uncertainty about
the viability of aquatic ecosystems in EPLs (see the Use of End Pit Lakes section). The Panel
therefore believes that Shell’s predictions for areas of moderate biodiversity potential after
closure may be overestimated by the inclusion of water in EPLs.
[1018] The Panel emphasizes that in accordance with the Convention on Biological Diversity
(CBD), to which Canada is a signatory, an integral part of preserving biodiversity is preventing
or reversing the decline of at-risk or rare species. SARA is Canada’s realization of this
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commitment under the CBD. Thus, in order to fully assess effects on biodiversity, the Panel
needs to carefully consider the effects on species at risk.
[1019] The Panel believes that Shell did not assess effects on species at risk in its analyses of
effects on biodiversity, and as such, Shell has not entirely captured the effects (project or
cumulative) on biodiversity in its EIA. The Panel also recognizes that Shell has based its analysis
of biodiversity on an unverified assumption that habitat types (e.g., wetlands,) have an associated
level of biodiversity. The Panel, therefore, believes that there is substantial uncertainty about
Shell’s predictions of biodiversity in the RSA. The Panel points to the Effects on Wildlife and
Their Habitat section, which indicates that in the application case, three species at risk (Canada
warbler, wood bison, and woodland caribou) will lose more than 20 per cent high- or moderatequality habitat, while another four will lose between 17 and 19 per cent high- or moderatequality habitat (rusty blackbird, western toad, horned grebe, and yellow rail). In the PDC, eight
species at risk will lose more than 20 per cent high- or moderate-quality habitat, with upwards of
40 per cent in the case of the woodland caribou and Canada warbler.
[1020] The Panel believes that there is a high potential for significant cumulative effects on
biodiversity in the RSA based on Shell’s biodiversity analysis and on predicted habitat loss for
species at risk. Unproven methods for reclamation of peatlands, time lags in restoring old-growth
forests, and lack of other mitigation which has been shown to be effective also support this
conclusion. In particular, the Panel notes that the cumulative loss of peatlands (e.g., treed fens) in
the RSA appears to be significant given their high biodiversity value.
[1021] The Panel believes that the application case will result in a loss of substantial areas of
high and moderate biodiversity potential compared with the PIC (15 per cent ± 20 per cent
error). After closure, reclamation will reduce the loss of these areas by only 1 per cent, largely
due to the prevalence in the RSA of wetlands that cannot be reclaimed.
[1022] The Panel believes that the PDC scenario presented in Shell’s EIA is the most detailed
assessment of the future of northeastern Alberta’s oil sands region presented in an EIA so far.
Rates of loss for areas of high- and moderate-biodiversity are upwards of 20 per cent (±20 per
cent error) at or above some suggested or recommended thresholds for wildlife habitat loss. It is
also important to note that these predicted losses occur across an RSA that is approximately
2 200 000 ha in size (22 000 km2). The loss of biodiversity will be significantly higher in some
areas of the RSA, such as the area surrounding the Project. The Panel acknowledges that there
are many uncertainties associated with potential future development projects, with reclamation
plans, and with the level of biodiversity that can be restored to reclaimed landscapes; however,
the Panel is of the view that the precautionary principle dictates that given the predicted loss of
biodiversity within the RSA, significant management actions are required in the very near term
to avoid widespread and unacceptably high losses of biodiversity.
[1023] Based on the criteria provided in the Agency’s guide, Determining Whether a Project is
Likely to Cause Significant Environmental Effects (November 1994), the Panel used the
following approach to determine the significance of cumulative effects based on the application
case and the PDC.
•

The decrease in high and moderate levels of biodiversity in the RSA is likely—the footprint
of the Project combined with other projects will be cleared, and after reclamation landscape
levels of biodiversity will not reach similar levels.
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•

The magnitude will be high— given a loss of combined high and moderate biodiversity areas
of 193 181 ha and a 83 111 ha, respectively that will not be restored to PIC levels of
biodiversity in the application case and PDC.

•

The geographic extent is regional—affecting the RSA.

•

The duration is long term—given that the timeframe to restore biodiversity to wetlands and
old-growth forests is more than 80 years and peatland restoration is still not demonstrated for
oil sands projects.

•

The effects are largely irreversible—given that it appears that levels of biodiversity in areas
that were mined will not return to PIC levels in the medium to long term (i.e., at least 80
years) or have the same suite of species or ecosystems. Furthermore, some high-biodiversity
habitat types will be completely lost (e.g., peatlands); therefore the associated biodiversity
cannot be expected to return.

•

The ecological context of the oil sands region where the Project is taking place has already
been adversely affected by human activities. Moreover, areas of the RSA (e.g., the lenticular
patterned fen) have been classified as being particularly sensitive and unique to the area.

[1024] Given the predicted declines in biodiversity in the RSA, the degree of error associated
with Shell’s estimates, the loss of habitat for species at risk, the uncertainty associated with
habitat reclamation, and the lack of mitigation shown to be effective, the Panel finds a significant
adverse effect to biodiversity in the RSA as a result of the cumulative effects of the application
case and the PDC compared with the PIC. Despite uncertainty around appropriate thresholds to
be used, the Panel believes that cumulative effects on wildlife in both the application case and
the PDC in the Project area have exceeded or are approaching some of the proposed thresholds,
resulting in significant adverse effects on biodiversity.
[1025] The Panel acknowledges the potential role of LARP and the pending biodiversity
management framework in providing a more regional approach to managing cumulative effects
in the oil sands region. The Panel recognizes that cumulative effects in the oil sands region
cannot be managed on an individual project basis and that they require collaboration and
strategic planning across government, industry, Aboriginal peoples, and nongovernmental
organizations.
[1026] The Panel recognizes that the best mitigation for maintaining high levels of biodiversity
in the RSA would be to avoid the removal and drawdown of peatlands wherever feasible.
However, given that few options are available for avoiding or minimizing these effects without
sterilizing bitumen resources, the Panel believes that conservation offsets should be considered
as recommended elsewhere.
RECLAMATION
Evidence
[1027] Shell presented a plan to disturb 20 555 ha of land as a result of the Project and stated
that reclamation was its primary mitigation measure. Shell stated that its reclamation goal is a
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maintenance-free, self-sustaining ecosystem with a capability equal to pre-development
conditions, noting that this did not mean areas would be identical to predisturbance conditions.
[1028] ACFN stated that it was uncertain that the area would be reclaimed to an equivalent land
capability as Shell has no track record of successful reclamation to date.
[1029] OSEC stated that reclamation to a landscape of equivalent capability is not possible
because of the loss of fens and the inability to reclaim peatlands.
[1030] In response, Shell stated that there is evidence that oil sands developments can be
reclaimed, specifically noting that Syncrude’s Gateway Hill and Suncor’s Wapiskaw Lookout
are comprised of mixed forest and wetland reclamation in a former tailings disposal area.
[1031] Shell stated that due to the characteristics of oil sands mining operations, most
reclamation would take place in the final 15 years before closure, between 2045 and 2060. Shell
stated that it would use progressive reclamation practices and outlined several techniques to
reclaim land as soon as possible, including
•

constructing overburden dumps from the outside to the middle to reclaim the outer portions
earlier,

•

contouring landforms and placing reclamation material shortly after overburden structures
reach maximum capacity,

•

constructing drainage channels and wetlands areas when landforms are completed to promote
progressive closure drainage conditions, and

•

capping tailings cells soon after trafficable surfaces are achieved.

[1032] Shell also stated that working with the Oil Sands Tailings Consortium (OSTC) to
advance tailings management would lead to more timely reclamation.
[1033] ACFN expressed concerns about the timelines proposed for reclamation by Shell and the
uncertainty of success. ACFN recommended that the Panel require Shell to reclaim project lands
progressively and effectively to a standard and in a timeframe consistent with the exercise of
ACFN’s treaty rights.
[1034] OSEC stated that much of the reclamation would take place during the later stages of
mine life and therefore questioned Shell’s commitment to progressive reclamation.
[1035] Shell stated that due to its proposed reclamation timeline, it would stockpile most
reclamation material before placement. Shell committed to use direct placement techniques when
the opportunity exists. Shell provided evidence that sufficient reclamation material, and
sufficient area to store that material within the proposed boundary, was available and that
suitable planning had occurred. Shell committed to follow the Field Guide to Ecosites of
Northern Alberta for soil salvage and the Guidelines for Reclamation to Forest Vegetation in the
Athabasca Oil Sands Region for soil placement.
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[1036] Shell initially proposed that benches would remain as part of the closure landscape and
that Shell expected no issues with terraces. However, during the hearing, Shell committed to
remove all benches as part of the recontouring process before reclamation material placement.
Analysis and Findings
[1037] The Panel acknowledges ACFN’s and OSEC’s concerns about reclamation and
equivalent land capability. The Panel notes that the parties have differing views on equivalent
land capability. According to Alberta’s Conservation and Reclamation Regulation, equivalent
land capability means: “the ability of the land to support various land uses after conservation and
reclamation is similar to the ability that existed before an activity being conducted on the land,
but that the individual land uses will not necessarily be identical”.
[1038] The Panel notes that as a result of oil sands mining operations, including overburden
storage areas and pit mining, the reclaimed landscape will predominantly comprise upland
habitat and open water with less lowland area than the predisturbance landscape. The Panel
concludes that while this may result in different land uses after reclamation than presently exists,
the reclaimed landscape as proposed by Shell will have a similar ability as the pre-development
landscape to support varying variety of land uses. The Panel expects Shell to adaptively manage
and modify its closure and reclamation plans throughout mine life to ensure that it achieves
equivalent land capability.
[1039] The Panel acknowledges OSEC’s and Aboriginal groups’ concerns related to progressive
reclamation. The Panel notes that LARP encourages timely and progressive reclamation and
states that Alberta’s new progressive reclamation strategy includes a suite of initiatives to
improve clarity, security, and environmental performance, including an enhanced reclamation
certificate program, a transparent reporting system, and a new progressive reclamation security
policy.
[1040] The Panel understands that due to the operational methods of oil sands mining, regardless
of the measures outlined above, there will be limited opportunities for progressive reclamation
until later in the life of the mine. The Panel expects Shell to reclaim disturbed land as soon as
suitable areas become available in order to minimize the area under disturbance at any given
time.
[1041] While the Panel acknowledges that the amount of material that can be directly placed
may be limited because most reclamation occurs in the final years of the Project, the Panel
recommends to ESRD that Shell be required to apply direct placement techniques when ever an
opportunity exists in order to help the process of regeneration and to minimize double handling
of material. Based on the evidence presented, the Panel expects Shell to salvage and store a
sufficient volume of material to be used for reclamation where direct placement cannot be
applied.
[1042] The Panel acknowledges Shell’s commitment to remove benching as part of the
reclamation process. The Panel expects Shell to design landforms according to the CEMA
Landscape Design Checklist and ESRD’s report Designing Oil Sands Mining Landforms for
Natural Appearance and Integration Across Boundaries. The Panel expects that reclaimed
landforms will replicate natural features and blend into the surrounding landscape. The Panel
requires Shell to remove all benching on mine discard structures before final reclamation.
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[1043] The Panel requires that Shell provide, for AER approval, a detailed watershed design
report for all mine structures one year before the final placement of reclamation material.
HUMAN HEALTH
Evidence
[1044] Shell assessed human health effects that may occur through several exposure pathways,
including air and dust inhalation, soil ingestion, drinking water, local fruit, vegetable, fish and
wild game consumption, and dermal contact with soil. It assessed effects through acute, chronic,
and multiple pathways exposure. Shell determined that acute inhalation contaminants exceeded
health-based guidelines for acrolein, PM2.5, the “eye irritants” mixture, and the “respiratory tract
irritants” mixture. The chronic inhalation assessment determined that exceedance may occur for
acrolein and the “nasal irritants” mixture. Shell also determined that for multiple-pathway
exposure, exceedance may occur for methyl mercury, molybdenum, the “neurotoxicants”
mixture, and the “reproductive and developmental toxicants” mixture.
[1045] Shell stated that the Project would result in zero to negligible increases in these
compounds and that exceedances are a result of existing exceedances in the base case. Shell
noted that the only exception was molybdenum which would increase substantially between the
base and application cases. Shell noted that increased exposure risk was a result of fish
consumption by residents and that its human health risk assessment (HHRA) incorporated
enough conservatism that it did not anticipate health effects.
[1046] With respect to exposure to carcinogenic compounds, Shell predicted that the incremental
lifetime cancer risk resulting from the Project would be essentially negligible as exceedances
were the result of base case emissions, but it noted a lifetime cancer risk above the regulatory
benchmark for some chemicals. Shell stated that there is no defined acceptable cancer incidence
rate for the exposure to carcinogens associated with baseline conditions.
[1047] Shell conducted a semiquantitative assessment of potential risks associated with
naphthenic acids in EPLs. This assessment indicated that predicted naphthenic acid
concentrations would exceed the typical range of background values; however, volatilization
would not be an important fate process in these cases. Shell was unable to complete a human
health risk assessment of these compounds because health-based exposure limits were not
available. Without detailed toxicity information, Shell stated that it was difficult to ascertain the
likelihood and severity of adverse health effects of exposure to naphthenic acids. Shell
committed to continued monitoring during operations and after closure to verify its predictions
for naphthenic acids concentrations in the end pit lakes.
[1048] HC participated in the review of the HHRA and subsequent updates provided by Shell.
HC requested additional information to inform its review of the potential human health
implications of the Project. It did not note any remaining concerns about the completeness or
methodology used by Shell in its 2007 HHRA. HC asked for minor clarifications to address
discrepancies between the 2007 and updated 2012 HHRA.
[1049] Shell noted that none of the several studies completed on health effects in the oil sands
region demonstrated that adverse health effects were caused by oil sands development. Shell
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noted that additional health-related studies and programs are planned for several communities
that should provide more information about human health. Completed and planned studies and
programs include:
•

Community Exposure and Health Effects Assessment Program (AHW 2000),

•

Human Exposure Monitoring Program, Alberta Cancer Board (2009),

•

Air Quality Health Index Program (WBEA and ESRD),

•

Contaminant Load Study (ESRD), and

•

Additional studies with Fort McKay and Fort Chipewyan.

[1050] Shell also noted that oil sands proponents are collecting more baseline data as part of
their HHRAs and that they are making an effort to pool these data sets and look at cumulative
health effects on a regional basis.
Air Quality
[1051] Shell conducted air dispersion modelling to predict the maximum annual average air
concentrations for each of the identified locations at which people were known or expected to
spend time on a long-term basis. Shell noted that it combined measured average indoor air
concentrations with the predicted ground-level air concentrations in recognition of the fact that
people spend most of their time indoors. Shell noted that in almost all cases, predicted chemicalof-potential-concern air concentrations were less than the health-based guidelines, therefore it
considered health risks for these compounds low. Exceptions included acrolein, PM2.5, the “eye
irritants” mixture, and the “respiratory tract irritants” mixture. Shell noted that it did not
anticipate health effects as a result of these exceedances because they were either the result of
base case emissions or would not manifest in health effects. Shell stated that its HHRA was
sufficiently conservative that exceedances may be exaggerated. Shell’s chronic inhalation
assessment determined that exceedances may result in increased health risks for acrolein and the
“nasal irritants” mixture. Shell reiterated that exceedances would not result in health effects and
that it had incorporated a high degree of conservatism into the development of the chronic
inhalation exposure limit.
[1052] ACFN stated that rates of asthma in the Fort Chipewyan community are increasing and
hypothesized that the poor air quality as a result of the oil sands industry was a contributing
factor. Fort McKay also stated that the effects of industrial air emissions on air quality and health
are a major concern and that odours, in particular are an important issue. Fort McKay stated that
efforts are needed to reduce odourous emissions and noted that many of the management
measures to be adopted by Shell would reduce emissions of odourous substances. Fort McKay
recommended a detailed monitoring and notification protocol if detectable odours result.
Water Quality
[1053] In its assessment, Shell assumed that cabin residents get 100 per cent of their drinking
water from local surface water bodies. It also assumed that Aboriginal residents, including all
permanent First Nations and Métis and subsistence residents of Anzac, Clearwater, Conklin,
Descherme Lake, Fort Chipewyan, Fort McKay, Fort McMurray, Javier/Chard, La Loche,
Namur River, and Poplar Point have access to a municipal water supply. Shell stated that it did
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not expect that municipal water quality would change from the measured background
concentrations in the application case or PDC. As a result, it predicted no changes in the
concentrations of chemicals of potential concern for Aboriginal residents, community residents,
and workers.
[1054] For cabin residents, Shell noted that it attributed increases in health risk associated with
exposure to molybdenum and arsenic through ingestion of drinking water to base case emissions.
Shell stated that the exceedance for molybdenum was still below the upper limit imposed by HC
and would not result in adverse health effects. Similarly, Shell noted that studies completed in
North America have shown no association between arsenic levels in drinking water and the
occurrence of cancer. With respect to naphthenic acids, Shell stated that it was difficult to
ascertain or quantify health effects associated with exposure to naphthenic acids because
drinking water or health-based guidelines for human exposure to them were not available.
[1055] Shell stated that it is committed to maintaining water quality in the area by capturing
runoff, using mitigation measures for seepage, and using collection wells. Shell stated that with
the implementation of mitigation measures, water quality will return to baseline conditions
around 15 years after closure.
[1056] All Aboriginal groups expressed concern about drinking-water quality and stated that
they no longer drink surface water because of perceived contamination. MCFN recommended
that Canada and Alberta expand the testing parameters for drinking water at Fort Chipewyan to
include PAHs and toxic metals using a methodology capable of measuring at threshold levels
that are related to human health.
[1057] ACFN noted that the PAD is susceptible to alluvial sedimentation of fine particles
contaminated by the oil sands industry and related development. OSEC cited a Water Monitoring
Data Review Committee report which noted that levels of PAHs in sediments of the PAD and
mercury in the eggs of birds nesting there have been increasing, and that levels of arsenic in the
sediments of Lake Athabasca have also been increasing. In addition, Dr. Schindler, on behalf of
OSEC, noted that his studies indicated chemicals such as mercury, other trace metals, and PAHs
are getting into the river system. ACFN expressed concerns that these chemicals and sediments
are causing higher rates of cancers and other ailments, such as lupus in Fort Chipewyan. As a
result, Dr. Schindler suggested that human health studies be completed in order to assess the
claims about ingestion of cancer-causing chemicals. However, Dr. Schindler also noted that his
study showed that the current dissolved load of contaminants is not a concern for the community
of Fort Chipewyan due to its distance from oil sands projects.
[1058] Shell responded that according to conclusions of the Hall et al study, natural sources
comprise most PAH deposition in the PAD, and that deposition has not increased in recent
decades despite an increase in oil sands development.
Contamination of Country Foods
[1059] Through its multiple pathways assessment, Shell evaluated health effects of
contamination of country foods. The multiple-pathways exposure assessment focussed on those
chemicals of potential concern released into surface water and emitted into the air by the project
with the potential to persist or accumulate in the environment. Shell determined that ingestion of
country food (i.e., fish, wild game, local root vegetables, and local fruits) may result in increased
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health risk due to increased exposure from methyl mercury, molybdenum, and arsenic. Shell
stated that all elevated health risk exposures related to consumption of country foods were
present in the base case and not attributable to the Project. In the case of arsenic, Shell noted that
the incremental lifetime cancer risk values from base case to application case were essentially
negligible.
[1060] Shell stated that proponents are faced with challenges of data collection for wild game
and must rely on other studies to provide data on which to base predictions about project effects.
Shell said that it used concentrations from other studies to supplement its sampling program and
stated that the models used based on this data have demonstrated a strong ability to predict
effects. In referencing data sources, Shell noted that a traditional food study completed in the
early 2000son country food contamination in communities potentially affected by the Project is
outdated. Shell stated that one food-quality study was conducted for the Chipewyan Prairie Dene
First Nation in 2006, and follow-up work had been completed more recently. Shell noted that
this study looked at chemical concentrations in small and large game and fish and that some of
this data was still relevant for the communities in the area of the Project. Shell also pointed out
that Alberta Health and Wellness studied arsenic concentrations in moose in 2007 and that the
Terrestrial Environmental Effects Program has been working with Fort McKay to develop a
berry-monitoring program.
[1061] ACFN and NSFMFM stated that their members do not feel comfortable harvesting
country foods in the Project area, partly because of fear of contaminants and altered taste and
form. In particular, ACFN noted that members avoid harvesting fish from the Athabasca River
because of perceived contamination and deformities in fish. ACFN and NSFMFM reported
reduced harvesting success, high cost of store-bought goods, dietary issues associated with poor
selection of traditional foods available for harvest, reduced nutritional quality because of
contamination, and fear of ingesting contaminated country foods. Both OSEC and ACFN
expressed concern about potential contamination of traditional food and water and the associated
psychological stress it can cause.
[1062] Shell stated that although it is difficult to assess perception issues through a health risk
assessment, it was committed to addressing ongoing ambient monitoring and psychosocial
effects through public consultation and information, and to providing results to stakeholders
during Project operations and closure.
[1063] In addition to concerns expressed about elevated health risks in Fort Chipewyan, ACFN
expressed frustration that community health studies were not a higher priority for Alberta and
Canada and that promised studies had not been completed.
[1064] MCFN recommended that Canada conduct a traditional food study with MCFN
participation to examine the impact of oil sands contaminants on traditional foods such as fish,
moose, caribou, small game, bird eggs, and berries in the region. It noted that special attention
should be drawn to the location of traditional foods in relation to oil sands mine development.
MCFN and ACFN also recommended that Alberta and Canada conduct a comprehensive
baseline study for Fort Chipewyan residents as recommended in the EUB Decision 2004-009 for
the Shell JPM project, including a study of contaminant intake and body burden for Fort
Chipewyan band members. MCFN also recommended that Canada and Alberta fund additional
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research on health, diet, practice of treaty and Aboriginal rights, and contaminant avoidance
patterns.
[1065] Shell submitted a report by the Royal Society of Canada on health concerns in the oil
sands area. The report evaluated the potential health risks of exposure to mercury and increased
cancer risk from exposure to arsenic and PAH. It stated that increased mercury in fish tissue was
not unique to the oil sands region and data suggest that fish contamination across northern
Canada is occurring from a generalized source. The report also stated that evidence does not
support arsenic or PAH exposure as an explanation for concerns about excess cancer in the
region. The report does note, however, that local concerns about cancer risk suggest that a
rigorous risk assessment be done in the region.
Analysis and Findings
[1066] The Panel notes that while HC asked Shell to provide some clarification on certain issues
in Shell’s HHRA, it did not raise any significant issues related to the completeness or
methodology of the HHRA. Similarly, the Panel notes that the Government of Alberta, by letter
dated October 14, 2010, stated that the information requirements of the EIA terms of reference
had been met and that there was enough information to understand the Project at a conceptual
level. The Panel finds that Shell’s methodology and analysis in its HHRA is appropriate, and
therefore, the Panel believes that it can rely on Shell’s HHRA.
[1067] The Panel believes that exceedances related to the Project’s release of PM2.5, the “eye
irritants” mixture, and the “respiratory tract irritants” mixture are the result of conservative
estimates and believes that the Project will not appreciably contribute to the level of these
emissions in the region. However, the Panel believes that contributions to exceedances that are
present in the base case may contribute to an increased risk for health effects due to cumulative
effects. The Panel believes that the LARP air quality management framework provides an
appropriate mechanism for managing emissions to avoid exceedances and associated health
effects.
[1068] The Panel understands that Alberta is currently working on ambient air quality objectives
for acrolein and that Shell said it would comply with these. The Panel recognizes that because
the “eye irritants” mixture and “respiratory tract irritants” mixture contain a high proportion of
acrolein, these objectives will help limit exceedances of these mixtures. The Panel believes that
monitoring and mitigating acrolein, and as a result, the “respiratory tract irritants” mixture, may
alleviate Fort McKay’s concern about odourous effects.
[1069] The Panel notes there is a gap in knowledge about contamination of country foods. The
recent work by Dr. Schindler and EC on atmospheric deposition seems to indicate that the
concerns raised by Aboriginal groups about country food contamination are not unfounded. The
Panel acknowledges that conducting health studies is a slow process, but stresses the importance
of integrating health studies at the provincial and federal levels to better inform health risk
assessments. The Panel also believes that studies examining contamination of country foods are
important and should be a focus of health studies conducted by Alberta or Canada. These studies
should provide effective analysis of human health because of impacts from potential
environmental effects of the oil sands industry, including water quality and impacts related to
fish contamination, any potential impacts on air quality, contamination of wild game, and
contamination of traditionally harvested plants used as food or medicine. The Panel recommends
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that Alberta Health and Wellness and HC complete a regional baseline health study focused on
First Nations, Métis, and other Aboriginal groups that considers all relevant health factors,
including environmental exposures and potential exposure pathways, such as water, air, and
consumption of traditional foods. The Panel notes that a similar recommendation was made in
the Joint Review report approving Phase 1 in early 2004 (EUB Decision 2004-009)
[1070] The Panel discussed the issues related to mercury and water contaminants and provided
recommendations in the No Net Loss Plan section and the End Pit Lake section that should be
adhered to by Shell in order to ensure that fish are not consumed by humans in times of elevated
contaminants. Recommendations in those sections will also be important as they relate to
discharge of water from the EPLs. Provided that Shell implements mitigation measures to inform
users of the health risks associated with the consumption of fish in the short term, the Panel
expects no significant adverse effects on human health from the Project.
[1071] The Panel recommends that the Governments of Canada and Alberta, in collaboration
with Aboriginal groups, monitor the occurrence and rate of aerial deposition of contaminants on
traditional plants to determine the extent of regional effects on plant quality.
[1072] The Panel notes that ERCB Decision 2011-005 recommended that the federal and
provincial governments work with the CCME to develop specific water quality objectives for
naphthenic acids. The Panel is disappointed that recommendations from previous review panels
stating that human and aquatic health guidelines need to be developed for naphthenic acids have
not yet been carried out. The Panel again recommends that the Governments of Canada and
Alberta work with the CCME to develop specific water quality objectives for naphthenic acids.
[1073] The Panel notes that the Royal Society of Canada report provides some clarity regarding
conflicting studies on health effects in the oil sands region. The Panel understands that the report
determined that health effects experienced by residents of the oil sands region are not unique to
that region and are likely not the result of oil sands operations. However, the Panel agrees with
the report’s suggestion that a rigorous risk assessment be done in the region to assuage concerns
about cancer risk.
[1074] While the Panel finds that the incremental lifetime cancer risk associated with the Project
will not result in a significant increase in cancer incidence, the Panel cannot determine the
acceptability of the potential lifetime cancer risk from a public health perspective using a
conventional approach because an acceptable “benchmark” cancer risk level for exposure to
background levels of carcinogens is not available for comparison.
PHYSICAL AND CULTURAL HERITAGE RESOURCES
Evidence
[1075] Shell evaluated the effects of the Project on archaeological and paleontological resources
by conducting a historical resources impact assessment (HRIA) in accordance with the Alberta
Historical Resources Act and the Guidelines for Archaeological Permit Holders in Alberta in
2005, 2006, and 2007. Shell stated that historical resources included pre-contact archaeological
resources, sites, artifacts, structures, and documents that relate to the Euro-Canadian occupation
of the region, and resources relating to post-contact use of the landscape by Aboriginal people.
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Shell stated that paleontological resources consist of physical remains that represent evidence of
extinct multicellular plants and animals that inhabited the region in precontact times.
[1076] Shell’s assessment included a review of existing historical information and field
investigations for the first 10 years of operations as directed by Alberta Culture. Shell indicated
that it would conduct another historical resources assessment for the following 10 years of
development using the previously completed assessment as a baseline.
[1077] Shell recorded six historical sites within the Project footprint. Shell stated that additional
sites may be identified in the follow-up study. It believed that all of the sites represented
precontact use of the area. Shell recommended to Alberta Culture that stage 1 mitigation 12 be
conducted at one site and that no further work was needed for the remaining sites. Shell stated
that it discovered no paleontological resources during the HRIA.
[1078] Shell proposed additional mitigation measures for any sites found during operations,
including avoidance, education, and periodic monitoring. Shell predicted that assuming that
Alberta Culture established appropriate and effective mitigation strategies and that Shell adhered
to them, there would be negligible direct effects. Shell also stated that it would mitigate any
impacts on paleontological finds uncovered during operations in accordance with the Historical
Resources Act.
[1079] Shell noted that it recorded 1 174 historical resource sites within the historical resources
RSA have been recorded. Shell stated that about 53 per cent of these sites have been or will be
affected by existing, approved, and planned developments in the oil sands region.
[1080] NSFMFM and the Clearwater Band stated that there are likely undiscovered mass
gravesites containing ancestors of those groups, possibly at Poplar Point, Fort McKay, and Fort
Hills. NSFMFM also raised concerns about Pierre-au-Calumet, Quarry of the Ancestors, and the
Cree Burn Lake sites.
Analysis and Findings
[1081] The Agency’s Reference Guide on Physical and Cultural Heritage Resources
acknowledges that there are two aspects of cultural heritage: tangible and intangible. The Panel
notes that the HRIA focused on the tangible aspects. The Province of Alberta has also recognized
the importance of assessing disturbance to tangible sites of Aboriginal heritage and
archaeological resources. Information on intangible aspects of culture is provided in the
Aboriginal Traditional Land Use, Rights, and Culture section of this report.
[1082] The Panel understands that the NSFMFM and Clearwater Band’s mass graves are
probably not within the footprint of the Project and will not be affected by the Project. The Panel
also notes that other sites referenced by the NSFMFM are also not located in the Project
footprint. The Panel recognizes that these locations may be affected in the future by other oil
sands developments, but it is confident that concerns will be dealt with appropriately through
provincial legislative requirements.

12

Stage 1 Mitigation is background study and property inspection. A stage 2 assessment is required after areas of
archaeological potential have been identified.
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[1083] The Panel believes that the completion and submission of the HRIA for the Project and
the follow-up activities Shell has completed and plans to complete to meet the requirements of
Alberta Culture under the Historical Resources Act will mitigate the Project’s potential effects
on historical and cultural resources. The Panel therefore finds that there are no significant project
effects.
SOCIAL AND ECONOMIC EFFECTS
Project Effects
Project Benefits
Evidence
[1084] Shell stated that the Project will provide significant economic benefits to the region, the
province, and the country.
[1085] Shell stated that it expected construction would take place between 2015 and 2018, with
first oil expected in 2018. Shell said that the Project will result in the recovery of some 325 Mm3
of dry bitumen over its approximately 40-year life.
[1086] Shell stated that the capital cost will be $8–$12 billion over the 3.5-year construction
period. The Alberta economy will receive $4–$6 billion of total construction expenditures. Of
this, $265–$400 million dollars will accrue to regional companies and workers.
[1087] Shell expected the effect of the Project construction on provincial gross domestic product
(GDP) to be an increase of $7–$10 billion.
[1088] Shell said that the Project will provide 9310 work years of on-site employment peaking at
4400 workers in Q1 of 2018. There will also be 3100 work years of off-site employment in
Alberta. The Project will also create 750 full-time operational jobs.
[1089] RMWB can expect to receive $23–$34 million annually in property taxes at current rates.
Federal and provincial government royalties and taxes will total $17 billion over the Project life.
Analysis and Findings
[1090] On the basis of the evidence, the Panel finds that the Project will result in significant
direct and indirect economic benefits to the region, the province, and Canada in terms of bitumen
recovery, employment, royalties, and taxes. The Panel also notes the letter of support for the
Project from the RMWB.
[1091] The Project will have an incremental adverse effect on some ecological aspects; however,
the Panel still believes the Project is in the public interest, in part due to the significant economic
benefits for the region, Alberta, and Canada.
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Methodology
Evidence
[1092] ACFN raised concerns about the methodology Shell used for its socioeconomic impact
assessment (SEIA). It submitted that Shell did not link sociocultural indicators to its assessment
of impacts on the exercise of Aboriginal and treaty rights. ACFN also submitted that the
methodologies in project-specific impact assessments were inadequate for assessing the
relationships among socio-cultural and ecological aspects that support the practice of rights. It
stated that the applications do not assess socioeconomic issues on the basis of rights but instead
tend to address issues as if the First Nations (such as the trappers) were merely stakeholders with
no constitutionally protected rights other than commercial rights. This impacts their TLU, rights,
and culture, and is more fully addressed in the Effects on Aboriginal Traditional Land Use,
Rights, and Culture section.
[1093] Shell said that the Project SEIA met the TOR set by ESRD and provided detail and
analysis comparable to that previously accepted by regulators in past oil sands mining
applications.
Analysis and Findings
[1094] The Panel accepts that project-specific EIA requirements can be improved. Currently, the
socioeconomic impacts of developments are addressed in only a general and qualitative manner.
The Panel addresses these methodological concerns in the Effects on Aboriginal Traditional
Land Use, Rights and Culture section.
Housing
Evidence
[1095] Shell estimated temporary construction-related housing demand of 430 dwellings during
2015–2018 for construction workers and indirect/induced workforce, in addition to the camps.
Shell also stated that the RMWB will be able to absorb the additional housing needs. Shell
estimated that 1230 dwellings will be needed for operations staff 15–18 months before
operations. Shell estimated that the overlap of construction and operations housing will be in
2016–2017. Shell proposed to mitigate housing impacts by using camps.
[1096] Shell will house 90 per cent of the construction workers in camps on site. In the event
that it is unable to do so, Shell assured the Panel that it could arrange accommodation with
regional commercial providers of camps. It expected the remaining 10 per cent of construction
workers would live in the community.
[1097] The RMWB said that it had entered into a memorandum of understanding (MOU) with
Shell that addresses the housing impacts to RMWB's satisfaction. Shell stated it will strongly
encourage its operational workers to permanently reside in the region.
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Analysis and Findings
[1098] The Panel acknowledges that Shell and the RMWB have entered into a MOU that address
the Project’s housing impacts. The Panel therefore accepts Shell’s assessment that the RMWB
will be able to absorb the additional housing needs.
[1099] The Panel finds that camp accommodation is a viable and necessary option for Project
construction given existing labour and housing constraints. The Panel also finds that Shell’s onsite construction camp and MOU with the RMWB are appropriate mitigation. The Panel
acknowledges that Shell will encourage operations workers to reside in the community as a result
of its MOU with RMWB.
Transportation Infrastructure
Evidence
[1100] Shell estimated that project-related traffic would peak in 2017 at between 640 and 780
vehicles per day as average daily two-way traffic (ADTT) volume.
[1101] Shell had originally expected project-related traffic on Highway 63 north of Fort
McMurray to the turnoff into the MRM to average between 470 and 575 AADT over 2012–2015
but did not provide an update to reflect the adjusted timeline for construction of the Project. Shell
stated that it did not believe the changes to the schedule would not have a substantial effect on its
assessment. Current traffic volumes along Highway 63 north of Fort McMurray and south of the
MRM turnoff vary between 3000 and 19 400 AADT. Shell stated that it expected those volumes
to increase when more projects begin construction.
[1102] Shell said that project-related traffic along Highway 63 during the construction period
will likely consist of
•

36–51 per cent private vehicles, such as cars, pickup trucks, and vans, including companyowned and contractor vehicles;

•

49–64 per cent trucks, including both regular and oversized; and

•

less than 1 per cent buses, primarily transporting workers residing in the region to and from
the Project site during shift rotations.

[1103] Shell will bus Fort McMurray-based operations workers on a daily basis to mitigate the
Project’s impact on the regional transportation infrastructure.
[1104] RMWB, OSEC, and ACFN said that traffic was a major concern. RMWB stated that it
was not the amount of traffic but the type of traffic that causes problems.
[1105] Shell stated that higher traffic volumes will increase chances of accidents. Shell said that
it would use the Fort McKay industrial park on the east side of the Athabasca River for staging.
[1106] The RMWB stated that traffic congestion on Highway 63, particularly in the Fort
McMurray urban centre, was causing serious safety issues and delays. It also agreed that about
25 per cent of all oil sands employees were using a bus service to travel to the major plant sites.
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[1107] Shell would use its aerodrome during Project construction to transport out-of-town
construction workers. 90 per cent of the construction workers will be using the aerodrome and
will be subsequently bussed to the site. Shell expected only a few consultants to use the Fort
McMurray airport. During Phase 1’s peak construction period, Shell had 16 aircraft landings per
week, between two and three a day, depending on the day of the week. The planes moved about
2000 passengers per week. Shell expected a similar number for the Project.
Analysis and Findings
[1108] While it is clear that traffic is a concern, the Panel finds that mitigations provided by
Shell to reduce the Project's traffic impacts are comparable to efforts used by oil sands
companies to mitigate traffic impact that have been shown to be effective. The Panel expects
Shell to follow through with its proposed mitigations and to inform RMWB if it is unable to do
so. Regional impacts and recommendations for regional traffic issues are discussed in the
Regional Transportation Infrastructure section.
Quality of Life and Social Services
Evidence
[1109] Shell stated that the Project will be responsible for about 7.5 per cent of the population
growth in the region over the next 10 years.
[1110] Shell acknowledged that health care service providers in the region face several
challenges, including difficulty recruiting and retaining health care professionals and the need for
additional regional health infrastructure. Shell expected the construction workforce of the Project
to contribute to impacts on the health system, especially on emergency room services, in the
2012 to 2015 period. It did not update its estimate to reflect the changed timeline for the Project.
To mitigate impacts of its operations on regional health services, Shell committed to the
following.
•

Establishing an on-site health care facility for primary emergency and occupational health
service at all times. Shell said that it was considering expanding its existing on-site health
care facility at the Albian Sands village to serve the enlarged JPM workforce, and building a
similar facility at the PRM site. On-site medical facilities will provide primary care for onsite workers and manage minor health issues and injury incidents without drawing on local
health services provided by Alberta Health Services. It expected these facilities would reduce
the number of people from outside the region who use emergency-room services in Fort
McMurray.

•

Continuing to contribute financially to the Northern Lights Health Foundation, where
appropriate, including contributing $1.2 million to the Inner City Health Initiative.

•

Working with other companies to address the cumulative socioeconomic effects of their
projects on the region. This included ongoing discussions with Alberta Health Services about
medical infrastructure and service needs and how companies might contribute to addressing
those needs.
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[1111] Shell stated that the Project will not be a sizeable driver of demand for education
services. Shell forecasted population increases under its base case assumption of an additional
2600 school-aged children in the 2007 to 2010 period. In the application case, the impact is about
1180 and 780 school-aged children in 2015 and 2020, respectively. Shell has already voluntarily
taken steps to address issues related to the regional education system, including:
•

providing ongoing support for e-learning in Fort McKay;

•

supporting other Aboriginal education initiatives identified by schools in Fort Chipewyan,
Fort McKay, and Fort McMurray;

•

supporting Keyano College financially, including funding to open a new campus in Fort
Chipewyan;

•

supporting Aboriginal scholarships;

•

bringing science and technology camps and workshops to Fort Chipewyan and Fort McKay
through Actua;

•

delivering drilling-rig and driver training in Fort Chipewyan;

•

sponsoring delivery of the Building Environmental Aboriginal Human Resources Program in
Fort Chipewyan; and

•

implementing environmental monitoring programs and training to allow local workers to take
advantage of job opportunities available in the oil sands industry.

[1112] RMWB testified that six new schools are required to adequately service the existing
needs. RMWB also stated that many of the workers who come to the region do not take up
“permanent residence” and thus do not pay taxes to the region or to the province but nevertheless
create demands upon those governments for health care and other services. As a result, these
services do not get properly funded because many of the people who use them are not
contributing tax payments toward the costs of operating them.
[1113] ACFN testified that its education budget was spent and is the only program in which the
community falls into a deficit year-over-year. ACFN continues the program because it knows
that education is fundamental and foundational for future generations.
Analysis and Findings
[1114] The Panel notes that although Shell did not update certain of its estimates to reflect
changing timelines for the Project, this is not a significant concern because the changes do not
affect Shell’s assessment of the impacts or the mitigation that Shell selected. The Panel
acknowledges that projections such as these are difficult to make, and Shell provided an estimate
based on available information and its judgment. Shell also testified that the region can absorb
the additional workers.
[1115] It appears to the Panel that it would be of significant assistance to RMWB and Alberta to
obtain better information about the numbers of people moving to the region, particularly those
residing in work camps. The Panel believes that it ought to be possible to obtain information that
will enable better planning and delivery of services that may currently be under strain. As an
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example, the Panel believes that the municipal and provincial approval processes for the work
camps should provide a high level of information about this transient population. The Panel also
expects that the oil sands companies and other business operators should be able to provide
actual information about their respective work forces.
[1116] The Panel agrees that health care service providers in the region face many challenges.
The Panel acknowledges that it is the province’s responsibility to ensure that appropriate
standards of care and service levels are maintained, and it is Shell’s responsibility to mitigate
only the Project impacts. Shell stated that it is committed to reducing the Project’s impact on
health services by having an on-site facility. The Panel accepts Shell’s commitment and believes
that this is an appropriate mitigation for the effects of the Project. The Panel expects that Shell
will inform the RMWB about the progress of that facility’s development and about any delays
that may impact the hospitals and other medical facilities in the RMWB.
[1117] The Panel acknowledges that although education is the province’s responsibility, Shell
has made numerous efforts to support the advancement of education and training locally. The
Panel hopes that industry will continue such efforts. The Panel also recognizes the need for First
Nations and Métis people to have access to education so that their members can improve their
skills.
Cumulative Effects
Socioeconomic Impact Assessment and Cumulative Impacts
[1118] RMWB said that it has undergone transformative changes largely because of oil sands
development. However, in the RMWB’s opinion, research on project-specific and cumulative
socioeconomic impacts is lacking. According to RMWB, ESRD has indicated that it is not
adequately resourced to review the information provided. In RMWB’s view, this results in an
ineffective and inefficient assessment of socioeconomic issues facing the region. The RMWB
would like to see a more coordinated approach that includes both senior levels of government,
RMWB, and industry so that regional/cumulative socioeconomic impacts can be identified,
mitigated, and monitored. It believes that further work needs to be done, given the unique nature
of the regional resources and their impact.
[1119] Shell indicated that since RMWB and other regional service providers began raising
socioeconomic concerns at regulatory hearings in 2006, the province has contributed $3.6
million over three years to provide strategic municipal planning support to the region. The
province has also provided $103 million in direct funding in addition to a $136 million four-year
interest-free loan to build a replacement sewage-treatment facility and an upgraded water
treatment plant in Fort McMurray. Since 2007, the Government of Alberta has committed $2.25
billion to infrastructure and services in the RMWB, and the RMWB has also invested in major
infrastructure developments, including RCMP detachment buildings and regional fire halls. The
province has contributed
•

$30 million to support the lower town-site water collection system upgrader;

•

$15 million for regional landfill development;

•

$33.4 million for the Keyano Sports and Wellness Centre;
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•

$54 million for the Wood Buffalo Housing and Development Corporation;

•

$10 million plus land for the construction of the south cell block and station; and

•

$52 million for Phase I of the new RCMP detachment in Timberlea.

[1120] Shell stated that while the region may be experiencing rapid growth and its
accompanying pressures, it is also experiencing unprecedented tax-base growth. Property
assessment in the rural service area of RMWB, which consists mostly of oil sands facilities, grew
by an average of 24 per cent per year, from under $6 billion in 2005 to more than $24 billion, in
2011.
Land Release
Evidence
[1121] The RMWB provided evidence that showed that compared with other cities in Alberta
and Canada, Fort McMurray had one of the highest average multiple listing service (MLS) sales
price for houses by a wide margin, second only to Vancouver. These high costs combined with
recent changes in mortgage insurance and lending were making it even more difficult to become
a homeowner, especially in the urban services area. Rental rates for a two-bedroom apartment in
Fort McMurray were nearly double those in Edmonton, Calgary, and Toronto. And even though
house prices in Vancouver were higher than in Fort McMurray, rental rates in Fort McMurray
were nearly 70 per cent higher than in Vancouver. These high rental rates made it very difficult
for low- and moderate-income households to find affordable housing that meets their needs.
[1122] The RMWB calculated housing affordability, which is measured by comparing the cost
of housing with the household income. The greater the share of income required to pay for
housing, the less affordable is the accommodation. The main impact of high rental rates is on
lower- and moderate-income households that have to spend well over 30 per cent of their income
to obtain housing, according to RMWB estimates.
[1123] The severe shortages and the high cost of rental housing have created ideal conditions for
the emergence of a secondary rental market. This secondary rental market includes nontraditional housing markets, such as renting a room, sharing accommodation, renting an illegal
suite, couch surfing, and even long-term residency at a campground. Accommodations in the
secondary rental market often do not comply with safety codes, and the owners of these
accommodations do not want the RMWB to learn of them because they would be closed by the
RMWB. The RMWB knows this market is much larger than it appears. However, the RMWB
acknowledges that this market has some benefits, including the following:
•

it provides a good source of affordable housing

•

it helps some property owners pay their mortgages

•

it provides housing for the workforce in areas, such as the service sector

[1124] Shell agreed that the effect of high housing prices was felt more acutely by lower-income
people in Fort McMurray. ACFN stated that its members also need more housing. When young
members of ACFN leave the reserve to work in the city and are unable to find affordable
housing, they are forced to return. ACFN stated that the housing shortage on their First Nation’s
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land is also a serious problem. There are too few houses on reserve and no land is available to
build more houses. In some cases there are as many as 12 family members staying in one house.
ACFN acknowledged that there have been improvements in housing availability in recent years.
[1125] In final argument, counsel for NSFMFM and Clearwater Band stated that housing prices
have especially affected the Aboriginal population and, in particular, the elderly among that
population who are unable to afford to rent or own in Fort McMurray or the surrounding areas.
The high cost of living has rendered many Aboriginal people, including members of these
groups, homeless or at imminent risk of becoming homeless.
[1126] Shell stated that since 2007, the Government of Alberta has invested more than $50
million in affordable housing in the region. The provincial government has also made a
commitment of $241 million to develop lands in the Parsons Creek and Saline Creek Plateau
areas. Of significance is the signing of an MOU between the province and the RMWB for the
creation of an urban development subregion, which will enable the RMWB to keep pace with the
demand for residential, commercial, industrial, and institutional land. RMWB indicated that it
did not have a date or a final commitment from the province as to when the urban development
subregion will be created.
[1127] RMWB testified that most cities have a 5- to 20-year supply of land in the hands of the
private sector to ensure development keeps pace with community growth. RMWB presently has
no land bank which has posed many problems for the RMWB and hampered development. It
stated that land was currently very expensive and not available for suburban use. It also stressed
that it needed large quantities of land on the market right now for industrial and commercial
development to support development in the southern part of the region.
[1128] RMWB said that the population increase from oil sands activity has created a huge
demand for housing. A key component of housing is land. When land is not released, it becomes
scarce and, therefore, more expensive. The longer it takes to get land for development released,
the more scarce it becomes and, in turn, the more inflated the price becomes. RMWB stated that
the province then values the land at this elevated market value and will not sell or release land
until current appraisal values are met. RMWB believes that, in effect, the province's lack of a
coherent and functioning land-release strategy has caused or largely contributed to the largest
component of escalating housing costs—land.
[1129] RMWB also explained that land was often put on the market by the province without the
infrastructure to support development, which causes delays in development and increases
housing costs further.
[1130] RMWB believed that in order to have a true free market for land in Fort McMurray, it
needs to have a modest surplus of land to start to regularize prices. RMWB emphasized that an
effective land release policy was needed at the heart of a more sustainable housing picture in Fort
McMurray. RMWB requires a long-term supply of accessible land with major infrastructure
installed thereby creating a functioning free marketplace which will stabilize land supply and
prevent land shortages and price escalation. If this does not happen, the challenges associated
with housing affordability will continue and the region will continue to experience housing price
shocks until this issue of long-term supply is addressed. RMWB said that it is planning to
develop 40 000 residential, commercial, and retail opportunities in the only free-market land
currently available, which is in the downtown area.
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[1131] RMWB requested that the Panel strongly urge the Government of Alberta to develop and
implement a coherent, effective, and sensible land-release policy that takes into consideration the
unique issues in RMWB. This policy should include servicing, access, and valuation of land that
reflects these unique issues. The RMWB also expressed frustration over the apparent inability of
successive provincial government departments to understand and respond effectively to the
needs of the regional municipality.
[1132] The RMWB also made it clear that bringing land on the market without adequate road
access does not and will not solve the housing issue. When land is released, it needs to be
accessible. According to the RMWB, there has been a lack of coordination between ESRD and
Alberta Transportation on land release and land access. While some progress has been made in
releasing more land, there are still significant challenges in making the bulk of released land
accessible to enable residential development. The Parsons Creek neighbourhood, which could
house 20 000 or more residents, depends entirely on the completion of the Parson's Creek
interchange before it can go beyond 1000 residents. The province has moved the completion date
of that interchange back another year, so the neighbourhood will not be ready for the second
phase of development until 2015. Another example is Saline Creek, which without some further
improvements to the transportation access at the current Highway 69/63 interchange, can only be
developed to roughly 50 per cent of its capacity to house 16 000 residents.
Analysis and Findings
[1133] The Panel accepts that purchasing and renting housing in the RMWB is very expensive.
The Panel is also of the view that secondary housing, while it may have benefits, also has many
drawbacks. The Panel recognizes that the high housing costs can be mitigated in part by
increasing the supply of land and housing.
[1134] The Panel is of the view that the lack of developable land is a problem for the RMWB.
The Panel supports the RMWB's request for better coordination on this issue between the
Government of Alberta and the RMWB. The Panel also recommends that the Government of
Alberta provide to the RMWB a timeline for land release. Furthermore, the land release should
take into account land for infrastructure so that development of the land can proceed effectively.
The Panel believes that when making land valuations, the Government of Alberta should
consider the unique situation that the RMWB is in, that is, that the market is inflated in the
municipality.
[1135] The Panel accepts that it is difficult to proceed with residential development in the
RMWB without proper access. Accordingly, the Panel finds that better coordination among
RMWB, ESRD, and Alberta Transportation is needed to ensure that proper and timely access to
development land is provided. The Panel urges RMWB, ESRD, and Alberta Transportation to
begin a process that will ensure appropriate coordination.
Regional Transportation Infrastructure
Evidence
[1136] The RMWB confirmed that Highway 63 could absorb additional traffic, including that
created by the Project.
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[1137] The RMWB indicated that a committee established in the previous 18 months, including
representatives of provincial government departments, RMWB, industry, Northern Alberta
Development Council, and others, recommended to the province an eastern bypass route to
divert traffic on Highway 63 around Fort McMurray to the east. RMWB emphasized that the
proposed bypass was needed to take pressure off Highway 63 through Fort McMurray.
[1138] The bypass would reduce construction and oil sands operations traffic on Highway 63 in
the Fort McMurray urban service area and also allow heavy trucks to move south and connect
with the railhead for bitumen shipping by rail.
[1139] The RMWB said that Alberta Transportation had advised RMWB that once it built the
bypass, it would rededicate Highway 63 through the urban service area as an urban highway.
This would allow residents to move more freely around the urban service area.
[1140] The RMWB said that the bypass project has been discussed by the committee but that a
plan has not been finalized by the committee and there is no funding for it.
[1141] The RMWB said that it proposed to the province that it discuss with industry an
alternative funding model so this bypass can be built, but currently there was no initiative for this
discussion to take place.
[1142] The RMWB emphasized that efficient transportation has not been investigated in a
coordinated way. It noted that there were more than 40 airports in the region, resulting in safety
issues, impacts to minable land, and problems for air traffic controllers.
[1143] The RMWB also acknowledged that it had tremendous support from the oil sands
industry, including Shell, in designing bus lanes through the community to get buses in and out
of Fort McMurray to the sites faster. With respect to both land-release and transportation, the
RMWB asserted that the province needs to establish more integrated approaches.
[1144] ACFN members noted that traffic increases on the Fort Chipewyan winter road and
Highway 63 due to oil sands traffic were reducing public safety. ACFN also submitted that
access to and from Fort McMurray via the winter road is becoming more dangerous as traffic
increases, and black ice is becoming more common.
Analysis and Findings
[1145] The Panel notes that there appears to be a lack of coordination between the two levels of
government with respect to infrastructure planning. This is having a negative impact on the
development of essential infrastructure in the region. If left unaddressed, the lack of coordination
will continue to affect development in the region and hinder progress on those issues.
[1146] The Panel believes that it is essential for ESRD and Alberta Transportation to work
together to ensure that when land is released for development, it includes road access. The Panel
believes that if they do not work in a coordinated fashion, some of the housing issues in the
region that need to be addressed will persist. This is also discussed in the above section on land
release.
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[1147] The Panel agrees that Highway 63 is congested and that the proposed bypass would
alleviate some of the traffic concerns. Although RMWB provided no information about the cost
of it, considering the entities that were represented on the committee that recommended it to the
provincial government, the Panel is persuaded that the proposed bypass is a viable option.
[1148] The Panel believes that Alberta Transportation, RMWB, and the industry should work in
a collaboratively on developing of the eastern bypass route. Highway 63 is expected to be
twinned south of Fort McMurray; however, issues relating to Highway 63 through and north of
Fort McMurray also need to be addressed by the regional stakeholders.
Project Accommodations/Work Camps
Evidence
[1149] RMWB submitted that the work camps already in place could accommodate well over
70 000 people. The RMWB was also aware of additional permits and applications that would
bring the potential camp population to in excess of 80 000. RMWB asserted that camps are only
a short-term solution and that in the long run, fly-in/fly-out operations have a negative impact on
the community. Camps can have, and often do have, turnover well in excess of 40 per cent.
Generally, RMWB would prefer to have workers live within the community. The RMWB also
noted that many fly-in/fly-out workers earn their money in Alberta but pay their taxes to their
home provinces.
[1150] Shell agreed with the RMWB on this point and stated it would commit to secure local
workers for the Project or will strongly suggest that its operations workers relocate to the region.
[1151] The RMWB said that the preliminary results from the 2012 municipal census indicated
that work-camp occupancy is 39 271 people, a 411 per cent increase in occupancy over the last
seven years. In 2010, RMWB believed that about 24 000 people lived in work camps in the
region. During inspections in 2011, the RMWB’s planning and development team found 21
unpermitted camps accounting for an additional 12 000 beds. According to the RMWB, the
likelihood was that the 70 000 currently existing work camp spaces are 70–80 per cent occupied
during the winter high season, much higher than the self-reported 52 per cent.
[1152] The RMWB accepted that camps make sense for construction phases of projects, and the
RMWB was not against all camps. The RMWB was concerned that ESRD issues the permits but
does not monitor whether the camps are safe and complying with provincial regulations. This
results in the RMWB being obligated to enforce not only its own regulations, but also provincial
regulations. In some cases, work camps continue to function after permits have expired. RMWB
is also concerned about the risk of forest fires to remote work camps and their residents. For
many camps, workers are living in stacked trailers, and there is only a single access road.
[1153] The RMWB testified that ESRD approves camps without input from the RMWB.
According to the RMWB, the camps are spread over a vast region, are not coordinated, the
transportation to and from them is insufficient, and residents have a poor quality of life. RMWB
was also concerned that ESRD does not advise the RMWB when a lease for a camp has been
issued. ESRD also does not require a developer to prove that it has obtained a municipal
development permit to construct and operate a camp. From the RMWB’s perspective, if a camp
does not have a municipal permit, it is unpermitted. The RMWB was aware of instances in which
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operators have received a lease from the province and have assumed, deliberately or
accidentally, that the lease was sufficient for the operator to proceed to build its camp without
obtaining a development permit from the RMWB. When the operator does not apply for a
municipal permit, the RMWB is unaware of it and cannot ensure compliance with safety
regulations. The RMWB needs to know where populations are located for fire suppression and
emergency response. In 2012, the RMWB found 28 existing camps that were not permitted.
RMWB also indicated there are cases of permitted but noncompliant camps, usually involving
the numbers of residents exceeding the permitted capacity.
[1154] The RMWB suggested management steps to help with permitting. It asked that the Panel
recommend to the Government of Alberta that the responsible departments work more closely
with RMWB to advise on work-camp applications.
[1155] The RMWB asked the Panel to recommend to Alberta and Canada that they identify,
assess, and monitor the impacts of fly-in/fly-out workforce models on host communities. The
RMWB specifically requested that the Panel find on the evidence presented in this hearing that
fly-in/fly-out operations have a negative impact on the region.
[1156] ACFN expressed real concern about the quality of life of ACFN members working in
camp environments. While the wages are good, the work and living conditions at camp are not
well liked.
Analysis and Findings
[1157] The Panel accepts that fly in/fly out work forces may have a negative impact on the
region. However, the Panel also recognizes that the lack of available workers and housing in the
region makes fly-in/fly-out work forces a viable option for companies, particularly during the
construction phase.
[1158] The Panel believes that without proper authorization and enforcement, work camps can
be a problem in the region. The Panel recognizes the issues articulated by RMWB that stem from
lack of proper permitting and monitoring of work camps. The Panel recommends to ESRD and
the RMWB that they devise a process to make each other aware when either receives a request
for camp authorization. It also appears to the Panel that ESRD and the RMWB need to carry out
some communication and education programs with camp operators and the companies who use
the camps, to ensure that they understand that both entities need regulatory approvals. ESRD and
RMWB both need to ensure that camps comply with provincial and municipal regulations and
permit conditions.
Quality of Life and Social Services
Evidence
[1159] The RMWB stated that high quality of life is important for any region to develop and
attract residents. High costs of living, lack of health and education facilities, and lack of retail
opportunities deter new development and make an area less desirable to live in.
[1160] The RMWB estimated that the total population of RMWB was 116 403 people in 2012,
including both permanent and nonpermanent residents. It expected the regional permanent,
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nonpermanent, and project accommodation population to exceed 230 000 by 2030, with Fort
McMurray having a population of about 200 000. The RMWB estimated that the total population
for 2012 was composed of about 40 per cent nonpermanent residents, a significant increase over
2001, which was estimated at 25 per cent. Nonpermanent portions of the population reside in
work camps and within the urban services area of Fort McMurray. OSEC agreed with RMWB
that the population would increase to 230 000 by 2030.
[1161] The RMWB presented a series of studies prepared by the Province of Alberta that
analyze the cost of a basket of goods and services across various communities in Alberta. It
found that when considering all commodities, including shelter, the average cost of living has
been 10–15 per cent higher in RMWB over the last decade than in other cities in the province.
Most of this difference, in terms of prices in Fort McMurray, was attributable to shelter.
[1162] Shell acknowledged that health care service providers in the region face many challenges,
including difficulty recruiting and retaining health care professionals, and the need for additional
regional health infrastructure. ACFN stated that the Northern Lights Hospital was built to sustain
a regional population of 40 000 people but currently 100 000 to 110 000 depend on it. Shell
stated that recent measures to help with challenges affecting health services in the region
included:
•

an additional $177 million in funding to the Northern Lights Health Region between 2007
and 2010 to address regional health-related growth pressures;

•

more doctors recruited to the area;

•

more funding to address health-related growth pressures;

•

reduced emergency department wait times;

•

investments in regional health infrastructure, including
•

two new community health centres,

•

renovations to the ambulatory and emergency departments of the Northern Lights
Regional Health Centre, and

•

a commitment to add 100 continuing-care spaces in Fort McMurray.

[1163] To address health-related community concerns in Fort McKay, the Government of
Alberta recently signed a letter of intent to develop a comprehensive community health
assessment for Fort McKay. The study is to involve the Fort McKay First Nation, Fort McKay
Métis Community, Alberta Health and Wellness, and Alberta Aboriginal Relations working
together to identify community health issues, health-care priorities, and the design and delivery
of new programs to address those priorities. The provincial government and First Nations have
also discussed a similar study in Fort Chipewyan, although no agreement has yet been reached.
[1164] The health care and social services’ quotient calculated by the RMWB indicated that the
demand for these services far exceeds their potential supply locally, which means people have to
find those services elsewhere or their need will not be met. The RMWB pointed out that in the
event that someone has to be flown out by helicopter from one of the sites for medical reasons,
the landing pad is at Number 1 Fire Hall, not at the hospital. The medics must load patients into
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an ambulance and then drive him/her to the hospital. RMWB says this is primarily because the
province has not committed to rebuilding the landing pad at the hospital.
[1165] Shell noted the following information about investments that the province has made to
improve health care services in the region.
•

In response to the Radke Report, the Government of Alberta committed an additional $177
million between 2007 and 2010 to “address health-related growth pressures” in the region.

•

Since 2006, the provincial government has announced plans for and moved forward with
several infrastructure improvements to the Northern Lights Regional Health Centre,
including
•

renovation of the ambulatory and emergency departments ($6.0 million);

•

replacement of sewer line and domestic hot-water circulation piping ($4.5 million);

•

renovation of the intensive care unit ($2.0 million); and

•

renovations to the hospital’s pediatric unit, including more rooms, new beds, new
equipment, and a new nursing station.

•

The Government of Alberta has also provided funding and planning is underway for two new
community health centres in the Fort McMurray communities of Thickwood and Timberlea
($28.2 million, in planning phase) to improve residents’ access to primary care services.

•

The province has also been moving forward with plans to build a new long-term care facility
in Fort McMurray, helping to relieve bed pressures at the Northern Lights Regional Health
Centre.

[1166] The RMWB calculated the retail quotient for the RMWB by using 2006 data for selected
communities. The retail quotient for the RMWB is significantly less than parity and is well
below the retail quotient for the other comparable municipalities included in this analysis. This
indicates that the availability of retail services within the RMWB is well below what is
demanded. Currently, the RMWB has about one-third of the retail services that it needs. The lack
of a pool of potential retail workers in the community is one of the major challenges, made worse
by having a part of the regional work force not resident in the community. The RMWB plans to
construct new buildings that will provide additional retail and office space, particularly targeting
the move of offices of oil sands related companies to the region.
[1167] ACFN raised concerns that its members did not have enough work opportunities in the oil
sands industry and that the opportunities that were available to them, were low paying. ACFN
stated that this problem was caused by lack of education of community members. Furthermore,
working in the industry keeps the workers away from their families and that also has a negative
impact. Working in the oil sands industry also creates “haves” and “have-nots” in the ACFN
community, such that those people who can go off reserve to work are better off than those who
cannot. ACFN also identified other concerns in the work force such as discrimination and lack of
opportunities for advancement for First Nations people. ACFN noted that impact benefit
agreements with companies have supported training initiatives that have helped to address some
concerns.
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[1168] ACFN also had concerns about quality of life. In some cases, improved road access to
areas increases competition for resources by nonaboriginal hunters and trappers. Access
restrictions and other concerns result in its members being deterred from going out to hunt and
fish and therefore having lower catch rates. These factors resulted in higher cost for traditional
activities and more dependence on store-bought foods. Store-bought food is more expensive and
more difficult to find because there are few stores. ACFN believed that its members suffer from
poor health as a result of moving away from traditional food and toward processed food. It stated
that this poor health was exacerbated by the lack of home-care and other health-support
programs. In addition, ACFN believed a lack of respect for ACFN members and its values has
resulted in poor mental health of some of its members.
[1169] ACFN also said that its members were involved in fewer outdoor activities because they
are afraid that the water involved in many of those activities is not safe. For most outdoor
pursuits, ACFN members feel it is necessary to carry drinking water with them, limiting the
distances they can travel.
Analysis and Findings
[1170] The Panel recognizes that the high cost of living, insufficient health and education
facilities, and a lack of retail services deter new community development and make an area less
desirable to live in. The Panel notes that the very high cost of housing in RMWB is significantly
increasing the average cost of living in the region. The Panel further recognizes that Aboriginal
residents of the region are particularly impacted by the lack of availability and cost of housing
and the need to be increasingly reliant on more expensive store-bought foods.
[1171] The Panel recognizes the importance of the region’s Aboriginal population being able to
access contract and employment opportunities. The Panel believes that efforts must continue to
increase participation opportunities and to assist eligible and interested Aboriginal people in
securing more responsible and better paying jobs.
[1172] The Panel is aware of the health care challenges in the region related to insufficient
clinical infrastructure and difficulties in recruiting and retaining qualified staff. High quality and
readily available services are essential in creating attractive well-functioning communities.
While recognizing the staffing and infrastructure challenges faced by health care service
providers in the region, the Panel is encouraged by the recent commitments of the Government
of Alberta to address these key issues.
[1173] To address health-related community concerns in Fort McKay, the Government of
Alberta recently signed a letter of intent to develop a comprehensive community health
assessment for Fort McKay. Although no agreement has yet been reached, the Panel understands
that discussions between the provincial government and First Nations have also been held to
consider a similar study in Fort Chipewyan. The panel is strongly supportive of this approach
and encourages the Government of Alberta to place a priority on timely completion of these
assessments.
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CAPACITY OF RENEWABLE RESOURCES
Evidence
[1174] ACFN explained that its members require access to land of sufficient resource quality
and quantity. It stated that the renewable resources found on the land have to be sufficient to
meet current and future subsistence requirements and cultural needs. It stated that these resources
include routes of access and transportation, water quality and quantity, healthy populations of
game in preferred areas, cultural and spiritual relationships with the land, abundant berry crops in
preferred areas, traditional medicines in preferred areas, and natural landscape for the experience
of remoteness and solitude. ACFN stated that the lands and resources must be accessible within
constraints of time and cost. Other Aboriginal groups expressed similar beliefs.
[1175] The evidence presented below is a summary of evidence provided in earlier sections of
this report and is provided to give context to the reader.
Moose
[1176] Shell stated that there would be no significant effects on moose abundance, habitat, and
movement after closure and reclamation in the LSA. Shell found a high environmental
consequence to moose habitat in the LSA from the Project but a low consequence to moose
abundance in the LSA. Shell also stated that there would be no significant cumulative effects on
moose. Shell indicated that the environmental consequences to moose habitat would be moderate
from the PIC to the application case and high for the PDC. For moose abundance, it would be
moderate for both the PIC to the application case and the PDC. Shell indicated no significant
effects because the resilience of the moose population in the RSA had not been compromised.
[1177] ACFN and other Aboriginal groups stated that moose are considered to be a culturally
important species that is still harvested today, providing an important source of protein for the
community. They expressed concern about the health of moose and the quality of the resource.
ACFN noted that many of its members will avoid the use of moose if there is a perceived
behavioural or physical abnormality. ACFN also stated that its use of moose will be affected by
reduced access to moose habitat and increased industry and recreational access. ACFN indicated
that the Project would affect high-quality moose habitat and that there would be significant
cumulative effects on moose habitat in the RSA.
[1178] OSEC provided evidence from provincial surveys indicating that moose populations are
already declining in the RSA.
Caribou
[1179] Shell indicated that caribou are virtually absent in the LSA. Shell provided a CEA on
caribou in which it stated that caribou are declining to extirpation in the RSA and concluded that
both the application case and the PDC will have significant adverse effects on caribou in the
RSA.
[1180] ACFN stated that caribou is a preferred, unique, and culturally important traditional
resource that is important for knowledge, use, and practice. ACFN indicated it also has a spiritual
connection and relationship with the caribou.
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[1181] ACFN, MNA, NSFMFM, and MCFN disagreed with Shell’s assertion that caribou were
virtually absent in the LSA and provided anecdotal evidence of caribou use in the LSA. Several
Aboriginal groups expressed concern that caribou are declining. ACFN provided evidence
indicating that the Project will remove or affect high-quality habitat and that caribou will be
adversely affected by direct disturbance. It indicated particular concerns about project effects on
culturally important populations of woodland caribou in the RSA and beside the Project LSA
(Kearl Lake area) and about cumulative effects on core habitat near the Project. ACFN also
stated that use of caribou will be affected by reduced access, increased industry and recreational
access, and perceived increases in contamination of traditional resources leading to avoidance or
reduced use.
[1182] EC indicated concern about project effects on nearby critical habitat in the Richardson
Range, indicating that displacement of wolves and their prey may increase predation risks for
caribou. OSEC and EC both expressed concern about cumulative effects on high-quality caribou
habitat in the RSA.
Bison
[1183] Shell indicated that wood bison, a species at risk, were found in the LSA in the past and
that high-quality wood bison habitat would be adversely affected by the Project but that wood
bison do not currently use the area east of the Athabasca River and therefore will not be affected
by the Project. Shell assessed the cumulative effects on wood bison and found no significant
adverse effects as a result of the application case or the PDC.
[1184] ACFN and MCFN both indicated that wood bison is a traditionally important resource.
ACFN noted that declines in this species have already affected their use of this resource. ACFN
further stated that it has documented historic and current hunting of wood bison within the
ACFN’s RSA, which it defined as being 5 km or less from Shell’s Project footprint and that it
has observed the area of the proposed Redclay Compensation Lake and the Firebag River to be
core bison habitat.
[1185] ACFN contended that creation of the Redclay Compensation Lake would adversely affect
bison in the Ronald Lake herd. ACFN expressed its concern about effects on this herd since it is
the only bison herd that can be hunted in ACFN’s traditional territory, therefore effects on the
herd will affect traditional use of the species.
[1186] EC stated that there is currently no recovery strategy for bison; therefore it has identified
no population objectives or critical habitat for the species.
Traditional Plants
[1187] Shell stated that in the LSA the Project will alter 4584 ha (77 per cent of resource) of the
high traditional-use plant potential, 8481 ha (92 per cent of resource) of the moderate traditional
plant potential, and 10 129 ha (70 per cent of resource) of low traditional use plant potential,
during construction and operations. Shell stated that in the RSA, the application case will alter
5749 ha of high, 9623 ha of moderate, and 10 591 ha of low traditional plant potential. Shell
indicated that it designed its planting prescriptions for reclamation to provide a range of ecosite
phases that should support a variety of traditional end-land uses. It indicated that the planting
prescriptions included species that are highly used by First Nations.
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[1188] ACFN stated that the number of plants in Shell’s reclamation sites will be less than that
which currently exists, and Shell did not provide information about how it intends to re-establish
the predisturbance diversity of plant species or how diversity will be enhanced in areas where
direct soil placement is not possible.
[1189] Most Aboriginal groups stated that the areas south of McClelland Lake and around Kearl
Lake are particularly unique because they supply plants that are valued as food and for medicinal
uses.
[1190] ACFN produced evidence of subsistence-use value related to plant gathering in the
Project area and in the RSA. ACFN stated that these subsistence values will be directly or
cumulatively affected by the Project.
[1191] The NSFMFM stated that its members gather a variety of plants in the Project area,
including blueberries and low-bush cranberries.
[1192] FMMFN #468 had concerns about certain plant species that would be potentially affected
by the Project, including a wide selection of berries and traditional medicines such as roots, bark,
and sweetgrass.
[1193] Most Aboriginal groups expressed concerns that the quality and quantity of traditional
plants are declining in the oil sands region. The Aboriginal groups stated that they are concerned
about the contamination of traditional plants and that these concerns foster avoidance of use.
Natural Environment/Landscape
[1194] All the Aboriginal groups raised the concern that the amount of pristine and undisturbed
landscape available for the practice of TLU and Aboriginal and treaty rights is decreasing
because of a wide array of factors, including noise, impediments to access, poorer air quality,
and perceived contamination of resources.
[1195] Fort McKay stated that because of extensive development, the ecological sustainability of
several watersheds is threatened and the environment may have already reached a point where it
is not possible for Fort McKay to sustain its traditional lifestyle.
[1196] ACFN and the NSFMFM discussed the importance of muskeg ecosystems. ACFN also
discussed the importance to its members of being in the natural environment and feeling
connected to the land. It stated that there is a loss of connection to the land resulting from a sense
of alienation from preferred harvesting areas and because of the changes in the land cause by
industrial practices. It also commented that removal of areas affects the knowledge of place
names, histories, and cultural practices.
[1197] According to ACFN and MCFN, their members are avoiding using an increasingly larger
portion of traditional lands because of oil sands related development. Other Aboriginal groups
expressed similar concerns.
[1198] Shell provided information indicating that it would not reclaim certain types of
landscapes, such as peatlands, because no method of reclamation is available. Shell also
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indicated that the reclamation landscape would contain more uplands and fewer lowlands than
what currently exists. Shell also proposed to divert the Muskeg River.
Analysis and Findings
[1199] The Panel notes that several Aboriginal groups are of the opinion that the oil sands region
is reaching a point where renewable resources will not have the capacity to sustain their
Aboriginal or treaty rights. The Panel understands that important resources for Aboriginal use
will be affected in the oil sands region. Wildlife will move out of developed areas and may no
longer be easily accessible or reasonably close to certain groups or individuals. The duration of
these effects will be prolonged, lasting decades, because most reclamation occurs after the
operation of the projects and some habitat types (peatlands) cannot or will not be reclaimed. The
Project will adversely affect some traditional resources in the LSA, and given that the Project is
nearly surrounded by other oil sands projects, the total area lost for TLU is several times larger
than the Project footprint alone. The Panel’s TOR require that the Panel assess the capacity of
renewable resources that are likely to be significantly affected by the Project in order to meet
current and future needs.
[1200] The Panel notes the importance of caribou, moose, and bison to Aboriginal people, for
consumption and from a cultural perspective.
[1201] The Panel notes that caribou and wood bison are species at risk in the oil sands region,
and populations are already considered not to be self-sustaining. The Panel finds that populations
of woodland caribou will require considerable protection and wood bison will require informed
management, in order to be restored to levels that can be self-sustaining and available as a
resource for Aboriginal people.
[1202] The Panel further notes that evidence provided by both Shell and other interested parties
indicated there would be project and cumulative effects on caribou.
[1203] The Panel notes evidence from Shell that bison declines are predominantly a result of
disease. The Panel also notes ACFN’s identification of core bison habitat close to the Project’s
footprint and within the area of the proposed Redclay Compensation Lake.
[1204] The Panel observes that moose, although not a species at risk, may be declining in the
area. The Panel finds that regardless of whether the moose population is declining, Aboriginal
people are not using this resource as they did in the past because of access issues, perceived
contamination, and concerns about the health and quality of moose as a subsistence resource.
[1205] The Panel notes that because caribou, moose, and bison are large, wide-ranging mammals
with extensive home ranges, the RSA is the more appropriate spatial boundary for assessing
capacity of these resources. The Panel further notes that the most appropriate temporal boundary
is one Aboriginal generation, given that the effective loss of use of caribou, bison, and moose for
more than one generation could result in loss of traditional knowledge of these resources. Also,
the Panel finds that the current reduction in use of caribou, moose, and bison is already having
adverse effects on Aboriginal lifestyle and culture.
[1206] The Panel finds that the evidence presented for woodland caribou, wood bison, and
moose suggests that the needs of the Aboriginal people are currently adversely affected. The
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Panel also finds that the evidence indicates that woodland caribou, wood bison, and moose
habitat will be cumulatively affected in the future in the RSA. The Panel notes that reclamation
may eventually restore some habitat for these species in the RSA but that the current and future
use for Aboriginal people is likely to be affected. The Panel further notes that most reclamation
will not happen during the lifetime of the current Aboriginal users and that the effects will last
for more than a generation. Additionally, the Panel notes that peatlands may never be able to be
reclaimed and reliance on this habitat by any of these species will therefore be permanently
affected.
[1207] The Panel has determined that significant adverse cumulative effects to caribou have
occurred and will continue in the application case and the PDC and this has and will have a
significant effect on the ability of Aboriginal people to make use of this resource to meet their
current and future needs.
[1208] The Panel has determined that cumulative effects on moose and wood bison are adverse
but not likely to be significant. The Panel’s determination for these species is based in part on the
absence of reliable population data for moose and the lack of information on the location of
important wood bison habitat which made it difficult to assess the significance of effects.
However, the Panel believes that project and cumulative effects on these species are adverse and
this has had and will have an impact on the ability of Aboriginal people and other users to use
these species to meet their current and future needs.
[1209] The Panel recognizes that the oil sands region provides habitat for many traditional plants
that are still important to Aboriginal people.
[1210] The Panel recognizes that clearing of the LSA will result in a loss of traditional plant
habitat for at least one Aboriginal generation and that reclamation may or may not result in the
re-establishment of traditional plants. The Panel notes that the Project will affect a considerable
area of high and moderate traditional plant potential areas. The Panel further notes that the
Project is in an area already affected by oil sands development; therefore, locating traditional
plants in areas accessible by and close to some Aboriginal groups will be difficult.
[1211] The Panel finds that the capacity of traditional plants will be significantly affected by the
Project. The Panel acknowledges that this will in turn affect the TLU of the Aboriginal people
and affect the transmission of Aboriginal culture.
[1212] The Panel recognizes that the ability to use and enjoy the land is of utmost importance to
Aboriginal people and their culture. The Panel understands that Aboriginal people have a
spiritual connection to the land.
[1213] The Panel notes that during construction and operations, the Project area will not be
available for use by Aboriginal groups in the traditional way. The Panel further notes that, after
reclamation, the landscape and ecosites will be changed as there will be more uplands and fewer
lowlands, including that peatlands will be removed and the course of the Muskeg River will be
altered. The Panel acknowledges that the existing cultural, spiritual, and aesthetic values that the
Aboriginal people have in this area may be altered due to the changes. The Panel recognizes that
the effects of previous and current industrial development in the RSA are already limiting the
amount of pristine land available for nonconsumptive use.
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[1214] The Panel finds that the capacity of the natural landscape for use by Aboriginal people
for solitude, cultural practice, and spirituality will be significantly affected in the LSA for a time
greater than one generation and may be permanently affected because of changes in land shape,
form, and ecosite types. The Panel finds that the natural landscape in the RSA is already
significantly affected by current and approved projects, and that this is affecting current and
future needs. The Panel acknowledges that this will in turn affect the use and knowledge of this
area by Aboriginal people.
EFFECTS ON ABORIGINAL TRADITIONAL LAND USE, RIGHTS, AND CULTURE
[1215] To assess the effects of the Project on Aboriginal TLU, rights, and culture, it is necessary
to consider the effects of the Project on the biophysical resources important to Aboriginal people
and other economic and sociocultural effects of the Project. The discussion in this section
therefore draws on evidence and Panel findings presented in other sections of the report.
Although this results in repetition of material, the Panel believes that this repetition is warranted
to provide a fulsome discussion of the issues and to produce a standalone section that does not
require the reader to refer to other sections.
Shell’s Assessment of Effects on Aboriginal Traditional Land Use, Rights, and Culture
Evidence
Shell’s Approach to Assessment of Effects on Traditional Land Use
[1216] Shell stated that the Project will be located within the traditional lands of FMFN, ACFN,
and MCFN. Shell stated that the Project was also on the northern fringe of the traditional
territory identified by the FMMFN #468 and that the Métis living in the Fort McMurray region
also make use of the lands for traditional activities.
[1217] Shell submitted that it had assessed the impacts of the Project on TLU as required by the
terms of reference for the EIA. Shell stated that it used the effects of the Project on resources
used for traditional activities, and on the access to such resources, as a proxy for the assessment
of the effects of the Project on TLU. Shell submitted that if the Project was not likely to have a
significant adverse effect on the resources in the region or significantly impede access to the
resources in the region, it would not expect the Project to result in significant adverse effects to
the traditional land users’ ability to practice traditional pursuits.
[1218] Shell stated that it defined a local study area for traditional land use (TLU-LSA) based on
the registered fur management areas (RFMAs or traplines) that intersect with the Project in order
to determine the traditional use in the area and to collect traditional knowledge. Shell submitted
that traplines are an appropriate basis for defining LSAs for TLU since they provide an important
location from which traditional activities are conducted. Shell referenced an FMFN study that
confirmed the strong relationship between traplines and traditional lifestyles. The study said
“The term trapline as used in this study means more than just a place to harvest furs for sale on
the commercial market. It means the territory where people hunted, fished, picked berries,
gathered duck eggs, and trapped fur for local domestic consumption and trade. The trapline was
the community food supply for the people interviewed in this TLUOS [traditional land use and
occupancy study]; it was and is synonymous with meat for the table, with stewardship of all
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natural resources; with extended family sharing; with socialization of children; with the role of
the elders as carriers and teachers of traditional environmental knowledge; and with cultural
sustainability.”
[1219] In its EIA, Shell defined the TLU-LSA as the six traplines that overlap the Project and
PRM development areas, including RFMAs 2939, 1275, 2331, 1716, 1714, and 2137. RFMAs
2331, 1716, 1714, and 2137 are located on the east side of the Athabasca River and are most
closely associated with the Project. According to Shell, these traplines were registered to an
ACFN member (1714), a Métis person (1716), an FMFN member (2137) and a nonaboriginal
person (2331).
[1220] Shell stated that the objectives of the TLU study for the TLU-LSA were to:
•

document historical and current land use, and the traditional knowledge of the Project
development areas and surrounding areas by local trappers;

•

document the TLU and traditional knowledge of the FMFN, ACFN, MCFN, and FMMFN in
relation to the Project development areas; and

•

provide information to help minimize the impacts of the Project on TLUs.

[1221] Shell interviewed the holders of the directly affected traplines to assess the effects of the
Project on traditional resources and on traditional use. Shell provided a description of the
hunting, trapping, and gathering activities of the trapline holders and evidence of other types of
use on the traplines, including the presence of cabins and sweat lodges. Shell also provided
information on use of the trapline areas by other residents or users in the Cultural Environmental
Setting Report (Cultural ESR) submitted as part of the EIA. Shell stated that it conducted no
other individual interviews to assess the effects of the Project on access to traditional resources at
the TLU-LSA level.
[1222] Shell stated that it also relied on a variety of written and historical information sources,
previous project-specific impact assessment reports, and project-specific consultation with
FMFN, MCFN, and ACFN to complete its TLU assessment.
[1223] Shell stated that it defined three regional study areas for the TLU assessment (TLU-RSA)
based on the traditional territories of FMFN, ACFN, and MCFN and the Culturally Significant
Ecosystems (CSEs) of the FMFN. Shell stated that while available information suggested that
FMMFN #468 may have harvested in the area around McClelland Lake, the large majority of its
traditional activities have occurred south of Fort McMurray and the Clearwater River, and
therefore, the Project was unlikely to have a significant effect on its TLU practices.
[1224] Shell acknowledged that members of the MNA, have ties to the land similar to those of
the First Nations, pursue a traditional way of life within this area, and are long-standing residents
of the communities of Fort Chipewyan, Fort McKay, Fort McMurray, and other smaller
communities in northeastern Alberta. Shell noted that although it did not identify a specific TLURSA to represent the focus of Métis traditional uses, it recognized that Métis people were
participants in regional TLU patterns through active operation of RFMAs, as well as hunting,
fishing, and gathering throughout the RSAs.
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[1225] Shell stated that the zones of traditional use defined in the TLU-RSAs represent the joint
use of a region and its resources by the members of nearby Aboriginal communities that practice
relatively similar traditional pursuits and that much of the information detailed in the assessment
was sufficiently general to have application to other Aboriginal peoples.
[1226] Shell stated that it assessed the effects of the Project in combination with existing,
approved, and planned regional developments in relation to the RFMAs and the TLU-RSAs and
considered them in relation to these traditional areas and the traditional ways of life that were
recorded in the TLU studies and project-specific impact assessments used by Shell.
[1227] Shell stated that it had integrated traditional wildlife knowledge and resource use data
into its ESR sections on mammals, birds, and important wildlife habitat and that it also used TEK
and TLU information in some sections of its EIA, including traditional knowledge related to the
consumptive and medicinal use of plants and human health. Shell acknowledged that a CEMAsponsored workshop held in 2005 provided some of the TEK used in the EIA.
[1228] Shell stated that it received additional information from the Aboriginal groups since the
EIA was submitted in 2007 but this additional information either added nothing new or did not
change the initial conclusions of the EIA. Shell stated that it incorporated some of this additional
information, such as the use of water routes, in the subsequent cultural effects assessment that it
completed.
[1229] Shell stated that it had and was continuing to consult with the Aboriginal groups whose
traditional territories overlapped the proposed Project area to further enhance its understanding
of traditional use activities in the area.
[1230] The Aboriginal groups raised several concerns regarding the methodology Shell used to
assess effects to Aboriginal TLU and Aboriginal and treaty rights.
[1231] ACFN disagreed with Shell that an assessment of the significance of effects on resources
important to traditional users and on access to such resources could be used as a proxy for
assessing the significance of the effects on TLU. ACFN also questioned Shell’s use of the
RFMAs as the basis for defining the TLU-LSA and Shell’s reliance on TEK and TLU provided
by the RFMA holders. ACFN also said that the impacts on First Nations’ traditional resources
were not rigorously measured in any part of Shell’s assessment. ACFN stated that in the absence
of specific data, measures, thresholds, and criteria to assess impacts on Aboriginal rights, it is
difficult to understand Shell's assertion that it has assessed such impacts.
[1232] ACFN also submitted that Shell placed an inappropriate reliance on far future and
uncertain reclamation activities to mitigate Project effects on the environment and TLU. With
respect to traditional knowledge and land use, ACFN considered the loss of an area for more
than one generation to be permanent.
[1233] FMMFN #468 argued that Shell should have used a larger LSA and that the significance
of Project effects should also have been considered at the LSA level. FMMFN#468 also argued
that the RSA was too large because Shell originally established it to encompass two projects and
it was therefore inappropriate for one project. FMMFN #468 also said Shell had failed to
appropriately consider ecological context when assessing effects to both terrestrial resources and
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Aboriginal and treaty rights. FMMFN #468 said that ecological context needs to consider the
size of the footprint and the amount of other disturbance in the area.
[1234] ACFN, MNA, FMMFN #468, and the NSFMFM and Clearwater Band were concerned
about the extent to which Shell incorporated TLU or TEK information provided by the
Aboriginal groups into the EIA.
[1235] The specific concerns and issues identified by the Aboriginal groups are discussed more
fully in the following sections for each Aboriginal group.
Shell’s Assessment of Effects on Traditional Land Use
[1236] Shell’s EIA included a qualitative analysis of the effects on TLU within the TLU-LSA
and TLU-RSAs based on historic information provided by regional traditional land users and
specific information from holders of RFMAs in the TLU-LSA. In addition, it completed a
quantitative analysis to determine the total area of land that would be permanently or temporarily
unavailable for TLU, and the amount of land that would be available for TLU after reclamation
of the Project.
[1237] Shell stated that the Project would result in a direct loss of land available for trapping,
hunting, and plant harvesting in each of the RFMAs. Two trapper cabins within the Project area
would need to be relocated and two berry harvesting areas within the Project area would also be
affected. Shell estimated that the total percentage of disturbance for the RFMAs in the
application case would range from 4 to 73 per cent with the Project accounting for less than 1 per
cent to 27 per cent of the disturbance. A portion of Table 8.1-1 from Volume 5 of Shell’s EIA is
reproduced below.
RFMA
1714
1716
2137
2331

Area of
RFMA
30 096
23 657
27 097
31 389

Base case total disturbance
area [ha (per cent)]
18 010 (46)
6 872 (29)
10 599 (39)
1 106 (4)

Application case total disturbance
area [ha (per cent)]
28 373 (73)
10 217 (43)
11 289 (44)
1 132 (4)

Change due to Project
[ha (per cent)]
10,364 (27)
3 345 (14)
690 (3)
26 (<1)

[1238] On a regional scale, Shell estimated that the combined Project and PRM would increase
the area of disturbances within the MCFN and ACFN RSAs by less than 1 per cent each. Within
the all-traditional-uses CSE for FMFN, the Project would increase the area of disturbance by 2
per cent for moderate use areas, and by less than 1 per cent for the low use and intense use areas.
[1239] Shell stated that to mitigate the potential impacts of the Project on TLU, it would:
•

provide compensation to directly affected RFMA holders;

•

continue consulting with key Aboriginal groups including FMFN, ACFN, and MCFN;

•

facilitate access across the Project area by trappers to their traplines;

•

provide cultural diversity awareness training to Shell employees and contractors; and
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•

conduct ongoing consultation with key Aboriginal groups and participate in regional
planning initiatives to ensure closure and reclamation plans consider the long-term
sustainability of TLU activities.

[1240] Shell also stated that it would replace through reclamation, habitats that can support
traditional plant harvesting and hunting or trapping of species such as moose, fisher, lynx,
beaver, and muskrat in the far future.
[1241] Shell provided its assessment of the significance of project effects on TLU in November
2011. Shell stated that in determining the significance of the Project’s effects on TLU, it gave
consideration to what constitutes a significant effect to the resources used by traditional resource
users from a scientific perspective and in an ecological context. Shell stated that while it did not
consider the value placed on the resources beyond a scientific or ecological context in its
determination of significance, the agencies responsible for making public interest decisions on
development applications should be aware of the value placed on these resources by local users
as part of their decision-making process.
[1242] Shell concluded that since it did not consider effects on fish and fish habitat a likely
significant adverse effect, the Project’s net effects on fishing as a TLU in the TLU-RSA was also
not a likely significant adverse effect.
[1243] Shell concluded that the Project’s effects on hunting and trapping as a TLU in the
terrestrial RSA were also not likely significant adverse effects because it did not consider the
Project’s effects on wildlife and wildlife habitat a likely significant adverse effect.
[1244] Shell’s assessment concluded that the Project would have negligible effects on traditional
plant potential at the RSA level and, therefore, the Project would not have a likely significant
adverse effect on traditional plant potential. Shell, therefore, concluded that the Project’s effects
on traditional plant gathering were not likely significant adverse effects.
[1245] Shell concluded that the Project would not have a significant adverse effect on
navigation, including navigation by Aboriginal people because its assessment concluded that the
Project would have negligible effects on water levels and flow in the Athabasca River and lower
reaches of the Muskeg River and the effects of the diversion of the upper reaches of the Muskeg
River would be mitigated.
[1246] Shell stated that it assessed the loss of specific traditional resources and changes to access
routes. Shell did not expect the Project to result in significant effects to the traditional land users’
ability to practice TLU activities in the region because it did not expect the Project to have a
significant adverse effect on the resources in the terrestrial or aquatics RSAs and the Project
would not prevent traditional land users from accessing any areas in the TLU-RSAs, except
within the Project development area itself before reclamation. Shell also stated that it has an
access management plan in place that provides either alternative or controlled access across
existing operating mine sites for traditional users and trappers before reclamation.
[1247] Shell’s May 2012 updated CEA provided an assessment of the amount of land that was or
would be unavailable for use by RFMA holders due to developments in the base case,
application case, and PDC. In its updated assessment, Shell assessed the effect of the Project on
RFMA 2172 instead of RFMA 2331 that was originally included in the EIA. RFMA 2172 is
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located south of RFMA 1714 whereas RFMA 2331 is located on the north shore of Lake
McClelland. According to Shell’s updated assessment, the amount of disturbance in the
application case would range from 53 to 67 per cent of the RFMAs. Table 3.5-1 from the May
2012 submission is reproduced below. Shell noted that the RFMAs are already significantly
disturbed in the base case and it expected no change to the amount of disturbance between the
application case and PDC.
RFMA

#1714
#1716
#2137
#2172

Area of
RFMA
[ha]

2012 base case total
disturbance area

38 573
23 657
27 097
37 071

[ha]
17 257
10 324
12 822
16 179

2012 application case
total disturbance area

Percentage of
RFMA
45
44
47
44

[ha]
25 636
13 527
14 369
23 318

Percentage
of RFMA
67
57
53
63

2012 planned development
case
total disturbance area
[ha]
Percentage
of RFMA
25 636
67
13 527
57
14 369
53
23 318
63

[1248] Shell’s May 2012 updated CEA provided an assessment of the amount of land within the
FMFN all-traditional-uses CSE that was or would be unavailable for TLU for the base case,
application case, and PDC. Shell estimated the amount of disturbance for both the moderate and
intense use areas to be 31 per cent in the application case but noted that almost all of this
disturbance is already present in the base case. Table 3.5-2 from the May 2012 submission is
reproduced below. Shell noted that under the 2012 PDC, disturbances to the all-traditional-uses
CSE generally occur throughout the CSE, but are significantly higher in the intense and
moderate use areas.
CSE

Low use
Moderate
use
Intense use
Total

Total area
of CSE
[ha]
2 142 679
861 563
309 215
3 313 457

2012 base case total
disturbance area
[ha]
percentage
of CSE
311 203
15
248 841
29
94 401
654 445

31
20

2012 JME application case
total disturbance area
[ha]
percentage
of CSE
311 203
15
269 169
31
94 401
674 773

31
20

2012 planned development
case total disturbance area
[ha]
percentage
of CSE
356 536
17
315 191
37
110 567
782 294

36
24

[1249] Shell’s May 2012 updated CEA provided an assessment of the amount of land within the
FMFN large-game-harvesting CSE that was or will be unavailable for TLU for the base case,
application case, and PDC. Table 3.5-3 from the May 2012 submission is reproduced below.
Shell noted that the amount of disturbance is highest in the intense-use-area CSE, with estimates
ranging from 32 per cent in the application case to 39 per cent in the PDC.
CSE

Total area
of CSE
[ha]

Low use
Moderate
use
Intense use
Total

1 347 998
1 723 226
1 018 146
4 089 370

2012 base case total
disturbance area
[ha]
percentage
of CSE
46 019
3
325 961
19
302 988
674 968
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17

2012 JME application case
total disturbance area
[ha]
percentage
of CSE
46 019
3
325 961
19
323 316
695 296

32
17

2012 planned development
case total disturbance area
[ha]
percentage
of CSE
53 300
4
358 067
21
393 962
805 329

39
20
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[1250] Shell’s May 2012 updated CEA provides an assessment of the amount of land within the
FMFN traditional-plant-harvesting CSE that was or will be unavailable for TLU for the base
case, application case, and PDC. Table 3.5-4 from the May 2012 submission is reproduced
below. Shell noted that the amount of disturbance within the traditional plant harvesting CSE is
highest in the intense and moderate use areas, ranging from 34 to 55 per cent depending upon the
area and case.
CSE

Total area
of CSE
[ha]

Low use
Moderate
use
Intense use
Total

1 396 491
396 759
74 917
1 868 167

2012 base case total
disturbance area
[ha]
percentage
of CSE
322 516
23
123 063
31
35 268
480 846

2012 JME application case
total disturbance area
[ha]
percentage
of CSE
330 620
24
135 286
34

47
26

35 268
501 174

2012 planned development
case total disturbance area
[ha]
percentage
of CSE
391 989
28
168 537
42

47
27

41 498
602 024

55
32

[1251] Shell’s May 2012 updated cumulative effects case provides an assessment with respect to
the amount of disturbances within the terrestrial RSA portion of the ACFN, FMFN, and MCFN
traditional territories for all cases. Table 3.5.5 from the May 2012 submission is reproduced
below. Shell noted that the total amount of disturbance amounted to 6, 11, and 19 per cent of the
traditional territories of MCFN, ACFN, and FMFN, respectively and that almost all of this
disturbance is already present in the base case.
Traditional
Territory

Total area
of
traditional
territory

Area of
traditional
territory
within
terrestrial
RS
[ha]

Units

[ha]

Athabasca
Chipewyan
First
Nation
Fort McKay
First
Nation
Mikisew
Cree First
Nation

4 383 440

1 401 026

3 525 101
8 641 549

2012 base case total
disturbance area
within terrestrial RSA
portion of traditional
territory (TT)
[ha]

2012 JME application
case total disturbance
area within terrestrial
RSA portion of
traditional territory (TT)
[ha]

2012 planned
development case
total disturbance area
within terrestrial RSA
portion of traditional
territory (TT)
[ha]
percentage
of TT
568 418
13

474 280

percentage
of TT
11

494 608

percentage
of TT
11

2 130 001

650 454

18

670 782

19

779 778

22

1 673 308

523 501

6

543 829

6

646 250

7

[1252] Shell said that its assessment of cumulative effects was difficult to do on a project-byproject basis and should be done at the regional scale. Shell said that some of the concerns raised
by the Aboriginal groups are cumulative effects of regional development unrelated to the Project
and that a project-specific assessment is not the appropriate place to address these broad regional
issues. Shell stated that it would support a regional CEA with the involvement of the area’s
traditional land users, and supported the inclusion or consideration of such a study in the ongoing
refinement and development of LARP. Shell stated that LARP and CEMA are the appropriate
forums to address and manage cumulative effects across the oil sands region through setting
regional objectives and quantifiable targets, and setting aside new conservation areas. Shell was
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of the opinion that a regional assessment should address the cumulative effects over a large
region in order to inform the objectives of the regional development in terms of economic
development, social responsibility, and environmental protection. Shell was of the opinion that
Aboriginal traditional knowledge should be considered as a part of this regional assessment.
Shell’s Approach to the Assessment of Effects on Aboriginal Culture
[1253] Shell stated that the focus of its assessment of the potential effects of the Project on
elements of Aboriginal culture was on project effects on the culture of potentially impacted
Aboriginal groups whose traditional use overlapped the Project footprint, including the ACFN,
FMFN, MCFN, FMMFN #468, and Métis Locals 63, 125, and 1935. Shell stated that it based its
cultural assessment on a review of its consultation records, TLU information, literature
pertaining to and written by Aboriginal people in the region, reports and academic literature, the
discipline-specific impact assessments from its EIA, and other documents. Shell stated that its
cultural assessment relied in part on studies commissioned by the Aboriginal communities
themselves, including documents prepared by the FMFN, ACFN, and MCFN specifically for the
Project. Shell stated that although available information suggested that FMMFN #468 engaged in
less traditional activity in the general area in which the Project is situated, the cultural assessment
assumed that the Project's potential effects to their cultural elements would be similar to the
assessed effects on cultural elements of other Aboriginal groups.
[1254] Shell stated that the significance of impacts on the exercise of Aboriginal rights and
interests could not be determined in the same manner as the biological or environmental KIRs
and that a determination of significance of impacts to Aboriginal rights and interests involves
consideration of more than simply the ecological effects on a particular KIR being impacted
within the TLU-LSA and TLU-RSA. Shell stated that the determination of significance would
require consideration of the extent to which a KIR was preferentially used or accessed by an
Aboriginal group and whether there were other sociocultural or economic factors that contribute
to the ability or desire of an Aboriginal group to exercise particular rights based on that KIR.
[1255] Shell stated that to assess project effects on Aboriginal culture, it established linkages
between the Project’s activities and potential changes or effects on tangible and intangible
elements of Aboriginal culture. Shell defined tangible elements of culture as including those
things that can be seen or touched and were the physical resources upon which cultural practices,
values, or beliefs rely, such as culturally important plant and animal species, hunting areas,
landscapes, and spiritual sites. Shell defined intangible elements of culture as those things that
cannot be seen or touched but are nonetheless important to culture such as language, values,
traditional knowledge, oral history, social relationships, spiritual or religious beliefs, and
customs. Shell determined the linkages by using TLU reports from the Aboriginal groups. Shell
stated that it relied on its EIA to identify the impact of the Project on various receptors that are
culturally important to Aboriginal people and on the interviews with the trapline holders in order
to gather information on impediments to access.
[1256] Shell stated that if a tangible element of culture, such as a wildlife species or traditional
plant was not affected by the Project or remained accessible in the region, it expected no effects
on TLU and no effects on the intangible elements of culture such as the passing on of traditional
knowledge.
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[1257] ACFN was critical of Shell’s approach to the assessment of social, economic, and
cultural effects on ACFN. ACFN stated that Shell’s socioeconomic assessment focused narrowly
on mainstream economic issues and did not appropriately consider the unique interests, values,
and culture of ACFN. Similarly, ACFN was of the view that Shell’s cultural assessment suffered
from several methodological shortcomings and did not provide a proper assessment of the
impacts of the Project or oil sands development more generally on ACFN culture.
Shell’s Assessment of Effects on Aboriginal Culture
[1258] Shell noted that Aboriginal persons in the oil sands area have experienced a series of
changes in their lifestyle over the last 50 years, some positive and some negative. Shell stated
that the oil sands industry was an important factor of change in Aboriginal lifestyle in the
Athabasca region. The taking up of land for industrial purposes, the use of regional water
sources, increased opportunities for engagement in the wage economy, and an increased
nonaboriginal population in the region were some of the factors that have collectively
contributed to social and economic changes within the Aboriginal communities, including
changes to the extent to which individuals participate in TLU and cultural activities or adopt
nonaboriginal cultural values or practices.
[1259] Shell provided a summary of the mitigation measures it has taken or plans to take to
mitigate the effects of the Project on Aboriginal culture. These measures include but are not
limited to:
•

consulting with key Aboriginal stakeholders to ensure that it understood impacts to TLU and
cultural activities and that it identified appropriate mitigation;

•

providing support for Aboriginal training, employment, and business development;

•

ensuring access across Project lands is facilitated;

•

providing support for programs to collect and retain TLU information and TEK; and

•

supporting various community-based cultural events and initiatives.

[1260] Shell determined that the effects of the Project on tangible and intangible elements of
culture would range from negligible to moderate. It considered many of the effects minor, such
as project-related effects to the availability of lands for traditional activities, availability of
wildlife habitats, ability to pass on traditional knowledge, and project-related effects on language
retention, income disparity, and increases in nonaboriginal population. It assessed the greater
effects to be related to visual aesthetics, which will have an effect on wilderness character and a
sense of solitude. Table 8 from the May 2012 cultural assessment provides a summary of the
expected impacts to culture and is reproduced below.
Table 8 Elements of Culture and Project Effects Summary
Element of culture

Project Effect on Element of Culture

Availability of land for traditional
activities

The project is expected to have a small effect on the availability of land for
traditional activities. Aboriginal people will continue to have opportunities
to hunt, trap, and fish and pursue other traditional activities and pass on
skills and TK to successive generations.
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Element of culture

Project Effect on Element of Culture

Ability to access land and water
resources for traditional activities

Project-related activities are expected to have a negligible environmental
consequence on land access in the LSA and RSA. Aboriginal people will
retain access to land to carry out traditional activities.

Availability of traditional
resources to sustain harvests
and other cultural activities

The environmental consequences of the Project on the availability of large
game and furbearers at the regional and local scales were assessed to be
negligible. Hunting opportunities are not expected to be affected by the
Project.
The environmental consequences of Project activities on traditional plants
are expected to result in a negative moderate environmental consequence
to high traditional plant potential areas in the LSA during construction and
operations. At the RSA, the JME results in a negligible environmental
consequence to high traditional plant use areas during construction and
operations.
The Project’s effects on fish abundance were assessed to be negligible.
The effects of the Project on traditional plant harvesting were assessed as
moderate in the LSA and negligible at the RSA level.

Availability to support wildlife,
aquatic and plant resources

The environmental consequence of Project impacts on large game and
furbearer habitat are expected to be moderate to high at the local level.
The Project is expected to have some effect on intangible aspects of
culture as they relate to the availability of wildlife habitats. These effects
are expected to be limited to traditional activities occurring at the two
directly affected RFMAs held by members of the FMFN, and an RFMA
held by a member of the ACFN.

Historic resources

The Project is predicted to have a negligible direct effect on historical
resources. Indirect effects are predicted to be negligible to low.

Availability of trusted sources of
water for consumption

The Project is expected to result in small to negligible changes to water
quality. Fish, an important part of diet, will not be affected due to any
deterioration of water quality.

Air quality

There will be changes in ambient air quality that will have a negligible to
low environmental consequence.

Human health risk

Project-related emissions are predicted to have minimal impacts on
human health as a result of inhalation of acrolein, long-term inhalation of
hydrogen sulphide, and long-term inhalation of nasal irritants.
Incremental cancer risk due to exposure to carcinogens is assessed as
negligible. The Project is not expected to contribute to potential adverse
wildlife health effects. Aboriginal people can remain confident in country
foods.

Noise and visual effects

During Project operations, the environmental consequences of projectrelated visual effects were assessed to be negligible to moderate. To
manage noise, Shell will develop an operational noise management plan
and implement it during detailed design to address the potential for
moderate magnitude impacts. Potentially affected parties will be consulted
during Project construction and operations regarding noise levels.
Noise impacts from the Project were assessed as negligible at Fort
McKay; intermittent noise cannons may be heard by FMFN and ACFN
trappers in the vicinity of the Project. Impacts on visual aesthetics will be
mitigated as the project development area will be reclaimed and facilities
will be decommissioned and removed. The magnitude of visual aesthetics
impacts as a result of the Project will be reduced to negligible. Therefore,
the environmental consequence of the Project on all landscape units will
be negligible.
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Element of culture

Project Effect on Element of Culture

Participation in wage
economy

The Project’s contribution to the expansion of wage economy
opportunities for Aboriginal persons and companies is expected to be
small in view of other already existing opportunities. Increased
employment of Aboriginal people is a benefit.

Language retention

Aboriginal language retention has been dropping for some time, and is
expected to continue regardless of the Project’s development. The
Project’s contribution to the decline is considered to be small.

Effects of increase in nonAboriginal population

The effects of increased population growth in the region as a result of
Project activities is considered to be small, as competition for natural
resources is not expected to increase due to Shell’s workforce
management. Hunting success is not expected to be affected.

[1261] In summary, Shell submitted that the Project would have a negligible or very minor effect
on the elements of Aboriginal culture. Shell acknowledged that there may be some residual
effects of the Project on the intangible elements of Aboriginal culture; however, Shell did not
complete a CEA for these impacts.
Analysis and Findings
Effects on Traditional Land Use and Rights
[1262] The Panel notes that the Aboriginal groups raised a number of concerns about the
methodology that Shell used to assess the potential impacts of the Project on TLU and
Aboriginal and treaty rights. The most significant issues raised were related to Shell’s use of the
RFMAs as the basis for defining the LSA for TLU, the emphasis it placed on information
provided by RFMA holders in assessing impacts to TLU and Aboriginal and treaty rights, the
large size of the RSA and its use as the basis for determining significance of effects, and the
extent to which Shell incorporated TLU or TEK information provided by the Aboriginal groups
and communities into the assessment.
[1263] The Panel notes that Shell appears to have relied to a significant degree on information
provided by the four trapline holders to establish the linkage between project effects and
potential impacts to TLU and Aboriginal rights and interests. While the Panel believes
incorporating information from the trapline holders into the assessment is appropriate and
important, the Panel agrees with ACFN that the RFMA holders’ rights are distinctly different
from Aboriginal and treaty rights and that the trappers’ use of the land may not accurately
represent the range of Aboriginal TLU and cultural activities practiced by First Nations or other
Aboriginal groups. The Panel believes that in order to assess project effects on Aboriginal TLU
and Aboriginal and treaty rights within an LSA defined by the traplines, one would have to
assess the effects for all of the Aboriginal groups that use the trapline area, not just the trapline
holders, and the assessment would need to consider all types of traditional use.
[1264] The Panel acknowledges that Shell did make use of other sources of information on TLU
and there is evidence of use of information other than that which Shell gathered from the trapline
holders in its Cultural ESR. However, it is not clear to the Panel how or to what extent Shell
incorporated this information into its assessment of Project and cumulative effects on Aboriginal
TLU. As a result, the Panel is of the opinion that Shell’s assessment of the effects of the Project
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on TLU, largely based on interviews with four trapline holders, is insufficient to characterize the
Aboriginal traditional use in the Project area.
[1265] In the Section Methods Used to Assess Effects on Terrestrial Resources, the Panel noted
its concerns about the large size of the RSA and its use as the basis for assessing the significance
of Project and cumulative effects on terrestrial resources. The use of an RSA that is very large
compared with the size of an LSA or project footprint has the effect of diluting potential effects
and may do so to the point where they do not appear to be significant. The Panel has a similar
concern about Shell’s choice of RSAs for the assessment of effects to TLU and Aboriginal and
treaty rights. The Panel does not believe that use of the entire traditional territory of a First
Nation or Aboriginal group is an appropriate basis for determining the significance of effects.
These traditional territories tend to be very large and not all areas of the traditional territory may
be used or are readily accessible for TLU or cultural activities. The Panel does not accept that the
effects on TLU or Aboriginal and treaty rights are not significant so long as resources are
available anywhere within the traditional territory of a First Nation or Aboriginal group. The
Panel believes that the resources must be in areas that are familiar and accessible to Aboriginal
persons with a reasonable level of effort.
[1266] The Panel notes that Shell obtained most of the TEK used in the EIA from the trapline
holders, a CEMA-sponsored community workshop held in 2005, and prior studies completed for
other projects. Shell did not explain how the project-specific TEK from only four trapline
holders was sufficient for the Project. The Panel also notes that the CEMA-sponsored workshop
gathered TEK from “participants” and community residents from Fort Chipewyan and Fort
McKay without clearly identifying to which First Nation or Aboriginal organization the
participants belonged. The Panel is therefore of the opinion that the TEK gathered from the
trapline holders and CEMA-sponsored workshop alone is not sufficient to identify the effects of
the Project on the TLU activities or rights of individual First Nation or Aboriginal groups. The
Panel also notes that, in its May 2012 submission, Shell replaced RFMA 2331 by RFMA 2172 as
a potentially affected trapline. The Panel agrees that it is relevant to include RFMA 2172 but is
unaware of any interviews that Shell conducted in order to assess the TLU or collect TEK in
relation to the area where RFMA 2172 is found.
[1267] The Panel understands the challenges associated with attempting to reconcile information
collected by western scientific methods with TEK provided by Aboriginal groups or individuals.
The Agency’s guidance document, “Considering Aboriginal traditional knowledge in
environmental assessments conducted under the Canadian Environmental Assessment Act –
Interim Principles”, states that where TEK and western knowledge cannot be reconciled, the
EIA practitioners should juxtapose what is suggested by each knowledge system in the EIA
report and demonstrate how they have considered each in their EIA. The Panel notes that Shell
did not do this and it is unclear to the Panel how Shell considered the TEK it received. Shell’s
assertion that all of the TLU and TEK information it received from the Aboriginal groups since
filing the EIA in 2007 did not provide any new information or change the conclusions of the EIA
is somewhat surprising. The Panel would be concerned if the inability to reconcile TEK with
scientific data was used as justification for limiting the utilization of the TEK in the analysis.
[1268] The Panel finds that Shell’s approach for the assessment of project effects on TLU does
not consider whether there are other sociocultural or economic factors that contribute to the
ability or desire to participate in certain TLU activities or exercise particular rights. The Panel is
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of the opinion that assessing the effects of noise or air quality on traditional resources is not
sufficient and that the significance of the effects of noise and air quality on land use has to be
assessed as well. While the Panel is satisfied that the Project will likely not contribute in a
significant way to health issues related to air contaminants, the Panel believes that perceived bad
air quality and unpleasant odours could foster the avoidance of traditional use. The Panel also
believes that the perceived contamination of surface water and country foods are impediments to
TLU. The Panel believes that a thorough and proper assessment of project effects on TLU and
Aboriginal rights and interests is a complex undertaking, requiring an understanding and
integration of a host of issues, including effects on the availability or abundance of the resources
important to Aboriginal people as well as the combined effects of noise, odours, barriers to
access, perceived contamination of the resources, cultural factors, and other issues.
[1269] In light of the above issues, the Panel finds it is unable to rely on the significance
determinations provided by Shell for project and cumulative effects to Aboriginal TLU and
Aboriginal and treaty rights. The Panel has therefore completed its own assessment of
significance based on the information provided by Shell and the Aboriginal groups.
[1270] The Panel notes that according to Shell’s assessment, the Project will have a direct and
adverse effect on the four RFMAs immediately surrounding and adjacent to the Project. The total
amount of disturbance within the RFMAs in the application case ranges from 53 to 67 per cent
with the Project accounting for 22, 13, 6, and 19 per cent of the disturbance in RFMAs 1714,
1716, 2137, and 2172, respectively.
[1271] The Panel understands that Shell has or will enter into compensation agreements with the
RFMA holders to address impacts resulting from the Project and notes that this is necessary to
mitigate the potential effects to the RFMA holders. However, the Panel does not believe that
compensation agreements with the RFMA holders provide mitigation for project effects on the
TLU of other Aboriginal users of the trapline areas or potential effects on Aboriginal or treaty
rights. The Panel recognizes that the MCFN, FMFN, and FMMCA have signed agreements with
Shell which address their project-specific concerns, however not all of the Aboriginal groups that
participated in the hearing have signed such agreements with Shell.
[1272] The Panel notes that the amount of land that is or will be unavailable for TLU within the
various FMFN CSEs in Shell’s terrestrial RSA are significant, ranging from 19 to 55 per cent of
the areas as summarized in the table below. The Panel recognizes however that the Project
accounts for only 1 to 3 per cent of the loss.
Amount of Disturbance (per cent of CSEs)
Base Case
CSE

Application Case

Planned Development
Case

Moderate Use

Intense Use

Moderate Use

Intense
Use

Moderate
Use

Intense use

All Traditional Use

29

31

31

31

37

36

Big Game
Harvesting

19

30

19

32

21

39

Traditional Plant
Harvesting

31

47

34

47

42

55
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[1273] The Panel notes that when assessing the total amount of disturbance for the base case,
application case, and PDC and the potential of this disturbance to result in cumulative effects to
TLU activities, Shell compared the amount of disturbance to the entire traditional territories of
ACFN, FMFN, and MCFN. Using this comparison, Shell estimated the percentage of traditional
territory to be disturbed in the application case as approximately 6, 11, and 19 per cent of the
traditional territories for MCFN, ACFN, and FMFN, respectively. The amount of disturbance
predicted by Shell increases to 7, 13, and 22 per cent for MCFN, ACFN, and FMFN,
respectively, in the PDC.
[1274] The Panel notes that the traditional territories of MCFN, ACFN, and FMFN used by Shell
are very large and range in size from approximately 3.5 to 8.6 million ha (35 000 km2 to
86 000 km2). The Panel does not believe that comparing the amount of disturbance to such large
areas is an appropriate basis for determining significance as not all areas of the traditional
territory may be readily available to traditional land users. The Panel notes that if, instead of
using the entire traditional territory of the First Nation, Shell had used the amount of traditional
territory located within the terrestrial resources RSA as the basis for comparison, the amount of
disturbance would be significantly higher: 33, 35, and 31 per cent in the application case for
MCFN, ACFN, and FMFN, respectively and 39, 41, and 37 per cent in the PDC. These values
suggest a much higher potential for significant effects to TLU.
[1275] The Panel recognizes that the majority of the expected disturbance and loss of areas
available for TLU activities predicted by Shell exist in the base case and are associated with
projects and anthropogenic disturbances that already exist or have been previously approved as
well as natural disturbances which may already exist or may occur in the future. The Project will
make an additional but modest contribution to the expected level of disturbance.
[1276] The Panel understands that ultimately these disturbed areas will be reclaimed and become
available once again for TLU activities. However, for many projects, significant reclamation will
not occur until late in the life of the project and then it will still be years to decades before the
land is reclaimed and land use restored. The Panel therefore believes that the effects of the
Project and other oil sands projects will persist for at least several decades and this has
significant implications for the sustainability of TLU practices in the interim.
[1277] The Panel does not believe that the mitigation measures proposed by Shell will address
the loss of traditional use during this interim period.
[1278] The Panel also found that some effects, such as adverse effects on wetlands, may not be
reversible so there is a possibility that some project-related cumulative effects on traditional
resources and TLU will occur for an indefinite period of time.
[1279] The Panel did not agree with Shell’s assessment of the significance of project effects to
several terrestrial resources important for TLU. The Panel found significant adverse project
effects to wetlands, traditional plant potential areas, wetland-reliant species at risk, migratory
birds that are wetland-reliant or are species at risk, and biodiversity. The Panel also found that
the Project was likely to result in adverse, but not significant project effects to caribou, wood
bison, and moose.
[1280] The Panel finds that the Project will result in the loss of lands and some terrestrial
resources used for TLU activities and this will have an impact on some Aboriginal people that
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currently use the Project area. The Panel finds that the mitigation measures proposed by Shell are
not sufficient to fully mitigate these effects. The Panel believes however, that project effects
alone are unlikely to destroy or fundamentally alter the ability of the Aboriginal groups to
practice TLU activities or exercise their rights and, therefore, finds that project effects, while
adverse, are not likely to be significant.
[1281] The Panel notes that all of the Aboriginal groups, including those that withdrew their
objections to the Project, have expressed concern about the assessment and management of
cumulative effects in the oil sands region and the potential impact of these effects on their TLU,
Aboriginal and treaty rights, and culture.
[1282] The Panel did not agree with Shell’s assessment of the significance of cumulative effects
to several terrestrial resources important for TLU. The Panel found that the Project, in
combination with other existing, approved, and planned projects and other activities was likely to
result in significant adverse cumulative effects to wetlands, old-growth forests, traditional plant
potential, biodiversity, wetland-reliant species at risk and migratory birds, old-growth-reliant
species at risk and migratory birds, and caribou.
[1283] The Panel recognizes that there is considerable uncertainty associated with the amount of
disturbance predicted in the base case, application case, and PDC, the associated loss of wildlife,
plant, or other resources that will be lost as a result of this disturbance, and the significance of
these effects on TLU. For example, in the base case, not all of the projects have been built yet
and so not all of the predicted disturbance or loss has occurred. Similarly, for those projects that
have been constructed, not all of the disturbance will occur at once, particularly for the large
mining projects which experience a phased development over time. In the application case and
PDC, the predicted disturbance or loss includes losses resulting from natural disturbances (such
as forest fires) which may or may not occur and in any event will tend to recover more quickly
than other types of disturbance, such as oil-sands-related disturbances. The level of disturbance
or threshold at which the effects to resources will have a significant or permanent effect on TLU
is also uncertain.
[1284] Notwithstanding the uncertainties associated with assessing project and cumulative
effects, the Panel finds that the Project, in combination with other existing, approved, and
planned projects is likely to result in significant adverse cumulative effects to TLU activities,
including hunting and gathering. The Panel finds that significant areas already have been or will
be lost for the purposes of TLU as a result of existing, approved, and planned activities, as well
as natural disturbances and other resources important for the practice of Aboriginal TLU, rights,
and culture. Wetlands, old-growth forests, traditional plant potential, migratory birds, and
wildlife species such as caribou have been or will be subject to significant adverse cumulative
effects. The Panel recognizes that disturbed areas will eventually be reclaimed, but this will not
occur for many years, some types of habitat cannot be reclaimed, the landscape will be
significantly altered, and some species loss may be irreversible. The long-term and possibly
irreversible nature of these effects has significant implications for the sustainability of TEK,
TLU practices, Aboriginal and treaty rights, and culture.
[1285] The Panel acknowledges and understands the traditional and cultural importance of
caribou, wood bison, and moose to the Aboriginal groups. The Panel notes that the clearing of

2013 ABAER 011 (July 9, 2013) • 217

Joint Review Panel Report, Shell Canada Energy, Jackpine Mine Expansion Project, Application to Amend Approval 9756

1797

the Project area will reduce habitat availability for all three species and result in increased
difficulties accessing the species by TLU practitioners.
[1286] The Panel has already noted that caribou appear to be declining to extirpation in the RSA
due to the direct and indirect effects of industrial development. The Panel finds that Shell and the
Aboriginal groups provided conflicting information on how important the habitat in the LSA is
for caribou in the region. The Panel believes that while there is evidence that caribou still do use
the LSA to some limited extent, the numbers of caribou using the LSA are likely to be low, given
the population decline that has already been experienced and the amount of disturbance that has
already occurred. The Panel concluded that project effects to caribou were likely to be adverse,
but not significant based largely on the apparent already low use of the LSA. The Panel
recognizes however that historically caribou were much more abundant in the area and are no
longer available in quantities sufficient for traditional use. The Panel therefore concluded that
significant adverse cumulative effects to traditional use of caribou have already occurred and
these effects will continue in the application case and PDC. The Panel has included a number of
recommendations to the Governments of Alberta and Canada that relate to the management of
woodland caribou.
[1287] The Panel found that the Project is likely to affect some wood bison habitat used by the
Ronald Lake Herd due to construction of the Redclay Compensation Lake. The Panel notes
however, that habitat loss is not the greatest threat to wood bison; disease is a more significant
threat. The Panel also notes that Shell and the Aboriginal groups provided little information
about the abundance of wood bison in the area of the proposed Redclay Compensation Lake or
the importance of the habitat that will be affected by the compensation lake. The Panel,
therefore, concluded that both project and cumulative effects to wood bison were adverse, but
not likely to be significant. For similar reasons, the Panel finds that project and cumulative
effects to the Aboriginal groups’ ability to hunt wood bison as a result of the Project are adverse,
but not likely to be significant. The Panel has included a number of recommendations to Canada
regarding completion of the federal recovery strategy and the identification of critical habitat for
wood bison.
[1288] The Panel notes that there is an absence of reliable population data for moose in the LSA
and RSA used by Shell. However, the Panel believes that there is some evidence to suggest a
decline in moose populations from the PIC to the base case. The Panel also believes that changes
in moose abundance and perceived changes in the quality of meat have already altered the
traditional use of moose in the LSA. The Panel recognizes that post-closure, reclamation of the
LSA may increase moose habitat; however in the interim, the Panel believes that Shell has not
provided evidence to support its view that the adjacent RSA contains sufficient moose habitat to
sustain moose populations and that there is no need to mitigate the loss of moose habitat within
the LSA. The Panel also notes that Shell predicted moose populations in the RSA to decline
further in the application case and PDC and as such, Aboriginal peoples’ relationship with these
species may be further affected.
[1289] In the absence of reliable population data for moose, the Panel concluded that Project and
cumulative effects to moose were adverse, but not likely to be significant. For similar reasons,
the Panel concluded that Project and cumulative effects to the Aboriginal groups’ ability to hunt
moose are adverse, but not likely to be significant. Due to the uncertainties associated with the
size and trend of current moose populations and the importance of moose to the Aboriginal
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groups, the Panel has included a recommendation that the Government of Alberta develop and
implement a program to monitor the health and long-term sustainability of moose populations in
the Lower Athabasca region, either as part of the biodiversity management framework under
LARP or as part of other monitoring initiatives currently being developed and implemented.
Navigation
[1290] The Panel notes that several of the Aboriginal groups raised concerns about low water
levels in the Athabasca River and the PAD and the impact these low levels have on navigation,
TLU, and the exercise of Aboriginal and treaty rights. The Panel acknowledges that changes in
navigation may be occurring but believes the reasons for the observed changes are not clearly
understood and are likely the result of a combination of factors, including but not limited to a
discontinuation of dredging, the construction and operation of the Bennett dam, variation in
water flows due to natural wet-dry cycles or climate change, and water withdrawals by oil sands
operations and other upstream water users.
[1291] Based on Shell’s commitment to complying with existing flow allocation restrictions
outlined in the current Water Management Framework for the Lower Athabasca River Phase 1
and with future Phase 2 conditions and the negligible effects from Project related water
withdrawals on regional water flows, the Panel concluded that the Project was unlikely to result
in significant adverse Project or cumulative effects to water levels or navigation in the Athabasca
River or PAD. The Panel, therefore, also concludes that the Project is unlikely to result in
adverse Project or cumulative effects to Aboriginal traditional use or Aboriginal or treaty rights
resulting from adverse effects to navigation.
[1292] Although the Panel has determined that the Project is unlikely to result in any significant
adverse effects to water levels or navigation in the Athabasca River or PAD, the Panel has
included several recommendations in its report that address concerns raised by the Aboriginal
groups related to water management and navigation, including that:
•

the Governments of Canada and Alberta consider the precautionary cut-off flow approach to
address impacts of water withdrawals during extreme low-flow conditions, and potential
impacts on navigation.

•

DFO, ESRD, the oil sands industry, and all other involved stakeholders dedicate the
necessary resources to ensure that Phase 2 of the Water Management Framework for the
Lower Athabasca River is completed and implemented in a comprehensive manner by
January 2016 as recommended in the P2FC report;

[1293] The Panel also recommends that EC in collaboration with ESRD, conduct joint research,
in collaboration with interested Aboriginal groups, and report on the causes of the perceived
drying of the Athabasca oil sands region and the PAD, and that Aboriginal concerns on this issue
be considered in any Phase 2 water allocations.
Effects on Culture
[1294] The Panel notes that Shell did not provide an assessment of the potential cultural effects
of the Project to each First Nation or Aboriginal group as requested by the Panel in its January
30, 2012, SIR to Shell. The Panel also notes that Shell did not conduct individual interviews for
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its cultural assessment and there was no significant input or engagement by the Aboriginal
groups to validate the approach or results of the assessment.
[1295] While Shell stated that the cultural assessment covers potentially impacted Aboriginal
groups whose traditional territories overlap the Project area, including ACFN, MCFN, FMFN,
FMMFN #468, and Métis Locals 63, 125, and 1935, the majority of information Shell relied on
for the assessment appears to have been largely sourced from ACFN, MCFN, FMFN, and the
RFMA holders. It is therefore unclear to the Panel to what extent Shell made use of or
considered information from the other Aboriginal groups.
[1296] The Panel notes that Shell focussed its cultural assessment on an assessment of project
effects and did not assess cumulative impacts to Aboriginal culture over time. In contrast, the
cultural assessment information provided by some of the Aboriginal groups (most notably ACFN
and FMFN) tended to focus less on the specific impacts of the Project and more on the
cumulative impacts to and changes in culture over time.
[1297] The Panel agrees with Shell that assessing the effects of the Project on the tangible and
intangible elements of culture is a complex exercise and many different approaches are possible.
While Shell’s cultural assessment provided only a broad assessment of these cultural effects and
was not specific to any First Nation or Aboriginal group, it was still useful to the Panel.
However, in order to more fully understand the project and cumulative effects on the culture of
individual First Nation or Aboriginal groups, the Panel made use of the information provided by
those First Nation or Aboriginal groups.
[1298] The Panel notes that Shell found the effects of the Project on the tangible and intangible
elements of culture to range from negligible to moderate. Shell’s assessment relied in large part
on the linkage analysis and discipline-specific results contained in the EIA which found that the
Project was unlikely to have significant adverse effects on resources used by Aboriginal groups,
including on lands available for TLU activities. Because Shell did not expect the Project to have
significant adverse effects on the biophysical resources important to Aboriginal groups at a
regional scale or within the TLU-RSAs, Shell concluded that the Project was also unlikely to
have significant adverse effects on Aboriginal culture.
[1299] As discussed above, the Panel does not agree with some of Shell’s significance
determinations and believes that the Project is likely to result in adverse, but not significant
project effects on TLU. The Panel agrees, however, with Shell’s assertion that the effects of the
Project alone are unlikely to have a significant adverse effect on Aboriginal culture.
[1300] Although Shell did not provide an assessment of the cumulative impacts to Aboriginal
culture over time, Shell acknowledged that the effects of development and other activities within
the RMWB have had a significant effect on Aboriginal culture over time, with some effects
being positive and others negative, and that these effects are likely to increase in the future.
[1301] The Panel has determined that the Project, in combination with other existing, approved,
and planned projects, as well as other activities occurring in the RMWB is likely to result in
significant adverse cumulative effects on TLU. Because Aboriginal culture is closely tied to TLU
activities and the exercise of Aboriginal and treaty rights, the Panel therefore concludes that the
Project, in combination with other existing and planned development and activities, is also likely
to result in significant adverse cumulative effects on Aboriginal culture. The increased loss of
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lands and resources available for the practice of TLU activities has significant implications for
the sustainability of TLU and cultural practices. Some of the cumulative socioeconomic effects
associated with regional development, such as increased access to the wage economy, the
availability and high cost of housing, and significant increases in the regional population, will
further contribute to the cultural changes within the Aboriginal groups in the RMWB.
Conclusions
[1302] The Panel acknowledges that not all Aboriginal groups will experience Project or
cumulative effects to TLU, Aboriginal and treaty rights and culture in the same manner, or to the
same degree. The significance of effects will depend in part on how the members of that group
use the immediate Project area and the broader region surrounding the Project. The potential for
Project and cumulative effects to adversely impact the TLU, Aboriginal and treaty rights, and
culture of each Aboriginal group is discussed in the sections that follow.
[1303] The Panel believes that completing CEAs is a very challenging and complex exercise,
particularly for effects to Aboriginal TLU, rights, and culture. The number and variety of
projects and activities occurring in the oil sands region, the multiplicity of traditional uses, rights,
and cultures associated with the different Aboriginal groups, and a lack of consensus on the
appropriate thresholds to be used for determining when significant adverse effects to Aboriginal
TLU, rights, and culture might be occurring make it difficult for the proponents of individual
projects, such as Shell, to conduct these assessments. It also makes it very challenging for the
Panel to assess the adequacy of the CEA and the significance of the cumulative effects predicted.
The Panel agrees with Shell and the Aboriginal groups that completing CEAs at a regional,
rather than on a project-by-project basis, would be more effective and would reduce the potential
for individual project CEAs to produce inconsistent results.
[1304] It is also apparent to the Panel that the mitigations being proposed by individual project
proponents are not effective at mitigating the adverse cumulative effects to TLU. While the
stated intent of LARP is to take more of a cumulative effects approach to managing
environmental effects in the Lower Athabasca Region, the Panel notes that LARP does not
specifically address TLU issues but instead provides for continued consultation and engagement
with Aboriginal peoples to help inform land and natural resource planning in the region. Several
of the Aboriginal groups expressed concern that the LARP does not address their concerns and
does nothing to ensure ongoing traditional use of the land. The absence of a management
framework and associated thresholds for TLU makes it very difficult for both industry and panels
such as this one to evaluate the impact of individual projects on TLU. The Panel believes that to
be better able to accomplish this and inform land use planning, a TLU management framework
should be developed for the Lower Athabasca Region. The Panel recommends that Alberta
develop and implement a TLU management framework for the Lower Athabasca region as a
component of the LARP. The Panel recommends that the Government of Alberta develop this
framework in conjunction with the Government of Canada, other stakeholders, and all
Aboriginal people affected by industrial development that practice their rights in the oil sands
region. The Panel recommends that this framework be maintained and adapted over time to
ensure the protection of Aboriginal land use and treaty rights in the oil sands region.
[1305] At the outset of the hearing, the Panel determined that it did not have the jurisdiction to
rule on the adequacy of Crown consultation, and in any case that it would be premature for the
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Panel to make that decision as there will be further opportunities following the issuance of the
Panel’s report and before Crown decisions are made or authorizations issued for the Project. The
Panel notes that both Alberta and Canada stated in the NQCL process that the consultation
process was not yet complete and that there would be additional opportunities for consultation
after the Panel’s report had been completed and before Crown decisions or regulatory
authorizations were issued for the Project. The Panel recommends to the Governments of Alberta
and Canada that before other provincial and federal approvals are issued, Alberta and Canada
consider the adequacy of the Crown’s consultation with each of the Aboriginal groups in light of
the issues identified in this report to determine whether additional consultation is necessary to
address these issues, including likely significant adverse Project and cumulative effects to a
number of resources important to Aboriginal people and likely significant adverse cumulative
effects to Aboriginal TLU, rights and culture.
Athabasca Chipewyan First Nation
Evidence
Participation and Requested Disposition
[1306] ACFN’s participation in the review process and hearing is discussed in the Participant
Involvement in the Review Process section.
[1307] ACFN stated that it opposed the Project because it believes that the Project will cause
significant adverse effects on ACFN’s traditional knowledge and land-use activities, Aboriginal
and treaty rights, and culture. ACFN also argued that the EIA has significant gaps, the mitigation
proposed by Shell does not address the concerns ACFN raised, and consultation by both Shell
and the Crown has been inadequate. It said that the Project is not in the public interest.
[1308] ACFN asked that the Panel not approve the Project and that a five-year moratorium be
imposed on further oil sands development while proper planning is completed and put in place.
ACFN stated that this planning must recognize and respect ACFN’s Aboriginal and treaty rights
and that ACFN wants to participate in the planning.
[1309] ACFN asked that if the Project were approved, the Panel recommend to Alberta that a
traditional resource use management plan (TRUMP) be completed before any approvals are
issued for this Project or other industrial developments. It asked that the TRUMP include binding
thresholds and measures that will allow regulators to condition permits and authorizations in a
manner that protects Aboriginal and treaty rights.
[1310] ACFN also asked the Panel to call for an independent commission of experts to be
established with the purpose of evaluating consultation and accommodation of impacts in the oil
sands region.
[1311] Appendix 8 provides a list of ACFN’s key recommendations.
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Rights Being Asserted
[1312] ACFN asserted that it is a successor to an Aboriginal group that entered into Treaty 8 and
that it has the right to hunt, trap, fish, and gather on all unoccupied Crown lands and other lands
for which they have right of access.
[1313] ACFN also asserted that its rights include incidental rights required to meaningfully
exercise its treaty rights, including
•

routes of access and transportation;

•

sufficient water quality and quantity;

•

sufficient quality and quantity of resources in preferred harvesting areas;

•

cultural and spiritual relationships with the land;

•

abundant berry crops in preferred harvesting areas;

•

traditional medicines in preferred harvesting areas;

•

the experience of remoteness and solitude on the land;

•

construction of shelters on the land to facilitate hunting, trapping, gathering, and/or fishing;

•

use of timber to live on the land while hunting, trapping, gathering, and/or fishing (e.g. to
build shelters and fires);

•

the right to instruct younger generations on the land;

•

access to safe lands within which to practise rights;

•

the right to feel safe and secure in the conduct of such practices and activities;

•

lands and resources accessible within the constraints of time and cost;

•

sociocultural institutions for sharing and reciprocity; and

•

spiritual sites and associated practices.

[1314] ACFN stated that as of August 2012, it had approximately 1049 members, about one fifth
of them residing on reserve lands or Crown lands in the vicinity of Fort Chipewyan. The
majority of other ACFN members reside on other First Nation reserves or in Fort McMurray,
Edmonton, Fort McKay, and Fort Smith. ACFN noted that its population had increased by
almost 50 per cent from 2000 to 2012, representing an annual growth rate of approximately 4.2
per cent.
[1315] ACFN stated that while Fort Chipewyan is the economic and administrative centre for
ACFN, its cultural heartlands, where it exercises its treaty and Aboriginal rights, lie farther
south. ACFN explained that it has eight reserve areas in the Athabasca Delta, on the south shore
of Lake Athabasca in the vicinity of Fort Chipewyan, upstream along the Athabasca River at
Point Brule and at Poplar Point (approximately 27 km northwest of the Project). ACFN also
stated that it is currently seeking to set up a new community on the south shore of Lake
Athabasca at Old Fort Point.
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Adequacy of Consultation by Shell
[1316] Shell stated that it had a 15-year history of consulting and working with ACFN and
believed that it had a good understanding of the issues and concerns ACFN raised about the
Project. Shell acknowledged that its relationship with ACFN had become more adversarial
recently. Shell and ACFN agreed, however, that Shell had consulted and negotiated in good faith
but could not agree on one aspect of the measures necessary to mitigate the effects of the Project.
ACFN said that the details of the negotiations were confidential.
[1317] ACFN expressed concern about the Aboriginal consultation plan developed by Shell and
approved by AENV. ACFN stated that the consultation plan does not address how ACFN’s input
will be substantially considered and addressed on TLU, TEK, socioeconomic issues, and
potential direct, indirect, and cumulative impacts on ACFN’s ability to meaningfully exercise its
Treaty 8 rights, now and in the future.
[1318] Shell stated that while it had asked ACFN how it would like to be consulted regarding the
Project, Shell could not confirm whether it had consulted with ACFN specifically about the
consultation plan. Shell noted that ESRD had approved the consultation plan and confirmed that
it had been provided to ACFN.
[1319] ACFN noted that the consultation plan states: “by assessing the strength of claim, Shell is
able to engage more appropriately with those groups that may be directly impacted by the
project.” Shell stated that it had not conducted a formal assessment of the strength of claim of
ACFN, but based on Shell’s 15-year history of consulting with ACFN, Shell believed that it
understood ACFN’s concerns and acknowledged that there was the potential for the Project to
affect ACFN’s Aboriginal and treaty rights.
[1320] ACFN submitted that the Crown, and not Shell, is a signatory to Treaty 8 and no one
requires Shell to substantially address ACFN’s concerns and rights. ACFN expressed concern
that neither Shell nor the Crown have informed themselves of what is required to sustain
ACFN’s Aboriginal and treaty rights. ACFN argued that Shell has moved beyond simply being a
procedural delegate by determining what consultation is required and what mitigation is
necessary, and that this is not appropriate.
[1321] ACFN was concerned that there was more focus in Shell’s bimonthly consultation reports
that it submitted to ESRD on the tracking of administrative details associated with the
consultation process than on tracking substantive issues such as ACFN concerns and how they
had been addressed or mitigated. ACFN stated that it believes that the consultation reports are
misleading and do not provide ESRD with the information that it requires to assess the adequacy
of consultation. ACFN stated that the consultation reports contain items that are not related to the
Project and PRM, do not always accurately capture the issues, and do not give an accurate
impression of what has occurred, why it has occurred, and whether or not issues are progressing
or resolved. ACFN argued that the consultation logs were not meeting their intended purpose.
ACFN also argued that the substantial length of the record and the consultation reports do not
mean that meaningful consultation has occurred.
[1322] Shell stated that the consultation information is summarized to meet ESRD’s
requirements and that if ESRD requests additional information, Shell provides it. Shell said that
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ESRD had requested additional information on items in the consultation reports. Shell also noted
that the consultation reports are provided to the First Nations for review and comment.
[1323] Shell stated that, as a delegate of the Crown with respect to the procedural aspects of
consultation, it provides these consultation reports, recognizing that they are just one source of
information for any assessment of the adequacy of consultation and the potential effects of the
Project on Aboriginal and treaty rights.
[1324] ACFN expressed concern that there was no way for ACFN to know what Shell and
ESRD discussed with respect to consultation respecting ACFN. Shell responded that the issues
discussed with AENV would be summarized in the detailed meeting notes that it shared with the
Aboriginal groups.
[1325] ACFN expressed concern about the extent to which Shell considered and incorporated
information provided by ACFN into the assessment and design of the Project. ACFN stated that
it had provided thousands of pages of technical review documents and traditional use
information to Shell, but that this information has not resulted in any changes to Shell’s plans.
ACFN stated that its core concerns remain and that Shell had not substantially addressed them.
[1326] ACFN stated that its IKLU Report shows significant use in the Project area and states that
there will be a significant adverse effect on Aboriginal rights. ACFN expressed concern that
despite this report, Shell did not change its assessment and did not incorporate ACFN’s views.
[1327] Shell stated that some of the areas listed in the IKLU Report as being within the Project
footprint or within 250 m of it were actually outside of those areas.
[1328] Shell provided some examples of where it had modified its plans for the Project based on
ACFN and other Aboriginal stakeholders’ input. Shell stated that the original plans for the
Project involved the temporary diversion of the Muskeg River through a pipeline. In response to
concerns about the pipeline diversion from Aboriginal groups, Shell developed and submitted the
MRDA mine plan that uses an open channel diversion of the Muskeg River. Shell stated that it
did this to address Aboriginal concerns related to the navigability of the river, maintaining the
spirit of the river, and protecting water quality in the downstream reaches of the river. Shell
stated that it used ACFN and other Aboriginal groups’ input to inform reclamation planning
activities on its existing mines and the input is already being incorporated into reclamation and
closure planning activities for the Project. Shell stated that it had made a commitment that ACFN
members would be involved in the collection of seeds for traditional plants and the planting of
seeds during reclamation. Shell stated that it also used and will use ACFN and other Aboriginal
groups’ input for determining planting prescriptions. Shell stated that it used ACFN input in the
development of the NNLP, including the determination of species distribution and species
preferences. Shell also stated that it augmented the NNLP to address human health concerns
raised by ACFN and others related to the potential for methyl mercury to occur in the Redclay
Compensation Lake.
[1329] Shell stated that it has considered the information provided by ACFN but that many of
the issues raised are related to differences of opinion over assessment methodology and
conclusions. Shell acknowledged that it and ACFN have differences of opinion with respect to
these matters. Shell stated that although some individuals and activities will be affected by the
Project, it considered the Project and its associated effects on a broader scale.
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[1330] ACFN stated that it was not consulted about plans to change from a pipeline to an open
channel diversion of the Muskeg River and it does not support that option. ACFN stated that it
has significant unresolved concerns about the diversion of the mainstem of the Muskeg River
and does not support mining through the river. ACFN stated that it believes that the Muskeg
River should be protected.
[1331] Shell acknowledged that ACFN would prefer that Shell not disturb the river, but stated
that the MRDA mine plan was an attempt to address ACFN and other Aboriginal groups’
concerns in a substantive manner.
[1332] Shell stated that it had provided more than 300 responses to concerns raised by ACFN
regarding how the Project has been designed. Shell argued that the fact that an interested party
does not agree with the outcome does not mean the proponent has not attempted to address its
concerns.
[1333] ACFN expressed concern about the lack of consultation and engagement by Shell on
Shell’s cultural assessment. ACFN noted that Shell began work on the assessment in June 2011
and submitted it to the Panel in May 2012. ACFN stated that it attempted to become engaged in
the assessment of its culture, but Shell completed its assessment without ACFN input, instead
using reports previously provided by the various First Nations.
Adequacy of Consultation by the Crown
[1334] ACFN stated that although the Crown secured the right to take up lands from time to time
under Treaty 8, this right is subject to the Crown’s duty to consult and accommodate ACFN's
interests before reducing the area over which ACFN members may continue to pursue their
hunting, trapping, and fishing rights. ACFN stated that this duty to consult and accommodate
extends to ACFN’s concerns about the cumulative effects of development on its traditional lands
and the meaningful exercise of its treaty rights.
[1335] ACFN stated that the Crown has not addressed ACFN’s concern that cumulative impacts
of development throughout its traditional lands have threatened, or are threatening, ACFN’s core
entitlement to exercise its treaty rights on its traditional lands in perpetuity. ACFN said that
failure to address this issue constitutes a breach of the Crown’s consultation duties, and any
approval in the face of such a breach is unlawful and invalid.
[1336] ACFN stated that it has made a concerted, sustained effort to alert the Crowns as well as
the proponent, of the adverse impacts this Project would have on its Treaty 8 rights, both alone
and in context of historic and ongoing encroachment on ACFN’s treaty rights.
[1337] ACFN believed that the Crown has failed to engage in meaningful, project-specific
consultation. ACFN said that it has a long-standing concern about the manner in which Shell
represents its consultation activities with ACFN to the Government of Alberta. ACFN stated that
it is also concerned that Alberta has been willing to adopt Shell’s assertions without talking to
ACFN even though it has alerted Alberta to omissions and misrepresentations in Shell’s
correspondence and consultation logs several times.
[1338] ACFN stated that there has been no follow-up by Alberta to discuss concerns identified in
the consultation reports. Alberta has met with Shell quarterly to discuss the Project but has been
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unwilling to meet with ACFN since 2009. ACFN stated that it is not clear what Alberta does
with the information it receives and Alberta did not participate in the hearing to speak to these
issues. ACFN stated that federal witnesses could also not explain how Canada considered treaty
rights in the assessment of project effects.
[1339] ACFN expressed concern that both Alberta and Canada have largely delegated
consultation to industry. ACFN stated that Alberta is absent from consultation and Canada won’t
discuss substantive issues or rights. It said that neither level of government would discuss treaty
infringement.
[1340] ACFN stated that it wrote to Indian and Northern Affairs Canada (now Aboriginal
Affairs and Northern Development Canada (AANDC)) in November 2007 indicating that a CEA
was required for its reserve lands and communities, particularly with respect to water levels in
the Athabasca River. ACFN noted that no one from AANDC was at the hearing to confirm
whether a response had been provided to ACFN.
[1341] ACFN stated that approval of the Project may breach ACFN’s constitutional rights to
consultation and accommodation with respect to its concerns. ACFN added that to date, the
Crown has not consulted adequately, or at all, regarding the concerns described above.
[1342] ACFN stated that since the signing of Treaty 8, ACFN’s traditional lands have shrunk
and continue to shrink because of the development that is occurring, not only by the oil and gas
industry, but also with municipalities, farmers, and other users. ACFN stated that all of their land
is being taken up and there is a need for both levels of government to meet with ACFN to make
adequate plans to protect the livelihoods of ACFN members. ACFN stated that despite many
attempts by ACFN to engage Alberta and Canada, both levels of government refuse to consult
with ACFN.
[1343] ACFN stated that it wrote to Alberta and Canada in February 2010 and on other
occasions to raise concerns about the impact of oil sands development on ACFN’s traditional
lands and Aboriginal and treaty rights, the inadequate consultation related to these impacts, and
what ACFN perceived to be a “downward spiral in relations” between ACFN and Alberta and
Canada. ACFN stated in its February 2010 letter that in the absence of effective consultation,
ACFN had been moving to protect its rights.
[1344] ACFN stated that it is frustrated because the recommendations of previous panels have
been implemented only very slowly, or not at all, and ACFN does not believe that there is any
protection for the environment or their Aboriginal and treaty rights.
[1345] ACFN stated that while there has been some discussion between ACFN and Alberta
about a baseline community health study for Fort Chipewyan, progress has been very slow and
frustrating for ACFN.
[1346] ACFN stated that it has also been frustrated in its attempts to engage both levels of
government on positive solutions that could lead to reconciliation between ACFN and the Crown
in respect of ACFN’s goal of sustaining treaty rights in the face of industrial development.
ACFN believes there are systemic flaws with consultation in the oil sands region.
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[1347] ACFN stated that one systemic flaw is that the information and methodologies needed to
properly assess impacts to treaty rights and culture are absent from the process. ACFN submitted
that the assessments provided by proponents do not take into account the thresholds necessary to
sustain ACFN’s rights. It said that filling this gap is critical to ensuring that impacts to rights can
be accurately characterized and to develop mitigation and accommodation measures that truly
address those impacts. ACFN stated that it has proposed a solution to address this information
gap, the development of a TRUMP. ACFN believes that a second systemic flaw is a lack of will
by Shell and both levels of government to meaningfully address ACFN’s concerns. ACFN stated
that a third systemic flaw is that concerns expressed by ACFN in the context of project-specific
consultations are often deferred to regional planning and cumulative effects processes and
frameworks. However, ACFN’s experience with respect to the consultation associated with these
regional processes and plans is that they are often flawed and fall short of protecting treaty
rights.
[1348] ACFN stated that it was not adequately consulted on the LARP as Alberta came to the
community only once and the representatives that came were two junior staff members. ACFN
submitted that the consultation by Alberta during the LARP process was “largely meaningless.”
ACFN stated that despite considerable time and effort invested by ACFN to prepare and provide
input during the LARP process, it is not clear to ACFN how Alberta considered or incorporated
its views into the LARP. ACFN wrote to Alberta on several occasions during the development of
the LARP to express its concerns about the process being used for consultation and to stress the
importance of ensuring that ACFN’s constitutional and treaty rights were recognized and
respected in the final plan. ACFN stated that it was not satisfied with the responses or level of
engagement provided by Alberta in response to its many letters. ACFN stated that the LARP is
not a framework to protect treaty rights, nor was it meant to be, and that the LARP does not
adequately address ACFN interests and needs.
[1349] ACFN stated that it had participated in several other Crown-led processes, but there has
been little incorporation of ACFN’s concerns and ideas into these initiatives. ACFN stated that
there is little incentive for ACFN to participate in regional processes when its input is not
included. ACFN cited the example of its participation in the CEMA process considering water
management in the Athabasca River. ACFN said that it identified serious deficiencies in the
process and eventually needed to take the initiative to develop its own threshold for water flows
in the Athabasca River, based on navigability, ABF.
[1350] ACFN stated that it eventually withdrew from CEMA because the CEMA groups were
not able to resolve these issues to properly manage development in the region, and ACFN was
upset that the things it had hoped to accomplish could not be accomplished through CEMA.
ACFN submitted that where activities affect treaty rights, the provincial or federal government
needs to take a leading role; industry cannot be left to manage these issues. ACFN acknowledged
that since it left CEMA, CEMA had been reorganized and ACFN had heard some good things
about it. ACFN suggested that it might consider rejoining CEMA in the future.
[1351] ACFN stated that capacity is a concern for ACFN and questioned the efficiency and
effectiveness of continuing to do site-specific traditional use studies for each project. ACFN
stated that it is frustrating for its elders as they are constantly being asked for the same
information for each project. ACFN stated that implementing its agreements with the developers
is also administratively exhausting as it has to respond to many applications, often with
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unreasonable timelines, leading to a feeling of being overwhelmed at times. ACFN stated that it
had recently completed a review of its internal capacity that showed that it would need 37.5 fulltime people to keep up with the growing regulatory burden, although it has only seven people.
[1352] Shell acknowledged the demands it places on ACFN’s resources and noted that it had
increased funding to the ACFN IRC to $160 000 in 2011.
[1353] ACFN believes that developing and implementing a TRUMP is necessary to ensure
protection of and to provide the information necessary to effectively assess cumulative impacts
to ACFN’s Aboriginal and treaty rights. ACFN stated that it has tried to discuss comanagement
of its traditional territories with Alberta on several occasions, but currently the province is
unwilling to discuss it. ACFN reported that during the LARP process, it provided advice to
Alberta on the possible role and benefits of a comanagement approach, which initially resulted in
some interest from Alberta and Canada and a request for further information. ACFN prepared
and submitted to the Land Use Secretariat responsible for the LARP a more detailed discussion
paper on comanagement concepts and how a co-management model might work. ACFN reported
that both Alberta and Canada continued to show interest in the proposal after receiving the
discussion paper. However, ACFN stated that it was very discouraging that late in the LARP
process, Alberta withdrew suddenly from further discussions about TRUMP with no explanation
and finalized the LARP without incorporating a comanagement element.
[1354] ACFN stated that it is not against industrial development, but favours sustainability and
slow growth rather than growth at a pace that is uncontrollable. ACFN stated that the current
pace of growth is too fast and there has not been proper planning for this growth, resulting in
several adverse impacts on the communities in the oil sands region. ACFN stated that the
consultation and regulatory processes governing oil sands development are “broken” and failing
ACFN.
[1355] ACFN expressed concern that the federal Crown considers the hearing to be part of the
consultation process. ACFN said that it believes that both levels of government should have
information on potential impacts on rights earlier in the process. ACFN noted that Alberta did
not participate in this hearing, but will be making approval decisions resulting from this
proceeding.
[1356] During final argument, Canada disagreed with ACFN’s assertion that it had not
considered the impact of the Project on treaty rights. Canada stated that the evidence filed by
ACFN includes a significant amount of correspondence between ACFN and the federal
government, including DFO. Canada argued that the correspondence, Canada’s submissions, and
the information provided by DFO show that DFO did consider the information provided by
ACFN. Canada also noted that TC’s submission makes specific reference to impacts on
Aboriginal rights.
[1357] Canada argued that many of ACFN and other Aboriginal groups’ recommendations are
very broad and in some cases only remotely related to project-specific effects. Canada stated that
the regulatory process is well suited to address issues that are site- or project-specific but is not
intended or designed to address larger issues, such as the overall impact of development on a
regional basis on the rights exercised throughout the region. Canada also noted that the
Agreement requires the Panel to make findings of fact and provide recommendations with
respect to the effects of the Project on Aboriginal and treaty rights asserted by the participants
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and that the Panel’s findings and recommendations may assist the Crown in its consultation
process.
Effects on Traditional Land Use, Rights, and Culture
EIA Methodology
[1358] ACFN believed that Shell confused trappers’ rights with Aboriginal rights and that this
confusion influenced Shell’s assessment of project effects on ACFN’s TLU and rights. ACFN
stated that this confusion, in combination with a lack of appropriate data, contributed to an
underestimation of project effects on ACFN and resulted in inappropriate mitigation measures.
[1359] ACFN stated that the trappers are not, in general, considered as holders of any specific
knowledge about the TLU of ACFN. ACFN also stated that the resources gathered on a trapline
or elsewhere by land users are shared within the community and that this is part of ACFN
culture.
[1360] ACFN stated that it provided reports to Shell describing its land use in an LSA and RSA
that it defined. ACFN defined its LSA as an area within 5 km of the Project footprint, including
the mine site and associated works, within which direct interactions between the Project and
ACFN values may exist. ACFN stated that its RSA includes a broader area within which both
direct and indirect effects of the Project may be anticipated, such as noise, dust, odours, access
management issues, traffic, effects on water, and other effects. The RSA defined by ACFN
included the PAD.
[1361] ACFN disagreed with Shell that an assessment of the significance of effects on resources
important to traditional users and on access to such resources could be used as a proxy for
assessing the significance of the effects on TLU. ACFN noted that the biophysical and
socioeconomic receptors and indicators included in the EIA are based upon principles of
biodiversity and ecosystem integrity and not on parameters of Aboriginal use or values.
Similarly, the socioeconomic assessment in the EIA is based upon an assessment of mainstream
economic activities and not on the First Nation’s traditional and cultural social economy. ACFN
stated that an assessment of these biophysical and socioeconomic receptors and indicators could
not capture the impacts of the Project on ACFN’s Aboriginal and treaty rights. ACFN believed
that an impact assessment on ACFN should be based on a methodology that specifically assesses
its rights.
[1362] ACFN stated that because of these methodological issues, Shell’s EIA does not
accurately depict the direct adverse and cumulative effects of the Project on ACFN’s TLU,
treaty, and Aboriginal rights. ACFN said that Shell’s approach was flawed in assuming that that
there would be no significant adverse effects on TLU if there were no significant adverse effects
on the individual resources used by ACFN members or if these resources were available
elsewhere within ACFN’s traditional territory. ACFN also stated that Shell generally found
project effects to be negligible because Shell assumes that they are reversible. ACFN believed
that impacts to wetlands and other habitats are not reversible.
[1363] ACFN expressed concern that the information it provided to Shell did not change the
results of Shell’s assessment or its conclusions. ACFN stated that Shell has had ACFN’s IKLU
Report since January 2011 and that the report indicates the Project will result in significant
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adverse effects on ACFN’s TLU and Aboriginal and treaty rights. ACFN stated that because of
the approach and methodology employed by Shell, it was hard to imagine what kind of other
information ACFN could have provided that would have changed Shell’s assessment.
[1364] ACFN said that Shell did not rigorously measure the impacts on First Nations’ traditional
resources in any part of its assessment. ACFN also submitted that the regulatory process does not
fund ACFN’s ability to gather the kind of specific information that would contribute to an
assessment of such impacts and that AENV had declined to include in the EIA TOR several
measures that would have contributed to the assessment of potential impacts on ACFN section
35 rights. ACFN stated that in the absence of specific data, measures, thresholds, and criteria to
assess impacts on Aboriginal rights, it is difficult to understand Shell's assertion that it has
assessed such impacts.
[1365] ACFN submitted that Shell placed an inappropriate reliance on far future and uncertain
reclamation activities to mitigate project effects on the environment and TLU. With respect to
traditional knowledge and land use, ACFN considered the loss of an area for more than one
generation to be permanent.
[1366] ACFN argued that the Panel’s TOR requires consideration of mitigation measures that
are technically and economically feasible but that many of Shell’s mitigation measures rely on
adaptive management which is often no more than a general commitment to do something if it
becomes necessary. ACFN said that the issue of adaptive management has been addressed by the
courts that have found that vague hopes for a future technology do not constitute mitigation.
ACFN argued that assertion of unidentified mitigation measures as part of adaptive management
is not a substitute for a commitment to specific mitigation measures.
Traditional Land Use
[1367] ACFN’s updated IKLU Report provided baseline information regarding ACFN’s
traditional knowledge and use in the area of Shell’s two proposed projects. The report was based
on more than 100 interviews with 50 ACFN elders and land users and information compiled
from previous studies.
[1368] ACFN stated that the Project is located within the area identified by ACFN as the Fort
McKay proximate zone, an area that includes lands and waters relied upon by ACFN members
living in and around Fort McMurray and Fort McKay. ACFN stated that the area was relatively
undisturbed until the intensification of oil sands activities in the late 1990s.
[1369] ACFN indicated that its members have lived in the Project area from preindustrial time.
ACFN indicated that the Aboriginals who lived in the area carried on traditional activities around
Kearl Lake such as hunting, gathering berries, and drying meat. In particular, ACFN noted that
its members have relied on the resources of the Kearl Lake area, such as moose, rabbit, and
grouse. According to ACFN, in more recent times the resources gathered from trapline areas in
the Kearl Lake area have been commonly shared with elders and other members of the
community, and therefore, benefit more people than just the cabin or trapline holders.
[1370] ACFN reported that RFMA 1714 is the closest ACFN area (trapline or reserve)
accessible by road from Fort McMurray and Fort McKay and that this RFMA has historically
been a focal area for ACFN use. ACFN said that although this trapline is in an area that has
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already been impacted by industrial development, it is important to ACFN use because it is
readily accessible in terms of the distance from settlements and the fact that no specialized
equipment (such as boats and snowmobiles) is required to access much of it.
[1371] ACFN members provided evidence showing historic trapping by members in the Kearl
Lake area. They provided evidence that ACFN members often receive their traplines through
kinship relations. According to ACFN, the traplines are to some extent “shared land” and ACFN
members, other than the trapline holder, may gather resources on the trapline.
[1372] ACFN stated that a variety of uses shown in the IKLU Report will disappear if the Project
is approved. ACFN reported 68 site-specific values inside or within 250 m of the Project
footprint including 33 subsistence sites, 14 habitation sites, 3 cultural or spiritual sites, 6
transportation sites, and 19 environmental features. It identified 122 specific-use values within
the LSA defined by ACFN.
[1373] ACFN said that with respect to traditional knowledge and land use, place matters;
specific locations and resources are important and traditional resource users cannot just go
somewhere else. ACFN stated that there are also spiritual values associated with the land,
including the area of the Project footprint, where people go to practise their rights and culture.
[1374] ACFN expressed concern that Shell seems to think that it is acceptable for traditional
resource users to have to go elsewhere without assessing the availability or accessibility of areas
elsewhere in ACFN’s traditional territory. ACFN stated that it is problematic for the traditional
users of the Kearl Lake area to find another place to exercise their rights partly due to the
diminishing resource base and decreases in vacant public land. ACFN noted that increases in
human population in the area and the drying of the PAD region further exacerbate the problem.
ACFN members noted that they have to exercise their rights close to where they live because
they cannot travel far to practise their rights and still be available for the jobs that they have in
the area. They also indicated that they now have to carry water because of concerns regarding
surface water contamination thus impeding how far they can travel on the land.
[1375] ACFN completed an analysis of the project-specific and cumulative effects of Shell’s
projects on ACFN TLU in the report Effects on Traditional Resources of the Athabasca
Chipewyan First Nation: The Shell Jackpine Mine Expansion and Pierre River Mine Project.
[1376] The report found that as of 2008, about 28 per cent of the ACFN RSA had been disturbed
by industrial developments. ACFN predicted that the cumulative effects of existing and
anticipated development, including the Project, would remove any undisturbed land from the
ACFN RSA by about 2042. Key findings from the report include the following:
•

The ecosystem in the ACFN RSA may have already shifted to a different state, particularly
where it overlaps with oil sands leases; the landscape now consists of very many small,
isolated patches of natural surfaces. Further development is almost certain to push the
ecosystem into a substantial and long-term that would constitute an ecosystem or regime
shift.

•

Bison and caribou have been virtually removed from the ACFN RSA and from most areas of
the RMWB and are scarcely available for traditional resource use.
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•

In the past 16 years, an average of 42 km2 (an equivalent of up to about 10 moose home
ranges) or 1.1 per cent of moose habitat has been removed each year from the ACFN RSA.
The decline in habitat directly translates to the decline of moose population density from 0.4
moose per km2 in the 1970s to 0.1 in the region of the oil sands leases presently.

•

In the past 16 years, beaver habitat experienced a yearly loss of 6.3 km2 or 0.6 per cent of the
1100 km2 available in 1992. Waterfowl habitat experienced a yearly loss of 3.6 km2 or 0.2
per cent of the 1 564 km2 available in 1992.

•

The disturbed areas are unlikely to be reclaimed. There is very little similarity in terms of
species composition between reclaimed sites and natural stands. Reclaimed sites show an
unnaturally low diversity of species.

•

The environmental assessment process for Alberta oil sands projects does not involve any
objective quantification of traditional resources. There is no evidence that the impacts on
First Nations’ traditional resource use are rigorously measured in any part of the assessment
process.

[1377] Shell’s evidence indicated that between 11 and 13 per cent of ACFN’s traditional lands
would be disturbed within the terrestrial RSA, depending on the case selected. ACFN was of the
opinion that comparing the disturbance in the Project area to the terrestrial RSA or the total
surface area of its traditional territory underestimates the effects of the Project.
[1378] According to ACFN, Shell’s estimate that terrestrial vegetation decreased by 20 per cent
from the PIC to the base case but would decrease by only another 9 per cent in the next 50 years
due to planned developments is unreasonable. ACFN stated that the underestimation of future
change is likely caused by the omission of many currently undisclosed disturbances, such as
disturbances from some finer scale developments and activities such as linear features,
exploration activity, cut blocks, and infrastructure development.
[1379] ACFN noted that to mitigate project effects on TLU, Shell proposed to:
•

provide compensation to directly affected RFMA holders,

•

continue consulting with key Aboriginal groups, including ACFN,

•

facilitate access across the Project area by trappers to their traplines,

•

provide cultural diversity awareness training to Shell employees and contractors, and

•

conduct ongoing consultation with key Aboriginal groups and participate in regional
planning initiatives to ensure closure and reclamation plans consider the long-term
sustainability of TLU activities.

[1380] ACFN stated that the proposed measures do not provide appropriate mitigation for the
effects of the Project on the exercise of ACFN’s rights. ACFN disagreed that Shell’s proposed
compensation to trapline holders is an appropriate mitigation for adverse effects on Aboriginal
TLU or Aboriginal and treaty rights.
[1381] ACFN stated that it is uncertain whether the landscape can be reclaimed and even if it
can, a successfully reclaimed landscape would no longer have any cultural significance for its
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people. According to ACFN, the effects of the Project on ACFN’s TLU would be permanent and
of high magnitude.
[1382] ACFN stated that the Project would contribute to already significant cumulative effects in
the region that threaten ACFN’s way of life. ACFN expressed concern that cumulative effects
are not effectively addressed in the context of specific projects and every proponent takes the
position that these cumulative impacts are not the result of its project.
[1383] ACFN’s assessment of cumulative effects predictions in the IKLU Report indicates that,
at the regional scale, cumulative effects will have high environmental consequences on
traditional resources such as moose and furbearers. ACFN stated that it already considers there to
be significant cumulative effects on these resources. ACFN also documented more than 215 sitespecific cultural or spiritual values within its RSA and said that some or all of these values were
likely to be adversely affected by the Project in combination with already existing disturbances.
[1384] ACFN said that perceived contamination of traditional food and water, including plants
and animals, will further contribute to avoidance of use. ACFN stated that the Project would
further contribute to ACFN’s observed changes in water quality and quantity, adversely affect
some or all of its ceremonial and major burial places, and affect its medicine collection activities.
[1385] ACFN stated that the tipping point, when the lands can no longer support the livelihood
of the First Nation, must be determined before the true impacts can be assessed. The amount and
nature of the resources needed in order to maintain its members’ Aboriginal lifestyle and culture
must be determined in order to assess the impact on their Aboriginal and treaty rights.
[1386] ACFN advocated for the development of a TRUMP that could be used to address
cumulative impacts on TLU, Aboriginal and treaty rights, and culture. ACFN indicated that the
TRUMP would be similar to a cumulative effects management framework for treaty rights and
would identify the resource thresholds and criteria required to assess impacts on Aboriginal and
treaty rights. ACFN suggested that the TRUMP would go further than conventional traditionaluse studies because the TRUMP would also address the importance of the traditional activities in
terms of the social, economic, and cultural health and wellbeing of ACFN members.
[1387] According to ACFN, oil sands development presents a significant threat to ACFN’s
ability to maintain its traditional practices and distinct culture. ACFN believes that a TRUMP
should be required before the approval of any further large-scale industrial development in the
oil sands region, including the Project, and that any subsequent regulatory process or regional
planning decision should adhere to the threshold and limits identified in the TRUMP. The
TRUMP should be the basis for taking treaty rights into account in regional planning, for projectspecific assessment and for monitoring and follow-up.
Water and River Values
[1388] ACFN expressed concern that the Athabasca River and its tributaries are increasingly
difficult to navigate. ACFN said that boats are used to procure fish and terrestrial resources
adjacent to river banks and allow ACFN members to access areas without disturbance from
industrial traffic. ACFN said that it is important for water levels in the Athabasca River to be
high enough to allow navigation by heavily loaded small boats.
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[1389] ACFN stated that it anticipates the Project will further increase the loss of access to, and
use of, traditional lands by ACFN members because of low water levels in the Athabasca River
downstream of the Project area and due to diversion of the Muskeg River. ACFN stated that the
impact of the Project on water quantity would be an impediment on access to reserve and
traditional lands.
[1390] ACFN stated that it participated in CEMA with the expectation that an in-stream flow
need limit would be established for the Athabasca River and that it would protect ACFN’s use of
the river and its Aboriginal and treaty rights. ACFN said that because it does not believe that the
proposed Phase 2 – Lower Athabasca River Water Management Framework for the Lower
Athabasca River is protective of ACFN’s use of the river and its rights, ACFN developed an
ABF limit, which is the water level ACFN believes is necessary to allow navigation, access to
traditional lands, and the exercise of Aboriginal and treaty rights by ACFN and other Aboriginal
groups. ACFN stated that the ABF limit would require that at least 1.2 m (4 feet) of water be
maintained in the river from fall to the end of the spawning season in the spring to allow for fish
migration and navigation.
[1391] ACFN requested that the Panel recommend that Alberta and Canada adopt and
implement the recommendations set out in ACFN’s submission on the Phase 2 Water
Management Framework, including the ABF limit. ACFN also recommended that any
authorization issued pursuant to the Water Act should require that withdrawal cease when flows
fall below the ABF limit.
[1392] ACFN also believes the increase in water withdrawals will contribute to the drying of the
PAD. ACFN stated that it agrees the Bennett dam altered the water flow in the PAD but
emphasized that the situation became noticeably worse with the expansion of the oil sands
industry after 2003. ACFN also stated that a valid climate change assessment is required in order
to fully understand the drying of the PAD.
[1393] Shell stated that it assessed project effects on the PAD in its updated May 2012 CEA for
the application case and PDC. Shell concluded that cumulative effects of the Project, in
conjunction with existing, approved, and planned developments, on water level changes and
flooding in the PAD would be negligible based on its predicted minimal reduction of the
Athabasca River’s average depth.
[1394] ACFN was of the opinion that currently perceived levels of water contamination, in
combination with other changes, are having serious psychosocial effects, resulting in widespread
avoidance and loss of use by ACFN members in the region. ACFN stated that the Project was
likely to result in increased loss of use, particularly downstream of the Project along the Muskeg
and Athabasca Rivers, in documented areas of traditional use, and on ACFN’s reserves. ACFN
stated that it predicted this effect with a high degree of confidence.
[1395] In its Athabasca River Use, Knowledge and Change Study, ACFN documented 14
specific instances of lost use due to concerns regarding water quality downstream from the
Firebag River. ACFN members reported changes in the following water quality indicators:
•

changes in the taste and smell of Athabasca River water;

•

presence of unusual foams or films on the water visible from boats or in cooking vessels;
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•

absence or decline of particular species, including insects, along the Athabasca River; and

•

abnormalities in fish, moose, and other game, particularly in areas near the Muskeg River
downstream of the Project, but also in other parts of the Athabasca River and PAD.

[1396] ACFN believed that muskeg is a living and breathing entity that is home to numerous
species of animals and sustains the entire ecosystem. ACFN also believes that the Muskeg River
is the life blood of the muskeg ecosystem, is sacred, and must be protected. ACFN said that in
addition, the Muskeg River is used for navigation, to access trapping areas, and for other
purposes.
[1397] ACFN noted that CEMA’s Muskeg River Integrity Group was tasked with developing a
watershed management plan for the Muskeg River basin but did not complete its work and at
present only an interim watershed management plan is in place. ACFN also noted that despite the
interim plan including an objective that there be no diversion of the mainstem of the Muskeg
River, the interim plan does not include the Project and does not address Shell’s proposed
diversion of the upper Muskeg River. ACFN expressed concern that once again it appeared that
bitumen ore was being given priority over protection of the Muskeg River basin. ACFN stated
that diverting the river is not protecting it. ACFN requested that regulators provide full
protection for the Muskeg River basin including the sterilization of the ore beneath it in order to
sustain the spirit of the river.
[1398] ACFN reported that the Athabasca River and Kearl Lake areas both represent fishing
sites used by ACFN members in the vicinity of the Project.
[1399] Shell stated that the information that it collected on traditional use indicated almost no
subsistence fishing within the Project footprint. Shell stated that, in terms of direct project effects
on fish and fisheries, the fish community within the direct Project footprint consists of relatively
few fish species and the upper Muskeg River generally does not provide habitat for migratory
species from the Athabasca River.
[1400] Shell noted in its 2012 draft NNLP that the EIA provided plans to conceptually integrate
operational and closure drainage between the Project and other relevant approved oil sands
mining operations in the Muskeg River watershed including KOSP. Shell stated that the main
effects of the Project would be downstream of Kearl Lake such that concluding that the Project
would have no direct effect on traditional fishing within the LSA.
[1401] ACFN expressed doubt about the efficacy of Shell’s proposed compensation measures
for fish and fish habitat. ACFN emphasized that fish in the compensation lake would not be
available for human consumption for many years because of contamination by methyl mercury,
resulting in the proposed compensation not being available to ACFN members for a long time.
ACFN also stated that there was no evidence that ACFN members would find fishing in a
compensation lake to be a culturally suitable alternative.
[1402] Shell acknowledged that habitat modelling of the Redclay Compensation Lake was based
on a mature lake, which may not occur until 20 to 30 years after initial filling. Shell noted that
one of the reasons for the proposed 2:1 compensation ratio was that it did not directly model the
time lag until the lake matures and interim conditions while the lake is developing.
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[1403] DFO explained that the compensation lake would not be available for traditional fishing
as long as mercury levels were high. DFO stated that the time required for the mercury level to
reach an acceptable level would vary depending on the mitigation measures, but confirmed that it
could take as long as 20 or 30 years.
Terrestrial Resources
[1404] ACFN suggested that the Project will remove or affect habitat for many species that are
traditionally relied upon, including woodland caribou, wood bison, and moose. ACFN noted that
high-quality moose, woodland caribou, and migratory bird habitat within the Project LSA and
rare wood bison habitat west of the Athabasca River will be directly disturbed. ACFN also stated
that use of these species will be impacted by reduced access for ACFN members, increased
industry and recreational access, and perceived increases in contamination of traditional
resources or foods, leading to increased scope and intensity of avoidance or reduced use.
[1405] ACFN stated that the Project will also remove a known and regionally important wildlife
corridor along the Muskeg River.
[1406] ACFN indicated its concerns about cumulative effects on moose, caribou, and wood
bison in the RSA given their cultural importance. ACFN stated that large, contiguous areas are
essential because of the wide-ranging and dispersed nature of wildlife resources in the boreal
forest, especially large ungulates such as moose, bison, and caribou, upon which much of
ACFN’s cultural practice and traditional economy depends. ACFN’s assessment of cumulative
effects indicated that at the regional scale they will have high environmental consequences on
traditional resources such as moose and furbearers.
[1407] ACFN indicated that historically important subsistence species such as woodland bison
and woodland caribou are already at dangerously low levels and are scarcely available for
traditional resource use throughout the region. It said that the regional landscape is changing in
ways that may lead to the disappearance of wildlife species, including caribou, bison, and moose.
[1408] ACFN stated that since the 1990s, many ACFN members have lost use of large portions
of land for the practice of rights, including subsistence rights, because of existing impacts such
as restricted and gated access to areas controlled by oil sands companies, traffic, disturbance, and
perceived contamination. The area affected includes important ACFN traplines; camps; cabins;
trails; hunting, fishing, and resource procurement areas; and habitat areas used historically by
bison, woodland caribou, and other species.
[1409] Consequently, ACFN considered the project effects on ACFN knowledge and use to be
significant and adverse based on the ability of ACFN members to hunt or rely upon populations
of wood bison and woodland caribou.
[1410] ACFN stated that caribou are a preferred, unique, and culturally important resource for
ACFN knowledge, use, and practice and that ACFN has a spiritual connection and relationship
with the caribou. ACFN also stated that it has a key role in protecting the caribou. ACFN
disagreed with Shell’s assertion that caribou were virtually absent in the LSA for the Project.
ACFN said that reports from its members suggest that caribou still use the LSA. Caribou and
their tracks have been seen throughout the LSA and Kearl Lake areas as recently as fall 2012.
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ACFN members said that the caribou regularly use the muskeg habitat in the LSA to raise their
young.
[1411] ACFN expressed concerns about effects on culturally important populations of woodland
caribou within its RSA and adjacent to the Project LSA (such as the Kearl Lake area). ACFN
said that within its RSA, areas of core woodland caribou habitat both north and east of the
Project and areas downstream of the Project along the Muskeg and Athabasca Rivers would be at
risk as a result of the application case.
[1412] ACFN stated that the wood bison are an important traditional resource for ACFN and that
ACFN relies on the Ronald Lake herd to exercise its traditional rights because it is the only herd
of wood bison available to ACFN hunters outside of Wood Buffalo National Park. ACFN was
concerned that construction of the Redclay Compensation Lake will have negative effects on the
Ronald Lake herd, potentially contributing to the demise of this herd. ACFN stated that bison are
currently hunted by ACFN members and are considered an important component of planned
future ACFN use.
[1413] ACFN noted that wood bison were listed as threatened under SARA in 2000, but that
Canada still hasn’t produced a recovery strategy. ACFN said its understanding from EC was that
a recovery strategy was to have been in place by the end of 2011.
[1414] EC stated that development of the recovery strategy had been delayed by discussions
about disease within the herds and the implications this had for the recovery strategy. EC said
that completion of the recovery strategy is now targeted for the end of 2013, following
consultation with stakeholders.
[1415] Shell stated that the wood bison population in the RSA is limited by disease and not by
the availability of habitat. As a result, Shell said that there will be a negligible decline in wood
bison abundance in the RSA from the PIC to base case, application case, and PDC. ACFN’s
expert, Dr. Komers, agreed with Shell’s assertion that bison are not habitat limited in the RSA.
[1416] ACFN stated that moose are a culturally important species that provides an important
source of protein for the community.
[1417] ACFN disagreed with the results of Shell’s PVA for moose (see the Effects on Wildlife
and Their Habitat section) and believed that Shell had not considered ACFN’s TEK, given the
contradictions in their respective conclusions. ACFN said that trappers and First Nations people
consistently report declining moose numbers in the region, whereas Shell’s analysis predicted
some growth in moose populations. ACFN further said that Shell’s PVA conflicts with
modelling conducted in the development of the TEMF, which concluded that moose populations
are already below their natural range of variation and will continue to decline.
[1418] ACFN indicated that between 1992 and 2008, an average of 42 km2 of moose habitat has
been removed each year from ACFN’s RSA and moose density has declined substantially.
ACFN members report that moose and deer are increasingly avoiding the Kearl Lake area.
[1419] ACFN concluded that destruction of habitat by the Project is likely to act in concert with
increased access by non-ACFN hunters to reduce the ability of ACFN members to hunt or rely
on moose for food. ACFN also concluded that these effects are likely to result in a discernible
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change to the preferred exercise of a culturally important practice, land use, or right and this will
elicit strong concern from ACFN members. ACFN members also reported that the noise from
cannons used in bird deterrent systems interferes with hunting moose and other animals.
[1420] ACFN was concerned about the health and taste of moose. ACFN said that many of its
members will avoid the use of moose if there is a perceivable behavioural or physical
abnormality (cysts or animals that look sick). It said that its members are currently cautious
regarding the hunting of moose and collection of other animals in the Firebag area in the RSA
because of fear of contamination.
[1421] ACFN indicated that migratory birds, especially spring waterfowl, were important in the
past and are currently highly valued and an essential component of planned future ACFN use.
ACFN further described that bird hunts are important focal periods for community and family on
the land, given that many ACFN families would congregate in large camps for the duration of
the hunt. As such, the seasonal bird hunt gatherings have great importance socially and culturally
for ACFN and support the sharing of knowledge and food among community members and
between generations. ACFN said that the Kearl Lake area is an important area for hunting
waterfowl.
[1422] ACFN said that both waterfowl and muskrat serve as indicators for the health of the PAD
and the Athabasca River. ACFN described how muskrat were culturally important for providing
clothing and food for its members. ACFN described a large-scale decrease in the number of
muskrat in recent history, which it attributed to oil sands development.
[1423] ACFN said that the decline in migratory bird abundance and changes in migratory routes
are affecting the spring hunt in the oil sands region and specifically in the PAD.
[1424] ACFN said that intentional disturbance of birds and flyways through use of deterrent
cannons on tailings ponds may further adversely impact the current or potential availability of
migratory birds for ACFN use in the RSA.
[1425] ACFN believed that the following factors could all contribute to the change of migratory
routes of birds:
•

large areas along the Athabasca River that are cleared of vegetation;

•

large plumes of dust, bad-smelling smoke, and pollution in the air;

•

large amounts of reflective metal and numerous large, noisy, brightly coloured vehicles
constantly moving; and

•

near constant noise that increases due to cannons and bird deterrent systems as birds fly
overhead.

[1426] EC confirmed that the migratory routes of birds have changed which could impact the
availability of these birds in the PAD. According to EC, the reasons for the changes in migratory
routes and associated decline of migratory birds in the PAD are not clear and the oil sands
industry may or may not be contributing to the observed changes.
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[1427] ACFN expressed concern that Shell did not appear to have incorporated into its
assessment the TEK related to migratory birds that ACFN had provided in 2008.
[1428] Shell indicated that ACFN participants at a CEMA-sponsored workshop in 2005
provided some TEK describing the decline of migratory birds and muskrat in the PAD. Shell
stated that its assessment of baseline conditions indicated no decline in the number of migratory
birds or muskrat in the PAD. Shell acknowledged that it did not know how to incorporate the
additional TEK ACFN provided because it was not consistent with the other baseline data that
Shell had collected.
Social, Economic, and Cultural Effects
[1429] ACFN was critical of Shell’s approach to the assessment of social, economic, and
cultural effects on ACFN. ACFN stated that Shell’s socioeconomic assessment focused narrowly
on mainstream economic issues and did not appropriately consider the unique interests, values,
and culture of ACFN. Similarly, ACFN was of the view that Shell’s cultural assessment suffered
from several methodological shortcomings and did not provide a proper assessment of the
impacts of the Project, or oil sands development more generally on ACFN culture.
[1430] ACFN submitted several detailed reports that identify and describe potential social,
economic, and cultural effects of the Project and development more generally on ACFN. A
Narrative of Encroachment Experienced by the Athabasca Chipewyan First Nation (Larcombe
Report) provides a summary of historic and current drivers of encroachment within ACFN’s
traditional territory and a comprehensive discussion of the resulting effects of encroachment on
ACFN rights, values, and knowledge. Athabasca Chipewyan First Nation Supplemental Social,
Economic and Cultural Effects Submission for Shell Canada’s Proposed Jackpine Mine
Expansion provides information about social, economic, and cultural changes experienced by
ACFN members over time and those anticipated in the future, with an emphasis on impacts from
the oil sands sector and Shell’s Project and PRM. ACFN acknowledged that Shell had provided
funding to support the completion of this report.
[1431] Cultural and social priorities identified by ACFN members reflect a desire for the
continued ability to
•

practise a traditional way of life;

•

maintain a healthy environment;

•

keep and strengthen family ties;

•

keep and strengthen community services and relations;

•

sustain physical, mental, emotional, and spiritual health; and

•

encourage economic sustainability.

[1432] ACFN also identified the following valued cultural components:
•

meaningful access to preferred traditional lands for traditional cultural pursuits;
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•

maintenance of traditional values, skills, and language through intergenerational knowledge
transfer;

•

maximizing time on the land for all generations;

•

access to clean air, water, wildlife, and vegetation;

•

adequate privacy to gain solace from quiet enjoyment of the land; and

•

respect, sharing/reciprocity, and balance in relations with other culture groups.

[1433] ACFN explained that its traditional way is a spiritual one and that it is important to the
Dene people to be connected to the land. ACFN indicated that when one is connected to the land,
the land takes care of its peoples’ physical and spiritual needs. ACFN stated that the land must be
preserved so that people can spend time out on it, and maintain their culture and way of life.
ACFN described cultural identity as a sense of knowing who you are and where you come from
and stated that it requires keeping the culture alive. ACFN said that the harvesting, consumption,
and sharing of country foods has deep cultural meaning for Aboriginal peoples and is a primary
means for transmitting cultural values, skills, and spirituality. Passing on knowledge and stories
through time spent together in families, in culture camps, and in gatherings and encouraging
strong interaction between Elders and youth are other important ways that social cohesion and
culture are maintained.
[1434] ACFN described how, over the past 120 years, government and industry activity has
progressively and cumulatively encroached on the landscapes and waterscapes that have
supported ACFN’s way of life and livelihood. Contemporary drivers of encroachment identified
in the Larcombe Report include population growth, hydroelectric development (including
development of the Bennett Dam), quarry and other mineral exploration and development,
timber harvesting and processing, oil sands development, linear disturbances, urban
development, recreational and sport use of the land and resources, public land designations and
plans, and government allocation of water resources.
[1435] ACFN stated that the development of the oil sands industry has cumulatively limited the
amount, quality, and distribution of land available for the meaningful practice of its treaty rights
and maintenance of its culture. ACFN explained that barriers such as gates and fences, irritants
such as noise pollution and increased traffic, physical disruptions such as infrastructure and
roads, and concerns about the quality of resources are all impediments to ACFN’s land use and
thus are impediments to the transmission of ACFN culture. ACFN stated that damage to its
traditional lands from the oil sands industry limits elders’ ability to teach skills that would allow
the next generations to live on the land as their predecessors did. ACFN stated that the lack of
transmission of skills affects the younger generation’s willingness to adopt a traditional way of
life, including practical skills, spiritual and ceremonial practices, and cultural values.
[1436] The primary economic impacts of encroachment identified in the Larcombe Report
include a decline in harvest success and opportunity and increased harvesting cost. ACFN stated
that 78 per cent of the community still harvest off the land and consume traditional resources on
a daily basis to provide for their families. ACFN said that the contribution of harvested goods to
individual family and community economic welfare can be significant.
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[1437] ACFN believed that the social, economic, and cultural effects of the Project will be
strongly adverse for ACFN members living on the land, but acknowledged that there will be both
adverse and positive effects for those living in Fort Chipewyan and Fort McMurray. ACFN
identified improvements to infrastructure and opportunities for employment, education, and
training as having been beneficial consequences of past developments, while outmigration from
the community, social dysfunction, and economic and impact inequities as having been negative
consequences.
[1438] ACFN identified a study that reported the country food consumption in Fort Chipewyan
(not limited to ACFN members) averaged 0.5 kg per person per week, with some families
reporting consumption of 1.25 kg per person per week of country food. ACFN explained that the
contribution of country food to the ACFN economy is important given the higher cost of food in
Fort Chipewyan and Fort McMurray. ACFN explained that elders, single parents, and people on
fixed incomes have no choice but to reside on and live off the land.
[1439] In order to provide a perspective on the economic value of country food to ACFN
members, ACFN provided rough calculations using the replacement cost method which involves
multiplying a retail price by reported average edible food weights for various species. ACFN
provided the following values for the country foods it typically harvests: moose $5792, barren
land caribou $1448, bison $8689, beaver $257, goose $51 and walleye $16. ACFN stated that a
modest harvest for a family could represent more than $13 000 of high-quality food for the year,
adding 61 per cent to the 2010 median after tax family income. ACFN stated that the
contribution of country food to lower income members such as elders or single mothers is even
greater.
[1440] ACFN explained that access difficulties, general disturbance, increased competition for
resources, having to go farther afield to attain harvest success or seek resources deemed safe to
eat, the need to haul potable water, and other issues all add hours of time to harvesting activities
and increase the cost of TLU. ACFN said that as the amount of time required for the harvesting
of traditional food increases, it becomes more difficult for members with a regular job to gather
traditional resources from the land.
[1441] According to ACFN, the psychosocial impacts of cultural loss due to changes to the land
and reduced emphasis on the harvesting, consumption, and sharing of country foods can result in
several sociocultural changes, including
•

a loss of traditional knowledge and skills, including the intergenerational transfer of
traditional knowledge and skills;

•

a general sense of alienation from traditional lands and loss of continuity and connection to
place;

•

a loss of sharing norms;

•

a loss of hope for the sustenance of traditional culture over time and a decline in cultural
identity and self-esteem; and

•

a decline in family, extended family, and community social organization.
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[1442] ACFN stated that cultural knowledge transmission occurs while on the land, where
children learn about such matters as cultural stories, legends, place names, and protocols of
respect for nonhumans. According to ACFN, the loss of intimate contact with the land is
identified by several authors as the primary reason for the degradation of traditional systems.
[1443] ACFN explained that it considered the removal of lands from Aboriginal use for periods
of time longer than one generation permanent for the purposes of traditional use and culture.
ACFN stated that the interruption of knowledge transmission regarding the disturbed areas
would have irreversible effects on tangible and intangible elements of culture and TLU. ACFN
said that by losing the use of a region, such as the Project area, impacts are expected on
particular forms of knowledge such as place names, histories, and the cultural practices that take
place in the area.
[1444] ACFN also expressed concern that due to direct disturbance by the Project, the holder of
RFMA 1714 and the other Aboriginal land users will have to practise their land use farther away.
ACFN stated that the land users currently relying on the Project area would likely have to use an
area that they are not familiar with and at a higher cost.
[1445] ACFN stated that continual fluctuations in population numbers are having negative
effects on the ability of community planners to anticipate needs and provide adequate housing
for residents of Fort Chipewyan and Fort McMurray and that these are further impeded by
restricted availability of land, materials, and labour for building.
[1446] ACFN reported that the number of Aboriginal workers in oil sands jobs has increased
steadily since the late 1990s, but the percentage of Aboriginals in the oil sands workforce
remains at 10 per cent or less. ACFN reported that large differences in salary and employment
rates exist between men and women in the Aboriginal workforce and that Aboriginal workers
report cases of racism in hiring and layoff practices, as well as on the job. ACFN stated that its
members face obstacles securing long-lasting employment in oil sands operations, particularly
because of a lack of education, training, skills, or a driver’s licence; inability to pass drug and
alcohol testing; and lack of opportunity for advancement to positions considered meaningful by
ACFN members, resulting in high turnover rates. ACFN acknowledged, however, that
companies operating in the oil sands have supported training initiatives and funded educational
programs for ACFN members.
[1447] ACFN stated that increased out-migration of ACFN members to Fort McMurray and the
associated increase in reliance on the wage economy and exposure to western industrial values
were further contributing to an erosion of ACFN culture. ACFN said that members who left the
community have less exposure to land-based culture and cultural programming and fewer
opportunities to access the cultural benefits of ACFN culture, such as the sense of well-being
from being out on the land. ACFN stated that because of their loss of connection to the
community, these individuals would be less likely to practise or adhere to Dene cultural values.
[1448] ACFN stated that the potential for an increased draw of ACFN members back into the
community due to Fort Chipewyan being a point of hire and fly-in/fly-out location for the Project
was seen as a benefit of the Project. Drawbacks of the fly-in/fly-out programs identified by
ACFN include the length and stress of rotation schedules and the social and family dysfunction
that may result from long absences of the working family members.
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[1449] ACFN expressed concern that the effects of the Project on human health lack detail and
that individual and community health concerns have not been addressed in a realistic and
comprehensive manner. ACFN also believed that the indirect impacts from this project combined
with other industrial activities in the region on individual and community health remain
unaddressed. ACFN was of the view that given that potential mitigation measures to address
these impacts have not been developed, the magnitude of residual effects and the effectiveness of
mitigation cannot be determined. ACFN also said it is unclear who will be responsible for
monitoring and assessing health risks to ACFN communities.
[1450] The Larcombe Report states that there is virtually unanimous agreement within the
medical field that country foods contribute to good health because these foods are nutritionally
dense, travelling and securing country foods generally requires significant physical exertion, and
those with less access to country foods and limited disposable income are often faced with
having to purchase cheaper and less healthy alternatives. The report notes that a shift away from
country foods and the associated change in dietary nutrition is often cited as the basis for the
declining health status of Aboriginal peoples.
[1451] The Larcombe Report also identified decreased food security and the associated
psychological stress as an important effect. Declining opportunities to access traditional foods,
increased costs, and concerns about contamination of country foods may all contribute to
psychological stress related to the availability and safety of food sources.
[1452] ACFN stated that the influx of nonaboriginal oil sands workers into the region affects the
availability of health and social services through increased demand (particularly by those who
suffer mental health and dysfunction issues related to work conditions), reduced availability of
service providers, and increased pressure on transportation and accommodation required by those
seeking services not available in their home community. These impact pathways contribute to the
rising communal and individual anxiety in Fort Chipewyan and may be causing adverse mental
and physical health outcomes.
[1453] ACFN cited temporary displacement and permanent out-migration to access education,
training, and jobs; increased exposure to social dysfunction risks, particularly drugs and alcohol;
and reduced connection to culture, extended family, and core values as negative social
consequences of oil sands developments.
[1454] Less access to traditional livelihoods has resulted in an increased reliance on education
and an increased desire for higher quality and more diverse (nonoil sands related) options in the
community. The sense that the oil industry is the only employment option in the community has
led some ACFN members to feel mental stress; experience social and cultural conflicts in the
workplace; feel that their options for meaningful work are limited; feel powerless to control their
futures; and experience a dissociation from traditional culture. The latter are cited as factors
contributing to youth suicide rates. Costs and logistics associated with seeking employment and
education outside Fort Chipewyan are prohibitive to many ACFN members and have the
potential to disrupt community and family dynamics.
[1455] ACFN believed that encroachment has and continues to directly and indirectly affect the
ability of ACFN members to pursue and enjoy the rights associated with the use of the landscape
and waterscape for cultural, social, economic, and health benefits. The Larcombe Report
acknowledged however, that there is currently insufficient information to make a definitive
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statement as to whether ACFN’s ability to pursue or enjoy these rights is at or beyond the
thresholds necessary for sustainability. ACFN believed that the project-by-project environmental
assessment and regulatory review process does not permit a comprehensive assessment of
impacts resulting from existing, proposed, and planned development on ACFN rights, values,
and knowledge. ACFN believed that an effects or mitigation monitoring program focused
specifically on traditional use and knowledge would contribute to a better understanding of the
situation and more proactive decision-making.
[1456] ACFN concluded, based on its analysis, that while the Project has the potential to have a
marginally beneficial impact on ACFN economic conditions, there is increasing evidence that
ACFN members do not feel the tradeoffs on the environment, human health, ACFN way of life,
well-being, and quality of life that are required for them to benefit from an incremental increase
in wage economic activity from new oil sands development are acceptable or worth the risk.
Analysis and Findings
Rights Being Asserted
The Agreement requires the Panel to consider the effects of the Project on asserted or established
Aboriginal and treaty rights, to the extent the Panel receives such information. The Panel has not
made any determinations as to the validity of the Aboriginal or treaty rights being asserted by
ACFN or the strength of such claims but for the purposes of assessing the potential effects of the
Project on ACFN’s Aboriginal and treaty rights, the Panel accepts that ACFN has the rights
being asserted.
Consultation
[1457] The Panel notes the concerns raised by ACFN related to Shell’s consultation activities.
[1458] The Panel understands that ACFN has unresolved concerns about the Project and that
ACFN and Shell were not able to come to agreement on one aspect of the measures necessary to
mitigate the effects of the Project. The Panel also understands that ACFN and Shell continue to
have differences of opinion regarding several issues, including the methodology Shell used to
assess the impacts of the Project on ACFN TLU, rights, and culture, the significance of Project
and cumulative effects, and the diversion of the Muskeg River.
[1459] The Panel believes that it is possible for effective engagement and consultation to occur
without the parties coming to agreement on all matters. The Panel understands that it may be
very difficult or even impossible for agreement to be reached on some issues given the divergent
and competing interests and objectives of the parties.
[1460] The Panel notes that Shell and ACFN have a long history of consultation and working
together. Although the relationship appears to have become somewhat more adversarial recently
and the parties were unable to reach a mitigation agreement for the Project, the evidence
submitted by both Shell and ACFN indicates that extensive interaction and consultation has
occurred concerning the Project since at least 2007. Shell provided numerous opportunities for
ACFN to learn about and provide comments on the design and assessment of the Project and
provided significant capacity funding to allow ACFN to complete project-specific technical
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reviews and traditional use studies as well as to support the day-to-day operation of the ACFN
IRC.
[1461] The Panel notes that although Shell completed its cultural assessment without the direct
involvement of ACFN, Shell also provided funding to allow ACFN to complete its own cultural
assessment, which ACFN submitted to the Panel.
[1462] The Panel believes that Shell invested considerable time, effort, and resources in order to
understand and, where possible, address ACFN concerns related to the Project. The Panel finds
that Shell’s efforts were reasonable and appropriate.
[1463] The Panel acknowledges ACFN’s frustration with what it perceives as an unwillingness
by Alberta and Canada to meaningfully consult and work with ACFN to address its concerns
about the Project, the taking up of lands within its traditional territory, and the assessment and
management of cumulative effects that it believes are impacting ACFN TLU, rights, and culture.
[1464] The Panel notes that Canada pointed to the correspondence between ACFN and federal
government departments, as well as its own submissions, as evidence that Canada had and
continues to consult with ACFN.
[1465] The Panel stated at the outset of the hearing that it would not rule on the adequacy of
Crown consultation as it did not have the jurisdiction to do so, and even if it did have the
jurisdiction, it would be premature to do so as there would be further opportunities for
consultation before Crown decisions are made or authorizations issued for the Project.
[1466] The Panel notes that both Alberta and Canada stated in the NQCL process that the
consultation process was not yet complete and that there would be additional opportunities for
consultation after the Panel’s report had been completed and before Crown decisions or
regulatory authorizations were issued for the Project. The Panel has therefore included a
recommendation that before other provincial and federal approvals are issued, Alberta and
Canada consider the adequacy of the Crown’s consultation with each of the Aboriginal groups in
light of the issues identified in this report to determine whether additional consultation is
necessary to address these issues.
[1467] With respect to ACFN’s request that the Panel recommend that an independent
commission of experts be established to evaluate consultation and accommodation of impacts in
the oil sands region, the Panel declines to make this recommendation as it does not believe this
recommendation falls within its jurisdiction or mandate.
Effects on Traditional Land Use, Rights, and Culture
EIA Methodology
[1468] The Panel notes ACFN’s concerns about the methodology Shell used to assess the effects
of the Project on ACFN TLU, rights, and culture. The Panel shares some of those concerns, as
outlined in the Shell’s Assessment of Impacts to Aboriginal Traditional Land Use, Rights, and
Culture section.
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[1469] In light of the methodological concerns identified, the Panel found that it was unable to
rely on the significance determinations provided by Shell for Project effects and cumulative
effects on environmental resources and the associated effects on Aboriginal TLU, rights, and
culture. The Panel, therefore, completed its own assessment of significance based on the
information provided by Shell and the documents and evidence provided by the Aboriginal
groups, including ACFN.
Traditional Land Use
[1470] The Panel notes that the land within or near the Project LSA is already disturbed by other
industrial projects and evidence has shown that avoidance of use is already occurring due to
access restrictions, loss of enjoyment due to noise and odours, and fear of contamination. The
Panel notes that despite the loss of use that is already occurring, ACFN provided evidence of
historic and ongoing TLU in the Project area and that some of the impacted values are unique.
[1471] The Panel understands that some trapline areas will be affected by the Project and that
RFMA 1714, of particular importance to ACFN, will be affected to a significant degree. The
Panel also understands that the Project area is a shared land and that more persons than just the
trapline holder and his/her family practise their land use within or close to the Project footprint.
The Panel notes that Shell plans to compensate the trapline holders for their loss but agrees with
ACFN and the other Aboriginal groups that this compensation is for the loss of commercial
trapping rights and does not provide mitigation for Project effects on other Aboriginal uses or
users of the land.
[1472] The Panel has determined that the Project will likely result in significant adverse effects
at the LSA level on several terrestrial resources of importance to ACFN including wetlands,
traditional plant potential, biodiversity, and wetland-dependant migratory birds and species at
risk.
[1473] The Panel notes that Project effects will be long term as reclamation and return of the
land for traditional use will not occur for many years. The Panel also believes that the other
mitigation measures proposed by Shell do not provide adequate mitigation for the loss of
traditional use in the interim. The Panel, therefore, finds that the Project will result in a long-term
loss of TLU opportunities for ACFN members. However, while the Panel believes that the
Project will adversely affect the TLU activities of some ACFN members in the Project area, the
Panel does not believe that Project effects will destroy or fundamentally alter the ability of
ACFN members to practise TLU activities or exercise their Aboriginal or treaty rights. The Panel
believes that there are still areas within the homeland and proximate zones identified by ACFN
where its members may practice TLU activities and exercise their Aboriginal and treaty rights.
While the Panel acknowledges that some of those areas are also subject to development pressures
and that there are practical limits to how far individuals may be able or willing to travel to access
the resources necessary for these activities, the Panel concludes that the Project effects on
ACFN’s TLU and Aboriginal treaty rights are adverse, but not significant.
[1474] The Panel has also determined based on the evidence that the Project, in combination
with other existing, approved, and planned developments, is likely to result in significant adverse
cumulative effects on several environmental resources of interest to ACFN in the broader region
surrounding the Project, including wetlands, old-growth forests, traditional plant potential,
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biodiversity, and wetland- and old-growth-dependant migratory birds and species at risk,
including caribou.
[1475] Shell’s updated CEA concluded that the total amount of disturbance for the application
case and PDC amounted to 11 per cent and 13 per cent of ACFN’s total traditional territory,
respectively. The Panel notes, however, that if only the portion of ACFN’s traditional territory
that occurs within the RSA is considered, the amount of disturbance increases significantly to 35
per cent and 41 per cent of the territory for the application case and PDC, respectively.
[1476] The Panel is of the opinion that ACFN has provided evidence of existing cumulative
effects on its TLU activities leading to loss and avoidance of use and that traditional users are
finding it increasingly difficult to relocate and find lands of equivalent value. The Panel,
therefore, finds that the Project effects, in combination with the effects of other existing,
approved, and planned projects, are likely to have a significant adverse effect on ACFN’s TLU
and Aboriginal and treaty rights in the broader region surrounding the Project.
[1477] The Panel agrees with ACFN that assessing the effects of individual projects on the TLU
and Aboriginal and treaty rights of ACFN and the other Aboriginal groups is not efficient or
effective and that LARP does not specifically address the issues of Aboriginal TLU or rights.
The Panel has therefore included a recommendation that Alberta develop, in collaboration with
Canada, the Aboriginal groups, and other stakeholders, a TLU management framework as part of
the LARP.
[1478] The Panel acknowledges and understands the traditional and cultural importance of
caribou, wood bison, and moose to ACFN. The Panel notes that the clearing of the land for the
Project will reduce habitat availability for all three species and result in increased difficulties
accessing the species by ACFN members. Although the Panel has determined that Project and
cumulative effects to wood bison and moose were adverse, but not likely to be significant (see
the Effects on Wildlife and Their Habitat section), the Panel has included several
recommendations to Canada and Alberta regarding the management of these species. The Panel
has also included recommendations to the Governments of Canada and Alberta concerning the
management of caribou.
Navigation
[1479] The Panel notes ACFN’s concerns about low water levels in the Athabasca River and the
PAD and the impact these low levels have on navigation, TLU, and the exercise of Aboriginal
and treaty rights. The Panel acknowledges that changes in navigation may be occurring but
believes the reasons for the observed changes are not clearly understood and are likely the result
of a combination of factors, including the discontinuation of dredging, the construction and
operation of the Bennett dam, variation in water flows due to natural wet-dry cycles or climate
change, and water withdrawals by oil sands operations and other upstream water users.
[1480] The Panel also notes ACFN’s concerns about the delay in finalizing the Phase 2 – Lower
Athabasca River Water Management Framework and that the absence of a commitment to a
level which ensures protection of Aboriginal use (ABF) in the draft Phase 2 Framework. The
Panel recognizes that federal and provincial agencies have already established what they
consider to be acceptable low-flow restrictions within the Framework based in part on
consultation with Aboriginal stakeholders. The Panel also understands that the Water
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Management Framework for the Lower Athabasca River Phase 1 contains safeguards for
seasonal low-flow periods to prevent major water withdrawals during high-risk times of the year.
[1481] Based on Shell’s commitment to comply with existing flow allocation restrictions
outlined in the current Water Management Framework for the Lower Athabasca River Phase 1
and with future Phase 2 conditions, and the negligible effects from Project related water
withdrawals on regional water flows, the Panel concluded that the Project was unlikely to result
in significant adverse Project or cumulative effects to water levels or navigation in the Athabasca
River or PAD. The Panel, therefore, also concluded that the Project is unlikely to result in
adverse cumulative effects to Aboriginal traditional use or Aboriginal or treaty rights.
[1482] Notwithstanding that the Panel determined that the Project was unlikely to result in any
significant adverse effects to water levels or navigation in the Athabasca River or PAD, the Panel
has included several recommendations to the Governments of Canada and Alberta that address
concerns raised by ACFN about water levels and navigation on the Athabasca River (see the
Shell’s Assessment of Effects on Aboriginal Traditional Use, Rights, and Culture section)
Diversion of the Muskeg River
[1483] The Panel notes that ACFN has significant unresolved concerns related to Shell’s plans to
divert the upper portion of the mainstem of the Muskeg River, including its effect on the spirit of
the river. The Panel found that the diversion of the Muskeg River was in the public interest
having regard for the large amount of bitumen resource that would be sterilized if the river is not
diverted, the low fisheries habitat and resource potential of the segment to be diverted, the
negligible to low effects to downstream water quantity and quality predicted, and limited
evidence of current traditional use along this stretch of the river. The Panel also had regard for
TC’s conclusion that the effects of the diversion of the Muskeg River on navigation could be
mitigated.
[1484] The Panel notes that both Fort McKay and the MCFN found Shell’s proposed MRDA
satisfied their concerns about the diversion of the river. However in light of ACFN’s unresolved
concerns, the Panel recommends that the Governments of Alberta and Canada consider ACFN’s
unresolved concerns about the diversion of the Muskeg River and the need for additional
consultation, mitigation, or accommodation before other provincial and federal approvals are
issued.
Fishing
[1485] The Panel notes Shell’s assertion that there is little evidence of traditional fishing by
ACFN in the upper reaches of the Muskeg River appears to be supported by the limited evidence
provided by ACFN regarding this use. Given the limited evidence of fishing in the areas of the
Muskeg River to be diverted, Shell’s proposed measures to protect downstream fisheries and
Shell’s plans to compensate for Project effects to fish and fish habitat through construction of the
Redclay Compensation Lake, the Panel found that the Project is unlikely to result in significant
adverse Project or cumulative effects on fish or fish habitat. The Panel, therefore, also concluded
that the Project will not have significant adverse effects on Aboriginal fishing.
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Water Quality
[1486] The Panel notes ACFN’s concerns related to water quality in the region. Based on the
modelling and mitigation proposed by Shell, the Panel concluded that the Project will not result
in significant adverse effects to water quality in the Athabasca River, downstream reaches of the
Muskeg River, or PAD. The Panel therefore also concluded that the Project would not likely
result in significant adverse effects to TLU or aboriginal or treaty rights as a result of water
quality issues.
[1487] The Panel acknowledges that ACFN and the other Aboriginal groups raised concerns
about the quality of data and assumptions used in Shell’s water quantity and quality models and
that the modelling is only as reliable as the data and assumptions used to generate and populate
the models. Although models will always be subject to some uncertainty, the Panel believes that
when fully implemented, the surface water quality management framework under LARP and the
new Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring are appropriate
mechanisms to confirm the accuracy of assessment model predictions and to identify any adverse
cumulative effects to water quality.
Social, Economic, and Cultural Effects
[1488] The Panel notes ACFN’s concerns about the methodology employed by Shell in its CEA.
The Panel has similar concerns as summarized in the Shell’s Assessment of Effects on
Aboriginal Traditional Land Use, Rights, and Culture section.
[1489] The Panel found Shell’s cultural assessment of limited value in understanding the effects
of the Project on ACFN culture because Shell’s assessment was done at a very high level and did
not provide an assessment of the potential cultural effects of the Project on each First Nation or
Aboriginal group as requested by the Panel. Shell’s cultural assessment also relied heavily on
Shell’s determination of the significance of Project effects to the resources of importance to
Aboriginal people, some of which the Panel did not agree with.
[1490] The Panel found the information provided by ACFN with respect to the effects of
encroachment on its rights and interests and the social, economic, and cultural effects of the
Project and PRM on ACFN to be very helpful in developing the Panel’s understanding of the
effects of the Project as well as development more generally, on ACFN culture. The Panel finds
that ACFN provided extensive evidence of impacts to its TLU and explained how these impacts
to its TLU result in impacts to ACFN culture.
[1491] Based on the evidence provided by Shell and ACFN, the Panel believes that oil sands
activity and other development and activities within the RMWB have already contributed to
significant socioeconomic and cultural change for ACFN. Some of the effects, such as increased
employment and income levels, have been positive while others, such as loss of opportunities for
TLU activities and migration out of the community, have been negative. The Panel finds that the
cumulative effects on some elements of ACFN’s culture are already adverse, long-term, likely
irreversible, and significant and that these effects are likely to increase in the future if the
projects identified in the application case and PDC proceed as planned.
[1492] The Panel is of the opinion that people’s cultures are naturally evolving and that the
adverse aspects of the cultural changes can be mitigated when people have control over the
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changes experienced in their daily life. The Panel, therefore, recommends that the Government
of Alberta, in conjunction with the Government of Canada, provide greater opportunities for
involvement of ACFN and the other Aboriginal groups in regional planning and in the
stewardship of the traditional resources, in order to mitigate the adverse effects on the TLU and
culture of ACFN.
[1493] The Panel acknowledges ACFN’s concerns about the potential impacts of oil sands
development on the health of ACFN members living in Fort Chipewyan and elsewhere in the oil
sands region. Although the Panel concluded that the Project was not likely to result in significant
adverse Project or cumulative effects to human health, the Panel has included a recommendation
that Alberta Health and Wellness and HC complete a regional baseline health study focused on
First Nations, Métis, and other Aboriginal groups that considers all relevant health factors,
including environmental exposures and potential exposure pathways such as water, air, and
consumption of traditional foods (see the Human Health section). The Panel notes that the Joint
Review Panel approving Phase 1 (EUB Decision 2004-009) made a similar recommendation.
Métis Nation of Alberta
Evidence
Participation and Requested Disposition
[1494] MNA stated that it represents Métis members in the region from Lac La Biche to Fort
Chipewyan, Alberta, including Métis Locals 1935 (Fort McMurray) and 125 (Fort Chipewyan)
and several Métis individuals. MNA did not represent FMMCA (Métis Local 63).
[1495] MNA stated that Shell’s EIA was lacking in information about Métis traditional use. It
was concerned about impacts on Métis use of lands and resources and socioeconomic impacts.
MNA requested that the Panel deny Shell’s application on the basis that the application did not
address the impact on the Aboriginal rights of the Métis people of the area.
[1496] MNA made several recommendations to the Panel. Appendix 8 provides a summary of
key MNA recommendations.
Rights Being Asserted
[1497] MNA stated that its members have historically used a broad traditional territory located
along both sides of the Athabasca River and that there are many contemporary Métis communities
in northern Alberta, including Fort McMurray, Fort McKay, Fort Chipewyan, Conklin, Willow Lake,
and Chard. MNA stated that its members continue to hunt, trap, and conduct other traditional
activities in this area, including in the Project area.
[1498] MNA stated that section 35 of the Constitution Act, 1982, includes Métis people and
confirms that the Métis have Aboriginal rights. MNA stated that it also relies on the Supreme
Court of Canada’s Powley decision, the first affirmation of Métis rights in accordance with
section 35. According to MNA, Powley defined several important ideals:
•

It confirmed that Métis are a full-fledged rights-bearing people.

•

It set out a test for the recognition of Métis communities and their food harvesting rights.
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•

It affirmed that Métis harvesting rights can coexist with treaty or Aboriginal rights of First
Nations.

[1499] MNA also asserted that Alberta’s Métis Harvesting in Alberta (June 2007 with updates)
affirms Métis harvesting rights for some Métis in some areas of Alberta, including the Project
area and the broader region between Lac La Biche and Fort Chipewyan.
[1500] Shell questioned the relevance of the Powley decision to the current proceeding. Shell
argued that Powley pertains to how rights are determined and that while Shell is interested in
determining the effects of the Project on Aboriginal rights, it does not attempt to establish
whether the rights exist. Shell stated that for the purposes of consultation, Shell assumed that the
Métis have the rights they assert.
Adequacy of Consultation by Shell
[1501] Shell stated that it has consulted with Fort McMurray Métis Local 1935 and Fort
Chipewyan Métis Local 125 since 2007 in the same manner as consultation with other
potentially affected Aboriginal groups and that Shell has established good neighbour agreements
with these locals. Shell stated that it had attempted consultation with Chard Métis Local 214 and
Willow Lake Métis Local 780 but had not received a response.
[1502] Shell stated that it completed its consultation plan, which AENV approved, according to
Alberta’s First Nations Consultation Policy. Shell said that it had consulted with the Métis,
notwithstanding that the policy provides no direction or guidance with respect to Métis
consultation.
[1503] MNA asked Shell what impact AENV’s rejection of Fort McMurray Local 1935’s and
the Wood Buffalo Local Métis Corporation’s statements of concern had on Shell’s approach to
consultation with the Métis Locals. Shell said that it did not change Shell’s approach or
commitment to engaging with the Métis Locals. Shell stated that it had a long relationship and
had been consulting with Métis Locals 125, 1935, and 63 and reiterated that it had good
neighbour agreements with each of these groups.
[1504] MNA stated that Shell’s consultation with the Métis locals was not meaningful. MNA
said that meetings were focused on providing information rather than consultation. MNA
indicated that Shell did not adapt the content of the meetings and presentations for the audience
and had failed to consult with some key Métis individuals, including a Métis trapline holder.
MNA interpreted Shell’s inability to recall any specific concerns of the Métis locals about the
Project when asked at the hearing as a reflection of Shell’s general lack of understanding of
Métis issues and concerns.
[1505] Shell stated that it was surprised by MNA’s characterization of its consultation with
Métis Locals 125 and 1935 as not meaningful. Shell submitted that it held dozens of meetings
with these locals as indicated in the consultation logs. Shell said that it received positive
feedback from the participants in the December 2008 meeting with Local 1935 that MNA
characterized as not meaningful. Shell said that the Métis trapper MNA referred to had attended
this meeting and that resulted in a direct dialogue between the trapper and Shell. Shell said that it
had discussed how best to incorporate the traditional use information from Métis Local 1935 and
provided a detailed written response to Local 1935 following the meeting. Shell said that it held
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another open house and workshop with Métis elders in May 2009 and similar open houses with
Local 125 in April 2009.
[1506] Métis Local 125 stated that it was concerned that although Fort Chipewyan is a Métis
town and its members live in the same community and would experience the same impacts from
the Project as ACFN and MCFN members, Shell did not treat them the same as their First
Nations’ neighbours. Métis Local 125 did acknowledge however, that its relationship with Shell
has generally been good.
[1507] MNA was concerned that Shell had not provided capacity funding to MNA or the Métis
locals it represented to allow them to complete project-specific TLU or technical reviews, which
limited its ability to participate effectively in the review of the Project. MNA also argued that
Shell’s approach to capacity funding was not equitable because Shell had provided significant
funding to several First Nations, including FMFN, ACFN, and MCFN, but not to MNA or the
Métis locals it represented.
[1508] Shell stated that the funding it provided to Fort McKay was for both the FMFN and the
Fort McKay Métis (Local 63/FMMCA). Shell said that it provided funding to Fort McKay
because it is the community closest to the Project and is therefore the community most likely to
be directly affected by the Project.
[1509] Shell acknowledged that it had not provided any capacity funding to MNA, but also
stated that the role of MNA with respect to representing the Métis locals was not clear. Shell said
that its approach had been to work directly with the Métis Locals. Shell also noted that MNA had
received $80 000 in funding from CEAA to allow it to participate in the review process.
[1510] MNA stated that it was working with Métis locals to complete a preliminary assessment
of the direct effects of the Project on Métis activities and rights. MNA stated that all Métis locals
need to be consulted because they do not know where their members may be practising their
rights and no TLU studies have been completed.
[1511] MNA acknowledged that it had received funding from CEAA but said that this funding
was for participation in the review processes for both the Project and the Pierre River Mine.
MNA stated that although it appreciated the funding, the $40 000 provided by CEAA for this
proceeding would only partially cover the cost of retaining consultants, experts, and legal
counsel and was not sufficient to enable MNA to complete the mapping, TLU, and TEK studies
required to effectively understand the impact of the Project on the Métis. MNA argued that the
lack of capacity funding is a key concern for MNA and that it simply does not have the resources
available to define the TEK and TLU information related to Shell’s application. MNA also said
that the ERCB has never awarded advanced funding to Métis groups.
[1512] Fort Chipewyan Métis Local 125 stated that it does not have the capacity to effectively
participate in the review of large projects such as this one. Métis Local 125 reported that it has
only an office manager and one part-time assistant to support the president and help manage the
affairs of the local. Métis Local 125 said that it had submitted a request for capacity funding to
Shell in July 2012 but that Shell had not provided the requested funding.
[1513] Shell stated that it was a major contributor to the Mark of the Métis study. Shell also said
that it had provided funding to Métis Local 125 in 2009 for a TLU study and that in June 2012,
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Shell agreed to provide additional funding to Métis Local 125 so that it could complete the TLU
study.
[1514] Métis Local 125 said that it had completed the Métis Use and Occupancy Study in
October 2012 and acknowledged that Shell had provided some of the $300 000 funding
requested by Métis Local 125 for the study.
[1515] Shell believed that it was responsive to funding requests from the Métis locals. Shell said
that since 2007, it had provided more than $700 000 to Métis Locals 125 and 1935. Shell stated
that since 2009, it had paid or committed to pay over $260 000 to Métis Local 125 and since
2007 had provided roughly $441 000 to Métis Local 1935. Shell acknowledged that this was not
the core consultation funding that the Métis Locals were looking for, but was provided in
response to specific needs identified by those Métis Locals.
[1516] Shell stated that although it had been meeting and consulting with Métis Local 125 up
until August or September 2012, the local had not identified any problems related to capacity
funding up to that point in time. Shell stated that it had recently agreed to provide funding to
Métis Local 125 to help with the cost of participating in this regulatory process, but
acknowledged that this occurred very late in the process because the local raised its concerns
only very recently. Shell stated that the request by Métis Local 125 for technical consultants to
help with review of the Project had also not been made until very recently.
Adequacy of Consultation by the Crown
[1517] MNA asserted that the Government of Alberta has not engaged in consultation with any
Métis people with respect to the Project and has not upheld its duty to consult with the Métis
people whose rights will be impacted by the Project.
[1518] MNA said that the duty to consult requires the Crown to consult with and, where
appropriate, accommodate Métis rights and interests when considering initiating conduct that
might adversely affect Métis rights, interests, or ways of life or the sustainability of lands the
Métis rely on. MNA argued that the duty to consult is triggered when the Crown has real or
constructive knowledge of the potential existence of credible Métis rights claims and it
contemplates conduct that might adversely affect those rights, including issuing an approval for
the use of Crown land that is inconsistent with the Aboriginal interest.
[1519] MNA argued that Métis rights are collective rights and because it is the Métis community
that holds rights, it is the community that needs to be consulted with respect to potential impacts
on Métis rights and interests. MNA said that the duty to consult and accommodate is not fulfilled
by government or proponents talking to individual Métis citizens or individual Métis Elders or
harvesters. MNA also said that before consultation can properly occur, the rights that are impacted
need to be understood.
[1520] MNA argued that Shell has not fulfilled the EIA TOR or the Panel’s TOR and therefore
cannot be said to have relieved the Crowns of its obligation to consult and/or accommodate the
impacts on the Aboriginal rights asserted.
[1521] MNA said that the Government of Alberta has never approached the Métis to discuss the
impacts of the oil sands. MNA argued that notwithstanding that it has rights that must be
254 • 2013 ABAER 011 (July 9, 2013)

Joint Review Panel Report, Shell Canada Energy, Jackpine Mine Expansion Project, Application to Amend Approval 9756

1834

protected under section 35, it receives less consultation than would be received by nonrightsbearing stakeholders. MNA said that it wants the Government of Alberta to recognize that the
Métis are Aboriginal people and to fulfill the duty of the Crown.
[1522] MNA believed that the Government of Alberta does not use the same standard for
consultation with Métis people as it does for First Nations people. To support its assertion, MNA
pointed to AENV’s rejection of Métis Local 1935’s statement of concern because the
information provided did not clearly identify how more than one member or family of Métis
Local 1935 would be directly affected by the Project. MNA said that, on the other hand, AENV
had accepted FMMFN #468’s statement of concern despite a similar lack of detail or specific
concerns.
[1523] MNA also expressed concern that AENV rejected Métis Local 1935’s statement of
concern even though it was clear that a lack of capacity made it very difficult for Métis Local
1935 to review the Project and assess its impacts. MNA noted that despite a significant lack of
capacity in most Métis communities, Alberta does not have a capacity funding program for the
Métis.
[1524] MNA noted that the Government of Alberta’s First Nations Consultation Policy is for
First Nations only and none of the consultation requirements in the policy apply to Métis people.
MNA believed that a Métis consultation policy is required and noted that CAPP recommended
that Alberta develop a Métis consultation policy in its October 2010 submission regarding the
Alberta Regulatory Enhancement Project.
[1525] MNA stated that it believed that both industry and government discount the views and
interests of Métis people and that they are treated as a people without rights. MNA said that
Canada appears to view Métis rights and consultation as a provincial matter while the provinces
see it as a federal issue, resulting in a political limbo for the Métis people.
Effects to Traditional Land Use, Rights, and Culture
[1526] MNA was concerned that Shell’s EIA focuses only on TLU information provided by
FMFN, ACFN, and MCFN and that Shell incorporated no Métis-specific TEK or TLU
information into the EIA. MNA said that Shell had not made reasonable efforts to include Métis
specific information in the EIA and ignored the information that was available. MNA said that
the work that was completed for the Mark of the Métis study was available but not included in
the EIA even though Shell knew of the study.
[1527] MNA said that Shell made few references to the Métis in its EIA and those that were
made were for the most part incorrect because they referred to Métis individuals as nonaboriginal
or as members of a First Nation.
[1528] MNA said that interviews with specific individuals or one Métis local does not give a
complete picture of what needs to be protected. MNA said that even though Shell may have
interviewed a few Métis rights-holders living in Fort McKay, Shell excluded other Métis rightsholders living in the region who harvest in the Project area. MNA, therefore, argued that Shell’s
application was not complete in accordance with the Panel’s TOR. MNA said that although the
TOR require evidence on the potential effects on asserted Aboriginal rights, Shell excluded the
Métis people from its application.
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[1529] Shell acknowledged that references to First Nations in the EIA do not generally include
Métis, except for references to Fort McKay or the FMFN because FMFN included information
from Fort McKay Métis in the TEK and TLU information it provided to Shell. Shell believed
however, that the TLU activities of the Métis and First Nations were similar enough that the
TLU gathered from the First Nations and used in the EIA would allow for an assessment of
potential effects to Métis TLU. Shell acknowledged however, that it had only incorporated Métis
TEK and TLU information and assessed the effects to Métis TLU indirectly in the EIA.
[1530] MNA provided evidence regarding historic and current Métis use of the general Project
area. Barb Hermansen, a Métis person and author of the book Barb Hermansen: Her Story,
provided an account of growing up on a trapline along the Athabasca River. Key areas of historic
and current use included areas along the Athabasca River, areas to the north of the Jackpine area
and north of McClelland Lake, and areas on the west side of the Athabasca River in the general
vicinity of the proposed compensation lake.
[1531] MNA also provided the Mark of the Métis study as evidence of land use in the Project
area. The Mark of the Métis study shows that in the vicinity of the Project, most of the use by the
Métis occurs on the north shore of McClelland Lake. MNA also indicated that its members use
the area along the Athabasca River from the oil sands region north to Fort Chipewyan.
[1532] Shell noted that the Mark of the Métis study indicated only one TLU site in the vicinity of
the Project, which was a moose hunting site.
[1533] MNA was concerned that Shell had not considered the historic use of traplines by the
Métis. MNA explained that traplines are often passed from one generation to another through
kinship ties. The traplines are also sometimes shared with family members, other Métis, or
members of First Nations.
[1534] Shell said that it used the TLU information collected and incorporated it into its EIA to
assess impacts to current land users, not historic users, and that this was consistent with the
practice used for EIAs. Shell stated that the information presented by MNA on historic use of the
area by the Métis is only relevant if the intent is to establish rights and this seemed to be
consistent with MNA’s concerns about the lack of a Métis consultation policy. Shell observed
that most of the current Métis use presented by MNA is considerably north of the Project area.
[1535] MNA explained that the Métis currently use the Project area south of McClelland Lake
for a variety of uses such as hunting, trapping, and gathering of plants. MNA stated that the area
is unique and the Métis cannot go just anywhere to collect plants, especially medicinal plants.
[1536] Shell stated that the maps in the Mark of the Métis study and other evidence filed by
MNA does not show significant activity to the south of McClelland Lake and in the Project area.
[1537] MNA said that Métis members would hunt in the oil sands area in the past but that
several of them had stopped using the oil sands area for TLU because of industrial activity.
MNA stated that the nearby Albian lease was an area where moose could be hunted in the past.
[1538] MNA said that there are still caribou in the Project area and around McClelland Lake as
some Métis persons saw several caribou in the area in autumn 2012.
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[1539] MNA indicated that the Métis have trouble accessing traditional use areas because, unlike
the First Nations, the Métis do not have agreements with the oil companies. The MNA stated that
a large number of the relatives of the Métis are members of a First Nation and use the same
areas. MNA stated that the Métis would like to be treated the same way as the First Nations.
[1540] MNA was concerned about air quality, specifically the emissions from oil sands plants
because members noticed black layers of snow around McClelland Lake. MNA members
believed that the air pollution generated from the oil sands industry is responsible for changes in
the number of birds in the region.
[1541] MNA was also concerned about the quality of surface water. MNA stated that its
members were once able to drink the surface water but due to concerns about contamination
there is a growing need to carry water when going on the land. There is a concern that all the
drinkable surface water will eventually be contaminated and this will be an impediment to Métis
land use.
Analysis and Findings
Rights Being Asserted
[1542] The Panel notes that a significant amount of the evidence submitted by MNA concerned
its historic, rather than current, use of the land. The Panel concludes that this was intended to
provide support for MNA’s assertion that it has constitutional rights derived from historic Métis
communities in the region.
[1543] The Panel is of the view that regulatory proceedings for individual projects are not the
appropriate forum in which to seek a confirmation of legal rights under the Constitution Act,
1982. These are complex legal issues that more properly belong before the courts.
[1544] The Agreement requires the Panel to consider the effects of the Project on asserted or
established Aboriginal and treaty rights, to the extent the Panel receives such information. The
Panel notes MNA’s assertion that the Métis have rights under s. 35(1) of the Constitution Act,
1982. The Panel has not made any determinations as to the validity of the Aboriginal or treaty
rights being asserted by MNA or the strength of such claims but for the purposes of assessing the
potential effects of the Project on MNA’s Aboriginal and treaty rights, the Panel accepts that
MNA has the rights being asserted.
Consultation
[1545] The Panel notes that Shell has good neighbour agreements with Métis Locals 125 and
1935 and consulted with these locals even though consultation requirements for Métis are not
addressed in Alberta’s First Nations Consultation Policy. The Panel notes that Shell met with
Métis Locals 125 and 1935 on numerous occasions since 2007 and believes that there have been
numerous opportunities for Locals 125 and 1935 to learn about the Project and to provide input
to Shell.
[1546] The Panel believes that the role of MNA with respect to representing the Métis Locals
has been unclear and in particular notes the July 23, 2012, letter from Métis Local 125 stating
that MNA does not act for it and that only Métis Local 125 can speak for its rights. While MNA
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provided some clarity about its role at the hearing, the Panel believes that Shell’s approach of
working directly with the Métis locals was appropriate based on the information it had at the
time.
[1547] The Panel believes that capacity is an issue that makes it difficult for the Métis locals to
provide detailed, project-specific TLU information for use in assessments and to effectively
participate in the review of projects such as this one. The Panel believes that Shell has been
responsive to requests from Métis locals for support for community-led TLU studies and other
initiatives. While Shell did not provide funding for project-specific TLU studies or technical
reviews, or core capacity funding, it appears that these requests were not made until shortly
before the hearing began. The Panel also notes that there is no requirement for individual
proponents such as Shell to provide core capacity funding and that MNA did not apply to the
Panel (as the ERCB) for an advance of local intervener costs.
[1548] Recognizing the lack of capacity within Métis Locals 125 and 1935, the Panel finds that
MNA provided very limited evidence of current Métis use of the immediate Project area. The
Panel, therefore, concludes that Shell’s approach to consultation with the Métis Locals was
reasonable and appropriate.
[1549] The Panel acknowledges the concerns of MNA and Métis Locals 125 and 1935 about
what they perceive as a lack of recognition of Métis rights and consultation by Alberta and
Canada concerning the Project and the cumulative impacts of oil sands development on Métis
land use and rights in the oil sands region. The Panel also acknowledges MNA’s concerns about
the absence of a Métis consultation policy and core capacity funding in Alberta.
[1550] The Panel believes that if government wants to streamline regulatory proceedings,
clarifying expectations and providing guidance with respect to Métis consultation would be
helpful. The regulatory process would be more efficient if interveners did not find it necessary
to advance their arguments related to Aboriginal rights and Crown consultation in the regulatory
proceedings for individual projects. The Panel, therefore, recommends that Alberta consider
developing a Métis consultation policy that outlines expectations and provides guidance with
respect to Métis consultation.
[1551] The Panel stated at the outset of the hearing that it would not rule on the adequacy of
Crown consultation as it did not have the jurisdiction to do so, and even if it did have the
jurisdiction, it would be premature to do so as there would be further opportunities for
consultation before Crown decisions are made or authorizations issues for the Project.
[1552] The Panel has included a recommendation that before other provincial and federal
approvals are issued, Alberta and Canada consider the adequacy of the Crown’s consultation
with Aboriginal groups, including Métis groups, in light of the issues identified in this report to
determine whether additional consultation by the Crown is necessary to address significant
adverse Project and cumulative effects to a number of resources important to Aboriginal people
and likely significant adverse cumulative effects on Aboriginal land use, rights, and culture.
Effects to Traditional Land Use, Rights, and Culture
[1553] The Panel finds that it is unclear how and to what extent Shell incorporated or considered
Métis TEK or TLU information in its assessment. Except for the information provided by Fort
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McKay that incorporates information provided by the Fort McKay Métis, Shell’s EIA makes few
specific references to Métis TEK or TLU information. Shell’s EIA and cultural assessment also
do not provide a specific assessment of the effects of the Project on Métis TLU or discuss
specific impacts on Métis Locals 1935 or 125. While the Panel accepts that TLU information
collected from First Nations may be somewhat representative of Métis TLU, the Panel believes
that a more explicit treatment of Métis TEK and TLU information and assessment of impacts on
Métis TLU and rights would have been helpful. The Panel understands, however, that some of
the Métis TLU studies were not available when Shell submitted its EIA in 2007 and have only
become available recently. In assessing the potential effects of the Project on Métis TLU, the
Panel has relied on the information provided by both Shell and MNA.
[1554] The Panel notes that the evidence presented by MNA shows significant historic use of the
Athabasca River, areas to the north of the Jackpine Project and north of McClelland Lake, and
areas to the west of the Athabasca River by Métis people. While Métis members represented by
MNA reported some current use of the immediate Project area including the area of the proposed
Redclay Compensation Lake, generally the Panel found that there was limited evidence of
current use of the immediate Project area. Most of the current Métis use occurs outside the
Project LSA on the north side of McClelland Lake and elsewhere in the RSA.
[1555] The Panel also notes that no traplines in the immediate Project area are currently held by
a Métis member represented by MNA. The Panel recognizes that traplines are often passed from
one generation to another through kinship ties and that this suggests the possibility that
ownership of traplines in the Project area could transfer to other Métis individuals in the future.
However, the Panel does not believe it is appropriate to base its findings on future events that are
highly uncertain.
[1556] The Panel, therefore, concludes that while the Project may result in adverse effects on the
TLU activities of some Métis individuals, the direct effects of the Project are unlikely to result in
significant adverse effects on Métis TLU or rights.
[1557] The Panel does note MNA’s concerns that it has trouble accessing areas for traditional
use because the Métis do not have agreements with industry. The Panel therefore recommends
that the Government of Alberta require Shell to offer to enter into access agreement discussions
with MNA and the Métis Locals to provide for Métis access to areas of TLU.
[1558] The Panel recognizes that the Project would occur within the general traditional use area
of some of the Métis represented by MNA. The Panel also acknowledges MNA’s concerns
regarding the cumulative impacts of the oil sands industry on water and air quality, wildlife, and
TLU activities of the Métis. The Panel notes that some of the Métis represented by MNA
provided evidence of avoidance of use in the vicinity of the Project. The Panel understands that
previous and ongoing oil sands activities in the area may have contributed to avoidance of use by
the Métis and may therefore account in part for the absence of current use in the vicinity of the
Project.
[1559] The Panel has determined that the Project in combination with other existing, approved,
and planned projects and activities, is likely to have a significant adverse cumulative effect on
some terrestrial resources important to Aboriginal groups, including wetlands, old-growth
forests, traditional plant potential, biodiversity, wetland- and old-growth-dependant species at
risk and migratory birds, and caribou. The Panel has also concluded that the Project is likely to
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result in significant adverse cumulative effects on Aboriginal TLU in the region surrounding the
Project. Even though there is limited evidence of current use in the Project area, the Panel
concludes that the Project is also likely to result in significant adverse cumulative effects on such
Métis TLU in the broader area surrounding the Project.
Non-Status Fort McMurray/Fort McKay First Nation (NSFMFM) and the Clearwater
River Paul Cree Band #175 (Clearwater Band)
Evidence
Participation and Requested Disposition
[1560] The participation of the NSFMFM and Clearwater Band in the review process and
hearing is discussed in the Participant Involvement in the Review Process section.
[1561] John Malcolm testified that he was the interim Chief of the NSFMFM and the Band
Manager of the Clearwater Band and was authorized to represent the NSFMFM and Clearwater
Band’s interests with respect to consultation and environmental assessment of the project.
[1562] The NSFMFM and Clearwater Band were concerned about the effects of the Project on
their TLU, culture, socioeconomic conditions, air quality, and traditional food. They were also
concerned about the recognition of their Aboriginal and treaty rights and the adequacy of
consultation by Shell, Alberta, and Canada. The NSFMFM and Clearwater Band asked the Panel
to recommend that the application not be approved until they have been adequately consulted on
their rights with respect to the Project and until their concerns regarding how the Project will
impact them are fully addressed.
[1563] The NSFMFM and Clearwater Band made several recommendations to the Panel.
Appendix 8 provides a summary of key NSFMFM and Clearwater Band recommendations.
Rights Being Asserted
[1564] The NSFMFM stated that it was comprised of over 600 members and that its members
are Cree and Chipewyan peoples whose ancestors have lived in and around the Athabasca region
and in the vicinity of the Project for thousands of years, from before the signing of Treaty No. 8
in 1899, until the present day. The NSFMFM testified that the Fort McKay Band emerged in or
about 1948 and was formerly part of the Fort McMurray Band. The NSFMFM asserted that the
members of the NSFMFM are not members of other existing bands recognized by the Crown as
Indian Bands within the meaning of the Indian Act but that nearly all of its members are entitled
to be registered as Indians under the Indian Act and each member of the NSFMFM has a
sufficient and substantial ancestral connection to Aboriginal persons that were listed on the Fort
McMurray and Fort McKay paylists as adherents to Treaty 8.
[1565] The NSFMFM indicated that its members currently live in Fort McMurray, Anzac, Fort
Chipewyan, and other communities in and around the Project area, where they have and continue
to fish, hunt, and conduct other traditional activities protected pursuant to Treaty 8 from before
its execution until the present day. The NSFMFM stated that in addition to carrying on hunting,
trapping, fishing, or gathering activities together, elders and members of the Band hold
ceremonies and conduct meetings to affirm the continued expression of the group and its rights.
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[1566] The Clearwater Band stated that its membership includes about 20 living members who
are the direct descendants of Paul Cree. The Clearwater Band asserted that its living members are
“Indians” that are registered or entitled to be registered under the Indian Act and that they hold
established rights under Treaty No.8 to hunt, fish, trap, and undertake other traditional activities
throughout Alberta, and specifically within their traditional territory and in the immediate
vicinity of the Project. The Clearwater Band indicated its members currently reside in
communities in the Athabasca region, including Fort Chipewyan and Anzac.
[1567] The NSFMFM and Clearwater Band asserted that they have rights under section 35(1) of
the Constitution Act, 1982 as well as Treaty 8 which provides for the protection of the Indians’
“usual vocations of hunting, trapping, and fishing” throughout the treaty territory. Both the
NSFMFM and Clearwater Band expressed concern that their Aboriginal and treaty rights will be
severely impacted by the direct and indirect effects of the Project.
Adequacy of Consultation by Shell
[1568] The NSFMFM and Clearwater Band stated that attempts to engage with Shell directly
about the Project were “fruitless.” Mr. Malcolm stated that attempts had been made to have
discussions with Shell, however, Shell had little interest in these discussions because it was not
required by the governments to consult with the nonstatus groups and therefore they were not
afforded the same consultation and accommodation treatment that the other Aboriginal groups
were. Mr. Malcolm stated that he did not like the way government and industry created divisions
between the different Aboriginal groups and treated them differently. Mr. Malcolm suggested
that his people “have been here all along” and as such should be consulted like other Indians. Mr.
Malcolm also stated that once the hearing was announced for the Project, Shell indicated that it
was willing to discuss only the PRM.
[1569] Mr. Malcolm indicated that to date Shell’s consultation had consisted only of Shell
providing information to him about the Project. Mr. Malcolm stated that the NSFMFM and
Clearwater Band lacked the capacity to meaningfully review this information and that despite
requests, Shell had not provided any capacity funding to the NSFMFM and Clearwater Band to
complete a technical review of the application. Mr. Malcolm further suggested that for
meaningful consultation to occur, funding for an IRC (Industry Relations Corporation) was
required.
[1570] Shell disagreed with Mr. Malcolm’s characterization of its consultation efforts with the
NSFMFM and Clearwater Band. Shell stated that notwithstanding that the groups represented by
Mr. Malcolm have been found by the federal and provincial governments to not have Aboriginal
rights that would be affected, Shell did consult with them. Shell stated that until quite recently
these groups had not raised any concerns about the Project. Shell stated that it had engaged with
the groups represented by Mr. Malcolm and this was evidenced by Shell’s letter to Mr. Malcolm
dated January 18, 2012, in which Shell agreed to a process for phased consultation and a
proposed scope of work prepared by a consultant working for Mr. Malcolm. Shell also stated it
would continue to consult the groups represented by Mr. Malcolm about both the Project and the
PRM after the Project hearing.
[1571] Shell responded that the criteria Shell used to establish the need for and scope of capacity
funding for the NSFMFM and Clearwater Band was the same criteria Shell used for other
Aboriginal groups. Shell stated that the identification of potential project-related impacts is
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required for funding and that Mr. Malcolm had only identified concerns with oil sands
development in general, as opposed to specific concerns related to the Project.
[1572] The NSFMFM and Clearwater Band expressed concern that Shell's EIA for the Project
does not mention the serious adverse effects the Project will have on the rights of the NSFMFM
and Clearwater Band. The NSFMFM and Clearwater Band argued that the EIA contains Shell's
view of the anticipated impacts on traditional knowledge and land use activities of First Nations
based on consultation with the FMFN and Métis, ACFN, MCFN, and to a lesser extent on
individual holders of RFMA. The NSFMFM and Clearwater Band expressed concern that the
EIA does not take into account the TEK of the NSFMFM or Clearwater Band, nor have the
environmental impacts on their traditional practices been considered.
[1573] The NSFMFM and Clearwater Band argued that they have suffered from the historic and
ongoing impacts of oil sands activity to an even greater extent than the Aboriginal groups
identified in the EIA due to the refusal of the Crown or industry to provide recognition,
consultation, accommodation, and impact-benefit agreements.
Adequacy of Consultation by the Crown
[1574] The NSFMFM and Clearwater Band expressed concern that neither Alberta or Canada
have consulted with the NSFMFM or Clearwater Band about the anticipated adverse impacts of
the Project or oil sands activity more generally on their established and asserted treaty rights.
According to the NSFMFM and Clearwater Band, their rights remain unrecognized and because
of this they remain marginalized and disenfranchised with respect to the environmental
assessment process.
[1575] On December 16, 2011, the NSFMFM and Clearwater Band wrote to the Governments of
Alberta and Canada outlining their concerns about the potential impact of the Project on their
asserted rights under section 35(1) of the Constitution Act, 1982. In this letter the NSFMFM and
Clearwater Band requested consultation with Crown decision makers and a preliminary
assessment by both Alberta and Canada of the strength of claim and severity of impacts on rights
for both of the groups, including a clear description of the evidence and reasons supporting its
conclusions. The letter also included a request for participant funding under the Agency’s
Aboriginal funding envelope for both the NSFMFM and Clearwater Band to facilitate
consultation and participation in the environmental assessment process.
[1576] Alberta responded to the NSFMFM and Clearwater Band in a letter from the Alberta
Department of Justice and Attorney General dated January 19, 2012. In its response, Alberta
confirmed that the NSFMFM and Clearwater Band were not recognized Indian Bands, and as
such, no duty to consult was owed to either group. The letter also stated that Shell had been
directed to consult with Fort McMurray #468 First Nation and the Fort McKay First Nation and
that members belonging to either one of these recognized Indian bands could raise their concerns
through the leadership of these bands.
[1577] Canada responded to the NSFMFM and Clearwater Band in a letter from the Agency’s
Crown consultation coordinator dated February 17, 2012. In its letter, Canada stated that based
on the information provided, neither the NSFMFM nor the Clearwater Band were an entity to
whom a duty to consult was owed. The letter stated that the NSFMFM and Clearwater Band
were not recognized historical collectives, distinct communities of individuals with collective
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treaty or Aboriginal rights, or bands under the Indian Act. The letter went on to state that even
though the NSFMFM and Clearwater Band were not entitled to consultation under section 35 of
the Constitution Act, 1982, they were not precluded from participating in the Panel process. The
letter indicated that both groups would have a significant opportunity to make their views
known, and to have their views meaningfully considered, by providing information directly to
the joint review panels convened by the Minister of the Environment and the Energy Resources
Conservation Board for the Shell Jackpine and Pierre River projects. The letter suggested that
through this participation the NSFMFM and Clearwater Band may express their views respecting
the potential impacts of the projects on their members' interests and to this end the Agency
awarded $83 990 under the public participation envelope to support the groups’ participation in
the Joint Review Panel process.
Effects on Traditional Land Use, Aboriginal Rights, and Culture
[1578] The NSFMFM and Clearwater Band stated that the Project is an area where their
members have and continue to hunt, fish, and gather pursuant to their Aboriginal and treaty
rights. The NSFMFM and Clearwater Band also stated that their members historically trapped in
the Project area in accordance with their trapline rights. They believe that their rights will be
severely restricted or destroyed by the Project and are concerned that impacts to their traditional
activities and rights have not been specifically considered in any of the Project studies or
consultation completed by Shell.
[1579] The NSFMFM and Clearwater Band provided some anecdotal evidence to support their
claims of historic and current traditional use of the Project area. John Malcolm stated that he
trapped in the Project area in the past and that his father continues to hunt in the Project area. The
NSFMFM reported that members hunted moose within the Project site area and that there are
still some moose although not as many as before. An elder recounted that some of his father’s
favourite moose hunting was on pine ridges and large stands of birch on the proposed Project site
and that other resources in the Project area included chickens (grouse), rabbits, blueberries, and
low-bush cranberries. The Clearwater Band asserted that a member of the Clearwater Band held
trapline number 1714 and that in the recent past, ACFN, Fort McKay, and the Clearwater Band
shared trapline 1714.
[1580] The NSFMFM stated that although RFMA licences provide the holder with the exclusive
right to trap within the RFMA, the lands encompassed by the RFMA license are traditional lands
and other users do not need the permission of the trapline holder to use it for hunting, harvesting,
or for other traditional uses. The NSFMFM argued that it was not appropriate to provide
compensation to the trapline holder as mitigation and then ignore the other traditional users.
[1581] The NSFMFM and Clearwater Band stated that preservation of fish, birds, and wildlife
habitat are crucial to the continued sustainability of their members’ ability to practice their
traditional activities. The NSFMFM and Clearwater Band expressed concern that the Project
would destroy old-growth forests and the populations of wildlife that depend on old-growth
forests.
[1582] Mr. Malcolm stated that woodland caribou play an important role in the traditional use
activities and culture of NSFMFM and Clearwater Band members. NSFMFM and Clearwater
Band members reported that caribou were more abundant 20 years ago than they are today but
based on observations of their members, caribou do still occur within the LSA. The NSFMFM
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and Clearwater Band reported that there are some sources of salty water on Shell’s lease and that
this salty water attracts caribou. NSFMFM and Clearwater Band members are of the opinion that
the sources of salty water are important to the animals and will be lost because of the Project.
The NSFMFM and Clearwater Band also believe that the muskeg within the Project site provides
an important calving area for caribou.
[1583] The NSFMFM and Clearwater Band were concerned that while woodland caribou are
listed federally under the SARA as threatened and are listed provincially under the Wildlife Act as
at risk, Shell’s EIA for the Project indicates that high value woodland caribou habitat will be
directly impacted by the Project if it is approved as proposed. The NSFMFM and Clearwater
Band are concerned that despite the importance of caribou to the traditional use and culture of
Aboriginal groups and the at risk status of caribou under both federal and provincial legislation,
caribou were not considered a key indicator resource in the EIA for the Project. The NSFMFM
and Clearwater Band also expressed concern about the lack of mitigation measures to avoid
significant adverse effects on caribou populations in Shell’s EIA. The NSFMFM and Clearwater
Band are concerned that without protection the caribou will decline to extinction and a resource
important to their members will be lost.
[1584] The NSFMFM and Clearwater Band believe that wildlife are stressed because of the
fragmentation and destruction of their habitat by seismic lines, noise, lights, vibration and
rumbling that can be felt at a distance of several kilometres. They were of the opinion that these
disturbances are now everywhere in the RMWB.
[1585] The NSFMFM and the Clearwater Band stated that because the Project area is already
disturbed and there are many people working in the area, hunting is considered unsafe and these
factors contribute to members avoiding the use of the area.
[1586] The NSFMFM and the Clearwater Band believed that muskeg supports the surrounding
ecosystem by acting as a water purifier, by controlling water redistribution in the ecosystem, and
by helping to control water temperatures in streams, rivers, and fish nurseries. They also believe
that muskeg is crucial for fish and fish habitat in the region as it acts as a fish nursery. The
NSFMFM and Clearwater Band are concerned that removing significant amounts of the muskeg
from the Project area will cause the loss of filtering, water retention, and thermal buffering
capacity and that the water temperature in the lakes and streams will rise. The NSFMFM and
Clearwater Band are concerned that a rise in water temperature may result in more outbreaks of
blue-green algae similar to the one that closed Willow Lake and that a change in temperature of
the Muskeg River caused by the removal of the muskeg will affect fish. The NSFMFM and
Clearwater Band are concerned that after reclamation, site drainage will not have a similar level
of attenuation from muskeg as it will rely more heavily on lake storage. They do not believe that
the implications of muskeg removal on water colour and temperature have been properly
incorporated into the ecological effects assessment in the EIA.
[1587] The NSFMFM raised concerns about surface water quality, indicating that in
preindustrial times its members could drink the water and melt ice from the Athabasca River to
use as drinking water but they could no longer do so due to concerns about contamination. They
also expressed concerns that EPLs may leak into the Athabasca River and contaminate the
aquifer.
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[1588] The NSFMFM and the Clearwater Band identified concerns regarding existing and future
wastewater discharges and seepage and the potential for these discharges and seepage to affect
aquatic species. In particular, Mr. Malcolm expressed concern that the Project would result in
additional sewage going to the Regional Municipality of Wood Buffalo’s sewage lagoon at Fort
McMurray, either by truck from work camps or through an increased population of workers
living in Fort McMurray. Mr. Malcolm expressed concern that this additional sewage could
result in increased loading of nutrients or contaminants to the receiving environment and that this
could affect aquatic species in the Athabasca River such as frogs and clams.
[1589] Shell stated that it noted an abundance of frogs in the Athabasca River and some toads.
Shell stated it was not aware of the existence of any studies on fresh water clams in the
Athabasca River and that Shell had not conducted any studies on clams.
[1590] NSFMFM stated that that the industrial activities in the Project area and in the oil sands
region generate odours and its members are concerned about the toxicity of the air. The
NSFMFM and Clearwater Band stated that while they use the lease area for their traditional
activities, it is not encouraged because of the fear of contamination of the traditional resources.
NSFMFM and Clearwater Band were of the opinion that the Project will add to the current
odours and toxicity of the surrounding environment.
[1591] The NSFMFM and Clearwater Band were concerned that the EIA does not examine in
any detail how the traditional practices of the NSFMFM and Clearwater Band have and will be
affected by the degradation of wildlife and fish habitat, diversity and abundance, by the rapid
decline of caribou and other species at risk and by the health and safety risks associated with
increased toxicity levels in the air, water and traditional resources. The NSFMFM and
Clearwater Band stated that by interfering with their TLU, the oil sands projects are contributing
to a loss of their culture and traditions.
[1592] Mr. Malcolm reported that he has read historical and archaeological reports on a
traditional resource called “pipestone.” Mr. Malcolm explained that pipestone is a general term
used to describe a type of mud and sandstone rock that is used to make ceremonial or peace
pipes. Mr. Malcolm stated that pipestone has been identified as a traditional cultural resource
important to his ancestors and is believed to occur in the Project area. NSFMFM and Clearwater
Band members are concerned that this resource has not been adequately studied and there is no
mention of pipestone in the EIA for the Project.
[1593] The NSFMFM and Clearwater Band identified a type of fungus that grows on diamond
willows and is reportedly found along river banks in the Project area. Mr. Malcolm stated that
the diamond willow fungus is used as incense and is a traditional resource with significant
ceremonial and medicinal purposes. The NSFMFM and Clearwater Band expressed concern that
this resource was not mentioned in the EIA and they would like to harvest the diamond willow
fungus in the Project area before it is cleared should the Project be approved.
[1594] According to the NSFMFM and Clearwater Band, there may be some undiscovered mass
grave sites along the Athabasca River near Fort Hills, not far from Shell’s lease or Poplar Point,
resulting from the 1916–1918 influenza epidemic. The NSFMFM and Clearwater Band believe
that that the gravesites may contain the remains of their ancestors and expressed concern that the
potential for mass graves were not addressed in the EIA for the Project and that proper
archaeological studies have not been done on these resources.
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[1595] The NSFMFM and Clearwater Band were concerned that Cree Burn Lake was located on
the Jackpine lease site and may be destroyed by the Project. The NSFMFM and Clearwater Band
stated that they would like the Pierre-au-Calumet, the Quarry of the Ancestors, and the Cree
Burn Lake sites protected.
[1596] Shell confirmed that the Cree Burn Lake and its associated gravesites are not within the
Project mine site.
[1597] The NSFMFM and Clearwater Band stated that housing prices in Fort McMurray have
risen extremely high and that there is no affordable housing available in the area. Mr. Malcolm
stated that housing pressures in the Fort McMurray area are leading to homelessness and are
destroying the ability of Aboriginal people to continue to live in the area. The NSFMFM and
Clearwater Band believe that the Project will further increase pressures on the cost and
availability of housing and this may result in members of these groups being forced from their
residences and from their traditional lands. The NSFMFM and Clearwater Band suggested that
there has not been sufficient accounting or follow-up studies on whether donations to the
community by Shell to address the homeless problem have been successful.
Analysis and Findings
Rights Being Asserted
[1598] The Panel notes the assertion of the NSFMFM and Clearwater Band that they have rights
under section 35(1) of the Constitution Act, 1982 and Treaty 8 and are therefore owed a duty of
consultation by the Crown. The Panel also recognizes that some of the evidence and argument
provided by the NSFMFM and Clearwater Band during the hearing was intended to support their
assertion of constitutional rights.
[1599] Alberta and Canada have both provided submissions that clarify their position that the
NSFMFM and Clearwater Band are not recognized bands under the Indian Act and that as such,
are not owed a duty of consultation by the Crown. The Panel also notes that Mr. Malcolm has
participated in numerous previous regulatory proceedings for oil sands projects on behalf of
similar groups, seeking recognition of the groups’ rights claims.
[1600] Pursuant to paragraph 6.3 of the TOR, the Panel is not required to make any
determinations as to the validity of Aboriginal or treaty rights or the strength of such claims. The
Panel has however, considered the effects of the Project on the TLU and activities of the
NSFMFM and Clearwater Band.
Consultation
[1601] The Panel believes that Shell’s approach to consultation with Mr. Malcolm and the
members of the NSFMFM and Clearwater Band was appropriate in the circumstances. Although
Alberta and Canada both found that the NSFMFM and Clearwater Band were not recognized
bands under the Indian Act and consequently did not have rights that would be affected by the
Project, Shell made efforts to engage with these groups. It is apparent from the evidence that
Shell provided information about the Project to Mr. Malcolm and there were numerous
exchanges and opportunities for Mr. Malcolm and the members of the NSFMFM and Clearwater
Band to learn about the Project and to identify potential concerns.
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[1602] Although Shell did not provide capacity funding to either the NSFMFM or Clearwater
Band, there is no legal requirement for them to do so and the Panel accepts Shell’s argument that
for project-specific funding to be provided, there needs to be some credible expectation that the
rights of the group could be affected by the project.
Effects on Traditional Land Use, Rights, and Culture
[1603] The Panel notes that Shell did not specifically assess the effect of the Project on the TLU
and activities of the NSFMFM or Clearwater Band in the EIA for the Project.
[1604] The Panel agrees with the NSFMFM and Clearwater Band that providing compensation
to the trapline holders without considering the land use of other traditional users may not
adequately mitigate or compensate for other losses of traditional use.
[1605] The Panel found that while the NSFMFM and the Clearwater Band provided evidence
that some of their members have and continue to use the Project area for some of their traditional
activities, the information presented on historic and current use of the Project area was quite
limited and largely anecdotal. Additionally, the Panel found that the NSFMFM and Clearwater
Band provided little evidence that the traditional activities currently exercised in the Project area,
such as moose hunting or gathering of cranberries or blueberries, could not be practiced outside
the Project area.
[1606] The Panel notes that while the NSFMFM and Clearwater Band expressed concern about
the potential impacts of the Project on pipestone, they did not present any evidence to indicate
that the specific type of mud and sandstone known as pipestone is particularly rare or only occurs
in the Project area. Furthermore, the NSFMFM and Clearwater Band did not provide any
evidence to suggest that access to deposits of pipestone were currently limited or continued to be
important for the practice of traditional activities and culture of its members.
[1607] The Panel also notes that while NSFMFM and Clearwater Band identified the importance
of willow fungus to it members, they did not provide any evidence that diamond willow fungus
is particularly rare or restricted to the Project area. Furthermore, the Panel believes that there will
be time to collect diamond willow in advance of operations should the Project be approved,
considering that mining along the Muskeg River and some tributaries will not occur for many
years.
[1608] The Panel notes that the Pierre-au-Calumet, Quarry of the Ancestors, and the Cree Burn
Lake sites are not located within or immediately adjacent to the Project footprint and will not be
disturbed by the Project.
[1609] The Panel notes the concerns of the NSFMFM and Clearwater Band about the potential
effects of the Project on wildlife and fish habitat, diversity, and abundance and the particular
importance of caribou to the NSFMFM and Clearwater Band members. The Panel also
acknowledges the concerns expressed about the regional cumulative effects of the oil sands
industry on wildlife habitat disturbance and wildlife diversity. The Panel concluded that Project
effects are likely to result in significant adverse effects to wetlands, traditional plant potential,
biodiversity, and wetland-reliant species at risk and migratory birds. The Panel also concluded
that the Project, in combination with other existing, approved, and planned projects is likely to
result in significant adverse cumulative effects to wetlands, old-growth forests, traditional plant
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potential, biodiversity, and wetland and old-growth-reliant migratory birds and species at risk,
including caribou. However, the Panel concluded that the Project, alone and in combination with
other projects, was not likely to result in significant adverse Project or cumulative effects to
aquatic resources given the mitigation proposed by Shell.
[1610] The Panel also notes the concerns of the NSFMFM and Clearwater Band about the
effects of the Project on air and water quality and the potential contamination of traditional
resources. The Panel concluded that the Project, alone and in combination with other existing,
approved, and planned projects was not likely to result in significant adverse effects to air quality
or human health. The Panel notes that in its EIA, Shell considered the effects of Project, alone
and in combination with other existing and approved projects on a range of surface water quality
parameters including temperature, DO, and sediment quality and concluded that the effects
would be negligible. Shell predicted that muskeg and overburden drainage from the Project
would not have a significant affect on DO levels or temperature in receiving streams. The Panel
concluded that with the implementation of Shell’s proposed mitigation measures and
commitments, the work being developed on the Joint Canada-Alberta Implementation Plan for
Oil Sands Monitoring by federal and provincial governments, and the Panel’s expectations and
recommendations, it is unlikely that significant adverse environmental effects would occur to
surface water quality or aquatic health in the Muskeg River, Athabasca River or the PAD.
[1611] Based on the evidence presented by the NSFMFM and Clearwater Band, the Panel
recognizes that the Project may result in some impacts to the TLU activities of certain NSFMFM
and Clearwater Band members. However, based on the limited information on current TLU
provided, the Panel does not believe that the Project will have a widespread or significant effect
on the TLU activities of NSFMFM and Clearwater Band members. Similarly, the Panel does not
believe that the Project will have a significant adverse effect on any unique cultural sites or
resources important to NSFMFM and Clearwater Band members.
[1612] The Panel has concluded however that the Project, in combination with other existing,
approved, and planned projects and activities is likely to result in significant adverse cumulative
effects to several terrestrial resources important to TLU activities and, therefore, the Project is
also likely to result in significant adverse cumulative effects to TLU activities and Aboriginal
and treaty rights. The Panel believes it is reasonable to conclude that NSFMFM and Clearwater
Band members who practice TLU activities may also experience significant adverse cumulative
effects to these activities. However, the Panel found that the NSFMFM and Clearwater Band
provided only very general information (such as avoidance of some areas or resources) on how
these perceived cumulative effects were affecting the traditional use activities of their members.
For this reason, the Panel is not able to conclude that these regional cumulative effects are
having a significant adverse effect on the TLU of the NSFMFM and Clearwater Band members.
At the same time, the Panel understands that the inability of the NSFMFM and Clearwater Band
members to clearly demonstrate where and how they practice their TLU activities and how they
may be affected by the cumulative effects of development in the region may be due at least in
part, due to a lack of capacity to compile such information.
[1613] Furthermore, the Panel believes that ensuring there is a range of housing options in the
community that meets the needs of residents with differing income levels is a shared
responsibility between the various levels of government. The role of industry is to provide the
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taxes and royalties though which governments can discharge their obligations, to assist in the
necessary planning, and to mitigate the impacts of its projects.
Fort McMurray #468 First Nation (FMMFN #468)
Evidence
Participation and Requested Disposition
[1614] FMMFN #468’s participation in the review process and hearing is discussed in the
Participant Involvement in the Review Process section.
[1615] Shell noted that it could not test FMMFM #468’s evidence because FMMFM #468 did
not sit a witness panel. Shell also questioned why FMMFN #468 did not sit a witness panel while
the hearing was in Fort McMurray suggesting that it would not have required much effort.
[1616] In final argument, FMMFN #468 stated that it did not seat a witness panel due to the
costs of doing so and that it had done what it could with its very limited resources to assert its
rights. FMMFN #468 acknowledged that its evidence was untested but argued that the Panel
should still give it some weight. FMMFN #468 submitted that even though the evidence in its
recently completed TLU study was untested, there are elements of it that were still reliable.
FMMFN #468 argued that it was Shell’s and the Panel’s obligation to consider the impacts to
those rights.
[1617] FMMFN#468 made several recommendations to the Panel. A list of these
recommendations is provided in Appendix 8.
Rights Being Asserted
[1618] FMMFN #468 asserted that the community that is today known as FMMFN #468 traces
its origins back to the Cree-Chipewyan Band of Fort McMurray that originally signed Treaty 8
on August 4, 1899. FMMFN #468 indicated that FMMFN #468 and the Fort McKay First Nation
were originally part of the same band until 1942. FMMFN #468 stated that the family groups
that were to become and remain part of FMMFN #468 were people living along the Clearwater
River, families staying around Willow Lake (now known as Gregoire Lake; also known as the
area around Anzac), and a family group around Cheecham Lake.
[1619] FMMFN #468 stated that its current reserve locations reflected its diverse heritage and
history on the land. The Clearwater Reserve (#175) is located at the forks of the Christina and
Clearwater Rivers and is also known as the Paul Cree Band Reserve. Three other reserves were
established – reserves 176, 176a, and 176b, on the south and northeast shores of Willow Lake
near Anzac. FMMFN #468 stated that a fifth reserve, called the Alexis Reserve, located along
the Clearwater River due east of Gordon Lake, is known to FMMFN #468 but does not appear to
have been included in the government’s records.
[1620] FMMFN #468 asserted that its traditional territory constituted a large area in northern
Alberta that included the areas where Shell intended to construct and operate the Project. FMMFN
#468 asserted that it has Aboriginal and treaty rights in the area affected by the Project and that its
livelihood rights, including the right to traditional hunting, fishing, trapping, and gathering, as
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well as the right to access traditional territories and the right to environmental quality sufficient
to sustain its traditional livelihood, are protected by s.35(1) of the Constitution Act, the Natural
Resources Transfer Agreement and Treaty 8.
Adequacy of Consultation - by Shell
[1621] FMMFN #468 expressed concern that the EIA for the Project completely lacked information
with respect to the effect that the Project will have on FMMFN #468. FMMFN #468 stated that the
EIA did not delineate its traditional territory and harvesting uses, discuss potential impacts of the
Project on its traditional uses, or propose any mitigation with respect to specific impacts on it.
[1622] FMMFN #468 stated that the lack of information regarding the effect the Project would have
on it stemmed from a lack of consultation by Shell. Furthermore, FMMFN #468 believed that Shell
based its approach to consultation on a cursory review of the publicly available report, Nistawayaw,
Where Three Rivers Meet, Fort McMurray #468 First Nation, Traditional Land Use Study (2006)
(the “2006 Report”) and that Shell had incorrectly interpreted and applied the contents of the report.
[1623] Shell stated that it determined its approach to consultation with different groups by the
possibility of Project impacts on those groups. Shell confirmed that it had reviewed The 2006
Report and that this was a factor in its assessment of the potential for project effects on FMMFN
#468. Shell noted that the report, prepared by FMMFN #468, was one of the few reports
available on FMMFN #468 TLU activities at the time. Based on its review of the report, Shell
observed that the Project was located in the extreme northern part of FMMFN #468’s traditional
territory and believed that there was little potential for the Project to adversely affect the TLU
activities of FMMFN #468 and its members. Notwithstanding its belief that the Project would
not have any significant effects on FMMFN #468, Shell stated that it informed FMMFN #468
that if it had any more specific information about TLU activities in the project area, it could
provide this information to Shell. Shell stated that until quite recently, it had not received any
further information and that it was the little evidence of direct use of the Project area that was
available that guided Shell’s approach to consultation with FMMFN #468.
[1624] FMMFN #468 stated that it produced The 2006 Report in the context of another project
further south and that Shell should not have used it to evaluate the extent of FMMFN #468 land
use in the Project area. FMMFN #468 explained that it provided The 2006 Report to Shell as a
preliminary document in order to request funding from Shell for a project-specific TLU study.
[1625] FMMFN #468 also expressed concern that Shell had not provided it with funding for a
third-party technical review of the application materials for the Project, despite FMMFN #468
identifying this as a need in its October 2008 Statement of Concern about the Project. FMMFN
#468 indicated that it had limited internal capacity to review and understand detailed technical
materials and that it required funding for such a review to allow it to better understand the
potential impacts of the Project on its TLU activities and Aboriginal and treaty rights. FMMFN
#468 said that Shell’s failure to provide it with capacity funding represented a low water mark
for Aboriginal groups.
[1626] Shell confirmed that it did not fund any technical review studies for FMMFN #468
because it did not believe that there was potential for the Project to affect the exercise of
FMMFN #468’s Aboriginal and treaty rights. Shell did note however that FMMFN #468 had
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received $ 77 000 in funding from CEAA for participation in the review of the Project and the
PRM.
[1627] Shell stated that it contributed to FMMFN #468’s 2006 TLU study and has pursued
consultation with FMMFN #468 since 2007 in order to better inform its assessment of impacts.
Shell indicated that it had reviewed other information including the maps received from FMMFN
#468 in 2011 but that this data did not show any significant TLU activity in the Project area.
Adequacy of Consultation - by the Crown
[1628] In its October 1, 2012 NQCL, FMMFN #468 asserted that the Crown had not adequately
consulted with or accommodated FMMFN #468 with respect to the potential impacts of the Project
on its members’ harvesting rights or practices in the following ways.
a) Shell and the Crown did not adequately consider FMMFN #468’s traditional
knowledge or fully identify the scope of FMMFN #468 harvesting rights and
culturally important species in the Project area.
b) Shell and the Crown failed to adequately identify impacts caused by the Project on
FMMFN #468’s culturally important wildlife species and plants in the Project area
and impacts on FMMFN harvesting rights.
c) The Crown failed to adequately consult with FMMFN #468 with respect to impacts
caused by the Project on culturally important wildlife species and plants in the Project
area and in FMMFN #468’s traditional territory, or consult with respect to impacts on
FMMFN harvesting rights in those areas.
d) The Crown failed to adequately consult with the FMMFN with respect to overall and
cumulative impacts of the Project and other projects in FMMFN #468’s traditional
territory.
e) Shell and the Crown did not modify the development of the Project or otherwise
eliminate, mitigate or accommodate impacts on traditional harvesting rights of
FMMFN #468 in the Project area.
[1629] In its NQCL, FMMFN #468 asserted that the Crown had a legally enforceable duty to
consult with and accommodate FMMFN #468 where existing and claimed rights under Treaty 8
and Aboriginal rights may be affected, including the rights to hunt, gather, trap, and fish.
FMMFN #468 asserted that the actions of the Crown would have a significant impact on the
ability of the FMMFN #468's members to continue to exercise their constitutionally protected
harvesting rights and that any decision by the Crown that interferes with the method, timing, or
extent of FMMFN #468's harvesting rights constitutes a prima facie infringement of such rights
and may violate section 35 of the Constitution Act, 1982. FMMFN #468 asserted that if the
Crown approves the Project, this will likely result in a large scale destruction of the Project area
thereby significantly interfering with the FMMFN #468's right to harvest in its traditional
territories. In these circumstances, the decision of the Crown must be justified in accordance with
the principles enunciated in R. v. Sparrow, [1990] 1 S.C.R. 1075.
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Effects on Traditional Land Use, Rights, and Culture
[1630] FMMFN #468 raised several concerns about the methodology Shell used to complete the
EIA. FMMFN #468 argued that the selection and use of the LSA was inappropriate given the
size of the Project footprint. FMMFN #468 stated that Shell should have used a larger LSA and
that the significance of project effects should also have been considered at the LSA level.
FMMFN #468 also argued that the RSA was too large as it was originally established to
encompass two projects and was therefore inappropriate for one project. FMMFN #468 noted
that the RSA for the Project was twice as large as that used for the Kearl project even though the
Kearl project was bigger, in terms of the volume of bitumen produced.
[1631] FMMFN #468 argued that Shell had failed to appropriately consider ecological context
when assessing effects to both terrestrial resources and Aboriginal and treaty rights. FMMFN
#468 stated that ecological context is required in the consideration of the size of the footprint and
the amount of other disturbance in the area. FMMFN #468 noted that there were already many
active mines in the Project area and that these mines were already limiting access to areas
previously used for TLU practices. FMMFN #468 stated that the appropriate ecological context
for the Project was one of heavy industrial development. It also said that Aboriginal use of the
area was “fragile” due to this development and Shell did not discuss this in a significant way in
the EIA.
[1632] FMMFN #468 stated that the Panel should consider the effects of the Project before
reclamation because reclamation will not occur for a long time and the results of reclamation are
uncertain.
[1633] Shell stated that FMMFN #468 did not provide evidence of significant use in the Project
area and as a result, Shell did not believe that there was a potential for the Project to affect the
TLU of FMMFN #468 members.
[1634] FMMFN #468 stated that its members practiced TLU activities and Aboriginal rights
very close to, if not within, the LSA and RSA. FMMFN #468 argued that contrary to Shell’s
predictions, the Project will result in significant adverse effects to current traditional use and
Aboriginal rights in both the LSA and RSA. FMMFN #468 stated that traditional use is an
evolving issue. Land use changes over time as resources change and as some areas become
unavailable, for example due to mining, other areas are used.
[1635] FMMFN #468 submitted a report on TLU and activities entitled Cumulative Impacts to
FMMFN #468 Traditional Lands and Lifeways (TLL Report). The report is a compilation and
analysis of previous studies and work related to FMMFN #468 TLU, completed in September
2012. According to FMMFN #468, the TLL Report describes some of its land use in a regional
disturbance study area (RDSA) and in a smaller focused disturbance study area (FDSA). The
FDSA was centered on the confluence of the Steepbank and Athabasca Rivers and extended 150
km from west to east and 215 km from south to north. The FDSA includes an area close to
FMMFN #468’s reserves near Gregoire Lake, along the Clearwater River and downstream along
the Athabasca River. The southernmost extension of the FDSA is located 40 km south of the
FMMFN #468’s reserve at Gregoire Lake and extends north to Poplar Point on the Athabasca
River. FMMFN #468 described the RDSA as based on a broad generalization of FMMFN #468
traditional lands extending from the North Saskatchewan River in the south to the Firebag River
to the north.
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[1636] FMMFN #468 stated that wildlife and plant populations were an important part of the
First Nation’s culture and traditional economy and that Phase 1 had negatively affected and will
negatively affect culturally important wildlife and plant populations and the ability of the
FMMFN #468 members to conduct traditional harvesting activities in the Project area.
[1637] FMMFN #468 provided sworn affidavits from two FMMFN #468 members who reported
that they had regularly practiced and continue to regularly practice TLU activities on and in the
vicinity of the Project footprint, including hunting, fishing, and gathering. Species reported to
have been hunted in the area included birds (including but not limited to grouse), moose, wolves,
buffalo, caribou, lynx, fox, beaver, muskrat, squirrel, weasel, and otter. The members reported
fishing for whitefish, pickerel, jackfish, and suckers. The members reported gathering
blueberries, high bush cranberries, low bush cranberries, Saskatoon berries, raspberries,
gooseberries, chokecherries, and traditional medicines, including but not limited to roots,
sweetgrass, and bark. In their affidavits, the two members expressed concern that the construction
and operation of the Project would further affect wildlife populations in the area and that the Project
would occupy lands to which they previously had a right of access. The members also expressed
concern that ongoing development adjacent to the Project area would affect their ability to harvest
plants and wildlife and would further restrict the area in which they can exercise their treaty rights to
hunt, fish, trap, and gather.
[1638] The TLL Report identified the following specific FMMFN #468 uses in the general
Project area:
•

Two cabins 20 to 30 kilometres south of the JPME area

•

One site of cultural importance south of Fort McKay

•

Big game harvesting sites north and west of McClelland Lake, north of the Project area and
near the PRM footprint

•

Bird harvesting sites between Kearl and McClelland Lakes, close to the Project and alongside
the Athabasca River and the PRM project.

[1639] FMMFN #468 submitted some of the preliminary TLU maps developed for the TLL
Report to Shell and the Panel in late 2011. FMMFN #468 said that the affidavits, The 2006
Report, and TLL Report represented only a limited selection of the traditional use that has
occurred and continues to occur in the Project area. FMMFN #468 expressed concern that even
though the TLU information and affidavits provided by it demonstrated use in the Project area,
Shell did not consider this use to be significant.
[1640] FMMFN #468 said that the Project will make some land unavailable for traditional use
and restrict access to other areas.
[1641] Shell stated that all of the rights holders will be escorted across its lease in order to access
their traditional lands.
[1642] Shell stated that based on the information that it received to date from FMMFN #468,
there was little evidence of FMMFN #468 use in the Project area and as a consequence, there
was no potential for the Project to significantly affect the TLU of FMMFN #468.
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[1643] FMMFN #468 stated that existing cumulative impacts on the exercise of Aboriginal and
treaty rights were already significant. It believed that its members were being increasingly
alienated from the use of their traditional lands and food due to the removal of traditional areas
by oil and gas development, forestry, municipal expansion, competing recreational uses, access
barriers, protected areas, and government game and firearm regulations.
[1644] The TLL Report identified the concerns of FMMFN #468 members related to the
encroachment of oil sands development on their traditional territory and the associated
cumulative effects. Specific concerns included the cumulative effects of oil sands and other
activities on air quality, water quantity and quality, the quality of traditional foods, and changes
in animals. FMMFN #468 also raised concerns about changes in recreational use of the land
resulting from increased access and population growth and changes in government regulations
that have affected TLU activities. In the report, some FMMFN #468 members described the
associated cumulative effects as “overwhelming”.
[1645] The information and analysis in the TLL Report was based on an RDSA that represented
the area of TLU by the FMMFN #468. The RDSA included the Project area and extended south
to the North Saskatchewan River. The report stated that this RDSA was selected and used in
order to assess cumulative disturbance from projects that were already in existence as of 2006.
Based on the analysis conducted, the report concluded that the traditional territory of the
FMMFN #468 was already significantly disturbed and fragmented in 2006.
[1646] FMMFN #468 members noted declines in abundance of both moose and migratory birds.
FMMFN #468 members reported that the moose population was now one quarter or one half of
what it was 20 years ago and attributed this decline to the development of the oil industry. They
also reported a decline in the number of migratory birds in the Willow Lake area. In the TLL
Report, FMMFN #468 members reported changes that they have observed in several fish and
animals such as meat discoloration, changes in the taste of moose meat, tumours, and abnormal
looking organs. FMMFN #468 members also reported behavioural changes in some animals.
[1647] FMMFN #468 members indicated that berries were not as abundant as they once were
because of the cumulative effects of industrial development.
[1648] Several FMMFN #468 members stated that they have to travel further to obtain safe and
clean traditional resources. Some FMMFN #468 members reported that they stopped eating
traditional food gathered in the vicinity of their community about 10 years ago because of the
fear of contamination.
[1649] FMMFN #468 members reported that since the 1970s, the colour and taste of water from
the Clearwater River and from several lakes has changed and they consider that Gregoire Lake is
no longer a safe source of drinking water. FMMFN #468 members stated that they believe that
they have lost their supply of drinkable surface water because of fear of contamination and that
this loss has detrimental affects on their land use.
[1650] FMMFN #468 members stated that they noticed a decline in air quality approximately 10
years ago and believed that the poor air quality contributes to water contamination.
[1651] FMMFN #468 members reported that the water flow in the Athabasca River was less
than the minimum required to support the exercise of their treaty and Aboriginal rights.
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[1652] FMMFN #468 noted that Shell did not perform an analysis of the economic impacts of
delaying the Project for a period of time. FMMFN #468 argued that in order to prevent
significant adverse environmental effects to terrestrial resources and TLU, the Panel should
recommend that the Project be delayed for a period of 10 years. FMMFN #468 argued that there
would be environmental benefits from delaying the Project given the pace of development of the
oil sands industry. FMMFN #468 also said that current economic conditions justify such a delay.
[1653] FMMFN #468 stated that if the Project is approved, any approval should include a
condition requiring Shell to consult with FMMFN #468 and conduct a project-specific traditional
use study. FMMFN #468 argued that it produced The 2006 Report in the context of another
project further south and the report was not an accurate description of FMMFN #468’s TLU in
the Project area.
Analysis and Findings
Participation
[1654] The Panel notes that FMMFN #468 did not sit a witness panel to speak to its evidence,
and therefore, their evidence could not be tested through questioning by Shell or the Panel.
Although the Panel has made some use of FMMFN #468’s evidence to determine the potential
for the Project to affect FMMFN #468’s TLU and Aboriginal and treaty rights, the Panel finds
that it is not able to give the evidence much weight. This is particularly true for FMMFN #468’s
evidence regarding its current use of lands and resources in the vicinity of the Project.
[1655] The Panel recognizes that FMMFN #468 has limited resources with which to participate
in proceedings such as the hearing for the Project but believes it is unfortunate that the two
individuals who provided affidavits related to their traditional use activities in the vicinity of the
Project or other FMMFN #468 members were not presented as witnesses during the hearing. The
Panel believes that this would not have significantly increased the cost of FMMFN #468’s
participation in the hearing, and may have provided the Panel with additional information on
FMMFN #468’s use of the Project area.
Rights Being Asserted
[1656] The Agreement requires the Panel to consider the effects of the Project on asserted or
established Aboriginal and treaty rights, to the extent the Panel receives such information. The
Panel has not made any determinations as to the validity of the Aboriginal or treaty rights being
asserted by ACFN or the strength of such claims but for the purposes of assessing the potential
effects of the Project on FMMFN #468’s Aboriginal and treaty rights, the Panel accepts that
FMMFN #468 has the rights being asserted.
Consultation
[1657] The Panel accepts Shell’s view that the degree of consultation required by project
proponents should be guided by the potential for a project to result in adverse effects to a
particular individual or group, including First Nations and other Aboriginal groups.
[1658] Based on the evidence provided by FMMFN #468 about the TLU activities of its
members, the Panel believes that Shell’s approach to consultation with FMMFN #468 was
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appropriate. The evidence does not support the claim that the Project area is used in a significant
way by FMMFN #468 members for the practice of TLU or Aboriginal and treaty rights. The
Panel, therefore, believes that it was reasonable for Shell to conclude that the Project would not
likely have a significant effect on the traditional use or Aboriginal and treaty rights of FMMFN
#468 and to tailor its consultation efforts with FMMFN #468 accordingly. The Panel notes that
Shell told FMMFN #468 that if it had additional information about the use of the Project area by
its members, it could provide this information to Shell. The Panel believes that this invited
FMMFN #468 to provide additional information to support its request for additional
consultation.
[1659] While FMMFN #468 did subsequently provide affidavits from two individuals who
appear to continue to use the Project area for traditional purposes, the Panel notes that it did not
provide these affidavits until late 2011, more than four years after the EIA process and associated
consultation for the Project was initiated. Similarly, preliminary maps prepared by FMMFN
#468 were not available until late 2011 and the final TLU report was not completed until 2012.
[1660] The Panel believes that Shell made reasonable efforts to consult with FMMFN #468 in
order to understand its TLU activities in the area and that there were numerous opportunities for
FMMFN #468 to makes their concerns known to Shell and to provide information.
[1661] The Panel acknowledges that FMMFN #468 has limited capacity to complete a detailed
technical review of the application materials and that Shell did not provide funding for such a
technical review. While the Panel understands that this may have made it more difficult for
FMMFN #468 to assess the potential for the Project to effects to their TLU and Aboriginal and
treaty rights, the Panel does not believe the absence of specialized resources to conduct technical
reviews precluded FMMFN #468 from identifying potential impacts to its TLU or rights.
Effects on Traditional Land Use, Aboriginal Rights, and Culture
[1662] The Panel agrees with FMMFN #468’s observations made about the size of the LSA and
RSA used by Shell for the assessment of project effects, the need to determine significance at the
LSA as well as RSA levels, and the manner in which Shell considered ecological context in the
EIA. The Panel also notes that Shell did not provide an assessment of the effects of the Project
on the TLU and culture of each First Nation or Aboriginal group as requested by the Panel. For
this reason, the Panel has not relied on the significance determinations provided by Shell in the
EIA and has made its own significance determinations based on a consideration of these issues
and the evidence provided by all parties.
[1663] For the purposes of assessing the potential impacts of the Project on TLU, Aboriginal and
treaty rights, and culture of FMMFN #468, the Panel notes that the Project is located within an
area that FMMFN #468 has identified as its traditional territory. The Panel also accepts that
members of FMMFN #468 have practiced and may continue to practice TLU activities, their
Aboriginal and treaty rights, and culture within the traditional territory identified.
[1664] The Panel notes, however, that the Project is proposed to be located near the northern
extent of the traditional territory identified by FMMFN #468 and that the evidence of TLU
activity by FMMFN #468 members in the immediate area of the Project is quite limited. The
majority of traditional use reported in the TLL Report occurs some distance to the south of the
Project, particularly to the east and north-east of Fort McMurray and in the vicinity of the
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Clearwater River and Gregoire Lake. Although FMMFN #468 reported some traditional use
activities further north, it reported limited use within or immediately adjacent to the Project
footprint. Most of the use that is reported in the vicinity of the Project occurs west of the Project
area along the Athabasca River and north and west of McClelland Lake in areas which are not
expected to be directly affected by the Project. The Panel also notes that the authors of the report
did not appear at the hearing so the evidence in the report could not be tested by Shell or the
Panel.
[1665] The Panel notes the affidavits of two FMMFN #468 members reporting that they have
conducted and continue to conduct TLU activities and exercise their Aboriginal and treaty rights
within or very close to the Project footprint. The Panel also notes that the two FMMFN #468
members who provided affidavits did not appear as witnesses at the hearing and consequently
their evidence could not be tested by Shell or the Panel. Although the affidavits suggest some
FMMFN #468 members may have exercised or continue to exercise their Aboriginal and treaty
rights in the Project area, the Panel is not able to give any real weight to this untested evidence
where it is at odds with other evidence that was able to be tested in the hearing. Additionally,
FMMFN #468 did not provide any other community witnesses to support FMMFN #468’s claim
that the Project area has been and continues to be an important area for the exercise of FMMFN
#468’s TLU, Aboriginal and treaty rights, and culture.
[1666] Therefore, while the Panel acknowledges that some FMMFN #468 members may
continue to use the Project area for the exercise of their Aboriginal and treaty rights and that
these activities could potentially be effected by the Project, FMMFN #468 did not provide
sufficient evidence to demonstrate significant and ongoing traditional use of the Project area by
FMMFN #468 members. The Panel therefore finds that the Project is unlikely to have a
significant adverse effect on the TLU or Aboriginal and treaty rights of FMMFN #468.
[1667] The Panel notes that the TLL Report includes an assessment of cumulative effects for
both the RSDA and FDSA areas. However, the Panel notes that the RSDA and FDSA areas are
not directly comparable to the RSAs used by Shell as they include a significant area south of Fort
McMurray. Additionally, as FMMFN #468 did not present the authors of the report as witnesses,
neither Shell nor the Panel was able to ask questions about the study’s methodology or results.
As a result, the Panel was not able to place much weight on the evidence in the TLL Report.
[1668] The Panel’s own assessment identifies potential significant adverse cumulative effects on
wetlands, old-growth forest, traditional plant potential, biodiversity, wetland-reliant species at
risk and migratory birds, old-growth forest-reliant species at risk and migratory birds, including
caribou as well as to TLU in the broader area surrounding the Project. Although there is limited
evidence of use by FMMFN #468 in the Project area or in its immediate vicinity, there is some
evidence in the TLL Report of historic use in the larger RSAs as defined by Shell, particularly
south of the Project and east of Fort McMurray. Consequently, the Panel cannot rule out the
possibility of significant adverse cumulative effects on the traditional use by FMMFN #468
arising from the Project, in combination with past, present, and future projects. However,
FMMFN #468 did not present any witnesses to substantiate that there are current TLU activities
occurring in the areas that would be subject to such cumulative effects. The Panel therefore finds
that there is insufficient evidence for the Panel to conclude that the cumulative effects associated
with the Project would have an adverse effect on FMMFN #468’s TLU activities or Aboriginal
or treaty rights.
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Fort McKay First Nation and Fort McKay Métis Community Association
Evidence
Participation and Requested Disposition
[1669] Fort McKay’s participation in the review process and hearing is discussed in the Section
Participant Involvement in the Review Process.
[1670] FMFN and FMMCA withdrew their objections to the Project shortly before the hearing
but remained concerned about the cumulative impacts of regional development and the lack of
consultation and accommodation by Alberta and Canada with respect to these impacts on their
lands and Aboriginal and treaty rights.
[1671] Fort McKay did not object to approval of the Project but made several recommendations
to the Panel related to the management of cumulative effects and Crown consultation. A list of
these recommendations is included in Appendix 8.
Rights Being Asserted
[1672] Fort McKay made its October 1, 2012 submission on behalf of FMFN and the FMMCA,
collectively referred to as Fort McKay. It described the community of Fort McKay as consisting
of approximately 800 Cree, Dene, and Métis residents who have for generations been self
governing and practicing hunting, fishing, and trapping in their traditional territory. Fort McKay
stated that the FMFN has approximately 650 registered members and the FMMCA has
approximately 63 members that are residents of Fort McKay. The submission provided a
description of Fort McKay’s rights and interests, often without distinguishing between the rights
of FMFN and FMMCA.
[1673] Fort McKay asserted that its people have, as Canadians, statutory and common law
rights. Fort McKay also asserted that, in addition, it has constitutional communal and individual
rights as part of the first peoples of Canada.
[1674] Fort McKay stated that its people are Indians within the meaning of the Indian Act,
beneficiaries of Treaty 8, and Aboriginal people within the meaning of the Constitution Act,
1982.
[1675] Fort McKay explained that the text of Treaty 8 and the oral assurances made on behalf of
the Crown at the time the Treaty was negotiated include the right to hunt, trap, and harvest
natural resources within its traditional territory and guarantees the protection of its way of life,
use, enjoyment, and control of lands reserved and the right to a livelihood.
[1676] Fort McKay asserted that it has the right to self-government and to have its culture and
religion protected. Fort McKay also asserted that it has the right to harvest a variety of resources,
including the right to hunt for food in all seasons pursuant to the Natural Resources Transfer
Agreement.
[1677] Fort McKay asserted that the Métis also have Aboriginal rights, including the right to
hunt and the right to harvest natural resources in their traditional territory.
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[1678] Fort McKay stated that Alberta has the ability to take up lands for mining and other
purposes pursuant to Treaty 8 but Fort McKay believes that this right is limited by Fort McKay’s
right to lands of a quality and nature sufficient to support the meaningful exercise of treaty rights
and access to those lands.
[1679] Fort McKay stated that the provincial and federal Crowns have a duty to not restrict
treaty and Aboriginal rights and to justify any infringement by demonstrating:
•

compelling and valid legislative objective;

•

that priority was given to the rights;

•

the means of achieving the objective infringed the right, (including the preferred means of
exercising it), as little as possible;

•

the First Nation was consulted; and

•

that necessary compensation was paid.

[1680] Fort McKay stated that it had the right to be consulted and accommodated with respect to
potential adverse effects on its rights and the interests secured by these rights.
[1681] Fort McKay stated that the FMFN owned fee simple lands and the use and benefit of
Reserves 174, 174C, 174D, 174B, and 174A. The reserve lands comprised 26 000 ha, making
FMFN the largest land holder in the northern portion of the Lower Athabasca Region after the
provincial government and Wood Buffalo National Park. Fort McKay asserted that it had the
right to use and enjoy reserve lands pursuant to section 18(1) of the Indian Act (R.S. 1985, C. I–
5) with a corresponding fiduciary obligation on Canada to protect these land rights and their
value to it.
[1682] Fort McKay stated that the Métis held about 800 acres in Fort McKay pursuant to a longterm lease with the Government of Alberta and asserted the right to use and enjoy the lands it
occupied in the community free from noxious odours, pollution, noise, and other nuisances.
[1683] Fort McKay stated that community members held 30 traplines within its traditional
territory totalling 935 146 ha. Approximately 80 per cent of this land has been leased for oil
sands development.
[1684] Fort McKay asserted the right to commercial fur harvesting for holders of RFMAs
pursuant to the Wildlife Regulation, Alta Reg. 143/1997. Fort McKay further asserted the
statutory right to hunt, fish, and trap on Crown lands pursuant to the Hunting, Fishing and
Trapping Heritage Act (S.A. c. H-15.5).
Adequacy of Consultation by Shell
[1685] Fort McKay did not raise any concerns about the adequacy of Shell’s consultation.
Adequacy of Consultation by the Crown
[1686] Fort McKay stated that it had not been consulted by Alberta and Canada on the
cumulative impact of oil sands development or the wholesale taking up of lands within its
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traditional territory. As a result, Fort McKay’s opportunities to exercise its treaty and Aboriginal
rights continue to be increasingly restricted and lost.
[1687] Fort McKay stated that although each project adds to the cumulative loss of TLU
opportunities and adversely affects the community of Fort McKay and its rights, neither Canada
nor Alberta have a process for consulting on the overall impacts of intensive oil sands
development. Fort McKay also stated that neither government will consider or address options
for accommodating the significant loss of Fort McKay’s traditional lands and resources
necessary to support TLU opportunities.
[1688] Fort McKay stated that Alberta and Canada continue to take the position that adverse
effects to Aboriginal and treaty rights can be addressed using a project-by-project approach. Fort
McKay stated that rather than engaging in consultation, Canada’s approach was to encourage
Fort McKay to participate in the JRP hearing process so that its concerns would be incorporated
into the Panel’s decision report and would then be considered by Canada. Fort McKay said
Alberta delegates consultation to project proponents who do not have the power or authority to
accommodate Aboriginal or treaty rights, or the constitutional obligation to do so.
[1689] Fort McKay stated that because each project, considered in isolation, removes a relatively
small portion of Fort McKay’s traditional territory, the Crown does not consider whether some
protection and accommodation is required or assumes none is required. Fort McKay further
stated that as a result of the Crown’s approach, a large number of projects have been approved,
impacts have increased dramatically, and its rights have been eroded to the point of infringement.
Fort McKay stated that the experience of the community, and the scientific assessments it had
commissioned, confirm these impacts. Fort McKay also stated that the modelling work
commissioned by the Government of Alberta and Fort McKay, the wildlife surveys Fort McKay
sponsored, and other data all indicate that as a result of bitumen production, the land and
resources within Fort McKay’s traditional territory will likely not support TLU activity.
[1690] Fort McKay stated that the LARP will not change this situation because it is a plan to
maximize bitumen production. Fort McKay stated that the protected areas under the plan are not,
for the most part, located within Fort McKay’s traditional territory and there is no evidence that
they are sufficient to support wildlife populations and other terrestrial resources in the region.
Fort McKay stated that the protected areas were not selected based on an assessment of their
impact on the projected decline of environmental indicators. Fort McKay submitted that the
protected areas and existing management frameworks will not prevent mining or other
development of 80 per cent of Fort McKay’s traditional territory, as currently projected and
optimized by government policy.
[1691] Fort McKay stated that before further oil sands development, accommodation in the form
of environmental, land management, and economic benefits are essential because mining and
bitumen processing is destroying large tracts of land and transforming the landscape, way of life,
culture, and environment of Fort McKay, thus infringing on its rights. Fort McKay further stated
that the cumulative effects of this large scale industrial development on Fort McKay cannot be
mitigated by incremental change to individual mine operations.
[1692] Fort McKay requested that the Panel recommend to Canada and Alberta that they appoint
negotiators with the necessary mandate to negotiate accommodation measures with Fort McKay,
including:
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•

the management of designated areas for the objective of maintaining TLU in reasonably
close proximity to Fort McKay;

•

establishment of a protective buffer zone around Fort McKay’s community and reserves on
the west side of the Athabasca River;

•

consultation, and coordination of land use planning and development near the borders of Fort
McKay’s reserves and the community aimed at maintaining Fort McKay’s land use on its
reserves; and

•

collaborative arrangements for the management of Fort McKay’s traditional territory and its
resources, including partnering in environmental monitoring and development of
management strategies.

Cumulative Effects on Traditional Land Use, Rights and Culture
[1693] Fort McKay stated that it is the community most affected by current industrial
development in the Lower Athabasca Region as the mineable oil sands area and portions of the
in-situ oil sands areas are located in the heart of Fort McKay’s traditional territory. Fort McKay
stated that the following oil sands projects are located within a 20-km radius of the community:
MRM, Phase 1, the CNRL Horizon Mine, the FHEC FHOSP, Suncor’s McKay River SAGD,
portions of Suncor’s Steepbank, Millennium and Voyageur projects, the Syncrude Aurora North
Mine, Syncrude Mildred Lake, and the Total Josyln North Mine. Fort McKay noted that
approximately 75 per cent of its traditional territory is covered by oil sands leases and that there
are a significant number of new in-situ projects for which approval is being sought within its
traditional territory.
[1694] Shell submitted the Fort McKay First Nation Traditional Knowledge Report that contains
information gathered during meetings and interviews with members of the FMFN. This report
describes an LSA based on Shell’s lease areas and an RSA based on Fort McKay’s TLU and
occupancy study from 1994, There is Still Survival Out There.
[1695] Shell also provided funding for and submitted the Fort McKay Specific Assessment
(FMSA) on behalf of the Fort McKay IRC. The FMSA stated that Fort McKay, Shell, and the
Governments of Alberta and Canada agreed to conduct a FMSA as a pilot project in relation to
the Project and PRM applications, in order to provide (from Fort McKay’s perspective)
appropriate and sufficient information that:
•

Fort McKay can use to more fully understand and assess the effects of Shell’s projects and
cumulative oil sands developments on environmental, cultural, and traditional resources of
concern and interest to Fort McKay, as well as on Fort McKay’s cultural heritage;

•

is specific to Fort McKay and that the regulators must consider when making public interest
decisions regarding the projects; and

•

provides information and recommendations to assist, Alberta, Canada, Shell, and Fort
McKay to develop mitigation and accommodation strategies that address any potential
adverse effects and to inform consultation.

[1696] The FMSA depicts FMFN’s traditional territory as consisting of an area extending north
to the Wood Buffalo National Park boundary, south to include Fort McMurray, east to the
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Alberta-Saskatchewan border, and west to the Birch Mountains. The FMSA states that in
addition to the traditional territory of FMFN, it used two other study areas to assess the effects of
the Project: one based on Fort McKay’s CSEs, and another one that took into account
development effects in proximity to the community and provided an appropriate scale for the
assessment of effects on terrestrial resources. The FMSA depicted the latter as the Forty
Township Study Area (FTSA). The FTSA straddled the Athabasca River and extended from the
confluence of the Steepbank and Athabasca Rivers in the south to the confluence of the Firebag
and Athabasca Rivers in the north (Townships 93 to 100), and from range 8 to 12 W5M. The
FTSA encompassed the hamlet of Fort McKay and Shell’s LSA for the Project. The FMSA stated
that for the assessment, it used the FTSA as an RSA and the same LSA as the one used by Shell.
The FMSA stated that the FTSA encompassed many areas of high value and use by Fort McKay.
[1697] The FMSA used the same base case, application case, and PDC that Shell used in its 2007
EIA and included the PRM in the application case. The FMSA also included a predevelopment
scenario and a current scenario that were not included in Shell’s 2007 EIA.
[1698] The FMSA found that the total area of anthropogenic disturbance was
•

166 097 ha in the base case, 5 per cent of Fort McKay’s total traditional territory of
3 525 101 ha;

•

188 893 ha in the application case, 5 per cent of Fort McKay’s traditional territory; and

•

316 303 ha in the PDC, 9 per cent of Fort McKay’s traditional territory.

[1699] The FMSA found that:
•

for the all-traditional-use CSE, areas of moderate and intense use were 11 and 16 per cent
disturbed, respectively, in the base case. This increased to 13 and 16 per cent disturbed,
respectively in the application case and 19 and 21 per cent disturbed, respectively in the
PDC;

•

for the large-game-harvesting CSE, areas of moderate and intense use were 1 and 14 per cent
disturbed, respectively in the base case. This increased to 1 and 16 per cent disturbed,
respectively in the application case and 4 and 22 per cent disturbed, respectively in the PDC;
and

•

for the traditional-plant-harvesting CSE, areas of moderate and intense use were 21 and 39
per cent disturbed, respectively in the base case. This increased to 24 and 39 per cent
disturbed, respectively in the application case and 30 and 50 per cent disturbed, respectively
in the PDC.

[1700] The FMSA stated that due to the high overlap between industrial development and the
moderate and high use areas for all categories of CSEs, Fort McKay considered the losses
associated with the base case, application case, and PDC to be adverse and significant.
[1701] The FMSA found that within the smaller FTSA, the total amount of anthropogenic
disturbance was:
•

31 and 19 per cent for the moderate and intense use areas, respectively in the base case;
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•

40 and 20 per cent for the moderate and intense use areas, respectively in the application
case; and

•

45 and 23 per cent for the moderate and intense use areas, respectively in the PDC.

[1702] The FMSA stated that Fort McKay considered the amount of disturbance associated with
the application case and PDC in the FTSA to be a significant adverse effect that requires
immediate mitigation and accommodation.
[1703] Fort McKay completed a land disturbance update in September 2012 which found that:
•

the total existing direct disturbance within Fort McKay’s traditional territory is estimated to
be 99 469 ha or approximately 3 per cent of Fort McKay’s total traditional territory of 3 625
037 ha. The disturbance effect increases to 1 140 991 or approximately 31 per cent of Fort
McKay’s total traditional territory if indirect buffer effects are included;

•

when approved and planned development was considered, the amount of direct disturbance
within Fort McKay’s traditional territory increased to 326 460 ha or approximately 9 per cent
of Fort McKay’s traditional territory;

•

within the FTSA, the total existing direct disturbance is estimated to be 43 639 ha or
approximately 11 per cent of the 379 641 ha FTSA. The disturbance effect increases to
232 489 ha or 61 per cent of the FTSA if indirect buffer effects are included; and

•

the amount of direct disturbance increases to 125 606 ha or approximately 33 per cent of the
FTSA when approved and planned development is included.

[1704] In the FMSA, Fort McKay stated that the existing loss of traditional trails is a significant
and adverse effect. Fort McKay stated that the trails are centered on the community and their loss
has implications for travel and harvesting throughout its traditional lands. The loss of substantial
portions of a trail can result in the entire trail network being disrupted. Fort McKay stated that it
considered the loss of traditional trails to be permanent. While new trails could be created on
reclaimed land, they could not be recreated to predevelopment conditions. Fort McKay also
noted that the trails would cross entirely different landscapes and would require the community
to harvest on reclaimed land, which would not exhibit the same characteristics as pre-developed
land and thus may not be appropriate for traditional activities. Fort McKay expressed doubt that
the reclaimed land would support equivalent wildlife, vegetation, and biodiversity or be
culturally significant.
[1705] Fort McKay stated that the current population of the oil sands region is almost four times
higher than the population of the predevelopment case because of the influx of newcomers. Fort
McKay stated that the increase in population, the shrinking land base within its traditional lands,
and the lack of policies or management plans to address the access and land use issues contribute
to the conflict of use and as such, are impediments to the exercise of TLU. Fort McKay
considered these impediments to be a significant and adverse effect under its base case scenario.
[1706] Fort McKay stated that extensive development in many of the watersheds within its
traditional lands hamper TLU by impeding access to fishing areas, Kearl Lake, and trapline areas
and threatened the sustainability of several watersheds. Fort McKay expressed concern that these
watershed losses could have an impact on the Athabasca River, including impacts to flow,
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benthic drift, and regional fish spawning and rearing areas. Fort McKay considered five
watersheds to be threatened and the Muskeg River watershed to be endangered in the base case.
Fort McKay considered three watersheds to be threatened and three to be endangered in the
application case. Fort McKay concluded that there would likely be significant adverse effects on
all the watersheds assessed as threatened or endangered as there were no substantive watershed
management plans in place.
[1707] In the FMSA, Fort McKay stated that some traditional use plant species are strongly
associated with specific ecosite phases or wetland types. For example, bog cranberry is generally
associated with treed bogs or fens, cloudberry was associated with treed bogs, tamarack is found
in treed fens, red birch/bog birch is most common in fens, and rat root is found in swamps and
open wetlands. Fort McKay also stated that several mosses with traditional uses are associated
with bogs and fens and that sphagnum mosses are common to abundant in peatlands such as the
treed bog, shrubby bog, open bog, treed poor fen, shrubby poor fen, and graminoid poor fen
classes.
[1708] Fort McKay expressed concern that disturbance of wetlands within the FTSA will affect
the availability of traditional use species or groups of plants usually found in various types of
wetlands. Fort McKay stated that in the late 1990s to early 2000s, approximately 41 of the 114
known traditional use berry sites located in the FTSA (36 per cent of such sites) are associated
with wetlands and 60 (53 per cent) are found in upland ecosystems.
[1709] The FMSA stated that about 42 per cent of the FTSA (160 508 ha) consisted of wetlands
in the early 1990s and this area had declined by 28 per cent (i.e., by approximately 44 150 ha) in
the base case. In the application case, it expected another 12 per cent of the wetlands that exist in
the base case to be lost in the FTSA and 18 per cent of the wetlands in the base case to be lost in
the PDC. According to the FMSA, this represents a cumulative loss of 58 000 ha or 36 per cent
of the resource in the FTSA for the application case and a 40 per cent loss for the PDC. The
FMSA stated that the loss of wetland area significantly reduced the area potentially available for
use by the community of Fort McKay for gathering traditional use plants. Fort McKay stated that
the cumulative decrease in wetlands associated with the application case and PDC represents a
high magnitude, regional, far future, irreversible, medium frequency, adverse effect of high
significance on gathering traditional use plants associated with wetlands.
[1710] The FMSA stated that of the 114 known traditional use berry sites in the FTSA, 53 sites
(46 per cent) will be lost between the pre-development and base case scenarios. It predicted a
cumulative loss of 59 sites (52 per cent) in the application case, with 38 per cent of the loss
occurring since the late 1990s. The cumulative loss of known traditional use berry sites in the
PDC was 62 sites or 54 per cent of the resource within the FTSA. Fort McKay considered the
effects associated with the application case and PDC to be high magnitude, regional, far future,
partially reversible to irreversible, medium frequency, adverse effects of high significance.
[1711] The FMSA included a Cultural Heritage Assessment Baseline (CHA Baseline) and a
project-specific Cultural Heritage Assessment (CHA). The CHA Baseline provided a
comprehensive assessment of cumulative impacts of industrial development on the cultural
heritage of Fort McKay, with a focus on the specific influence of industrial development since it
began in the early 1960s.
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[1712] The CHA Baseline report focused on three key areas of cultural change: those that stem
from changes to the land; those with connection to full time wage employment; and those that
stem from changes in daily lives. The CHA Baseline report identified 12 cultural values and
eight key activities that reflected Fort McKay’s cultural values. The activities identified by the
community include: hunting, fishing, trapping, berry picking, wage employment, education,
visiting, and raising children. The approach used in the CHA Baseline report assumed that when
changes in traditional activities occur, values—and ultimately Fort McKay’s cultural heritage—
are affected.
[1713] The CHA Baseline report identified the following stressors caused by industrial activity
that adversely impact the ability and opportunity of the community to carry out traditional
activities: loss of land, pollution, reduced access to land, industrial water use, wage economy,
and increased population. Twenty three indicators were created and used to assist in measuring
the impacts of the stressors on Fort McKay’s culture and values.
[1714] Through the CHA Baseline assessment, Fort McKay determined that the current (2008)
impact to its cultural heritage was significant and adverse. The assessment identified the
following impacts on culture and values.
•

Industrial activity has led to decreased opportunity for community members to carry out
traditional harvesting activities including hunting, trapping, fishing, and gathering. This has
lead to a weakening of values including the values of tradition, self-reliance, selfdetermination, rootedness, rhythm of nature, respect, cooperation, caring, purpose,
connectedness, and peace.

•

Industrial activity has led to decreased opportunity for community members to carry out
traditional harvesting activities, and this decreased opportunity, when coupled with
community members seeking full time wage employment with industry, has lead to a
weakening of the cultural values of self-reliance, rhythm of nature, cooperation, and caring.

•

Industrial activity has led to decreased opportunity for community members to carry out
traditional harvesting activities, and this has lead to changes in daily life including child
rearing, education, and visiting. These changes have resulted in a weakening of the cultural
values of tradition, self-reliance, self-determination, rootedness, purpose, rhythm of nature,
respect, cooperation, caring, connectedness, cohesion/bonding, and peace.

[1715] The project-specific CHA uses the same stressors and indicators used in the CHA
baseline assessment to determine the impacts of Shell’s projects on Fort McKay’s cultural
heritage. The CHA concluded that the application case and PDC will only exacerbate an already
strained situation with respect to Fort McKay’s cultural heritage.
[1716] The CHA baseline and CHA reports identified several strategies to recapture and
maintain the cultural heritage of Fort McKay, including: cultural resilience; reclamation;
language retention; land-based employment; further development; documentation of Fort
McKay’s cultural heritage; cumulative effects; regional initiatives; and development of a cultural
heritage strategy.
[1717] The CHA report stated that these strategies will only partially moderate or offset Fort
McKay’s loss of TLU opportunities and the community’s ability to exercise Aboriginal and
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treaty rights. The report stated that the governments need to develop further mitigation and
accommodation measures with Fort McKay to address the cumulative effects of industrial
development on their cultural heritage.
Analysis and Findings
Participation
[1718] The Panel notes that FMFN and FMMCA withdrew their statements of concern related to
the Project and confirmed that Shell had addressed their project specific concerns.
[1719] The Panel notes that although FMFN and FMMCA withdrew their statements of concern,
Fort McKay remains concerned about cumulative effects of industrial development in the
Athabasca region and Crown consultation with respect to the assessment and management of
these cumulative effects.
[1720] The Panel finds that the way in which Fort McKay participated in the hearing is
problematic for the Panel for several reasons. The Panel is tasked with assessing the effects
resulting from the Project, including any associated cumulative effects. In the context of this
review process, the cumulative effects need to arise from the Project. By withdrawing its
objection to the Project, Fort McKay appears to have satisfied itself that there will be no
significant or unacceptable residual project effects. So from Fort McKay’s perspective, the
Project is unlikely to make a contribution to cumulative effects. The Panel understands that Fort
McKay’s concerns about cumulative effects go far beyond the current Project, however, the
Panel is concerned that this hearing is not the proper forum for addressing those issues.
[1721] The Panel also notes that Fort McKay did not present any witnesses to speak to its
evidence, nor was evidence filed by Fort McKay tested through questioning by Shell or the
Panel. As a result, the Panel finds it cannot place much weight on some of the evidence
submitted by Fort McKay, such as the recent disturbance updates to the FMSA. However, the
Panel also notes that Shell filed the original FMSA as part of its evidence. The Panel interprets
this to mean that while Shell may not necessarily agree with all of the details in the report, it
generally supports the content and findings of the FMSA. The Panel is therefore able to rely on
portions of the FMSA when considering the potential for cumulative effects to Fort McKay.
[1722] Notwithstanding the above issues, the Panel accepts that the community of Fort McKay is
the community closest to the existing and proposed oil sands mines and is therefore the
Aboriginal community most likely to be affected by this development. The Panel has determined
based on the evidence provided by Shell and other parties, that the Project, in combination with
other existing, approved and planned developments is likely to result in significant adverse
cumulative effects to several resources of interest to Aboriginal groups including wetlands, oldgrowth forests, traditional plant potential, biodiversity, wetland and old-growth forest-reliant
migratory birds and species at risk, including caribou. The Panel has also concluded that the
Project is likely to result in significant adverse cumulative effects on Aboriginal TLU, rights, and
culture.
[1723] Given the Panel’s determination with respect to cumulative effects to TLU and other
resources of interest to Fort McKay, the Panel is of the opinion that a consideration of the
potential for cumulative effects to Fort McKay is warranted.
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Rights Being Asserted
[1724] The Panel notes that many of the submissions of FMFN and FMMCA were joint
submissions made collectively as the community of Fort McKay. These submissions often do not
clearly distinguish between the rights being asserted by FMFN and those being asserted by the
FMMCA, referring instead to the rights of Fort McKay. The Panel understands that from a legal
perspective, the rights of First Nations and Métis groups may not be the same, particularly with
respect to treaty rights.
[1725] The Agreement requires the Panel to consider the effects of the Project on asserted or
established Aboriginal and treaty rights, to the extent the Panel receives such information. The
Panel has not made any determinations as to the validity of the Aboriginal or treaty rights being
asserted by Fort McKay or the strength of such claims but for the purposes of assessing the
potential cumulative effects of the Project on Fort McKay’s Aboriginal and treaty rights, the
Panel accepts that Fort McKay has the rights being asserted.
Consultation
[1726] The Panel notes that Fort McKay did not raise any concerns about Shell’s consultation
efforts and that both FMFN and FMMCA signed agreements with Shell to mitigate their projectspecific concerns.
[1727] The Panel notes Fort McKay’s concerns about what it described as the “wholesale taking
up of lands” within its traditional territory and the lack of consultation by Alberta and Canada
with respect to the assessment and management of the cumulative effects of oil sands
development. The Panel recognizes that Alberta did not participate in the hearing and so the
Panel did not have the benefit of Alberta’s perspective on the consultation issues raised by Fort
McKay. Similarly, the Panel notes that Canada did not present a witness respecting Canada’s
perspective on consultation issues, although Canada did provide its general perspective on
consultation during its closing argument.
[1728] The Panel decided at the outset of the hearing that it would not rule on the adequacy of
Crown consultation as it did not have the jurisdiction to do so, and even if it did have the
jurisdiction, it would be premature to do so as there would be further opportunities for
consultation before Crown decisions are made or authorizations issued for the Project. The Panel
notes that both Alberta and Canada stated in the NQCL process that the consultation process was
not yet complete and that there would be additional opportunities for consultation after the
Panel’s report had been completed and before Crown decisions or regulatory authorizations were
issued for the Project. The Panel notes that Canada also confirmed this was the case during its
closing argument. The Panel has therefore included a recommendation that before other
provincial and federal approvals are issued, Alberta and Canada consider the adequacy of the
Crown’s consultation with each of the Aboriginal groups in light of the issues identified in this
report to determine if additional consultation is necessary to address these issues, including likely
significant adverse Project and cumulative effects to a number of resources important to
Aboriginal people and likely significant adverse cumulative effects to Aboriginal traditional land
use, rights and culture.
[1729] With respect to Fort McKay’s request that the Panel recommend to Canada and Alberta
that they appoint negotiators with the necessary mandate to negotiate accommodation measures
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with Fort McKay, the Panel does not feel that this recommendation is within the Panel’s mandate
and declines to make the recommendation.
Cumulative Effects on Traditional Land Use, Rights, and Culture
[1730] The Panel notes that FMFN and FMMCA participated jointly in the review process and
the majority of submissions were joint submissions from Fort McKay. The submissions,
including the FMSA, do not generally distinguish between FMFN and FMMCA as the source of
the TEK or TLU information. The Panel accepts Fort McKay’s assertions that that the TLU
activities and cultural practices of FMFN and FMMCA members are very similar.
[1731] The Panel recognizes that Shell’s updated CEA predicts higher levels of disturbance for
the CSEs than predicted by Fort McKay in the FMSA. The Panel believes that Shell’s results are
more current and take into account the disturbance caused by forest fire, which was not
considered in the FMSA. The Panel believes that the results submitted by Shell better reflect the
amount of disturbance for the base and application cases. Thus, the Panel relies on Shell’s
evaluation of the amount of disturbance for its determination of significance.
[1732] The Panel notes that according to Shell’s assessment (see the Shell’s Assessment of
Effect on Aboriginal Traditional Land Use, Rights, and Culture section), the amount of
disturbance in the moderate and intense use areas for the all-traditional-uses, large-gameharvesting, and traditional-plant-harvesting CSEs is already significant in the base case, ranging
from 19 to 47 per cent depending upon the CSE and case considered. This suggests that the level
of disturbance associated with existing and approved projects and other disturbances in the CSEs
is already significant. The observed increases are largest in the moderate and intense use areas,
which are the areas most valued by Fort McKay. The Panel acknowledges that some of this large
increase is attributed to the effects of forest fires.
[1733] The Panel notes that the total amount of disturbance for the application and PDC ranges
from 19 to 55 per cent depending upon the CSE and case under consideration and the Panel
considers these values to be significant. According to Shell’s assessment almost half of the area
of intense traditional plant harvesting of Fort McKay is disturbed in the 2012 base case (47 per
cent) and that more than half (55 per cent) of the intense use area for traditionally used plants
would be disturbed in the PDC if all of the projects proceeded as planned. The Panel notes that
for the all-traditional-uses and large-game-harvesting CSEs, the percentage of disturbance in
areas of intense use is generally over 30 per cent in the base case and close to 40 per cent in the
PDC.
[1734] The Panel notes that the amount of disturbance in the moderate and intense use areas in
the application case is only slightly higher than in the base case, supporting Shell’s view that the
Project makes a relatively small contribution to the effects observed in the application case and
PDC.
[1735] The Panel considers the cumulative loss of 46 per cent of the traditional use berry sites
within the FTSA in the base case, and losses of 52 and 54 per cent in the application case and
PDC, to be significant.
[1736] The Panel acknowledges Fort McKay’s concerns about the impact disturbances have on
other resources important to its TLU including wetlands, watersheds, and traditional trails.
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[1737] The Panel finds that existing and approved projects and other disturbances are likely
already having a significant adverse cumulative effect on the TLU activities of Fort McKay.
Notwithstanding the agreement Fort McKay has with Shell with respect to mitigation of projectspecific effects, the addition of the Project and other planned projects are likely to exacerbate
these effects. The Panel believes that the finding of significant adverse effects to Fort McKay’s
TLU is consistent with the Panel’s other findings of significant adverse cumulative effects to
wetlands, old-growth forests, traditional plant potential, biodiversity, and wetland- and oldgrowth-reliant migratory birds and species at risk, including caribou.
[1738] The Panel found the CHA baseline and project-specific CHA provided as part of the
FMSA provided a comprehensive and sound assessment of the impacts of oil sands and industrial
development on the cultural heritage of Fort McKay from Fort McKay’s perspective. The Panel
found the reports very helpful in furthering the Panel’s understanding of the impacts of
development on Fort McKay’s cultural heritage. The Panel considered both Shell’s and Fort
McKay’s cultural assessment information in its determination of significance.
[1739] Fort McKay produced evidence that the removal of traditional lands around the hamlet of
Fort McKay, combined with the widespread avoidance of use caused by a variety of factors, such
as perceived contamination of resources and impediments to accessing traditional lands by
ground or water routes, have become serious impediments to the exercise of Fort McKay’s TLU.
The Panel understands that these impediments to land use further combined with the
socioeconomic changes induced by the oil sands industry, such as the cost of housing, the large
influx of non-aboriginal persons in the region and increased job availability within the oil sands
industry, all increase the reliance of Fort McKay on the wage-economy at the expense of
traditional activities.
[1740] The Panel believes that the oil sands industry has contributed to the socioeconomic and
cultural changes experienced by Fort McKay by affecting its land use, contributing to the
avoidance and loss of use of traditional lands, and increasing its reliance on the wage economy.
Some of the effects, such as increased income levels, have been positive while others, such as
loss of language or opportunities for TLU activities, have been negative. The Panel believes that
the above effects are long term and that the cultural changes experienced by Fort McKay will
likely increase further in the future.
[1741] The Panel finds that the cumulative effects on some elements of Fort McKay’s cultural
heritage are already adverse, long-term, likely irreversible, and significant. The Panel believes
that the application case and PDC will further increase these effects if projects proceed as
planned.
[1742] The Panel is of the opinion that people’s cultures are naturally evolving and that the
adverse aspects of cultural changes can be mitigated when people have control over the changes
experienced in their daily life. In order to mitigate the adverse effects on the land use and culture
of Fort McKay and the other Aboriginal groups, the Panel has recommended greater involvement
of First Nation and Métis groups in regional planning and in the stewardship of the traditional
resources.
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Mikisew Cree First Nation
Evidence
Participation and Requested Disposition
[1743] MCFN’s participation in the review process and hearing is discussed in the Section
Participant Involvement in the Review Process.
[1744] MCFN withdrew its objection to the Project shortly before the hearing but remained
concerned about cumulative effects related to development in the Athabasca region and Crown
consultation.
[1745] MCFN did not object to approval of the Project but made several recommendations to the
Panel regarding the management of cumulative effects and Crown consultation. A list of these
recommendations is provided in Appendix 8.
Rights Being Asserted
[1746] MCFN stated that it was an Indian band in accordance with the Indian Act. MCFN
submitted that approximately 2800 persons were registered as members of MCFN, representing
approximately 50 per cent of the Aboriginal peoples in RMWB. MCFN stated that
approximately half of its members live in and around Fort Chipewyan. Most of the remainder
live in the vicinity of Fort McKay and Fort McMurray. MCFN also stated that its population is
growing and that greater traditional resources would likely be required to sustain MCFN’s
traditional use activities and rights into the future.
[1747] MCFN stated that its traditional lands extend around Lake Athabasca over the entire PAD
and south to and including Fort McMurray and the Clearwater River. MCFN stated that the
Project location and the study areas used by Shell to assess the potential extent of cumulative
effects of the Project are within MCFN’s traditional lands.
[1748] MCFN stated that it held constitutionally protected rights under Section 35 of the
Constitution Act, 1982 and under Treaty 8. MCFN asserted that under Treaty 8 harvesting
practices should be protected and not limited or interfered with to such an extent as to render
them meaningless. MCFN argued that Treaty 8 provided that there would be a balanced sharing
of the land while MCFN would be guaranteed the continuation of its way of life and livelihood,
including the conditions required to meaningfully hunt, trap, fish, and gather within its traditional
lands. MCFN stated that it is determined to preserve, develop, and transmit to future generations
its ancestral territories and distinct identity in accordance with MCFN cultural patterns and social
institutions, as promised in Treaty 8.
Adequacy of Consultation by Shell
[1749] MCFN did not raise any concerns during the hearing about Shell’s consultation efforts.
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Adequacy of Consultation by the Crown
[1750] MCFN expressed concern that the Governments of Alberta and Canada were failing to
uphold the honour of the Crown in their approach to the assessment and management of
cumulative effects in the Lower Athabasca Region. MCFN stated that Alberta and Canada were
not meaningfully consulting about cumulative effects to MCFN’s treaty and Aboriginal rights
and that there was a need for a rights-based cumulative effects monitoring program or framework
in the region.
[1751] MCFN expressed concern that Alberta did not participate in the joint review panel
process but hoped that Alberta would comply with its obligations in the light of the information
gleaned from the panel process. MCFN stated that it was frustrated by the government’s failure
to heed advice from and work constructively with MCFN. MCFN stated that it appeared to
MCFN that Alberta and Canada were both working hard to avoid rather than observe their treaty
obligations.
[1752] MCFN expressed concern that although Alberta and Canada had recently committed to
creating a world-class monitoring system for the Lower Athabasca Region, they have excluded
MCFN and a consideration MCFN’s rights. MCFN also stated that Alberta and Canada had
informed MCFN that they would no longer be including MCFN in the development of a surface
water quantity framework for the region. MCFN also stated that Alberta had recently finalized
the LARP without a meaningful consideration of MCFN’s rights and culture, despite
extraordinary measures by MCFN to have Alberta take MCFN’s rights and culture seriously.
[1753] MCFN stated that Alberta and Canada recently declined to assist MCFN in developing a
Traditional Land and Resource Use Management Plan (TLRUMP) that could be used to guide
effective management of cumulative effects of development on MCFN’s rights and culture.
MCFN argued that Alberta and Canada should fund the development of a TLRUMP as such a
plan would provide the thresholds, limits, and criteria required to measure the cumulative
impacts of development on Aboriginal and treaty rights.
[1754] MCFN stated that it should be consulted and involved in the monitoring of cumulative
effects and in regional planning and asked the Panel to issue specific recommendations to
Alberta and Canada regarding the study and management of cumulative effects of oil sands
development on MCFN’s traditional lands, rights, and culture. MCFN believed that Alberta and
Canada were not listening to its concerns but that the Governments have shown a willingness to
listen to and implement recommendations from previous joint review panels.
[1755] MCFN provided a list of specific recommendations that it would like the Panel to make
to Alberta and Canada. The recommendations cover a range of issues, including but not limited
to:
•

funding, development, and implementation of a traditional land and resource use
management plan (TLRUMP);

•

greater participation of MCFN and other Aboriginal groups in regional land use planning,
policy development and monitoring initiatives;
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•

funding to complete a regional cumulative effects study which includes comprehensive TLU
and ecological knowledge;

•

increased emphasis on protecting culturally important species such as caribou, bison, and
moose;

•

completion of a traditional food study to address community concerns about potential
contamination of traditional foods; and

•

a comprehensive community health study for Fort Chipewyan.

[1756] MCFN also argued that to meet its mandate, CEMA should be adequately funded.
[1757] MCFN urged the Panel to make recommendations to Alberta and Canada to “stop
ignoring Aboriginal peoples such as the Mikisew, when determining how to appropriately assess,
monitor and manage the cumulative effects on First Nation’s rights and culture”.
Cumulative Effects on Traditional Land Use, Rights, and Culture
[1758] MCFN completed a project-specific TLU use study in February 2012. The results were
summarized in the report Indigenous Knowledge and Traditional Use Report for Shell Canada’s
Proposed Jackpine Mine Expansion, Pierre River Mine, and Redclay Compensation Lake.
MCFN stated that in order to assess the effects of industrial development on its land use, it
selected an RSA within which direct or indirect effects of the PRM and the Project may be
anticipated, such as noise, dust, odours, access management activities, traffic, effects on water,
and other forms of disturbance. MCFN stated that the RSA included a buffer of 25 km around
the PRM and the Project footprints and a buffer of 5 km on either side of the Athabasca River,
downstream to the Athabasca delta. MCFN explained that the RSA included the Redclay
Compensation Lake and the PAD.
[1759] MCFN identified almost 6000 MCFN site-specific use values in the RSA, the majority of
them along the Athabasca River and in the PAD. MCFN stated that 375 site-specific use values
were less than 5 km from either the PRM or the Project footprints.
[1760] MCFN stated that it considered an effect to be significant when it likely results in:
•

strong concerns or interest by MCFN members; and

•

clearly discernible changes to the preferred exercise of a culturally important practice or land,
water, or resource use or right.

[1761] MCFN stated that based on the PIC, the cumulative effects of existing industrial
development on its indigenous knowledge and use within its RSA has clearly been significant
and adverse.
[1762] MCFN stated that the values affected by the cumulative effects of the industrial
development in its assessment in its RSA include
•

quality and quantity of water, fish, and aquatic resources;
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•

culturally important species (including quality and quantity of high value moose habitat, and
adjacent reported caribou habitat);

•

access and enjoyment of MCFN lands (MCFN reserves, traplines, the Athabasca River
corridor, etc.); and

•

intangible cultural resources such as transmission of MCFN language, knowledge and sense
of place, social and cultural cohesion across communities, and ability of MCFN members to
exercise their traditional activities and lifestyle.

[1763] Shell stated that the 2012 PDC assessment compared the amount of PDC disturbance
within the terrestrial RSA to the total area of First Nations’ traditional territories. Shell stated that
in the base case, the area of disturbance within the portion of the MCFN’s traditional lands that
overlaps the terrestrial RSA is 523 501 ha. Shell stated that in the PDC the area of disturbance
within the portion of the MCFN’s traditional lands that overlaps the terrestrial RSA is
646 250 ha. Shell stated that these amounts are 6 and 7 per cent of the entire traditional land of
MCFN. Shell noted that in the PIC, the man-made disturbances in the MCFN’s RSA represent
about 1.3 per cent of the MCFN’s traditional territory.
[1764] MCFN stated that areas of general loss of use extend well beyond the existing physical
footprint of oil sands development. Existing loss of use within the RSA is due to a range of
factors including terrestrial disturbance, industrial contaminants, poor water quality, low water
quantity, safety issues, and loss of access due to fencing, gated roads, and other oil sands
activities.
[1765] MCFN stated that, along the Athabasca River and elsewhere in the RSA, areas of sitespecific use values in relation to subsistence, habitation, and other uses are now partly or fully
avoided due to perceived contamination or other concerns. MCFN also indicated that a
combination of factors is what leads to avoidance of use. For example, MCFN members avoid
hunting moose due to perceived contamination, poor health of the moose, less moose in the area,
and difficulty accessing the hunting grounds.
[1766] MCFN stated that the Kearl Lake area has suffered from an intensification of industrial
impacts since the late 1990s. MCFN stated that the physical disturbance of lands, traffic, noise,
and concerns regarding contamination have resulted in general loss of use of the Kearl Lake area
by many MCFN members. MCFN stated that the quality of the resources in the Kearl Lake area,
including water and meat, are important concerns. MCFN stated that the area south of the
Firebag River saw a widespread loss of use due to the development of the oil sands industry.
MCFN stated that its members avoided using this area because of fear of contamination, poor
quality of the traditional resources, and impediments to access. MCFN stated that this large area
has reached a threshold of disturbance within the RSA resulting in a widespread loss of use.
MCFN further stated that the existing cumulative industrial effects have already resulted in
significant changes in Mikisew knowledge, use, and way of life.
[1767] MCFN stated that its population is widely dispersed, with the majority of its members
living off reserve, in Fort McMurray, Fort Chipewyan and other more southern locales. MCFN
further stated that its members living in southern areas tend to use nearby resources, though
many return to Fort Chipewyan and surrounding territories on a regular basis.
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[1768] MCFN expressed doubt that reclamation of mined areas will be successful in providing
opportunities for MCFN knowledge and use that are equivalent to what exists naturally. MCFN
stated that even if an oil sands mine operator could reclaim the land, it considered the removal of
lands from Aboriginal use for periods of time that exceed one generation “permanent” for the
purposes of traditional use as it interrupts knowledge transmission.
[1769] MCFN stated that the Athabasca River was a critical transportation corridor for accessing
MCFN territories and traditional use was vulnerable to low water conditions. MCFN explained
that the low water level of the Athabasca River and PAD affects the access and use of traditional
land, Indian Reserve lands, and seasonal villages. MCFN stated that a large number of the
tributaries of the Athabasca River were difficult to navigate in low-flow conditions and that there
were several locations on the Athabasca River where navigation was difficult because of hazards
(sand banks, shallow water, etc.). MCFN stated that because of low flow conditions, navigation
was also difficult in many secondary water streams in the PAD.
[1770] MCFN indicated that perceived contamination of water and resources that utilize the
water has the most impact on MCFN traditional knowledge and use. MCFN members have
observed changes in the quality of water and aquatic resources concurrent with the development
of the oil sands industry, including perceived abnormalities in fish and contamination of
medicinal plants in the Athabasca River system. MCFN stated that its members now avoid
fishing in the Muskeg River due to observed abnormalities in fish from the area and fears
regarding contamination from existing oil sands operations.
[1771] MCFN indicated that changes in the environment contribute to its members’ loss of
confidence in the quality of fish, water, moose, and other aquatic resources and are having a
serious effect on the continued practice of MCFN knowledge and use in the RSA.
[1772] MCFN stated that additional oil sands development along the Athabasca River was likely
to exacerbate existing impacts on water level and quality and add cumulatively to the existing
effects on MCFN’s ability to exercise its rights on and around the Athabasca River, and within
Wood Buffalo National Park.
[1773] MCFN stated that moose, bison, woodland caribou, and migratory birds are culturally
important species. MCFN expressed concerns over cumulative effects on the health and
sustainability of moose and migratory birds. MCFN also expressed concerns over the observed
decline of the muskrat population in the PAD.
[1774] MCFN reported that moose in the oil sands region, specifically in the Kearl Lake area, do
not taste as good as the moose from other areas such as the Birch Mountains (located 80 km from
the oil sands region). MCFN expressed concern about the health of moose and was of the
opinion that the fallout and dust from oil sands mining operations may contaminate plants and
contribute to the poor health of moose.
[1775] MCFN members have reported changes in bird migration patterns, including ducks and
geese, and overall declines in the availability of migratory birds as a result of oil sands
development. These changes were reported by MCFN to have affected the quantity of birds
available for the MCFN’s spring and fall bird hunt, particularly in the area of the PAD.
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[1776] Some MCFN members also expressed concerns over the low population of muskrats in
the PAD and attributed this to the drying of this region.
[1777] MCFN stated that the effects from oil sands and related development have resulted in the
widespread loss of use by MCFN members of the area of oil sands operations and downstream to
Fort Chipewyan. MCFN also stated that the cumulative effects of the industrial development
contributed to an out-migration from Fort Chipewyan and MCFN on-reserve communities.
[1778] MCFN explained that actions that destroy a place, or cause the use of a place to be lost
(for example, because of fear of contaminants), especially over long periods of time, frequently
result in a gap in the transmission of place-based knowledge. This can have the effect of
eliminating the place as a cultural resource for remembering, teaching, and learning the
knowledge associated with it. MCFN stated that concerns regarding wild foods and
environmental contaminants can create barriers for the transmission of cultural knowledge.
[1779] MCFN identified concerns regarding the potential impacts of oil sands developments on
intangible cultural resources, including language and the transmission of knowledge regarding
areas that are lost due to industrial effects.
[1780] MCFN stated that existing industrial pollution, and declines in the quantity and quality of
lands and waters available for MCFN practice of rights have already resulted in adverse,
significant cultural changes.
Analysis and Findings
Participation
[1781] The Panel notes that that MCFN withdrew its statement of concern to the Project and
confirmed that Shell has addressed MCFN’s project-specific concerns to MCFN’s satisfaction.
[1782] The Panel also notes that although MCFN withdrew its statement of concern, MCFN
remains concerned about the cumulative effects of industrial development in the Athabasca
region and Crown consultation with respect to the assessment and management of these
cumulative effects.
[1783] The Panel finds MCFN’s participation in the hearing problematic from several
perspectives. The Panel is tasked with assessing the effects resulting from the Project, including
any associated cumulative effects. In the context of this review process, the cumulative effects
need to arise from the Project. By withdrawing their objection to the project, MCFN appears to
have satisfied itself that there will be no significant or unacceptable residual project effects. So
from MCFN’s perspective, the Project is unlikely to make a significant contribution to
cumulative effects. The Panel understands that MCFN’s concerns that cumulative effects go far
beyond the current Project and the Panel is concerned that this hearing is not the proper forum
for addressing those issues.
[1784] Furthermore, the Panel notes that MCFN did not present any witnesses to speak to its
evidence, nor was its evidence tested through questioning by Shell or the Panel. As a result, the
Panel finds it cannot place much weight on the evidence submitted with respect to MCFN’s
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current use of the lands and resources in the vicinity of the Project and the cumulative effects of
development on its land use, rights, and culture.
[1785] Notwithstanding the above concerns, the Panel has determined based on the evidence
provided by Shell and other parties, that the Project, in combination with other existing,
approved and planned developments is likely to result in significant adverse cumulative effects
to several resources of interest to Aboriginal groups including wetlands, old-growth forests,
traditional plant potential, biodiversity, wetland-reliant species at risk and migratory birds, oldgrowth forest-reliant species at risk and migratory birds, including caribou. The Panel has also
concluded that the Project, in combination with other existing, approved, and planned projects
and activities is likely to result in significant adverse cumulative effects to TLU in the area
around the Project.
[1786] Given the Panel’s determination with respect to TLU and other resources of interest to
MCFN, the Panel is of the opinion that the cumulative effects resulting from the Project remain
of interest for the assessment of the cumulative effects to the MCFN.
Rights Being Asserted
The Agreement requires the Panel to consider the effects of the Project on asserted or established
Aboriginal and treaty rights, to the extent the Panel receives such information. The Panel has not
made any determinations as to the validity of the Aboriginal or treaty rights being asserted by
MCFN or the strength of such claims but for the purposes of assessing the potential cumulative
effects of the Project on MCFN’s Aboriginal and treaty rights, the Panel accepts that MCFN has
the rights being asserted.
Consultation
[1787] The Panel acknowledges MCFN’s frustration by what it perceives to be the unwillingness
of Alberta and Canada to meaningfully consult with and work cooperatively with MCFN on the
assessment and management of cumulative effects issues that have the potential to affect
MCFN’s TLU, rights and culture. The Panel recognizes however that Alberta did not participate
in the hearing and so the Panel did not have the benefit of Alberta’s perspective on the
consultation issues raised by MCFN. Similarly, the Panel notes that Canada did not present a
witness to speak to Canada’s perspective on consultation issues, although Canada did confirm
during its final argument that there would be further opportunities for consultation with respect
to the Project.
[1788] The Panel decided at the outset of the hearing that it would not rule on the adequacy of
Crown consultation as it did not have the jurisdiction to do so, and even if it did have the
jurisdiction, it would be premature to do so as there would be further opportunities for
consultation before Crown decisions are made or authorizations issued for the Project. The Panel
notes that both Alberta and Canada stated in the NQCL process that the consultation process was
not yet complete and that there would be additional opportunities for consultation after the
Panel’s report had been completed and before Crown decisions or regulatory authorizations were
issued for the Project. The Panel notes that Canada also confirmed this was the case during its
closing argument. The Panel has therefore included a recommendation that before other
provincial and federal approvals are issued, Alberta and Canada consider the adequacy of the
Crown’s consultation with each of the Aboriginal groups in light of the issues identified in this
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report to determine if additional consultation is necessary to address these issues, including likely
significant adverse Project and cumulative effects to a number of resources important to
Aboriginal people and likely significant adverse cumulative effects to Aboriginal traditional land
use, rights and culture.
Cumulative Effects on Traditional Land Use, Rights, and Culture
[1789] The Panel notes that Shell assessed cumulative effects to TLU by assessing the amount of
disturbance in its terrestrial RSA and the cumulative effects to resources. The Panel finds that
Shell’s approach for the assessment of cumulative effects on TLU does not consider whether
there are other factors (sociocultural, economic, etc.) that contribute to MCFN’s ability or desire
to exercise particular rights. The Panel believes that a sound assessment of the cumulative effects
on MCFN’s rights and interests would include an assessment of the combined effects of noise,
odours, impeded access, perceived contamination of resources, cultural factors, etc. on the
practice of traditional activities. The Panel notes that MCFN’s assessment of cumulative effects
provides a better understanding of the effects on MCFN’s TLU than Shell’s assessment as it
takes a more comprehensive view of the range of factors that influence whether and how MCFN
exercises TLU activities and rights.
[1790] The Panel is of the opinion that Shell’s comparison of the total disturbance in the RSA to
the entire traditional territory of the MCFN is inappropriate because it assumes that all potential
resource locations are of equivalent value and can be easily accessed by all traditional users. This
may not be the case. MCFN stated that almost half of its members live in Fort McMurray and
Fort McKay and use the nearby, more affected territory for their TLU activities. The Panel
believes that it would be difficult for traditional land users to find traditional territories with
value equivalent to the value of the territory lost to development, given that most of the industrial
development is located along the Athabasca River, which is a main water route for the exercise
of traditional activities by MCFN.
[1791] The Panel notes that MCFN provided evidence of already existing adverse effects to its
site-specific use values in its RSA and indicated that there are existing significant cumulative
effects to its TLU. The Panel notes that several these use values are located south of the Firebag
River in an area of heavy oil sands development where the MCFN has indicated there is loss of
land and avoidance of use.
[1792] The Panel believes that avoidance and loss of use are important factors for the
determination of the significance of the existing cumulative effects on MCFN’s TLU. The Panel
finds that the existing cumulative effects on MCFN’s TLU from the oil sands industry and
related development is of high magnitude and geographically extensive as it occurs over a large
area south of the Firebag River. As the existing effects from the current mining operations will
be experienced for many more years and because more projects that are planned may be
approved in the future, the Panel believes that cumulative effects from the oil sands industry and
related development will be experienced over the long term. The Panel also believes that the loss
of use for the MCFN is likely irreversible, as it has not been demonstrated how some lands used
for the oil sands industry will be reclaimed to an equivalent value for TLU and these lands will
be unavailable for more than one generation.
[1793] The Panel concludes that cumulative effects on the TLU of the MCFN appear to be
significant and adverse in the base case and that the application case and PDC will likely add to
2013 ABAER 011 (July 9, 2013) • 297

Joint Review Panel Report, Shell Canada Energy, Jackpine Mine Expansion Project, Application to Amend Approval 9756

1877

the existing significant and adverse effects. Given the Panel’s finding of significant adverse
cumulative effects to a number of resources important to Aboriginal people and Aboriginal TLU
and rights, the Panel has recommended that Alberta, in collaboration with Canada, the
Aboriginal groups and other stakeholders, develop and implement a TLU management
framework as part of the LARP.
[1794] The Panel notes MCFN’s concerns that the Athabasca River is increasingly difficult to
navigate. The Panel acknowledges that changes in navigation may be occurring but believes the
reasons for the observed changes are not clearly understood and are likely the result of a
combination of factors, including but not limited to a discontinuation of dredging and the
formation of sand bars, variation in water flows due to natural wet-dry cycles or climate change,
and water withdrawals by oil sands operations and other upstream water users. Based on Shell’s
commitment to complying with existing flow allocation restrictions outlined in the current Water
Management Framework for the Lower Athabasca River Phase 1 and with future Phase 2
conditions and the negligible effects from Project related water withdrawals on regional water
flows, the Panel concluded that the Project was unlikely to result in significant adverse Project or
cumulative effects to water levels or navigation in the Athabasca River or PAD. The Panel
therefore also concluded that the Project is unlikely to result in adverse Project or cumulative
effects to Aboriginal traditional use or aboriginal or treaty rights resulting from adverse effects to
navigation. Notwithstanding that the Panel has concluded that the Project is not likely to result in
significant adverse effects to water levels or navigation in the Athabasca River, the Panel has
included a number of recommendations to Canada and Alberta concerning the Phase 2 of the
Water Management Framework for the Lower Athabasca River.
[1795] The Panel acknowledges that the drying of the PAD is also a major concern for MCFN
and has a large impact on its TLU. The Panel believes that the causes for the drying of the PAD
are also not well understood, but likely involve several causes acting together including the
construction and operation of the Bennet Dam. The role that water withdrawals by the oil sands
sector plays is unclear and the Panel concluded that the Project was unlikely to result in
significant adverse Project or cumulative effects to water levels or flows in the Athabasca River
or PAD. However, due to the importance of this issue to the Aboriginal groups, the Panel has
included a recommendation that EC and AESRD, in collaboration with the interested Aboriginal
groups, conduct research and report on the causes of the apparent drying of the Athabasca oil
sands region and the PAD.
[1796] The Panel notes MCFN’s concerns related to the quality of surface water. The Panel
concluded that the Project that was not likely to result in significant adverse effects to water
quality, including the Athabasca River and PAD.
[1797] The Panel acknowledges MCFN concerns over the perceived poor quality of surface
water and traditional foods. The Panel notes that this perception may have a significant impact
on MCFN TLU and use of traditional resources. The Panel believes that the loss of traditional
use due to concerns about contamination may be significant, but is potentially reversible. To
avoid further loss of TLU due to concerns over the quality of surface water and traditional foods,
MCFN and other Aboriginal land users need to be confident that the quality of surface water and
traditional foods is not being adversely affected by oil sands operations. The Panel believes that
the new joint provincial-federal monitoring program being implemented by Alberta and Canada
could play an important role in providing this confidence. However, if Aboriginal people are to
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have confidence in the data reported, Aboriginal organizations such as MCFN need to be
engaged in the monitoring process. The Panel therefore recommends that the Governments of
Canada and Alberta ensure that First Nation and Métis groups in the Lower Athabasca Region
are effectively engaged in the new joint provincial-federal monitoring initiatives.
[1798] Although the Panel did not find significant adverse cumulative effects to human health,
the Panel acknowledges MCFN’s concerns about the impacts of oil sands development on the
health of MCFN members living in Fort Chipewyan. The Panel has included a recommendation
that Alberta Health and Wellness and HC complete a regional baseline health study focused on
First Nations, Métis, and other Aboriginal groups that considers all relevant health factors,
including environmental exposures and potential exposure pathways such as water, air, and
consumption of traditional foods.
[1799] The Panel understands that moose are an important source of food for MCFN. The Panel
notes that MCFN expressed concerns over the health and taste of moose and the sustainability of
the moose population. Based on the evidence presented, the Panel concluded that the Project, in
combination with other existing, approved and planned projects was not likely to result in
significant adverse cumulative effects to moose populations of the health of moose. However,
the Panel did note that there is both TEK and scientific evidence to suggest a decline in moose
populations has been occurring, although the reasons for the decline are not clear. As a result, the
Panel has included a recommendation that Alberta assess the health and long-term sustainability
of moose in the oil sands area in collaboration with interested Aboriginal groups as part of
LARP.
[1800] The Panel notes that MCFN expressed concerns over the decline in the number of
migratory birds available for the spring and fall bird hunt. The Panel further notes that EC
confirmed that migration routes have changed but that the reasons for such changes are not
understood. The Panel has included a recommendation to the Governments of Alberta and
Canada that, in collaboration with interested Aboriginal groups and stakeholders, they initiate a
joint effort to determine if there has been a decline of waterfowl in the oil sands region and/or if
migration routes have changed. The Panel has further recommended that if results suggest that
there has been a decline, or if the routes have changed, the Panel recommends that the
Governments of Canada and Alberta work together to determine the causes.
[1801] The Panel notes that the oil sands industry has contributed to the socioeconomic and
cultural changes experienced by MCFN by affecting its land use, contributing to the avoidance
and loss of use of traditional lands, and increasing its reliance on the wage economy. Some of the
effects, such as increased income levels, have been positive while others, such as loss of
language or opportunities for TLU activities, have been negative. The Panel believes that the
above factors are long term and that the cultural changes experienced by MCFN will likely
increase further in the future. As a consequence, the Panel is of the opinion that the Project, in
combination with other existing, approved, and planned oil sands projects and related
development is likely to continue to have significant adverse cumulative effects on the intangible
elements of MCFN’s culture.
[1802] The Panel is of the opinion that people’s cultures are naturally evolving and that the
adverse aspects of the cultural changes can be mitigated when people have control over the
changes experienced in their daily life. In order to mitigate the adverse effects on the land use
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and culture of MCFN and the other Aboriginal groups, the Panel has recommended a greater
involvement of the First Nations and Métis groups in regional planning and in the stewardship of
the traditional resources.
REGIONAL EFFECTS
[1803] The assessment of regional issues and challenges in project-specific review processes for
mineable oil sands has been hampered by the absence or limited coverage of policy frameworks,
regional and integrated land use plans, and impact thresholds. This has created uncertainty about
the appropriate treatment for regional cumulative effects by review panels.
[1804] The Panel has received evidence, reached conclusions, and made recommendations in
this report that deal with cumulative effects as they relate to the Project. The Panel recognizes
that project environmental assessments are not the ideal forum to address cumulative effects at a
regional level. For example, cumulative effects result from all activities and kinds of
developments in the region, not only oil sands mines. It is important that these cumulative effects
be considered in the broader regional perspective and in the context of government strategies,
plans, and environmental thresholds.
[1805] In August 2012, the Government of Alberta approved the LARP, the first of seven
regional plans under Alberta’s Land Use Framework (LUF). The Panel recognizes the
importance of this regional plan as a framework for enhancing environmental management,
addressing growth pressures, and supporting economic development on a regional, cumulative
basis for all types of development, including oil sands. Under the LARP, Alberta has established
management frameworks for some aspects of air quality, surface water quality, and groundwater,
and plans to continue with other aspects. It has also established new conservation areas and
parks. The LARP also contemplates, among other things, the establishment of frameworks for
biodiversity, tailings management, and surface water quantity. The province will set land
disturbance, air, and water impact thresholds pursuant to the management frameworks.
[1806] While the LARP is an essential first step, its value will be fully realized only when all of
its frameworks and thresholds are in place. The Panel encourages the Government of Alberta to
continue the processes associated with implementation of the LARP on an urgent basis.
[1807] The Panel would like to address the following cumulative or regional effects that have
been brought to its attention during this review process. These regional effects may or may not
be contributed to directly by the Project.
Integrated Land Use Planning
[1808] The LARP includes a commitment to develop an integrated, watershed-based, landscape
management plan for public lands in the Green Area (forested portion of Alberta public land) in
2013. Presently, there are several instruments, guiding documents, and integrated resource plans
in place for the region created before the LARP. The Panel finds the existing plans of limited use
because they are at varying scales, out of date, and not reflective of the present state of
development. The LARP indicates that development decisions on Crown lands will have to be in
compliance with the regional plan to achieve the regional outcomes established in the plan and
that existing subregional plans will be reviewed for their relevance and incorporated as
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appropriate into the LARP. The Panel recommends that the Governments of Canada and Alberta
incorporate both the biodiversity management framework and a comprehensive assessment of
Aboriginal TLU into the development of the regional landscape management plan. The Panel
believes it is critical that these are incorporated even if the completion of the integrated
landscape management plan is delayed.
Aboriginal Traditional Land Use
[1809] The Panel finds that regional effects are significant to Aboriginal TLU. It is apparent to
the Panel that the mitigations that are proposed by individual project proponents to mitigate
effects on TLU are not entirely effective. Currently, the main mitigation measure used in oil
sands development is reclamation which is proposed to mitigate most effects on the environment.
While this measure has yet to be proven to mitigate environmental effects, it is clear that it does
not mitigate most effects on TLU as these effects go beyond environmental effects.
[1810] It is unclear whether a reclaimed landscape will ever be suitable for TLU as evidence
brought forward in this review suggests. Reclamation success is uncertain and there is a
significant time lag (measured in generations) between disturbance and completion of
reclamation. Also, the reclaimed landscape will be fundamentally different from predisturbance
conditions. The Panel recommends that the Governments of Canada and Alberta ensure that
Aboriginal groups are involved in reclamation planning to help better design these plans to
include Aboriginal TLU requirements, such as valued traditional species and culturally important
landscapes.
[1811] The LARP does not specifically address TLU but instead provides for continued
consultation with Aboriginal peoples and engagement to help inform land and natural resource
planning in the region. Several the Aboriginal groups expressed concern that the LARP does not
address their concerns and does nothing to ensure ongoing traditional use of the land. Also, the
absence of a management framework and associated thresholds makes it very difficult for both
industry and the Panel to evaluate the impact of individual projects on TLU. The Panel believes
that to be better able to accomplish and inform land use planning, a TLU management
framework should be developed for all Aboriginal people affected by industrial development in
the Lower Athabasca Region.
[1812] ACFN discussed in detail its proposed Traditional Resource Use Management Plan or
TRUMP (for a more detailed description of TRUMP refer to Effects on Aboriginal Traditional
Land Use, Rights, and Culture section). The ACFN requested that approval of the Project be
deferred until the completion of the TRUMP. The ACFN emphasized that binding thresholds and
measures must be set in advance in order to allow regulators to condition permits and
authorizations in a manner that protects and prioritizes Aboriginal treaty rights. ACFN stated that
the TRUMP would provide the decision makers with information on the minimum requirement
for quantity and quality of traditional resources to maintain TLU and exercise of treaty rights in
the oil sands region. ACFN explained that the TRUMP would provide a regional tool to evaluate
the extent of the encroachment to treaty rights caused by specific projects or by the cumulative
effects of oil sands development, and would allow for the design of mitigation strategies and
follow up and monitoring programs to mitigate and monitor for TLU and the exercise of treaty
rights. ACFN indicated that it would take about two years to complete the development of the
TRUMP.
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[1813] MCFN also recommended the development of what it called a Traditional Land and
Resource Use Management Plan. Other Aboriginal groups had similar suggestions and/or
supported the notion of a traditional use plan for the region.
[1814] The Panel has included a recommendation that a TLU management framework be
developed by Alberta in collaboration with the Government of Canada, all affected Aboriginal
groups in the oil sands region and other stakeholders. The Panel also recommended that this
framework be maintained and adapted over time to ensure the protection of Aboriginal land use
and treaty rights in the oil sands region. The Panel notes that Shell stated that it is willing to
explore the TRUMP concept with other industry participants and the Panel recommends that this
take place as soon as possible.
Biodiversity
[1815] The Panel concludes that there is a potential for irreversible loss of biodiversity in the oil
sands region. Many wetlands cannot be reclaimed, old-growth forests take a significant amount
of time to re-establish, species at risk and other wildlife species are declining, and ecosystems
are being reclaimed from lowlands to uplands. Reclamation is still the main mitigation measure
for oil sands projects, yet there is still insufficient evidence to demonstrate that reclamation
works or will work as intended.
[1816] Alberta requires operators to reclaim disturbed land to equivalent capability. The Panel
believes that this approach does not adequately address biodiversity. For example, it is not clear
how the transition from a lowland/wetland dominated ecosystem to a landscape dominated by
uplands and open water would provide similar biodiversity. The Panel finds that reclamation
may not work as a mitigation measure for the loss of biodiversity. The Panel understands that the
LARP encourages timely and progressive reclamation and is in agreement that this will improve
reclamation but it still may not address the loss of biodiversity. The Panel recommends to the
Government of Alberta that the LARP biodiversity management framework take into
consideration that timely and progressive reclamation may not adequately address the loss of
biodiversity.
[1817] The Panel understands that in the LARP, Alberta has committed to develop the
biodiversity management framework by the end of 2013. Due to the importance of the
framework in managing biodiversity in the region and continued pressure by oil sands
development, the Panel strongly urges the Government of Alberta to make all efforts to ensure
the framework is completed on time. The Panel recommends that until the framework is in place,
the TEMF be used to provide appropriate guidelines and thresholds for managing cumulative
effects in the oil sands region.
Loss of Wetlands
[1818] The Panel has determined that there will be significant adverse cumulative effects on
wetlands, particularly peatlands as these cannot be reclaimed. Wetlands are among the most
highly productive natural systems, providing habitat for a great diversity of plants and animals.
Wetlands have the capability to filter water and act as carbon storage and are intrinsically valued
by Aboriginal people. The post-closure landscape of oil sands mines will be changed from
lowland ecosystems to ones dominated by upland ecosystems that will negatively affect
biodiversity including many species at risk and migratory birds. The Panel recommends to the
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Government of Alberta that the LARP biodiversity management framework take into account the
loss of wetlands and provide thresholds to ensure enough wetlands, including peatlands, are
maintained in the Lower Athabasca Region to maintain biodiversity and protect species of
cultural importance to Aboriginal people.
[1819] In the updated Water for Life Strategy, Alberta committed to developing and
implementing a new wetlands policy for the province. LARP refers to this new policy. The Panel
urges Alberta to complete and implement the new wetlands policy in an expeditious manner. The
biodiversity management framework should reflect the intent of this policy even if the policy has
not yet been implemented.
Species at Risk
[1820] There are several species at risk in the oils sands region (see appendix 10b). Some, such
as the woodland caribou, have recovery strategies in place, while others do not, such as wood
bison. It is important that wildlife species at risk, both federally and provincially listed, are
provided special protection. SARA states that every person who is required to ensure that an
assessment of the environmental effects of a project is conducted must identify the adverse
effects of the project on the listed wildlife species and its critical habitat and, if the project is
carried out, must ensure that measures are taken to avoid or lessen those effects and to monitor
them. EC has pointed out that this part of the statute applies whether the project under review
occurs on federal lands or not.
[1821] The Panel understands that any identified critical habitat must be protected using
provincial mechanisms because oil sands projects occur on provincial Crown land.
[1822] The Panel recommends that the Governments of Alberta and Canada work cooperatively
to
•

meet the goals outlined in recovery strategies for species at risk, including protecting critical
habitat and meeting population recovery objectives and any other management initiatives put
in place for listed species,

•

complete recovery strategies as soon as possible for wood bison, Canada warbler, olive-sided
flycatcher, common nighthawk, and rusty blackbird,

•

complete management plans for species of special concern, and

•

develop action plans to provide the mechanisms required to protect identified critical habitat
as well as other actions required to protect the listed species (e.g., range plans for caribou in
the Richardson Range).

[1823] The Panel believes that these strategies and plans will also serve to better inform project
environmental assessments in the region.
Conservation Offsets
[1824] The Panel recognizes that there are few options available for avoiding or minimizing the
adverse effects that result from clearing large areas to allow surface mining of bitumen to occur.
Avoiding adverse effects generally requires sterilization of bitumen resources, while minimizing
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adverse effects may be difficult or impractical in the context of a large mine as it may impose too
many constraints that adversely affect the safe, efficient, and economical operation of the mine.
However, the Panel is concerned that without additional mitigation, significant adverse effects
will occur. The Panel is concerned about the lack of mitigation that has been shown to be
effective with respect to loss of wetlands and old-growth forests as these landscape types are a
biodiversity hotspot for species at risk and provide important areas for Aboriginal traditional use
and culturally important species’ habitat. The Panel believes that conservation offsets (or
allowances) provide a potentially viable mechanism for mitigating these effects without
sterilizing bitumen resources or adversely affecting mine operation. The Panel notes that use of
conservation offsets is the primary means used to mitigate adverse project effects respecting fish
habitat as required under the federal Fisheries Act.
[1825] The Panel acknowledges that the LARP and other Alberta regulations and policies do not
currently mandate the use of conservation offsets in the oil sands region. While the use of
conservation offsets is contemplated under division 4 of part 3 of ALSA, the biodiversity
management framework under the LARP and the new wetlands policy have not been finalized
and the implementation date for these initiatives is uncertain.
[1826] The Panel notes that in addition to their use under the Fisheries Act, opportunities for the
consideration of conservation allowances may arise through other federal processes administered
under the MBCA, the SARA, the CWA and CEAA, 2012 that could allow EC to consider a
proposal for conservation allowances as a means of mitigating residual environmental effects.
The Panel is also aware that EC has established an Operational Framework for Use of
Conservation Allowances.
[1827] The Panel recognizes that the use of conservation offsets is a complex issue and the
availability, location, effectiveness, and cost of offsets are all matters that need to be considered.
In the absence of specific direction from governments on when and where conservation offsets
are required, it is not surprising that project proponents are reluctant to commit to the use of
them. However, given that there are few options available for avoiding or minimizing the
adverse effects resulting from large surface mines, conservation offsets may be necessary.
[1828] The Panel recommends that before other provincial and federal approvals are issued, the
Governments of Canada and Alberta cooperatively consider the need for conservation offsets to
address the significant adverse project effects to wetlands, wetland-reliant species at risk,
migratory birds that are wetland-reliant or species at risk, and biodiversity and the significant
adverse cumulative effects to wetlands, traditional plant potential areas, old-growth forests,
wetland-reliant species at risk and migratory birds, old-growth forest-reliant species at risk and
migratory birds, biodiversity and Aboriginal traditional use. In considering the need for
conservation offsets, Alberta and Canada should have regard for proposed environmental
objectives for the Athabasca oil sands region and current and proposed policy frameworks,
including but not limited to the proposed biodiversity management framework under the LARP,
Alberta’s proposed new wetlands policy, and EC’s Operational Framework for Use of
Conservation Allowances. Integration of Aboriginal traditional use needs should be part of the
implementation process. Where possible, the requirements for conservation offsets should be
formalized through permitting or approval conditions.
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Air Quality
[1829] Air emissions are regulated by Alberta. Each proponent must show at the application
stage that its project will not exceed regulatory thresholds and if thresholds are exceeded during
actual operations, enforcement may be required. The Panel finds this to be satisfactory on a
project-by-project basis. However, the Panel notes that evidence provided during this proceeding
indicated that if all currently planned and approved projects are built, ambient air quality
guidelines may be exceeded in the future for some compounds. The Panel notes that the LARP
provides a management framework for air quality that has been approved for implementation.
The LARP indicates that these frameworks will establish ambient environmental limits and
triggers for NO2 and SO2. The Panel believes that the LARP air quality management framework
is an appropriate way to manage regional air quality and will be able to prevent regional
exceedances. The Panel stresses the importance of the air quality framework as being key to
limiting the cumulative effects on the region’s airshed. The Panel recommends that the
Government of Alberta consider establishing ambient environmental limits and triggers for other
air quality compounds in the future as a part of LARP, in addition to SO2 and NO2.
[1830] The Panel notes that Shell provided evidence indicating that acrolein emissions will
exceed health-based guidelines. The Panel further notes that Shell proposed no mitigation
measures for reducing acrolein emissions because Shell considered that its contribution to
acrolein would be negligible. The Panel notes that Alberta has not developed ambient air quality
objectives for acrolein but is in the process of doing so.
[1831] The recent studies by Dr. Schindler, EC and others raise potential concerns about the
impacts of PAH and metals deposition on the surrounding environment and seem to point to
upgraders as the key source and concern. While the Panel did not find significant adverse
cumulative effects resulting from the Project, this new data suggest the need for more study,
including a more detailed review of the impacts of regional cumulative emissions of these
compounds.
Water Quality / Quantity
[1832] The Panel heard from Aboriginal groups and other interested parties that were concerned
about water withdrawals from the Athabasca River. The Panel noted concerns about the
navigability of the river and reduced spring flooding in the PAD. The Panel notes that these
changes are due to several causes, not necessarily related to development of the oil sands. The
Panel understands that there is concern regarding a minimum base flow requirement for the river
and that there is disagreement amongst stakeholders regarding the minimum flow requirements
for the Athabasca River. The Panel is aware that Phase 2 of the Lower Athabasca River Water
Management Framework is currently being developed. The Panel recommends an EBF be set as
part of this framework, taking into account stakeholder needs. Recognizing the important
implications flowing from this framework, the Panel urges the Governments of Canada and
Alberta to conclude the development process and implement this framework expeditiously.
[1833] The Panel is aware of the surface water and groundwater quality concerns raised by
interested parties. The Panel recognizes that the federal and provincial governments have taken
steps to establish a Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring, a
comprehensive approach to future monitoring that includes water quality. The Panel understands
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that some monitoring activity has already been initiated with industry funding and encourages
the governments to place a high priority on early implementation of the full monitoring program.
[1834] The Panel notes Alberta’s commitment through the LARP to implement the surface water
quality management framework and to complete and implement the groundwater management
framework. The Panel recommends that the Government of Alberta complete and implement
these as quickly as possible to ensure the quality of water in the region is within the regulatory
aquatic life guideline values. The Panel notes that the LARP indicates that the information will be
reported on and recommends that this information be provided to the public. The Panel stresses
the importance of the water quality frameworks as being key to limiting the cumulative effects
on the region’s surface water and groundwater quality.
Fish and Fish Habitat
[1835] The Panel notes that NNLPs have been used to mitigate project-specific effects for many
oil sands projects. The Panel further notes that DFO stated there is still uncertainty regarding
cumulative effects on fish and fish habitat. The TEMF indicates that the index of native fish
integrity is currently in the red condition, meaning it is more than 20 per cent below the NRV,
and it is forecasted to decline further in the future. The Panel found that Shell’s NNLP did not
specifically describe how cumulative effects are incorporated into planning.
[1836] DFO asked the Panel to recommend that Shell conduct a CEA on downstream fish
habitats, including middle reaches of the Muskeg River, Shell’s JPM, Imperial’s KOSP fish
habitat offsets, Kearl Lake, the lower reaches of the Muskeg River, and the Athabasca River,
including the PAD. DFO stated that it believed that it was possible for an individual oil sands
operator to undertake this assessment but suggested an alternative would be to conduct this
assessment in cooperation with other oil sands operators and regional stakeholders.
[1837] The Panel is of the view that such a study should not be undertaken by an individual
proponent. The Panel recommends that a regional study be conducted by DFO in cooperation
with other government agencies and stakeholders, including Aboriginal groups, to determine the
cumulative effects to fish health, abundance, and habitat in the oil sands region. This study
should take into account the effects of water quantity and quality on fish health and habitat as
well as changes to rivers and streams and the use of compensation lakes to replace fish habitat.
The study should determine how long it takes for fish to establish in a compensation lake and
how long before the fish can be safely consumed by humans and wildlife. Fish biodiversity
should also be assessed to determine changes to biodiversity that occur as a result of removing or
changing rivers and streams and replacing that habitat with lakes.
Regional Monitoring
[1838]The Panel believes that regional strategic monitoring plans are required for the oil sands
region. The monitoring plans are required to assess observed levels of compounds against
thresholds established in management frameworks. The Panel notes that Alberta and Canada
have established the Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring to
provide a monitoring program for the oil sands to ensure environmentally responsible
development of the oil sands resource. The Panel notes that funding has not yet been finalized
for this plan. The Panel strongly urges that this be provided as soon as possible so that this plan
can be implemented in a timely manner.
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[1839] This plan’s monitoring data will provide information on air and water quality, aquatic
ecosystem health, wildlife toxicology, and much more. Interested parties raised concerns
regarding the above issues during the review process. The Panel recognizes the commitment
from Alberta and Canada to implement this plan and provide for a transparent process. The Panel
encourages governments to work with all stakeholders and Aboriginal groups to ensure this plan
is effective. The Panel believes that information obtained during the monitoring must be made
available to the general public in an understandable fashion. The Panel encourages the use of
adaptive management at both the project and regional levels if monitoring indicates thresholds
are being approached or exceeded. Adaptive management plans should be developed as soon as
possible so that they can be used without delay if and when needed.
Socioeconomic Impacts
[1840] The Panel received evidence from the RMWB that community development continues to
be hampered by an inability to address many of the region’s socioeconomic issues, which it
attributed primarily to the lack of timely decisions and actions and an uncoordinated approach by
provincial government departments.
[1841] The Panel notes the RMWB’s view that there is a lack of an integrated process to bring
federal, provincial, and municipal governments together with industry to solve problems,
including land release. The Panel recommends that the Governments of Canada and Alberta
obtain further information from RMWB about this concern and consider how such an integrated
process could be developed. In that respect, the Panel notes, for example, the excellent work that
Canada and Alberta have done together on monitoring.
[1842] The Panel notes that the RMWB considered the lack of timely land availability as its
most important problem because of the inability to transfer land to private developers of housing
and for industrial and commercial uses. The Panel accepts that a lack of timely decisions and
actions by the provincial government about the release of land is having detrimental
socioeconomic impacts on the region. In particular, the Panel concludes that a shortage of land
for development results in higher prices than need to exist. The Panel urges the Government of
Alberta to address the RMWB’s need for developable land on a priority basis. In addition, the
Panel recommends that the Government of Alberta implement a coherent and functioning land
release policy as recommended by the RMWB.
[1843] With respect to the need for a coordinated approach to additional transportation
infrastructure, the Panel believes that this matter has merit in more than one respect. The Panel
accepts that there may be coordination problems between the transportation authority and the
land release authority, a situation the Panel sees as problematic. Accordingly, the Panel
recommends that the Government of Alberta consider the matter of coordination problems and
identify ways to provide greater coordination between and among its ministries.
[1844] Further on transportation, the Panel heard from the RMWB that the proposal to build an
eastern bypass would alleviate traffic safety and congestion concerns in Fort McMurray and
would also allow for heavy trucks to ship south to connect with railways. It said that the decision
had been made to proceed with the bypass but that the coordination required has not been
occurring. The Panel recommends that the Government of Alberta determine what is needed to
proceed with the bypass protocol.
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[1845] With respect to the approval process for residential camps at the provincial level, the
Panel believes there are opportunities for greater coordination between the province and the
RMWB. The Panel recommends that the province ensure that RMWB concerns are addressed in
the camp approval process, to advise the municipality of approvals issued, and to address the
RMWB’s concerns respecting compliance with the terms of such approvals.

Dated in Calgary, Alberta, on July 9, 2013.
ALBERTA ENERGY REGULATOR
CANADIAN ENVIRONMENTAL ASSESSMENT AGENCY

<original signed by>
J. D. Dilay, P.Eng.
Panel Chair

<original signed by>
A. H. Bolton, P.Geo.
Panel member

<original signed by>
L. J. Cooke
Panel member
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Shawn Denstedt, Q.C.
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Jason Plamondon
David Schaaf
Bart Koppe
Candace Bell
Martin Jalkotzy
Getu Biftu
Jerry Vandenberg
Joao Kupper
Kasey Clipperton
Mark Sawyer
Michael Margerum
Muffay Fitch
Rosemary Bloise
Colin Middleton
Brock Simons
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Linda Jefferson
Wayne Speller
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Darrel Martindale
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Jeff Roberts
Malcolm Mayes

Athasbasca Chipewyan First Nation (ACFN)
Eamon Murphy
Jenny Biem

Chief Allan Adam
Elder Pat Marcel
Elder Rene Bruno
Elder Charlie Voyageur
Raymond Cardinal
Marvin L’Hommecourt
Leslie Laviolette
Jonathan Bruno
Kim Marcel
Beatrice Deranger
Lisa King
Nicole Nicholls
Doreen Somers
Dr. Paul Jones
Dr. Patt Larcombe
Dr. Pat McCormack
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Dr. Carver
Dr. Craig Candler
Dr. Petr Komers
Dr. Sheri Gutsell
Sarah Hechtenthal
Alistair MacDonald
Bruce MacLean
Attorney General of Canada (Canada)
Kirk Lambrecht, Q.C.
James Elford

Fisheries and Oceans Canada (DFO)
Brian Makowecki
Marek Janowicz
Court D. Berryman
Environment Canada (EC)
Cheryl Baraniecki
Rob Bennett
Barrie Bonsal
William Booty
Patricia Chambers
Dave Fox
Heather Morrison
Samantha Song
Doug Spry
Stephen Virc
Corinna Watt
Richard Wiacek
Greg Bickerton
Natural Resources Canada (NRCAN)
Shelley Ball
Kim Kasperski
Miroslav Nastev
Baolin Wang
Transport Canada (TC)
Dale Kirkland
Shannon Vollema

Donna Deranger

Donna Deranger

Fort McKay First Nation and Fort McKay
Métis Community Association (Fort
McKay)
Karin Buss
Fort McMurray #468 First Nation
Rangi Jeerakathil
John Malcolm, the Non-Status Fort
John Malcolm
McMurray/Fort McKay First Nation and the Maureen Cardinal
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Clearwater River Paul Cree Band #175 (the Celina Malcolm
Bands)
Anna Johnston
Métis Nation of Alberta Region 1 and the
individuals and groups named together with
Region 1
Debbie Bishop
Cynthia Bertolin

Gabe Bourke
Barb Hermansen
John Grant
Mike Guertin
Fred (Jumbo) Fraser
Diane Scoville
Bill Loutitt
Harvey Sykes
Joe Hamelin
John Fraser
Peter Fortna
Clem Chartier

Mikisew Cree First Nation (MCFN)
Don Mallon, Q.C.
Daniela O’Callaghan
Minister of Justice and Attorney General of
Alberta (Alberta)
Thomas Rothwell
Oil Sands Environmental Coalition (OSEC)
Karin Buss
Melissa Gorrie

Marc Huot
Simon Dyer
Carolyn Campbell
Jennifer Grant
Dr. Glenn Miller
Dr. David Schindler

Regional Municipality of Wood Buffalo
(RMWB)
Ray Purdy, Q.C.
Katherine Morianos
Tore Purdy

Glen Laubenstein
Michael Evans
Gary Gordon
Darryl Howery

Sierra Club Prairie
Chelsea Flook

Chelsea Flook

Dr. Keith Stewart

Dr. Keith Stewart

Syncrude Canada Ltd. (Syncrude)
Bernard Roth
Sheliza Ladha
Elder Mary Tourangeau

Elder Mary Tourangeau

Total E&P Canada Ltd. (Total)
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Kellie Johnston
Clinton Westman
Dr. Anna Zalik and Osume Osuoka
Canadian Environmental Assessment Agency
Charles Birchall, Counsel
Jill Adams
Deborah Austin
Daniel Martineau
Jean-Pierre Thonney
Courtney Trevis
Energy Resources Conservation Board staff
Gary Perkins, Counsel
Meighan LaCasse, Counsel
Robert Mueller, Counsel
Paul Aguas
Michael Bevan
Amanda Black
Krista Boychuk
Afshan Mahmood
Yetimgeta Mihiretu
Gladys Onovwiona
Don South
Erin Tough
Steven van Lingen
Tara Wang
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APPENDIX 2 ABBREVIATIONS USED IN THIS REPORT
Acronym/Abbreviation
µg/m

3

Definition
Micrograms per cubic metre

AAAQO

Alberta Ambient Air Quality Objectives

ABF

Aboriginal Base Flow

ABMI

Alberta Biodiversity Monitoring Institute

ACFN

Athabasca Chipewyan First Nation

ADTT

Average daily two-way traffic

AEF

Aboriginal Extreme Flow

AENV

Alberta Environment

AER

Alberta Energy Regulator

AESRD

Alberta Environment and Sustainable Resource Development

Alberta

Attorney General of Alberta

ALSA

Alberta Land Stewardship Act

APJA

Administrative Procedures and Jurisdiction Act

AVI

Alberta Vegetation Index

BML

Base Mine Lake

Canada

Attorney General of Canada

CAPP

Canadian Association of Petroleum Producers

CBD

Convention on Biological Diversity

CCME

Canadian Council of Ministers of the Environment

CDA

Canadian Dam Association

CEA

Cumulative effects assessment

CEAA

Canadian Environmental Assessment Act

CEAA, 2012

Canadian Environmental Assessment Act, 2012

CEAA

Canadian Environmental Assessment Agency

CEB

Chronic Effects Benchmark

CEMA

Cumulative Environmental Management Association

CHA Baseline

Cultural Heritage Assessment Baseline

Clearwater Band

Clearwater River Paul Cree #175 Band

cm

Centimetres

CNRL

Canadian Natural Resources Limited

CO2

Carbon dioxide

CO2e/bbl

CO2 equivalent per barrel of bitumen produced

CONRAD

Canadian Oil Sands Network for Research and Development

COSIA

Canada’s Oil Sands Innovation Alliance

CSE

Culturally Significant Ecosystems

CWA

Canadian Wildlife Act

dBA

Decibel A

DDA

Dedicated Disposal Areas

DFO

Department of Fisheries and Oceans Canada

Directive 038

AER Directive 038: Noise Control
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Acronym/Abbreviation

Definition

Directive 060

AER Directive 060: Upstream Petroleum Industry Flaring,
Incinerating, and Venting

Directive 074

AER Directive 074: Tailings Performance Criteria and
Requirements for Oil Sands Mining Schemes

Directive 082

AER Directive 082: Operating Criteria: Resource Recovery
Requirements for Oil Sands Mine and Processing Plant
Operations

DO

Dissolved Oxygen

EBF

Ecosystem Base Flow

EC

Environment Canada

EIA

Environmental Impact Assessment

EIS

Environmental Impact Statement

EPEA

Environmental Protection and Enhancement Act

EPL

End Pit Lake

EPLGD

End Pit Lake Guidance Document

ERCA

Energy Resources Conservation Act

ERCB

Energy Resources Conservation Board

ESRD

Alberta Environment and Sustainable Resource Development

ETDA

External Tailings Disposal Area

ETF

External Tailings Facility

EUB

Alberta Energy and Utilities Board

FDSA

Focused Disturbance Study Area

FHEC

Fort Hills Energy Corporation

FHOSP

Fort Hill Oil Sands Project

FMFN

Fort McKay First Nation

FMMCA

Fort McKay Métis Community Association

FMMFN #468

Fort McMurray #468 First Nation

FMSA

Fort McKay Specific Assessment

Fort McKay

Fort McKay First Nation and FMMCA/Métis Local #63

FTSA

Forty Township Study Area

GDP

Gross domestic product

GHG

Greenhouse Gas Emissions

GIC

Governor in Council

ha

Hectares

HADD

Harmful alteration, disruption, and destruction

HC

Health Canada

HHRA

Human Health Risk Assessment

HIS

Habitat suitability index

HRIA

Historical Resources Impact Assessment

ID

Interim Directive

ID 2001-7

AER ID 2001-7: Operating Criteria: Resource Recovery
Requirements for Oil Sands Mine and Processing Plant Sites
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Acronym/Abbreviation

Definition

IKLU Report

Integrated Knowledge and Land Use Report and Assessment
for Shell Canada’s Proposed Jackpine Mine and Pierre River
Mine

Imperial

Imperial Oil Resources Ventures Limited

INAC

Indian and Northern Affairs Canada

IPCC3

Intergovernmental Panel on Climate Change 3rd Assessment

IPCC4

Intergovernmental Panel on Climate Change 4th Assessment

IRC

Industry Relations Corporation

IRP

Integrated Resource Plan

JPM

Jackpine Mine

kg

Kilogram

KIR

Key Indicator Resource

km

Kilometres

KOSP

Kearl Oil Sands Project

Larcombe Report

A Narrative of Encroachment Experienced by the Athabasca
Chipewyan First Nation

LARP

Lower Athabasca Regional Plan

LSA

Local Study Area

LUF

Land use framework

m

Metre

3

Cubic metres per day

3

m /s

Cubic metres per second

MAC

Mining Association of Canada

Mbbl

Million barrels

m /d

MBCA

Migratory Birds Convention Act, 1994

MCFN

Mikisew Cree First Nation

MFSP

Mine Financial Security Program

MFT

Mature Fine Tailings

mg/l

Milligram per litre

MLS

multiple listing service

MLWC

McClelland Lake Wetlands Complex

3

Mm

Million cubic metres

MNA

Métis Nation of Alberta

MOU

Memorandum of understanding

MRDA

Muskeg River Diversion Alternative

MRDC

Muskeg River Diversion Channel

MRM

Muskeg River Mine Project

Mt CO2e/yr

Million tonnes in CO2 equivalent per year

NIA

Noise Impact Assessment

NNLP

No Net Loss Plan

NO2

Nitrogen Dioxide

NOX

Nitrogen Oxide
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Acronym/Abbreviation

Definition

NPRI

National Pollutant Release Inventory

NQCL

Notice of questions of constitutional Law

NRCan

Natural Resources Canada

NRV

Natural Range of Variability

NSFMFM

Non-Status Fort McMurray and Fort McKay First Nation

NST

Non-Segregating Tailings

NWPA

Navigable Waters Protection Act

OBDA

Overburden disposal area

OH&S

Occupational Health & Safety

OHSA

Alberta Occupational Health and Safety Act

OMS

Operation, Maintenance and Surveillance

OSCA

Oil Sands Conservation Act

OSCR

Oil Sands Conservation Regulation

OSEC

Oil Sands Environmental Coalition

OSTC

Oil Sands Tailings Consortium

P2FC

Phase 2 Framework Committee

PAD

Peace-Athasbasca Delta

PAH

Polycyclic Aromatic Hydrocarbon

PAI

Potential Acid Input

Parks Canada

Parks Canada Agency

PAW

Process Affected Water

PCA

Pleistocene Channel Aquifer

PDC

Planned development case

Phase 1

Jackpine Mine – Phase 1

PIC

Preindustrial case

PM2.5

Fine particulate matter

PRM

Pierre River Mine Project

PVA

Population Viability Analysis

QUEST

Quality Urban Energy Systems of Tomorrow

RAMP

Regional Aquatics Monitoring Program

RDSA

Regional Disturbance Study Area

REDA

Responsible Energy Development Act

RFMA

Registered fur management areas

RMS

Reclamation Material Stockpile

RMWB

Regional Municipality of Wood Buffalo

RSA

Regional Study Area

SAGD

Steam-assisted gravity drainage

SARA

Species at Risk Act

SEIA

Socioeconomic impact assessment

Shell

Shell Canada Energy

SIR

Supplemental Information Request
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Acronym/Abbreviation

Definition

SO2

Sulphur Dioxide

SOX

Sulfur Oxide

Syncrude

Syncrude Canada Limited

TC

Transport Canada

TDS

Total Dissolved Solids

TEK

Traditional Ecological Knowledge

TEMF

Terrestrial ecosystem management framework

The 2006 Report

Nistawayaw, Where Three Rivers Meet, Fort McMurray #468
First Nation, Traditional Land Use Study (2006)

the Agency

Canadian Environmental Assessment Agency

the Agreement

Agreement to Establish a Joint Review Panel

the Panel

Joint Review Panel

the Project

Jackpine Mine Expansion Project

TK

Traditional Knowledge

TLL Report

Cumulative Impacts to FMMFN #468 Traditional Lands and
Lifeways

TLRUMP

Traditional Land and Resource Use Management Plan

TLU

Traditional Land Use

TLU-LSA

Local study area for traditional land use

TLU-RSA

Regional study areas for the TLU assessment

TOR

Terms of reference

Total

Total E&P Canada Limited

TRUMP

Traditional Resource Use Management Plan

TSRU

Tailings Solvent Recovery Unit

TSS

Total Suspended Solids

TT

Thickened Tailings

VOC

volatile organic compound

WBEA

Wood Buffalo Environmental Association

wt%

Per cent bitumen by weight
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APPENDIX 3 JOINT PANEL AGREEMENT
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AGREEMENT
To Establish a Joint Review Panel
for the Jackpine Mine Expansion Project
Between
The Minister of the Environment, Canada
-andThe Energy Resources Conservation Board, Alberta
PREAMBLE
WHEREAS the Energy Resources Conservation Board (the ERCB) has statutory
responsibilities pursuant to the Energy Resources Conservation Act, and
WHEREAS the Minister of the Environment, Canada (the Federal Minister of the
Environment) has statutory responsibilities pursuant to the Canadian Environmental
Assessment Act, and
WHEREAS the Jackpine Mine Expansion Project (the project) requires a public hearing
and approvals from the ERCB pursuant to the Energy Resources Conservation Act, and
the Oil Sands Conservation Act, and is subject to an assessment under the Canadian
Environmental Assessment Act; and
WHEREAS the Canadian Environmental Assessment Agency (the Agency) has
requested, in accordance with section 25 of the Canadian Environmental Assessment
Act, that the Federal Minister of the Environment refer the project to a review panel; and
WHEREAS the Federal Minister of the Environment has referred the project to a review
panel in accordance with section 29 of the Canadian Environmental Assessment Act,
and
WHEREAS the Government of the Province of Alberta and the Government of Canada
established a framework for conducting joint review panels through the Canada-Alberta
Agreement on Environmental Assessment Cooperation (2005) signed on May 17, 2005;
and
WHEREAS the ERCB and the Federal Minister of the Environment have determined that
a joint review of the project will ensure that the project is evaluated according to the spirit
and requirements of their respective authorities while avoiding unnecessary duplication,
delays and confusion that could arise from individual reviews by each government or the
ERCB; and
WHEREAS the ERCB and the Federal Minister of the Environment have determined that
a joint review of the project should be conducted in a manner consistent with the
provisions of Appendix 2 of the Canada-Alberta Agreement on Environmental
Assessment Cooperation (2005); and
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WHEREAS the Federal Minister of the Environment has determined that pursuant to
subsection 40(2) of the Canadian Environmental Assessment Act a joint review panel
should be established to consider the project; and
WHEREAS the ERCB has determined that pursuant to section 22 of the Energy
Resources Conservation Act a joint review panel cooperative proceeding should be
established and that the project should be considered in a cooperative proceeding by the
ERCB and the Agency;
THEREFORE, the ERCB and the Federal Minister of the Environment hereby establish
a joint review panel for the project in accordance with the provisions of this Agreement
and the Terms of Reference attached as an Appendix to this Agreement.
1. Definitions
For the purpose of this Agreement and of the Appendix attached to it,
"Agency" means the Canadian Environmental Assessment Agency established by the
Canadian Environmental Assessment Act.
"environment" means the components of the Earth, and includes
a.
b.
c.

land, water and air, including all layers of the atmosphere;
all organic and inorganic matter and living organisms; and
the interacting natural systems that include components referred to in a. and b.

"environmental effect" means, in respect of the project,
a.

b.

c.

any change that the project may cause in the environment, including any change
it may cause to a listed wildlife species, its critical habitat or the residence of
individuals of that species, as those terms are defined in subsection 2(1) of the
Species at Risk Act,
any effect of any change referred to in paragraph a. on
i. health and socio-economic conditions
ii. physical and cultural heritage
iii. the current use of lands and resources for traditional purposes by Aboriginal
persons, or
iv. any structure, site or thing that is of historical, archaeological,
paleontological or architectural significance, or
any change to the project that may be caused by the environment

whether any such change or effect occurs within or outside Canada.
"federal authority" refers to such an authority as defined in the Canadian Environmental
Assessment Act.
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"report" means the document produced by the Joint Review Panel, which contains
decisions pursuant to the Energy Resources Conservation Act or the Oil Sands
Conservation Act, and the Joint Review Panel's rationale, conclusions and
recommendations relating to the environmental assessment of the project, including any
mitigation measures and follow-up program pursuant to the Canadian Environmental

Assessment Act.
"follow-up program" means a program for

a.

verifying the accuracy of the environmental assessment of the project, and

b.

determining the effectiveness of any measures taken to mitigate the adverse
environmental effects of the project.

"Joint Review Panel" refers to the Joint Review Panel established by the ERCB and the
Federal Minister of the Environment through this Agreement.
"mitigation" means, in respect of the project, the elimination, reduction or control of the
adverse environmental effects of the project, and includes restitution for any damage to
the environment caused by such effects through replacement, restoration, compensation
or any other means.
"parties" means the signatories to this Agreement.
"proponent" has the meaning provided in section 2 of the Canadian Environmental
Assessment Act.
"public registry" means a repository to facilitate public access to the records relating to
the environmental assessment of the project in accordance with section 55 of the
Canadian Environmental Assessment Act.
"responsible authority" refers to such an authority as defined in the Canadian

Environmental Assessment Act.

2. Establishment of the Joint Review Panel
2.1

A process is hereby established to create a Joint Review Panel, pursuant to
section 22 of the Energy Resources Conservation Act with the authorization of the
Lieutenant Governor in Council of Alberta, and sections 40, 41 and 42 of the
Canadian Environmental Assessment Act, for the purposes of the joint review of
the project.

2.2

The ERCB and the Agency will make arrangements to coordinate the
announcements of a joint review of the project by both Alberta and Canada.

3. Constitution of the Joint Review Panel
3.1

The Joint Review Panel will consist of three members. Two members, including
the Joint Review Panel Chair, will be appointed by the Chair of the ERCB with the
approval of the Federal Minister of the Environment. The third Joint Review Panel
member will be appointed by the Federal Minister of the Environment in
accordance with article 3.2 of this Agreement.
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3.2

The Federal Minister of the Environment will select the third Joint Review Panel
member and recommend the selected candidate as an individual who may serve
as a potential acting member of the ERCB. If acceptable to the Lieutenant
Governor in Council of Alberta and the Chairman of the ERCB, the Lieutenant
Governor in Council of Alberta will nominate this candidate to serve as an acting
member of the ERCB and the Chairman of the ERCB will appoint this candidate
as a member of the Joint Review Panel. The selected candidate will also be
appointed by the Federal Minister of the Environment as a member of the Joint
Review Panel.

3.3

The Joint Review Panel members shall be unbiased and free from any conflict of
interest relative to the project and are to have knowledge or experience relevant to
the anticipated environmental effects of the project.

4. Conduct of Assessment by the Joint Review Panel
4.1

The Joint Review Panel shall conduct its review in a manner that discharges the
responsibilities of the ERCB under the Energy Resources Conservation Act.

4.2

The Joint Review Panel shall conduct its review in a manner that discharges the
requirements set out in the Canadian Environmental Assessment Act and in the
Terms of Reference attached as an Appendix to this Agreement and that were
fixed and approved by the Federal Minister of the Environment and the ERCB.

4.3

The Joint Review Panel shall have all the powers and duties of a panel described
in section 35 of the Canadian Environmental Assessment Act and of a division of
the ERCB described in section 8 of the Energy Resources Conservation Act.

4.4

The Joint Review Panel hearing shall be public and the review will provide
opportunities for timely and meaningful participation by the public, including
Aboriginal persons and groups. Hearing participants will not be required to satisfy
the test under subsection 26(2) of the Energy Resources Conservation Act. The
Joint Review Panel shall conduct its hearing in accordance with the ERCB's Rules
of Practice. The Joint Review Panel will, however, attempt to make the review
process as accessible as reasonably possible for individuals or groups who are
not represented by legal counsel or who may lack experience with the quasijudicial nature of the hearing process.

4.5

A majority of the Joint Review Panel members constitutes a quorum for the
purposes of the environmental assessment to be conducted by the Joint Review
Panel. When a hearing, public meeting, or other activity is conducted by the Joint
Review Panel and a member of the Joint Review Panel for any reason does not
attend on any day or part of a day, the other members who are sitting at the
hearing, public meeting or other activity may continue as fully and effectively as
though the absent member was present.

5. Secretariat
5.1

Administrative, technical, and procedural support requested by the Joint Review
Panel shall be provided by a Secretariat, which shall be the joint responsibility of
the ERCB and the Agency.

5.2

The Secretariat will report to the Joint Review Panel and will be structured so as
to allow the Joint Review Panel to conduct its review in an efficient and costeffective manner.
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5.3

The ERCB will provide its offices for the conduct of the activities of the Joint
Review Panel and the Secretariat.

6. Aboriginal Rights and Interests
6.1

The Joint Review Panel may receive information from Aboriginal groups related to
the nature and scope of asserted or established Aboriginal and treaty rights in the
area of the project, as well as information on the potential adverse environmental
effects that the project may have on asserted or established Aboriginal and treaty
rights. The Joint Review Panel may also receive information provided in this
regard by other participants, federal authorities or government, and provincial
departments or government.

6.2

The Joint Review Panel shall reference in its report:

a.

the information provided by participants regarding the manner in which the
project may adversely affect asserted or established Aboriginal and treaty rights;
and

b.

the information provided by participants regarding the strength of claim in respect
of Aboriginal and treaty rights asserted by a participant, including information
about the location, extent, bases and exercise of those asserted Aboriginal and
treaty rights in the area of the project.

For the purposes of its report, the Joint Review Panel shall document claims of
Aboriginal and treaty rights as presented by participants and consider the effects of
the project on the Aboriginal and treaty rights so presented. The Joint Review Panel
may use this information to make recommendations that relate to the manner in which
the project may adversely affect the Aboriginal and treaty rights asserted by
participants.

6.3
a.
b.
c.

6.4

Notwithstanding articles 6.1 and 6.2, the Joint Review Panel is not required by this
agreement to make any determinations as to:
the validity of Aboriginal or treaty rights asserted by a participant or the strength
of such claims;
the scope of the Crown's duty to consult an Aboriginal group; or
whether the Crown has met its respective duties to consult or accommodate in
respect of rights recognized and affirmed by section 35 of the Constitution Act,
1982.
Nothing in this article 6 limits the application of Part 2 of the Administrative
Procedures and Jurisdiction Act to the ERCB, and the Joint Review Panel (in its
capacity as a division of the ERCB) remains at all times subject to the
requirements of, and entitled to exercise the powers under Part 2 of the
Administrative Procedures and Jurisdiction Act, including but not limited to section
13 thereof.

7. Record of Joint Review and Report
7.1

A public registry will be maintained by the Secretariat during the course of the joint
review in a manner that provides for convenient public access, and for the
purposes of compliance with sections 55 to 55.5 of the Canadian Environmental
Assessment Act.
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7.2

Subject to subsections 35(3), (4), and (4.1) and section 55.5 of the Canadian
Environmental Assessment Act, the public registry will include all submissions,
correspondence, hearing transcripts, exhibits and other information received by
the Joint Review Panel and all public information produced by the Joint Review
Panel relating to the review of the project.

7.3

On completion of the assessment of the project, the Joint Review Panel shall
prepare a report. The report shall include an executive summary in both official
languages. The report will set out the rationale, conclusions and
recommendations of the Joint Review Panel relating to the environmental
assessment of the project, including any mitigation measures and follow-up
program, and a summary of comments received from the public, including
Aboriginal persons and groups. The report will be conveyed to the Government of
Alberta and the Federal Minister of the Environment within 90 days of the close of
record. Simultaneously, the report will be published and made available to the
public by the Joint Review Panel.

7.4

After the report is submitted, the responsibility for the maintenance of the public
registry will be transferred to the responsible authority. The ERCB will continue to
maintain records of the proceedings and the report in accordance with its normal
practices and procedures.

7.5

The Agency will be responsible for the translation of key documents prepared by
the Joint Review Panel, including public notifications and releases and the report,
into both of the official languages of Canada. The Agency will use all reasonable
efforts to expedite the translation of the report.

8. Other Government Departments
8.1

The Joint Review Panel may request federal authorities and provincial authorities
having specialized information or knowledge with respect to the project to make
that information or knowledge available to the Joint Review Panel in an
acceptable manner.

8.2

Nothing in this Agreement will restrict the participation by way of submission to the
Joint Review Panel by other federal or provincial government departments or
bodies, subject to article 8.1, above, subsection 12(3) of the Canadian
Environmental Assessment Act and the ERCB Rules of Practice.

9. Participant Funding
9.1

Decisions regarding participant funding by the Agency under the federal
Participant Funding Program, and decisions on local intervener funding by the
ERCB as provided for in the Energy Resources Conservation Act, ERCB Rules of
Practice and the ERCB's Directive 31: Guidelines for Energy Proceeding Cost
Claims will, to the ex1ent practicable, take into account decisions of the other
party.
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10. Cost Sharing
10.1

The ERCB, as lead party, will develop a budget estimate of expenses agreeable
to both parties prior to initiation of the Joint Review Panel activities.

10.2 The costs of the joint review will be apportioned between the ERCB and the
Agency in the manner set out in articles 10.3, 10.4 and 10.5.
10.3 The ERCB will be solely responsible for the following costs:

•

salaries and benefits of the Joint Review Panel Chairman and the member of the
Joint Review Panel not appointed in accordance with article 3.2; and
salaries and benefits of ERCB staff involved in the joint review.

10.4 The Agency will be solely responsible for the following costs:

per diems of the Joint Review Panel member appointed in accordance with
article 3.2;
salaries and benefits of Agency staff involved in the joint review;
•

all costs associated with the Agency's legal counsel for the proceeding;
all costs associated with the federal Participant Funding Program;

•

translation of records and documents into the official languages of Canada other
than translation required as outlined in article 10.5 of this Agreement; and

•

costs associated with the public registry established pursuant to section 55.1 of
the Canadian Environmental Assessment Act.

10.5 The ERCB and the Agency agree to share equally all those costs listed below,
incurred as part of the joint review from the signing of this Agreement to the date
the report is issued by the Joint Review Panel. The shareable costs are as
follows:

•

travel-related expenses associated with the review incurred by Joint Review
Panel members and Joint Review Panel Secretariat staff;

•

per diems and associated expenses of independent/non-government expert
consultants, analysts and communications specialists retained by the Secretariat;

•

language translation and interpretation services and facilities related to the
evidence of applicants, participants and local interveners as required by the Joint
Review Panel, but not including translation service referred to in article 7.5 of this
Agreement;

•

printing of any reports and documents distributed by the Joint Review Panel
necessary for the Joint Review Panel's work;

•

the publication of notices and releases;

•

photocopying, including the reproduction of documents contained in the public
registry, and postage related to the joint review;

•

court reporting and transcripts as required by the Joint Review Panel;

•

rental of hearing, public meeting and public information office facilities and
equipment;
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•

audio and audio-visual services at the hearing and public meetings; and

•

miscellaneous expenditures up to a maximum of five percent (5%) of the total
budget for the joint review.

10.6 The Agency may only be responsible for contributing to shareable costs within the
allowable limits of Treasury Board Secretariat directives.
10.7

Shareable costs of the joint review as detailed in article 10.5 will be incurred at the
sole discretion of the Joint Review Panel with due regard to economy and
efficiency.

10.8

All expenses not listed above will need prior approval of both parties if they are to
be equally shared.

11.1nvoicing
11.1

The ERCB will be responsible for advancing funds for the payment of the
shareable costs and will invoice the Agency for the amounts owed under this
Agreement, except for travel-related expenses of the Agency's staff which will be
advanced by the Agency. In the event that the Agency is required to advance
shareable funds directly, it will advance funds for payment and will invoice the
ERCB as determined under this Agreement.

11.2 The invoicing will be done either at the end of each month or quarterly at the
discretion of the ERCB. The invoice will cover all shareable costs paid by the
ERCB.
11.3

Each invoice will be accompanied by a summary description of the shareable
costs actually incurred and paid for the period covered by the invoice, in a form
satisfactory to both parties and will be approved by an official acceptable to both
parties_. petalled information about incurred costs will be retained and made
available to either Party upon request.

11.4 Subject to compliance with the above requirements, the Agency will pay to the
ERCB the amount stated as being owed to it in the invoice within sixty (60) days
of having received such invoice.
11.5

With respect to invoices covering the last period of any fiscal year (ending
March 31), and the last invoice to be produced for the Joint Review Panel, each
Party may review and deduct from the invoice, any incurred shareable costs that
have not been previously recovered, so as to determine a net transfer of shared
costs from one party to another. The payment will be made within thirty (30) days
of having received such invoice. An accounting of the shared expenses incurred
by the Agency will be sent with the year-end and final payments, or earlier as may
be requested by the ERCB.

12. Audit
12.1

Subject to this Agreement, both parties will keep open to audit and inspection by
the Agency or the ERCB, or their duly authorized representative, all invoices,
receipts, vouchers and documents of any nature or kind whatsoever that have
been relied on by either of the two parties to calculate the shared cost of
conducting the public review.

12.2 The Party exercising its option to audit will be responsible for the cost of the audit.
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Appendix
Terms of Reference
Part I - Scope of Project
Shell Canada Limited is requesting to amend its Jackpine Mine- Phase 1 approval to
access additional mining areas on Oil Sand Leases located adjacent to the Jackpine
Mine- Phase 1. The project would add another 100 000 barrels bitumen production per
day. This would increase the total bitumen production capacity to 300 000 barrels per
day. This expansion would include additional mining areas and associated processing
facilities, utilities, and infrastructure. The project components which are part of the scope
of this assessment include:
•
•
•
•
•
•

•
•
•

Expansion of the Jackpine Mine- Phase 1 area on the eastern part of Lease 13
and extending mining activities to additional northern leases;
Open pit, truck and shovel mine;
Construction of ore handling, conditioning and bitumen extraction facilities and a
high-temperature forth treatment facility at the Jackpine Mine- Phase 1 site;
Construction of a cogeneration plant at the Jackpine Mine- Phase 1 site and
adding new or augmenting existing utility systems;
Constructing a new external tailings disposal area at the southern end of Lease
88 to accommodate the additional volume of tailing produced;
Process facilities that would include:
o Crushers and conveyors
o Slurry conditioning and ore preparation
o Extraction
o Tailing handling and treatment
o Froth treatment
o Tailings solvent recovery
o Asphaltene recovery
Works and undertakings associated with the harmful alteration, disruption or
destruction of fish habitat;
Fish habitat compensation and any required infrastructure;
All related works and activities including all temporary facilities required for the
construction and operation of the above-mentioned facilities, namely
o any access roads, work camps, electrical power supply lines or power
supply for camps and worksites (new or modified);
o drinking water supply for camps;
o water supply for the project, including water storage facilities
o
o
o
o
o

temporary control structures and diversion works;
treatment of wastewaters and waste management;
construction worksites and storage areas;
management of excavation material;
handling and storage of petroleum products and hazardous materials
10
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Part II -Scope of the Environmental Assessment
1. The Joint Review Panel shall conduct an assessment of the environmental effects of
the project based on the Scope of Project (Part 1).
2. The assessment shall include a consideration of the factors listed in paragraphs
16(1)(a) to (d) and subsection16(2) of the Canadian Environmental Assessment Act,
namely:
a. the environmental effects of the project, including the environmental effects of
malfunctions or accidents that may occur in connection with the project and any
cumulative environmental effects that are likely to result from the project in
combination with other projects or activities that have been or will be carried out;
b. the significance of the effects referred to in paragraph a.;
c. comments from the public, including Aboriginal persons and groups, that are
received during the joint review;
d. measures that are technically and economically feasible and that would mitigate
any significant adverse environmental effects of the project;
e. the purpose of the project;
f.
alternative means of carrying out the project that are technically and economically
feasible and the environmental effects of any such alternative means;
g. the need for, and the requirements of, any follow-up program in respect of the
project; and
h. the capacity of renewable resources that are likely to be significantly affected by
the project to meet the needs of the present and those of the future.
3. The assessment by the Joint Review Panel shall also include a consideration of the
additional following matters:
a. the need for the project;
b. alternatives to the project received during the joint review;
c. effects of the project on asserted or established Aboriginal and treaty rights, to
the extent the Joint Review Panel receives such information as provided in
article 6 of the Agreement; and
d. community knowledge and aboriginal traditional knowledge (such as traditional
use studies) received during the joint review.
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Part Ill - Scope of the factors
The scope of the factors include those specified in the "Final Terms of Reference" for the
preparation of the Environmental Impact Assessment Report for the Shell Canada
Limited Jackpine Mine Expansion & Pierre River Mine issued by Alberta Environment on
November 28, 2007. The document is available on the public registry (document# 6).
In addition, the Joint Review Panel in considering the factors outlined in Part II shall
have regard for the following:
Aboriginal Rights and Interests

The Joint Review Panel shall consider:
•

•

Evidence concerning any potential project effects to asserted or established
Aboriginal and treaty rights presented by participants, such as:
o

Any potential effects on uses of lands and resources by Aboriginal groups
for traditional purposes;

o

Any effects (including the effects related to increased access and
fragmentation of habitat) on hunting, fishing, trapping, cultural and other
traditional uses of the land (e.g. collection of medicinal plants, use of
sacred sites), as well as related effects on lifestyle, culture, health and
quality of life of Aboriginal persons;

o

Any effects of alterations to access into areas used by Aboriginal persons
for traditional uses;

o

Any adverse effects of the project on the ability of future generations to
pursue traditional activities or lifestyle;

o

Any effects of the project on heritage and archaeological resources in the
project area that are of importance or concern to Aboriginal groups;

The methods and measures proposed to manage, mitigate and compensate to
an acceptable level, any identified effects on asserted or established Aboriginal
rights and interests.
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Cumulative Effects Assessment
The cumulative effects assessment should take into consideration the approach
described in the Agency's Cumulative Effects Assessment Practitioners Guide (1999)
and in the Agency's Operation Policy Statement entitled "Addressing Cumulative
Environmental Effects under the Canadian Environmental Assessment Act" updated in
November 2007.
The Joint Review Panel should focus its consideration of cumulative effects on key
valued components. Without limiting itself thereto, the following components should be
considered:
•

water quality and quantity, including any potential effects on navigable waters or
navigation;

•

air quality and greenhouse gas emissions;

•

asserted or established Aboriginal and treaty rights and interests;

•

wildlife and wildlife habitat for valued species including: federally and provincially
listed species at risk, and migratory birds; and

•

valued vegetation communities and wetlands.

The cumulative effects assessment should provide a justification and description of
the temporal boundaries and include, but not be limited to, the following:
•

a pre-industrial case to allow the Joint Review Panel to take into account the
effects that may have already been experienced prior to the project; and

•

future foreseeable projects or activities as of the issuance of the Joint Review
Panel's Tenms of Reference.

Accidents & Malfunctions
In considering the environmental effects of malfunctions or accidents that may occur in
connection with the project, the Joint Review Panel should include potential malfunctions
or accidents associated with the following components:
•

tailings management;

•

waste management and disposal;

•

use, handling or spills of chemicals and hazardous materials on-site;

•

the increase in road traffic, and the risk of road accidents; and

•

any other project components or systems that have the potential, through
accident or malfunction, to adversely affect the natural environment.

The Joint Review Panel should consider the likelihood of occurrence of a malfunction or
an accident and the sensitive elements of the environment (e.g. communities, homes,
natural sites of interest, areas of major use) that may be affected in the event of any
such malfunction or accident.
Plans, measures and systems to reduce the potential occurrence of a malfunction or
accident should be considered in the assessment and should indicate how they will
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reduce the effects or consequences of any such malfunction or accident.
Effects of Changes to the Environment
Consistent with the definition of "environmental effects" in the Canadian Environmental
Assessment Act, the Joint Review Panel shall consider the effects of any changes to the
environment caused by the project on the following factors:
•

Health and Socio-Economic Conditions, including effects on navigation

•

Physical and Cultural Heritage

•

Current use of lands and resources for traditional purposes by Aboriginal persons

•

Any structure, site or thing that is of historical, archaeological or architectural
significance

Change to the Project Caused by the Environment
Consistent with the definition of "environmental effects" in the Canadian Environmental
Assessment Act, the Joint Review Panel will also consider any change to the project that
may be caused by the environment.
Environmental changes and hazards that may occur and may affect the project shall be
described. The Joint Review Panel should also take into account the potential influence
of climate change scenarios presented by the proponent and interveners on climate
parameters (e.g. precipitation, temperature), and physical environmental processes. The
influence that these environmental changes and hazards may have on the project should
be predicted and described. The environmental assessment should describe how these
changes and hazards are accounted for in the project design.
Capacity of Renewable Resources
Renewable resources are resources such as fish, wildlife, trees, water quality and
quantity and airshed which are replaced or replenished, on an ongoing basis, either
naturally or by human actions.
The Joint Review Panel shall consider the capacity of renewable resources that are
likely to be significantly affected by the project to meet the needs of the present and
those of the future. The following points should be addressed:
•

a description of the renewable resources that may be affected by the project;

•

a brief description of the project's environmental effects on the renewable
resource;

•

an indication as to the way in which the capacity of this resource was measured
or evaluated;

•

an indication of the temporal and geographic boundaries used to assess the
capacity of the affected resource;

•

a description of any other appropriate mitigation measures;

•

a determination of the significance of the residual effects on the renewable
resource and its capacity to meet the needs of current and future generations;
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•

an identification of the risks and uncertainties that remain and the description of
the next steps, if any, that will be required to address this effect.

Part IV- Review Process
The main steps of the joint review by the Joint Review Panel will be as follows:

Review of the documentation
1. Within 15 days following its appointment, the Joint Review Panel will initiate a
public comment period on whether the information available on the public registry
is sufficient to allow a review that complies with the Joint Review Panel's Terms
of Reference and to proceed to the public hearing phase of the process. The
public will be provided with a minimum of 60 days to provide comments.
2. Comments received during the comment period will be immediately made
available to the public through the public registry.
3. After the public comment period has closed, the Joint Review Panel will decide if
it has adequate information to proceed to hearing. In so doing, the Joint Review
Panel will consider its own review of the information, and any written comments
from the public, including Aboriginal persons and groups, government
departments, other governments or technical experts, and any written exchanges
between interested parties.
4. Should the Joint Review Panel identify information deficiencies after reviewing
the available infonmation and considering any comments received, the Joint
Review Panel shall require additional information from the proponent. Any
requirement for additional information will be issued by the Joint Review Panel as
soon as is reasonably practicable following the close of the public comment
period.
5. If the Joint Review Panel concludes that it has adequate information to proceed
to hearing, it will announce the hearing as soon as is reasonably practicable
following the close of the public comment period, providing for a minimum of
60 days notice prior to the commencement of the hearing.
6. Notwithstanding paragraph 4 above, if the Joint Review Panel is of the view that
it requires additional information from the proponent but the information
deficiency is minor in nature, and the Joint Review Panel receives a commitment
from the proponent to provide the outstanding information, the Joint Review
Panel will announce the hearing, providing for a minimum of 60 days notice prior
to the commencement of the hearing.

Determination of Adequacy of Additional Information Requested by the Joint
Review Panel
7. Upon receipt of additional information provided by the proponent pursuant to a
requirement under paragraph 4 above, the Joint Review Panel will ensure that
the infonmation is made available to the public for review and comment for a
period of at least 30 days.
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8. If, after reviewing the additional information and any written comments from the
public, the Joint Review Panel concludes that it has adequate information to
proceed to hearing, it will announce the hearing, providing for a minimum of
60 days notice prior to the commencement of the hearing.
9. If, after reviewing the additional information and any written comments from the
public, the Joint Review Panel is still of the view that it does not have adequate
information to proceed to hearing, it shall inform the proponent of the outstanding
information requirements and indicate that the hearing will not be scheduled until
that information has been provided by the proponent. Any additional information
thereafter provided by the proponent will be subject to public comment in the
manner described in paragraph 7 above.
10. Notwithstanding paragraph 9 above, if after reviewing the additional information
and any written comments from the public the Joint Review Panel is of the view
that the lack of information is minor in nature and the Joint Review Panel
receives a commitment from the proponent to provide the outstanding
information prior to the hearing, the Joint Review Panel will announce the
hearing, providing for a minimum of 60 days notice prior to the commencement of
the hearing.
11. If at any time during the review process the Joint Review Panel requests
additional information from the proponent, the Joint Review Panel may specify
the date by which the proponent must provide the information.
Public Hearings
12. The Joint Review Panel shall hold the hearing in a location or locations selected
by the Joint Review Panel, and will endeavour to hold at least a portion of the
hearing in, or as near to as is practicable, one or more communities that:
• the Joint Review Panel believes may be affected by the project; or
• are nearest to the location where the project is proposed to be carried out.
Joint Review Panel Report
13. The Joint Review Panel will deliver its report to the Federal Minister of the
Environment within 90 days following the close of the record. The report will take
into account and reflect the views of all Joint Review Panel members.
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MEMORANDUM
Amendment to the Agreement
To Establish a Joint Review Panel
for the Jackpine Mine Expansion Project
Between
The Minister of the Environment, Canada

-andEnergy Resources Conservation Board, Alberta
WHEREAS each of the Parties signed the Agreement To Establish a Joint Review Panel for
the Jackpine Mine Expansion Project (hereinafter referred to as the Agreement) dated
September 13, 2011 to establish a Joint Review Panel for the Jackpine Mine Expansion Project;
and
WHEREAS section 13 of the Agreement allows it to be amended by written memorandum
executed by both the Federal Minister of the Environment and the Chairman of the Energy
Resources Conservation Board (ERCB); and
WHEREAS the Parties wish to amend the Agreement to allow the Joint Review Panel to
coordinate its review process with the review process for the Pierre River Mine Project, where
the Joint Review Panel determines that the joint panel review may benefit from a coordinated
review process.
Now Therefore, the Parties hereby amend the Agreement as follows:
1.
The Agreement is amended by adding the following paragraphs as the third last and
second last paragraphs of the Preamble:
"WHEREAS the Federal Minister of the Environment and the ERCB have established a joint
review panel for the Pierre River Mine Project, as evidenced by their written agreement; and
WHEREAS the Federal Minister of the Environment and the ERCB have determined that, given
commonalities between the two projects and the single, integrated Environmental Impact
Statement that has been prepared for the two projects, the joint review panel for this project
may proceed with increased efficiency from coordinating its review process with the review
process for the Pierre River Mine Project.
2.
Article 4 of the Agreement is amended by adding the following Articles 4.6, 4.7 and 4.8
thereto:
"4.6

If at any time prior to issuing its report, the Joint Review Panel is of the opinion that the
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review process for the project may proceed with increased efficiency by being
coordinated with the review process for the Pierre River Mine Project, the Joint Review
Panel may coordinate this review process with the Pierre River Mine Project's review
process.
4.7

The Joint Review Panel may at any time consider the progress of the Pierre River Mine
Project review process when making decisions about the conduct of the Jackpine Mine
Expansion Project review process. and may decide to coordinate the review processes
as set out in Article 4.6.

4.8

If the Joint Review Panel decides to coordinate the review process for the project with
the review process for the Pierre River project, the Joint Review Panel shall ensure that
the coordination of the review processes is done in a manner consistent with this
Agreement, and in a manner that ensures that the review process for the project is
procedurally fair.

3.

Article 7.3 is amended by replacing Article 7.3 with the following:
7.3 On completion of the assessment of the project, the Joint Review Panel shall prepare a
report. The report shall include an executive summary in both official languages. The
report will set out the rationale, conclusions and recommendations of the Joint Review
Panel relating to the environmental assessment of the project, including any mitigation
measures and follow~up program, and a summary of comments received from the public,
including Aboriginal persons and groups. The report will be conveyed to the Government
of Alberta and the Federal Minister of the Environment within 90 days of the close of the
record if the public hearing is not coordinated with the Pierre River Mine Project's public
hearing, or within 120 days of the close of the record if the public hearing is coordinated
with the Pierre River Mine Project's public hearing. Simultaneously, the report will be
published and made available to the public by the Joint Review Panel.

4.
Part IV of the Agreement entitled "Appendix - Terms of Reference" is amended as
follows:
a)

The existing paragraph 5 is deleted and replaced with the following:
"If the Joint Review Panel concludes that it has adequate information to proceed
to hearing, it will announce the hearing following the close of the public comment
period; however, the Joint Review Panel may defer announcing the hearing until
after a decision to hold a hearing has been made by the joint review panel
considering the Pierre River Mine Project. In any case, the Joint Review Panel
shall provide for a minimum of 60 days notice prior to the commencement of the
hearing."

b)

The title "Public Hearings" that appears following paragraph 11 is changed to
"Public Hearings and Coordinated Review Process";

c)

The following paragraph is added below the heading "Review Process", in Part IV
of the Appendix, Terms of Reference and before "The main steps of the joint
review by the Joint Review Panel will be as follows:"
"The Joint Review Panel may coordinate its review process with the review
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AMENDED AGREEMENT
To Establish a Joint Review Panel
for the Jackpine Mine Expansion Project
Between
The Minister of the Environment, Canada
- and The Energy Resources Conservation Board, Alberta
PREAMBLE
WHEREAS the Energy Resources Conservation Board (the ERCB) has statutory
responsibilities pursuant to the Energy Resources Conservation Act; and
WHEREAS the Minister of the Environment, Canada (the Federal Minister of the
Environment) has statutory responsibilities pursuant to the Canadian Environmental
Assessment Act, 2012; and
WHEREAS the Jackpine Mine Expansion Project (the project) requires a public hearing
and approvals from the ERCB pursuant to the Energy Resources Conservation Act, and
the Oil Sands Conservation Act, and is subject to an assessment under the Canadian
Environmental Assessment Act; and
WHEREAS the Canadian Environmental Assessment Agency (the Agency) has
requested, in accordance with section 25 of the Canadian Environmental Assessment
Act, that the Federal Minister of the Environment refer the project to a review panel; and
WHEREAS the Federal Minister of the Environment has referred the project to a review
panel in accordance with section 29 of the Canadian Environmental Assessment Act;
and
WHEREAS the Government of the Province of Alberta and the Government of Canada
established a framework for conducting joint review panels through the Canada-Alberta
Agreement on Environmental Assessment Cooperation (2005) signed on May 17, 2005;
and
WHEREAS the ERCB and the Federal Minister of the Environment have determined that
a joint review of the project will ensure that the project is evaluated according to the spirit
and requirements of their respective authorities while avoiding unnecessary duplication,
delays and confusion that could arise from individual reviews by each government or the
ERCB; and
WHEREAS the ERCB and the Federal Minister of the Environment have determined that
a joint review of the project should be conducted in a manner consistent with the
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provisions of Appendix 2 of the Canada-Alberta Agreement on Environmental
Assessment Cooperation (2005); and
WHEREAS the Federal Minister of the Environment has determined that pursuant to
subsection 40(2) of the Canadian Environmental Assessment Act a joint review panel
should be established to consider the project; and
WHEREAS the Canadian Environmental Assessment Act has been repealed and the
Canadian Environmental Assessment Act, 2012 has come into force; and
WHEREAS pursuant to section 126 of the Canadian Environmental Assessment Act,
2012, the assessment by the joint review panel is continued under the process
established under the Canadian Environmental Assessment Act, 2012 as if it had been
referred to a review panel under section 38 of the Canadian Environmental Assessment
Act, 2012; and
WHEREAS the ERCB has determined that pursuant to section 22 of the Energy
Resources Conservation Act a joint review panel cooperative proceeding should be
established and that the project should be considered in a cooperative proceeding by the
ERCB and the Agency; and
WHEREAS the Federal Minister of the Environment and the ERCB have established a
joint review panel for the Pierre River Mine Project, as evidenced by their written
agreement; and
WHEREAS the Federal Minister of the Environment and the ERCB have determined
that, given commonalities between the two projects and the single, integrated
Environmental Impact Statement that has been prepared for the two projects, the joint
review panel for this project may proceed with increased efficiency from coordinating its
review process with the review process for the Pierre River Mine Project;
THEREFORE, the ERCB and the Federal Minister of the Environment hereby establish
a joint review panel for the project in accordance with the provisions of this Agreement
and the Terms of Reference attached as an Appendix to this Agreement.

1. Definitions
For the purpose of this Agreement and of the Appendix attached to it,
"Agency" means the Canadian Environmental Assessment Agency established by the
Canadian Environmental Assessment Act and continued under the Canadian
Environmental Assessment Act, 2012.
"environment" means the components of the Earth, and includes
a.
b.
c.

land, water and air, including all layers of the atmosphere;
all organic and inorganic matter and living organisms; and
the interacting natural systems that include components referred to in a. and b.

"environmental effect" means, in respect of the project,
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a.

b.

c.

any change that the project may cause in the environment, including any change
it may cause to a listed wildlife species, its critical habitat or the residence of
individuals of that species, as those terms are defined in subsection 2(1) of the
Species at Risk Act,
any effect of any change referred to in paragraph a. on
i. health and socio-economic conditions
ii. physical and cultural heritage
iii. the current use of lands and resources for traditional purposes by Aboriginal
persons, or
iv. any structure, site or thing that is of historical, archaeological,
paleontological or architectural significance, or
any change to the project that may be caused by the environment

whether any such change or effect occurs within or outside Canada.
"federal authority" refers to such an authority as defined in the Canadian Environmental
Assessment Act, 2012.
"report" means the document produced by the Joint Review Panel, which contains
decisions pursuant to the Energy Resources Conservation Act or the Oil Sands
Conservation Act, and the Joint Review Panel's rationale, conclusions and
recommendations relating to the environmental assessment of the project including any
mitigation measures and follow-up program pursuant to the Canadian Environmental
Assessment Act, 2012.
"follow-up program" means a program for
a.

verifying the accuracy of the environmental assessment of the project, and

b.

determining the effectiveness of any mitigation measures.

"Joint Review Panel" refers to the Joint Review Panel established by the ERCB and the
Federal Minister of the Environment through this Agreement.
"mitigation" means, in respect of the project, the elimination, reduction or control of the
adverse environmental effects of the project, and includes restitution for any damage to
the environment caused by such effects through replacement, restoration, compensation
or any other means.
"parties" means the signatories to this Agreement.
“proponent” has the meaning provided in section 2 of the Canadian Environmental
Assessment Act, 2012.
“public registry” means the Canadian Environmental Assessment Registry established
under section 78 of the Canadian Environmental Assessment Act, 2012.
"responsible authority" refers to such an authority as defined in the Canadian
Environmental Assessment Act, 2012.
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2. Establishment of the Joint Review Panel
2.1

A process is hereby established to create a Joint Review Panel, pursuant to
section 22 of the Energy Resources Conservation Act with the authorization of the
Lieutenant Governor in Council of Alberta, and sections 40, 41 and 42 of the
Canadian Environmental Assessment Act, for the purposes of the joint review of
the project.

2.2

The ERCB and the Agency will make arrangements to coordinate the
announcements of a joint review of the project by both Alberta and Canada.

3. Constitution of the Joint Review Panel
3.1

The Joint Review Panel will consist of three members. Two members, including
the Joint Review Panel Chair, will be appointed by the Chair of the ERCB with the
approval of the Federal Minister of the Environment. The third Joint Review Panel
member will be appointed by the Federal Minister of the Environment in
accordance with article 3.2 of this Agreement.

3.2

The Federal Minister of the Environment will select the third Joint Review Panel
member and recommend the selected candidate as an individual who may serve
as a potential acting member of the ERCB. If acceptable to the Lieutenant
Governor in Council of Alberta and the Chairman of the ERCB, the Lieutenant
Governor in Council of Alberta will nominate this candidate to serve as an acting
member of the ERCB and the Chairman of the ERCB will appoint this candidate
as a member of the Joint Review Panel. The selected candidate will also be
appointed by the Federal Minister of the Environment as a member of the Joint
Review Panel.

3.3

The Joint Review Panel members shall be unbiased and free from any conflict of
interest relative to the project and are to have knowledge or experience relevant to
the anticipated environmental effects of the project.

4. Conduct of Assessment by the Joint Review Panel
4.1

The Joint Review Panel shall conduct its review in a manner that discharges the
responsibilities of the ERCB under the Energy Resources Conservation Act.

4.2

The Joint Review Panel shall conduct its review in a manner that discharges the
requirements set out in the Canadian Environmental Assessment Act, 2012 and in
the Terms of Reference attached as an Appendix to this Agreement and that were
fixed and approved by the Federal Minister of the Environment and the ERCB.

4.3

The Joint Review Panel shall have all the powers and duties of a panel described
in section 45 of the Canadian Environmental Assessment Act, 2012 and of a
division of the ERCB described in section 8 of the Energy Resources
Conservation Act.

4.4

The Joint Review Panel hearing shall be public and the review will provide
opportunities for timely and meaningful participation by the public, including
Aboriginal persons and groups. Hearing participants will not be required to satisfy
the test under subsection 26(2) of the Energy Resources Conservation Act. The
Joint Review Panel shall conduct its hearing in accordance with the ERCB’s Rules
4
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of Practice. The Joint Review Panel will, however, attempt to make the review
process as accessible as reasonably possible for individuals or groups who are
not represented by legal counsel or who may lack experience with the quasijudicial nature of the hearing process.
4.5

A majority of the Joint Review Panel members constitutes a quorum for the
purposes of the environmental assessment to be conducted by the Joint Review
Panel. When a hearing, public meeting, or other activity is conducted by the Joint
Review Panel and a member of the Joint Review Panel for any reason does not
attend on any day or part of a day, the other members who are sitting at the
hearing, public meeting or other activity may continue as fully and effectively as
though the absent member was present.

4.6

If at any time prior to issuing its report, the Joint Review Panel is of the opinion
that the review process for the project may proceed with increased efficiency by
being coordinated with the review process for the Pierre River mine Project, the
Joint Review Panel may coordinate this review process with the Pierre River Mine
Project’s review process.

4.7

The Joint Review Panel may at any time consider the progress of the Pierre River
mine Project review process when making decisions about the conduct of the
Jackpine Mine Expansion Project review process, and may decide to coordinate
the review processes as set out in article 4.6.

4.8

If the Joint Review Panel decides to coordinate the review process for the project
with the review process for the Pierre River project, the Joint Review Panel shall
ensure that the coordination of the review processes is done in a manner
consistent with this Agreement, and in a manner that ensures that the review
process for the project is procedurally fair.

5. Secretariat
5.1

Administrative, technical, and procedural support requested by the Joint Review
Panel shall be provided by a Secretariat, which shall be the joint responsibility of
the ERCB and the Agency.

5.2

The Secretariat will report to the Joint Review Panel and will be structured so as
to allow the Joint Review Panel to conduct its review in an efficient and costeffective manner.

5.3

The ERCB will provide its offices for the conduct of the activities of the Joint
Review Panel and the Secretariat.

6. Aboriginal Rights and Interests
6.1

The Joint Review Panel may receive information from Aboriginal groups related to
the nature and scope of asserted or established Aboriginal and treaty rights in the
area of the project, as well as information on the potential adverse environmental
effects that the project may have on asserted or established Aboriginal and treaty
rights. The Joint Review Panel may also receive information provided in this
regard by other participants, federal authorities or government, and provincial
departments or government.

6.2

The Joint Review Panel shall reference in its report:
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a.

the information provided by participants regarding the manner in which the
project may adversely affect asserted or established Aboriginal and treaty rights;
and

b.

the information provided by participants regarding the strength of claim in respect
of Aboriginal and treaty rights asserted by a participant, including information
about the location, extent, bases and exercise of those asserted Aboriginal and
treaty rights in the area of the project.

For the purposes of its report, the Joint Review Panel shall document claims of
Aboriginal and treaty rights as presented by participants and consider the effects of
the project on the Aboriginal and treaty rights so presented. The Joint Review Panel
may use this information to make recommendations that relate to the manner in which
the project may adversely affect the Aboriginal and treaty rights asserted by
participants.
6.3
a.
b.
c.

6.4

Notwithstanding articles 6.1 and 6.2, the Joint Review Panel is not required by this
agreement to make any determinations as to:
the validity of Aboriginal or treaty rights asserted by a participant or the strength
of such claims;
the scope of the Crown’s duty to consult an Aboriginal group; or
whether the Crown has met its respective duties to consult or accommodate in
respect of rights recognized and affirmed by section 35 of the Constitution Act,
1982.
Nothing in this article 6 limits the application of Part 2 of the Administrative
Procedures and Jurisdiction Act to the ERCB, and the Joint Review Panel (in its
capacity as a division of the ERCB) remains at all times subject to the
requirements of, and entitled to exercise the powers under Part 2 of the
Administrative Procedures and Jurisdiction Act, including but not limited to section
13 thereof.

7. Record of Joint Review and Report
7.1

A public registry will be maintained by the Secretariat during the course of the joint
review in a manner that provides for convenient public access, and for the
purposes of compliance with sections 79 to 81of the Canadian Environmental
Assessment Act, 2012.

7.2

Subject to subsections 45(3), (4), and (5) and 79(3) of the Canadian
Environmental Assessment Act, 2012, the public registry will include all
submissions, correspondence, hearing transcripts, exhibits and other information
received by the Joint Review Panel and all public information produced by the
Joint Review Panel relating to the review of the project.

7.3

On completion of the assessment of the project, the Joint Review Panel shall
prepare a report. The report shall include an executive summary in both official
languages. The report will set out the rationale, conclusions and
recommendations of the Joint Review Panel relating to the environmental
assessment of the project, including any mitigation measures and follow-up
program, and a summary of comments received from the public, including
Aboriginal persons and groups. The report will be conveyed to the Government of
Alberta and the Federal Minister of the Environment within 90 days of the close of
6
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record if the public hearing is not coordinated with the Pierre River Mine Project’s
public hearing, or within 120 days of the close of the record if the public hearing is
coordinated with the Pierre River Mine Project’s public hearing. Simultaneously,
the report will be published and made available to the public by the Joint Review
Panel. The report will include:


An identification of those conclusions that relate to the environmental
effects to be taken into account under section 5 of the Canadian
Environmental Assessment Act, 2012; and



An identification of recommended mitigation measures that relate to
the environmental effects to be taken into account under section 5 of
the Canadian Environmental Assessment Act, 2012.

7.4

After the report is submitted, the Agency will maintain the public registry. The
ERCB will continue to maintain records of the proceedings and the report in
accordance with its normal practices and procedures.

7.5

The Agency will be responsible for the translation of key documents prepared by
the Joint Review Panel, including public notifications and releases and the report,
into both of the official languages of Canada. The Agency will use all reasonable
efforts to expedite the translation of the report.

8. Other Government Departments
8.1

The Joint Review Panel may request federal authorities and provincial authorities
having specialized information or knowledge with respect to the project to make
that information or knowledge available to the Joint Review Panel in an
acceptable manner.

8.2

Nothing in this Agreement will restrict the participation by way of submission to the
Joint Review Panel by other federal or provincial government departments or
bodies, subject to article 8.1, above, subsection 20 of the Canadian Environmental
Assessment Act, 2012 and the ERCB Rules of Practice.

9. Participant Funding
9.1

Decisions regarding participant funding by the Agency under the federal
Participant Funding Program, and decisions on local intervener funding by the
ERCB as provided for in the Energy Resources Conservation Act, ERCB Rules of
Practice and the ERCB’s Directive 31: Guidelines for Energy Proceeding Cost
Claims will, to the extent practicable, take into account decisions of the other
party.

10. Cost Sharing
10.1 The ERCB, as lead party, will develop a budget estimate of expenses agreeable
to both parties prior to initiation of the Joint Review Panel activities.
10.2 The costs of the joint review will be apportioned between the ERCB and the
Agency in the manner set out in articles 10.3, 10.4 and 10.5.
10.3 The ERCB will be solely responsible for the following costs:
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salaries and benefits of the Joint Review Panel Chairman and the
member of the Joint Review Panel not appointed in accordance with
article 3.2; and



salaries and benefits of ERCB staff involved in the joint review.

10.4 The Agency will be solely responsible for the following costs:


per diems of the Joint Review Panel member appointed in accordance
with article 3.2;



salaries and benefits of Agency staff involved in the joint review;



all costs associated with the Agency’s legal counsel for the
proceeding;



all costs associated with the federal Participant Funding Program;



translation of records and documents into the official languages of
Canada other than translation required as outlined in article 10.5 of
this Agreement; and



costs associated with the public registry established pursuant to
section 78(1) of the Canadian Environmental Assessment Act, 2012.

10.5 The ERCB and the Agency agree to share equally all those costs listed below,
incurred as part of the joint review from the signing of this Agreement to the date
the report is issued by the Joint Review Panel. The shareable costs are as
follows:


travel-related expenses associated with the review incurred by Joint
Review Panel members and Joint Review Panel Secretariat staff;



per diems and associated expenses of independent/non-government
expert consultants, analysts and communications specialists retained
by the Secretariat;



language translation and interpretation services and facilities related
to the evidence of applicants, participants and local interveners as
required by the Joint Review Panel, but not including translation
service referred to in article 7.5 of this Agreement;



printing of any reports and documents distributed by the Joint Review
Panel necessary for the Joint Review Panel's work;



the publication of notices and releases;



photocopying, including the reproduction of documents contained in
the public registry, and postage related to the joint review;



court reporting and transcripts as required by the Joint Review Panel;



rental of hearing, public meeting and public information office facilities
and equipment;



audio and audio-visual services at the hearing and public meetings;
and



miscellaneous expenditures up to a maximum of five percent (5%) of
the total budget for the joint review.
8
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10.6 The Agency may only be responsible for contributing to shareable costs within the
allowable limits of Treasury Board Secretariat directives.
10.7 Shareable costs of the joint review as detailed in article 10.5 will be incurred at the
sole discretion of the Joint Review Panel with due regard to economy and
efficiency.
10.8 All expenses not listed above will need prior approval of both parties if they are to
be equally shared.

11. Invoicing
11.1 The ERCB will be responsible for advancing funds for the payment of the
shareable costs and will invoice the Agency for the amounts owed under this
Agreement, except for travel-related expenses of the Agency’s staff which will be
advanced by the Agency. In the event that the Agency is required to advance
shareable funds directly, it will advance funds for payment and will invoice the
ERCB as determined under this Agreement.
11.2 The invoicing will be done either at the end of each month or quarterly at the
discretion of the ERCB. The invoice will cover all shareable costs paid by the
ERCB.
11.3 Each invoice will be accompanied by a summary description of the shareable
costs actually incurred and paid for the period covered by the invoice, in a form
satisfactory to both parties and will be approved by an official acceptable to both
parties. Detailed information about incurred costs will be retained and made
available to either Party upon request.
11.4 Subject to compliance with the above requirements, the Agency will pay to the
ERCB the amount stated as being owed to it in the invoice within sixty (60) days
of having received such invoice.
11.5 With respect to invoices covering the last period of any fiscal year (ending
March 31), and the last invoice to be produced for the Joint Review Panel, each
Party may review and deduct from the invoice, any incurred shareable costs that
have not been previously recovered, so as to determine a net transfer of shared
costs from one party to another. The payment will be made within thirty (30) days
of having received such invoice. An accounting of the shared expenses incurred
by the Agency will be sent with the year-end and final payments, or earlier as may
be requested by the ERCB.

12. Audit
12.1 Subject to this Agreement, both parties will keep open to audit and inspection by
the Agency or the ERCB, or their duly authorized representative, all invoices,
receipts, vouchers and documents of any nature or kind whatsoever that have
been relied on by either of the two parties to calculate the shared cost of
conducting the public review.
12.2 The Party exercising its option to audit will be responsible for the cost of the audit.
12.3 Where an audit conducted by either Party in connection with this Agreement
reveals discrepancies regarding the amount billed to the Agency, and where
prompt resolution between the parties is unattainable, an independent auditor
acceptable to both parties will resolve the issue.
9
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13. Amending this Agreement
13.1 The terms and provisions of this Agreement may be amended by written
memorandum executed by both the Federal Minister of the Environment and the
Chairman of the ERCB. Subject to section 64 of the Canadian Environmental
Assessment Act, 2012, upon completion of the joint review, this Agreement may
be terminated at any time by an exchange of letters signed by both parties.

14. Signatures
WHEREAS the parties hereto have put their signatures

______________________________
The Honourable Peter Kent
Minister of the Environment

_____________________________
Dan McFadyen, P.Eng.
Chairman
Energy Resources Conservation Board

Date

Date
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Appendix
Terms of Reference
Part I - Scope of Project
Shell Canada Limited is requesting to amend its Jackpine Mine – Phase 1 approval to
access additional mining areas on Oil Sand Leases located adjacent to the Jackpine
Mine – Phase 1. The project would add another 100 000 barrels bitumen production per
day. This would increase the total bitumen production capacity to 300 000 barrels per
day. This expansion would include additional mining areas and associated processing
facilities, utilities, and infrastructure. The project components which are part of the scope
of this assessment include:











Expansion of the Jackpine Mine – Phase 1 area on the eastern part of Lease 13
and extending mining activities to additional northern leases;
Open pit, truck and shovel mine;
Construction of ore handling, conditioning and bitumen extraction facilities and a
high-temperature forth treatment facility at the Jackpine Mine – Phase 1 site;
Construction of a cogeneration plant at the Jackpine Mine – Phase 1 site and
adding new or augmenting existing utility systems;
Constructing a new external tailings disposal area at the southern end of Lease
88 to accommodate the additional volume of tailing produced;
Process facilities that would include:
o Crushers and conveyors
o Slurry conditioning and ore preparation
o Extraction
o Tailing handling and treatment
o Froth treatment
o Tailings solvent recovery
o Asphaltene recovery
Works and undertakings associated with the harmful alteration, disruption or
destruction of fish habitat;
Fish habitat compensation and any required infrastructure;
All related works and activities including all temporary facilities required for the
construction and operation of the above-mentioned facilities, namely
o any access roads, work camps, electrical power supply lines or power
supply for camps and worksites (new or modified);
o drinking water supply for camps;
o water supply for the project, including water storage facilities
o temporary control structures and diversion works;
o treatment of wastewaters and waste management;
o construction worksites and storage areas;
o management of excavation material;
o handling and storage of petroleum products and hazardous materials
11
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Part II - Scope of the Environmental Assessment
1. The Joint Review Panel shall conduct an assessment of the environmental effects of
the project based on the Scope of Project (Part I).
2. The assessment shall include a consideration of the following factors:
a. the environmental effects of the project, including the environmental effects of
malfunctions or accidents that may occur in connection with the project and any
cumulative environmental effects that are likely to result from the project in
combination with other projects or activities that have been or will be carried out;
b. the significance of the effects referred to in paragraph a.;
c. comments from the public, including Aboriginal persons and groups, that are
received during the joint review;
d. measures that are technically and economically feasible and that would mitigate
any significant adverse environmental effects of the project;
e. the purpose of the project;
f. alternative means of carrying out the project that are technically and economically
feasible and the environmental effects of any such alternative means;
g. the need for, and the requirements of, any follow-up program in respect of the
project; and
h. the capacity of renewable resources that are likely to be significantly affected by
the project to meet the needs of the present and those of the future.
3. The assessment by the Joint Review Panel shall also include a consideration of the
additional following matters:
a. the need for the project;
b. alternatives to the project received during the joint review;
c. effects of the project on asserted or established Aboriginal and treaty rights, to
the extent the Joint Review Panel receives such information as provided in
article 6 of the Agreement; and
d. community knowledge and aboriginal traditional knowledge (such as traditional
use studies) received during the joint review.

Part III – Scope of the factors
The scope of the factors include those specified in the “Final Terms of Reference” for the
preparation of the Environmental Impact Assessment Report for the Shell Canada
Limited Jackpine Mine Expansion & Pierre River Mine issued by Alberta Environment on
November 28, 2007. The document is available on the public registry (document # 6).
In addition, the Joint Review Panel in considering the factors outlined in Part II shall
have regard for the following:
Aboriginal Rights and Interests
The Joint Review Panel shall consider:


Evidence concerning any potential project effects to asserted or established
Aboriginal and treaty rights presented by participants, such as:

12
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o

Any potential effects on uses of lands and resources by Aboriginal groups
for traditional purposes;

o

Any effects (including the effects related to increased access and
fragmentation of habitat) on hunting, fishing, trapping, cultural and other
traditional uses of the land (e.g. collection of medicinal plants, use of
sacred sites), as well as related effects on lifestyle, culture, health and
quality of life of Aboriginal persons;

o

Any effects of alterations to access into areas used by Aboriginal persons
for traditional uses;

o

Any adverse effects of the project on the ability of future generations to
pursue traditional activities or lifestyle;

o

Any effects of the project on heritage and archaeological resources in the
project area that are of importance or concern to Aboriginal groups;

The methods and measures proposed to manage, mitigate and compensate to
an acceptable level, any identified effects on asserted or established Aboriginal
rights and interests.

Cumulative Effects Assessment
The cumulative effects assessment should take into consideration the approach
described in the Agency’s Cumulative Effects Assessment Practitioners Guide (1999)
and in the Agency’s Operation Policy Statement entitled “Addressing Cumulative
Environmental Effects under the Canadian Environmental Assessment Act” updated in
November 2007.
The Joint Review Panel should focus its consideration of cumulative effects on key
valued components. Without limiting itself thereto, the following components should be
considered:


water quality and quantity, including any potential effects on navigable
waters or navigation;



air quality and greenhouse gas emissions;



asserted or established Aboriginal and treaty rights and interests;



wildlife and wildlife habitat for valued species including: federally and
provincially listed species at risk, and migratory birds; and



valued vegetation communities and wetlands.

The cumulative effects assessment should provide a justification and description of
the temporal boundaries and include, but not be limited to, the following:


a pre-industrial case to allow the Joint Review Panel to take into account the
effects that may have already been experienced prior to the project; and



future foreseeable projects or activities as of the issuance of the Joint Review
Panel’s Terms of Reference.
13

As Amended by Amendment #1 and Amendment #2 to the Agreement to Establish a Joint Review Panel (August 3, 2012)

1930
Unofficial Version of Amended Agreement

Accidents & Malfunctions
In considering the environmental effects of malfunctions or accidents that may occur in
connection with the project, the Joint Review Panel should include potential malfunctions
or accidents associated with the following components:


tailings management;



waste management and disposal;



use, handling or spills of chemicals and hazardous materials on-site;



the increase in road traffic, and the risk of road accidents; and



any other project components or systems that have the potential,
through accident or malfunction, to adversely affect the natural
environment.

The Joint Review Panel should consider the likelihood of occurrence of a malfunction or
an accident and the sensitive elements of the environment (e.g. communities, homes,
natural sites of interest, areas of major use) that may be affected in the event of any
such malfunction or accident.
Plans, measures and systems to reduce the potential occurrence of a malfunction or
accident should be considered in the assessment and should indicate how they will
reduce the effects or consequences of any such malfunction or accident.
Effects of Changes to the Environment
The Joint Review Panel shall consider the effects of any changes to the environment
caused by the project on the following factors:


Health and Socio-Economic Conditions, including effects on
navigation



Physical and Cultural Heritage



Current use of lands and resources for traditional purposes by
Aboriginal persons



Any structure, site or thing that is of historical, archaeological or
architectural significance

Change to the Project Caused by the Environment
The Joint Review Panel will also consider any change to the project that may be caused
by the environment.
Environmental changes and hazards that may occur and may affect the project shall be
described. The Joint Review Panel should also take into account the potential influence
of climate change scenarios presented by the proponent and interveners on climate
parameters (e.g. precipitation, temperature), and physical environmental processes. The
influence that these environmental changes and hazards may have on the project should
be predicted and described. The environmental assessment should describe how these
changes and hazards are accounted for in the project design.
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Capacity of Renewable Resources
Renewable resources are resources such as fish, wildlife, trees, water quality and
quantity and airshed which are replaced or replenished, on an ongoing basis, either
naturally or by human actions.
The Joint Review Panel shall consider the capacity of renewable resources that are
likely to be significantly affected by the project to meet the needs of the present and
those of the future. The following points should be addressed:


a description of the renewable resources that may be affected by the
project;



a brief description of the project’s environmental effects on the
renewable resource;



an indication as to the way in which the capacity of this resource was
measured or evaluated;



an indication of the temporal and geographic boundaries used to
assess the capacity of the affected resource;



a description of any other appropriate mitigation measures;



a determination of the significance of the residual effects on the
renewable resource and its capacity to meet the needs of current and
future generations;



an identification of the risks and uncertainties that remain and the
description of the next steps, if any, that will be required to address
this effect.

Part IV – Review Process
The Joint Review Panel may coordinate its review process with the review process for
the Pierre River Mine Project, as provided in articles 4.6, 4.7 and 4.8 of this Agreement;
and the main steps of the joint review by the Joint Review Panel will be as follows:
Review of the documentation
1. Within 15 days following its appointment, the Joint Review Panel will initiate a
public comment period on whether the information available on the public registry
is sufficient to allow a review that complies with the Joint Review Panel’s Terms
of Reference and to proceed to the public hearing phase of the process. The
public will be provided with a minimum of 60 days to provide comments.
2. Comments received during the comment period will be immediately made
available to the public through the public registry.
3. After the public comment period has closed, the Joint Review Panel will decide if
it has adequate information to proceed to hearing. In so doing, The Joint Review
Panel will consider its own review of the information, and any written comments
from the public, including Aboriginal persons and groups, government
departments, other governments or technical experts, and any written exchanges
between the participants and the participants and the proponent.
15
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4. Should the Joint Review Panel identify information deficiencies after reviewing
the available information and considering any comments received, the Joint
Review Panel shall require additional information from the proponent. Any
requirement for additional information will be issued by the Joint Review Panel as
soon as is reasonably practicable following the close of the public comment
period.
5. If the Joint Review Panel concludes that it has adequate information to proceed
to hearing, it will announce the hearing following the close of the public comment
period; however, the Joint Review Panel may defer announcing the hearing until
after a decision to hold a hearing has been made by the joint review panel
considering the Pierre River Mine Project. In any case, the Joint Review Panel
shall provide for a minimum of 60 days notice prior to the commencement of the
hearing.
6. Notwithstanding paragraph 4 above, if the Joint Review Panel is of the view that
it requires additional information from the proponent but the information
deficiency is minor in nature, and the Joint Review Panel receives a commitment
from the proponent to provide the outstanding information, the Joint Review
Panel will announce the hearing, providing for a minimum of 60 days notice prior
to the commencement of the hearing.
Determination of Adequacy of Additional Information Requested by the Joint
Review Panel
7. Upon receipt of additional information provided by the proponent pursuant to a
requirement under paragraph 4 above, the Joint Review Panel will ensure that
the information is made available to the public for review and comment for a
period of at least 30 days.
8. If, after reviewing the additional information and any written comments from the
public, the Joint Review Panel concludes that it has adequate information to
proceed to hearing, it will announce the hearing, providing for a minimum of
60 days notice prior to the commencement of the hearing.
9. If, after reviewing the additional information and any written comments from the
public, the Joint Review Panel is still of the view that it does not have adequate
information to proceed to hearing, it shall inform the proponent of the outstanding
information requirements and indicate that the hearing will not be scheduled until
that information has been provided by the proponent. Any additional information
thereafter provided by the proponent will be subject to public comment in the
manner described in paragraph 7 above.
10. Notwithstanding paragraph 9 above, if after reviewing the additional information
and any written comments from the public the Joint Review Panel is of the view
that the lack of information is minor in nature and the Joint Review Panel
receives a commitment from the proponent to provide the outstanding
information prior to the hearing, the Joint Review Panel will announce the
hearing, providing for a minimum of 60 days notice prior to the commencement of
the hearing.
11. If at any time during the review process the Joint Review Panel requests
16
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additional information from the proponent, the Joint Review Panel may specify
the date by which the proponent must provide the information.
Public Hearings and Coordinated Review Process
12. The Joint Review Panel may coordinate or combine its public hearing with the
Pierre River Mine Project public hearing, as provided in Article 4 of this
Agreement. If the Panel considers coordinating the two public hearings, it must
consult the public on the proposed public hearing process and timing.
13. The Joint Review Panel shall hold the hearing in a location or locations selected
by the Joint Review Panel, and will endeavour to hold at least a portion of the
hearing in, or as near to as is practicable, one or more communities that:


the Joint Review Panel believes may be affected by the project; or



are nearest to the location where the project is proposed to be carried
out.

Joint Review Panel Report
14. The Joint Review Panel will deliver its report to the Federal Minister of the
Environment within 90 days following the close of the record if the public hearing
is not coordinated with the Pierre River Mine Project’s public hearing, or will
deliver two separate reports, one for each of the two Projects, within 120 days
following the close of the record if the public hearing is coordinated with the
Pierre River Mine Project’s public hearing. The report will take into account and
reflect the views of all Joint Review Panel members.

Timelines
15. Subject to paragraph 16, the Panel shall complete its mandate and submit its
final report to the federal Minister of the Environment and the Chairman of the
Energy Resources Conservation Board within 350 days from the coming into
force of the Canadian Environmental Assessment Act, 2012.
16. The time period between the issuance by the Panel of any request for
information and the submission of the requested information by the proponent is
not included in the timeline referred to in paragraph 15.
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Joint Review Panel

Established to review the

Jackpine Mine Expansion Project

Canadian Environmental Assessment Agency, 160 Elgin Street, 22nd Floor, Place Bell Canada, Ottawa, ON, K1A 0H3, 613-948-2674
Energy Resources Conservation Board, 9915 Franklin Avenue, Provincial Building, 2nd Floor, Fort McMurray, AB, T9H 2K4, 780-743-7473

October 26, 2012
TO:

ALL INTERESTED PARTIES

Re:

Jackpine Mine Expansion Project (the "Project")
CEAR Reference Number 10-05-59540
ERCB Application No. 1554388
Notices of Questions of Constitutional Law

The Joint Review Panel ("Panel") received notices of questions of constitutional law ("NQCL")
from the following interested parties: Athabasca Chipewyan First Nation ("ACFN"); Fort
McMurray #468 First Nation ("FMFN"); and Métis Nation of Alberta Region 1 ("MNA"). The
Panel provided participants in this proceeding and the addressees of the NQCLs with a process to
provide written submissions with regard to matters that may bear on the Panel’s jurisdiction over
or consideration of the questions presented in the NQCLs. The Panel also gave the NQCL filers
an opportunity to provide submissions in reply to those filed by other participants. The Minister
of Justice and the Attorney General of Alberta (“Alberta”), the Attorney General of Canada
(“Canada”), Shell Canada Limited (“Shell”) and the FMFN filed written submissions; however,
the FMFN subsequently advised that it would not be pursuing its NQCL or leading any evidence
in support of its NQCL. ACFN and MNA provided reply submissions.
The questions are set out below in this letter.
After considering the written submissions, the Panel decided to hold a hearing session to receive
oral argument on the matters addressed in the written submissions. As contemplated in the
Notice of Hearing issued on August 17, 2012, the hearing respecting NQCLs was held in Fort
McMurray on October 23, 2012. Details of the matters to be considered in the hearing were set
out in a letter from the Panel's counsel dated October 19, 2012 (filed in the registry as document
#1210). All of the parties who filed written submissions concerning the NQCLs participated in
the oral hearing, except for FMFN. When the hearing session concluded, the Panel stated that it
would provide decisions regarding the further consideration by the Panel of the two remaining
NQCLs. This letter contains the Panel's decisions. To ensure its decisions are issued prior to the
commencement of the main hearing on October 29, 2012, the Panel has not set out in this letter
the detailed positions of the parties but has instead referred to some aspects of the parties'
positions within the Panel’s reasons. Although the Panel has not included a summary of each
party's position, the Panel assures participants that it has considered all of the written and oral
submissions provided in this part of the proceeding. The attachment to this letter decision lists
the submissions that the Panel considered.
The Panel has made the following decisions in relation to the NQCLs filed by the ACFN and
MNA.
1.
The Panel does not have an express grant of statutory authority to consider the adequacy
of Crown consultation in relation to the Project. Although the Panel is empowered by statute to
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consider questions of constitutional law relating to the matters before it in this proceeding or
arising from its statutory mandate, the questions presented in the NQCLs do not arise from
either. As a result, the Panel does not have jurisdiction over the questions of constitutional law
raised in ACFN’s and MNA’s NQCLs.
2.
Even if the Panel had jurisdiction over the questions of constitutional law raised in the
NQCLs, it would be premature for the Panel to make a finding on the adequacy of Crown
consultation and make a decision in reliance on that finding (if the Panel concluded consultation
was inadequate). The Crown conduct that gives rise to the duty to consult will continue after this
proceeding is completed and after the Panel has issued its report. The Panel's report will inform
the Crown’s subsequent decisions about constitutional consultation and opportunities will exist
for the Crown and Aboriginal groups to continue the consultation process. When that process is
completed, and if the Crown's decision is that constitutional consultation is adequate, the
Aboriginal groups will be entitled to challenge the Crown's decision if they are not satisfied with
the results of that process.
3.
Notwithstanding that the Panel has decided that it cannot consider the questions of
constitutional law because it does not have jurisdiction to do so, it will consider all the evidence
and argument relating to the potential effects of the Project on Aboriginal groups and individuals
in accordance with the terms of the Amended Agreement To Establish a Joint Review Panel for
the Jackpine Mine Expansion Project (“the Agreement”).
The reasons for the Panel's decisions are set out below.
The Questions of Constitutional Law
The ACFN's NQCL posed the following questions:
1.
Has the Crown in right of Alberta discharged the duty to consult and
accommodate ACFN with respect to the potential adverse effects of the Project on
ACFN's Treaty Rights, as mandated by the Treaty and s. 35 of the Constitution
Act, 1982?
2.
Has the Crown in right of Canada discharged the duty to consult and
accommodate ACFN with respect to the potential adverse effects of the Project on
ACFN's Treaty rights, as mandated by the Treaty and s. 35 of the Constitution
Act, 1982?
The ACFN requested the following relief:
1.
That the Joint Review Panel, sitting as the Energy Resources Conservation
Board, deny the project for approval because the Crown in right of Alberta and/or
the Crown in right of Canada has failed to adequately discharge the duty to
consult and accommodate the ACFN;
2.
A finding that the Project is not in the public interest and cannot be
authorized unless and until the Crown has fully discharged its duties to consult
Project Public Registry: http://www.ceaa-acee.gc.ca/050/details-eng.cfm?evaluation=59540
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and accommodate ACFN with respect to potential adverse effects on its Treaty
Rights (as described below);
3.
In the alternative, a deferral of the decision on the Project for approval
until each of the Crown in right of Alberta and the Crown in right of Canada
adequately consult the ACFN regarding the potential impacts of the Project on the
ACFN's Treaty rights and accommodates the same; and
4.
That the Joint Review Panel, pursuant to the Canadian Environmental
Assessment Act, 2012, recommend to the Minister that the Project will cause
significant adverse impacts on ACFN's Treaty Rights and culture that are not
mitigated and cannot be justified unless and until the Crowns and each of them
has fully discharged their duties to consult and accommodate ACFN with respect
to potential adverse effects on its Treaty Rights (as described below).
From paragraph 7b) of its written submission dated October 1, 2012, the Panel interprets the
MNA's question as follows:
1. Has the Government of Alberta upheld its duty to consult with the Métis people
whose rights will be impacted by this project? The MNA asserts that these rights
exist and are and have been asserted by the MNA Region 1 throughout this
process. These submissions herein provide the Notice of Question of
Constitutional Law and associated information required in accordance with
Schedule 2 of the Administrative Procedures and Jurisdiction Act, Designation of
Constitutional Decision Makers Regulation, A.R. 69/2006 including the
aboriginal right to be determined.
MNA requested the following relief in paragraphs 99 and 100 of its submission:
99. A finding that:
a)
The evidence shows that there is a credible assertion that the Aboriginal
Rights of the Métis in the area will be impacted by this Application;
b)
The Government of Alberta has not engaged in any consultation with any
Métis people with respect to this Application; and
c)
Shell has not fulfilled the Terms of Reference of the Government of
Alberta or the Joint Review Panel and therefore cannot be said to have relieved
the Crown of their obligation to consult and/or accommodate the impacts to the
Aboriginal rights asserted.
100. Denial of the application on the basis that the impact on the Aboriginal
Rights of the Métis people in the area has not been addressed in the Application.

Project Public Registry: http://www.ceaa-acee.gc.ca/050/details-eng.cfm?evaluation=59540
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The Panel considers that the findings requested in paragraph 99 of the MNA submission are
actually the facts the MNA proposed to show in evidence in order to support the request for
relief that appears in paragraph 100.
Each NQCL asks the Panel to find that the Crown has a duty to consult with the Aboriginal
people identified, and to find that the Crown has not met that duty. The duty to consult and
accommodate is a legal duty with unique aspects that distinguish it from other Aboriginal rights.
The duty arises from the Honour of the Crown and always rests with the Crown, although the
Crown may delegate procedural aspects of consultation. Crown consultation is part of a process
of fair dealing and reconciliation that flows from the historical relationship between the Crown
and Aboriginal people1.
The duty is owed to Aboriginal communities as a whole and not to individual Aboriginal
persons2. It arises when the Crown has knowledge, real or constructive, of the potential existence
of an aboriginal right, title or interest and contemplates Crown conduct that might adversely
affect it. When assessing potential impacts to aboriginal claims or rights, the impacts must be
causally linked to the proposed Crown conduct or decision. Although that assessment may
include a consideration of cumulative effects based on the existing state of affairs, addressing
past wrongs is not one of the purposes of Crown consultation3.
The scope of the duty to consult is based on a preliminary assessment of the strength of the claim
or right asserted and the extent of the alleged infringement. Where the perceived breach is less
serious or relatively minor, the content of the duty will be at the lower end of the scale, for
example, mere notice may be sufficient. If a strong prima facie case for the claim is established
and the potential infringement is of higher significance, deep consultation that is aimed at finding
a satisfactory solution may be required; however, the duty to consult does not confer a veto
power on Aboriginal groups4.
Adequacy of the NQCLs
No concerns were raised in relation to the form, content, filing or service of ACFN’s NQCL.
In relation to MNA’s NQCL, Alberta raised a number of concerns, including that:
strict compliance with the notice requirements of the Administrative Procedures and
Jurisdiction Act (“APJA”) is required;
the MNA NQCL does not contain a clear statement of a question of constitutional law;
and
contrary to the requirements of the Designation of Constitutional Decision Makers
Regulation (“Regulation”), the NQCL does not provide the substance of the evidence of
all of the MNA’s proposed witnesses. Alberta stated that this defeats the purpose of the
1

Haida Nation v. British Columbia (Minister of Forests), 2004 SCC 73; Mikisew Cree First Nation v. Canada
(Minister of Canadian Heritage), 2005 SCC 69.
2
Newfoundland and Labrador v. Labrador Métis Nation, 2007 NCLA 75; leave to appeal to SCC refused Docket
32468 (May 29, 2008), 2008 CanLII 32711 (SCC).
3
West Moberly First Nations v. British Columbia (Chief Inspector of Mines), 2011 BCCA 247; leave to appeal to
SCC refused Docket 34403 (February 23, 2012), 2012 CanLII 8361 (SCC).
4
Haida Nation, ibid.
Project Public Registry: http://www.ceaa-acee.gc.ca/050/details-eng.cfm?evaluation=59540
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notice requirement, which is to allow the Attorney General of Alberta to know the case it
has to meet and the testimony that will be heard from witnesses. Alberta also stated that it
is impossible for Alberta to prepare its submissions in response to the NQCL without
having the substance of the MNA’s witnesses’ testimony.
During oral submissions, Alberta advised that it was not insisting on a strict technical approach
to the NQCL and was therefore not asking that the MNA’s NQCL be struck. Rather, it requested
that the Panel not permit any witnesses for whom the MNA had not provided a will-say
statement to testify.
The MNA’s position was that, given the volume of materials it provided and the information
provided regarding its witnesses, its NQCL complied in substance with the provisions of the
APJA. It also stated that the responders to its NQCL suffered no prejudice as a result of the form
or content of its NQCL. During oral submissions, MNA’s counsel provided Alberta with one
additional will-say statement and advised that 5 of the 11 MNA witnesses for whom a will-say
statement was not submitted would not be testifying. The MNA further took the position that,
given that certain MNA witnesses are Elders, there was no requirement to provide a written
submission as to the content of their evidence.
The Panel is satisfied that the provisions of the APJA apply to its ability to consider the questions
of constitutional law. In particular, section 12 of the APJA and Schedule 2 of the Regulation
require the filer of a NQCL to provide to the Minister of Justice and Attorney General of Alberta
and the Attorney General of Canada certain information including:
 the grounds to be argued and reasonable particulars of the proposed argument, including
a concise statement of the constitutional principles to be argued, references to any
statutory provision or rule on which reliance will be placed and any cases or authorities to
be relied upon;
 the law in question, the right or freedom alleged to be infringed or denied, or the
aboriginal or treaty right to be determined, as the case may be;
 the material and documents that will be filed with the decision-maker; and
 a list of witnesses intended to be called to give evidence before the decision-maker and
the substance of their proposed testimony. (underlining added by the Panel)
The provisions of the APJA and the Regulation are mandatory. The Panel has no discretion to
cure defects in NQCLs provided to Alberta, Canada or any other parties to the proceeding
entitled to the notice. The legislation is clear that a notice meeting all of the foregoing criteria
must be given to the Panel, Shell, Alberta and Canada.
The Panel accepts that the purpose of the notice requirement is to ensure that the Panel, the
proponent, and the governments of Alberta and Canada can be informed of the substance of the
constitutional questions being raised so that they can respond to them appropriately. A failure to
provide the required information is more than a technical deficiency that may have the potential
to create prejudice to Shell, Alberta and Canada and any other parties responding to the NQCL.
It is a contravention of the APJA that deprives the Panel of any jurisdiction it might otherwise
have to consider the constitutional question posed in the NQCL.

Project Public Registry: http://www.ceaa-acee.gc.ca/050/details-eng.cfm?evaluation=59540
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The Panel finds that for those MNA witnesses for whom a will-say statement or other statement
of his or her intended testimony was not provided with the NQCL, the notice requirement of the
APJA not met. This is the case even if those witnesses are MNA Elders: the APJA notice
requirement makes no distinction between expert witnesses and laypersons or persons having
traditional, cultural or other special knowledge. As a result, the Panel would not permit those
witnesses to give evidence in relation to the question of constitutional law posed in the MNA’s
NQCL.
In all other respects, the Panel is satisfied that the MNA’s NQCL provides the information
required by the legislation such that the notice requirement in the APJA is met and there is no
apparent prejudice to Alberta, Canada or Shell. Notwithstanding that finding, the Panel would
like to provide additional comments that may assist the MNA and other parties participating in
proceedings in which constitutional questions of law arise. Subsection 12(4) of the APJA states
"the notice under subsection (1) must be in the form and contain information provided for in the
regulations". Schedule 2 of the Regulation provides a template form of notice. It is in the nature
of a "fill in the blanks" form that would be understandable and useful to any person, with or
without legal training. The form also provides directions on what information is to be included in
the Details of Argument. The Panel strongly encourages anyone intending to file a NQCL to
slavishly follow the template notice that is provided in the Regulation. Doing so practically
eliminates any possibility that a filer’s notice may be found to be deficient by a designated
decision-maker.
Application of the APJA to the NQCLs
The Panel addressed this matter in its letter of October 19, 2012, concerning the participation of
the Non-status Fort McMurray/Fort McKay First Nation and the Clearwater River Paul Cree
Band #175, but it bears repeating in this decision. Under the terms of the Agreement, the Panel is
directed to conduct its review in a manner that discharges the responsibilities of the Energy
Resources Conservation Board (“ERCB” or “Board”) and the requirements set out in the
Canadian Environmental Assessment Act, 2012 (“CEAA, 2012”) and the Terms of Reference
appended to the Agreement. The ERCB is a “designated decision maker” as defined in
subsection 10(c) of the APJA. As a result, Part 2 of the APJA applies to the Panel when it
discharges its responsibilities as a division of the ERCB.
Can the Panel Consider Questions of Constitutional Law?
In Rio Tinto Alcan Inc. v. Carrier Sekani Tribal Council5, (Carrier Sekani) cited by all the
participants in this proceeding, the Supreme Court of Canada summarized the law relating to an
administrative tribunal’s power to consider constitutional issues. The Court stated:
[68] ..., tribunals are confined to the powers conferred on them by the legislature:
Conway. We must therefore ask whether the Utilities Commission Act conferred on
the Commission the power to consider the issue of consultation, grounded as it is in
the constitution.
[69] It is common ground that the Utilities Commission Act empowers the
Commission to decide questions of law in the course of determining whether the 2007
5
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[Energy Purchase Agreement (EPA)] is in the public interest. The power to decide
questions of law implies a power to decide constitutional issues that are properly
before it, absent a clear demonstration that the legislature intended to exclude such
jurisdiction from the tribunal’s power (Conway, at para. 81; Paul v. British Columbia
(Forest Appeals Commission), 2003 SCC 55, [2003] 2 S.C.R. 585, at para. 39).
“[S]pecialized tribunals with both the expertise and authority to decide questions of
law are in the best position to hear and decide constitutional questions related to their
statutory mandates”: Conway, at para. 6.
(underlining added by the Panel)
Similar to the British Columbia Utilities Commission (“BCUC”) in Carrier Sekani, the ERCB is
authorized by the legislation establishing its powers, duties and functions to decide questions of
law. That is implied from several provisions of the Energy Resources Conservation Act
(“ERCA”), in particular section 26, which requires the ERCB to decide what legal rights arise
that may entitle an individual to a hearing before the Board, and section 41 which provides for a
right of appeal from a Board decision on a question of jurisdiction or on a question of law. The
Panel therefore concludes that is empowered, as the ERCB, to decide constitutional issues that
are properly before it unless there is a clear demonstration that the legislature intended to exclude
such jurisdiction from the ERCB’s powers.
Pursuant to the Regulation, the ERCB is authorized to decide all questions of constitutional law.
As a result, Part 2 of the APJA does not displace any of the ERCB’s constitutional authority that
is indicated under a Paul or Conway analysis (assuming the section 12 APJA notice requirement
is met). But the APJA does not enlarge that authority either. The Panel therefore finds that it has
jurisdiction to decide the questions of constitutional law raised in the NQCLs if the questions
relate to matters that are properly before the Panel or are related to the Panel’s statutory mandate.
The Duties Relating to Crown Consultation
In Carrier Sekani, the Supreme Court of Canada stated that government could delegate the duties
associated with section 35 consultation to an administrative tribunal.
[56] The legislature may choose to delegate to a tribunal the Crown’s duty to consult. As
noted in Haida Nation, it is open to governments to set up regulatory schemes to address
the procedural requirements of consultation at different stages of the decision-making
process with respect to a resource.
[57] Alternatively, the legislature may choose to confine a tribunal’s power to
determinations of whether adequate consultation has taken place, as a condition of its
statutory decision-making process.
[58] Tribunals considering resource issues touching on Aboriginal interests may have
neither of these duties, one of these duties, or both depending on what responsibilities the
legislature has conferred on them. Both the powers of the tribunal to consider questions
of law and the remedial powers granted it by the legislature are relevant considerations in
determining the contours of that tribunal’s jurisdiction: Conway. As such, they are also
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relevant to determining whether a particular tribunal has a duty to consult, a duty to
consider consultation, or no duty at all.
(underlining added by the Panel)
No party stated that the Panel had an express grant of statutory power to consider the adequacy
of Crown consultation; in fact, Alberta stated that the Legislature of Alberta had not granted the
Panel jurisdiction to consider and assess Alberta's consultations as part of the Project application
process. The Panel agrees that any statutory authority it has to consider the question has not been
expressly granted to it, and therefore must arise within the "contours of [the Panel’s]
jurisdiction".
Although the ACFN stated in its written submission that the Panel itself is a Crown entity,
counsel for ACFN stated in his oral submissions that the Panel remained an independent, quasijudicial body similar to the BCUC in Carrier Sekani. Counsel for MNA stated that the Panel’s
exercise of its authority is government action. Notwithstanding those submissions, no party
argued that the Panel was the Crown and was therefore required to consult with Aboriginal
groups.
The Panel agrees with Canada and Alberta that a Canadian Environmental Assessment Agency
review panel does not exercise a decision-making function. It performs an environmental
assessment and provides a report to the federal Minister of the Environment that must be taken
into account for the purposes of the federal government's decisions with respect to the
environmental assessment as well as in respect of federal approvals and permits that are needed
for a project to proceed. A review panel is neither the Crown nor an agent of the Crown to which
the duty to consult is delegated.
Counsel for Alberta stated that Alberta addresses its consultation obligations through Policy and
Guidelines that are administered by Alberta government departments (with procedural aspects
delegated to project proponents). The Panel also notes that the decision of the Court of Appeal of
Alberta in Dene Tha’ First Nation v. Alberta (Energy and Utilities Board)6, makes it clear that
the ERCB is not the Crown and does not have the duty to consult.
[24] It is now conceded to us that neither the energy company nor the Board has or had
any duty in law to consult with those holding aboriginal or treaty rights. That concession
is plainly correct today, though it may have been unclear for a time. At one point in oral
argument, there was a stray reference to the Board as an “emanation” of the Crown, a
characterization not argued elsewhere, and in our view inaccurate. In the 1930s the Privy
Council condemned that term as vague and apt to mislead.
The Panel states, in case there is any uncertainty over the question, that the ERCB is not the
Crown and does not have the Crown's duty to consult, whether as an agent of the Crown or
pursuant to some other delegation. As a result, the Panel’s jurisdiction over the question of the
adequacy of Crown consultation cannot arise from this aspect of the duty to consult.
6

2005 ABCA 68.
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The Duty to Consider Consultation
In Carrier Sekani, the Supreme Court restated the test from Haida Nation that sets out the
circumstances in which the duty to consult arises.
[79] A duty to consult arises, as set out above, when there is: (a) knowledge, actual or
constructive, by the Crown of a potential Aboriginal claim or right, (b) contemplated
Crown conduct, and (c) the potential that the contemplated conduct may adversely
affect the Aboriginal claim or right.
The applicant in Carrier Sekani, B.C. Hydro, was an agent of the Crown and therefore obliged to
uphold the honour of the Crown, including discharging the duty to consult (if the duty arose).
Having regard for this, the British Columbia Court of Appeal urged the BCUC “to grasp the
nettle and decide the consultation dispute”.7 On appeal, the Supreme Court of Canada agreed that
the BCUC had the power to consider whether adequate consultation with Aboriginal groups had
taken place but it overturned the Court of Appeal’s decision on the basis that the issue of
consultation did not arise from B.C. Hydro’s application. The Court concluded that the only
Crown conduct arising from the decision that was before the BCUC was B.C. Hydro’s intention
to purchase power as reflected in the proposed Energy Purchase Agreement. As a result, the
Court decided that the question of the adequacy of Crown consultation did not arise from the
application filed by B.C. Hydro and was not within the BCUC’s mandate.
[84] It was argued that the Crown breached the rights of the CSTC when it allowed the
Kenney Dam and electricity production powerhouse with their attendant impacts on the
Nechako River to be built in the 1950s and that this breach is ongoing and shows no sign
of ceasing in the foreseeable future. But the issue before the Commission was whether a
fresh duty to consult could arise with respect to the Crown decision before the
Commission. The question was whether the 2007 EPA could adversely impact the claim
or rights advanced by the CSTC First Nations in the ongoing claims process. The issue of
ongoing and continuing breach was not before the Commission, given its limited
mandate, and is therefore not before this Court.
(underlining added by the Panel)
In its October 19, 2012 letter to the parties that filed or responded to the NQCLs, the Panel asked
parties to identify the contemplated Crown conduct that gives rise to the duty to consult. Counsel
for ACFN stated that this was an academic question since Alberta and Canada had both accepted
that the duty was triggered and existed. However, he also stated that the entire amendment
approval process for the Project is Crown conduct that triggered the duty as early as the date that
Shell proposed Terms of Reference for its Environmental Impact Assessment. ACFN argued that
the Panel's decision would be a milestone decision because the Panel would decide if the Project
should be approved, not how the Project should be approved. He stated that subsequent
permitting decisions would be limited to deciding what conditions to attach to various approvals
that might follow. ACFN also argued, albeit in the alternative, that the Panel’s approval process
is Crown conduct because it is a Crown-established process for project approval. ACFN stated
that the Panel’s amendment approval decision is Crown conduct that triggers the duty to consult.
7
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ACFN’s counsel emphasized that this did not mean the Panel was acting as a Crown agent but
that it remained an independent, quasi-judicial body similar to the Commission in Carrier
Sekani. In response to the submissions of Canada, Alberta and Shell, the ACFN reiterated that
the duty to consult in relation to the Project was triggered long ago and that it did not make sense
for the Panel to consider consultation obligations on only a forward-looking basis. He urged the
Panel to consider what had happened in the past and to decide the question of consultation
adequacy.
The MNA stated that it adopted the submissions of the ACFN on the question of the Panel’s
jurisdiction over the NQCLs. The MNA also stated that any exercise of statutory authority is a
government action. Its counsel argued that a decision of the Surface Rights Board had
established that the ERCB is an expropriating body, and that expropriation is unquestionably a
government action.
Alberta confirmed that it has a duty to consult relative to the Project. Alberta disagreed, however,
that the Panel had the jurisdiction to consider the adequacy of Crown consultation. Alberta stated
that Crown decisions have already been made in relation to the Project and that those could
potentially be challenged for inadequate consultation. Alberta argued that there is no
contemplated Crown conduct before the Panel and that neither the Panel (as the ERCB) nor the
proponent is the Crown. Alberta stated that in order for the Panel to be able to consider Crown
consultation, it would have to have jurisdiction over the parties, the subject matter, and the
remedies being sought. In Alberta's view, none of those requirements are met in this case.
Alberta stated that in addition to the Panel’s approval of the Project application filed with the
ERCB, the Project requires approvals from Alberta under the Environmental Protection and
Enhancement Act, Water Act, and Public Lands Act before it can proceed, and that the Panel has
no decision-making authority regarding those Alberta approvals. Alberta submitted that the
processes for acquiring the Alberta approvals provided additional opportunities for Aboriginal
consultation after the Panel issues its report. Alberta further stated that although this proceeding
is about Shell's application, the Crown's efforts to consult and respond to the concerns of First
Nations are much broader than the application and encompass other processes and avenues to
mitigate impacts. Alberta argued that the Panel's hearing is one of the tools that allows the
Crown to better understand the Project, and in fact is part of Alberta’s consultation process.
Alberta submitted that a decision by the Panel on the adequacy of Crown consultation would
therefore be premature and unnecessary.
Canada stated that in addition to numerous provincial approvals for the Project (which Canada
listed on page 8 of its written submission dated October 15, 2012), federal approvals are required
under the Fisheries Act, as amended, and the Navigable Waters Protection Act, as amended.
Canada described the sequencing of events that might lead to approval of the Project by Canada
and Alberta, and stated that the Panel is part of a planning process that informs all federal and
provincial Crown decisions relating to the Project. Canada also stated that Crown decisions about
the adequacy of Aboriginal consultation and accommodation should be informed by the Panel's
findings about project impacts on actual or asserted Aboriginal or Treaty rights. This requires
that any Crown decision about sufficiency of consultation and accommodation be made after the
Panel's report is issued and before federal decision-making occurs under CEAA, 2012 or other
Project Public Registry: http://www.ceaa-acee.gc.ca/050/details-eng.cfm?evaluation=59540

1945
11
federal statutes. Canada submitted that the Panel’s proceeding did not represent an appropriate
time for consultation adequacy to be assessed, given the capacity and intention of the Crown to
address the concerns raised by Aboriginal groups in the future.
Similar to Alberta and Canada, Shell described the various federal and Alberta government
approvals that would need to be considered and dispositioned after the Panel had issued its
decisions and recommendations. Shell stated that it was premature for the Panel to consider the
adequacy of Crown consultation because many of the decisions needed to allow the Project to
proceed would not be made until well after the Panel's report was issued.
The Panel has considered the arguments provided by parties on the question of what is the
Crown conduct that gives rise to the duty to consult. The Panel has concluded that there is no
Crown conduct arising from the matters that are before the Panel so as to trigger the duty to
consult in relation to those matters. Alberta and Canada acknowledged that there is and will
continue to be an obligation on the Crown to consult and accommodate in relation to the Project.
But that duty is triggered by other circumstances, including federal and Alberta government
decisions on applications that are not before this Panel. The Crown in right of Alberta and the
Crown in right of Canada are not before this Panel, nor is the Panel empowered to direct the
Crown to perfect consultation with Aboriginal groups if the Panel were to find that consultation
was inadequate. With reference to the Conway decision, the Panel does not have the ability to
grant a remedy that would require the Crown, which has the duty to consult, to fulfill its
consultation obligations to ACFN and MNA. The Panel’s decision-making authority is limited to
making a determination as to whether the Project is in the public interest and dispositioning the
Project application accordingly. The Panel may deny the Project application or approve it with or
without conditions designed to ensure the Project meets applicable regulatory requirements.
Those conditions and any other requirements imposed by the Panel will govern Shell’s conduct,
but will not and cannot authoritatively direct the conduct of the Crown.
In addition, the Panel accepts the representations from Alberta, Canada and Shell that Crown
consultation in relation to the Project is not complete. It would be premature for the Panel to
make a decision on the Project application in reliance on a finding that consultation has been
inadequate when the Crown has acknowledged that it has a duty to consult and stated that it will
continue to address this duty after this proceeding is ended. The Panel is required or authorized
under the Agreement to receive a broad range of information about the potential effects of the
Project on Aboriginal groups and individuals, and to include that information in its report.
Alberta and Canada have each stated that the information contained in the Panel's report will be
considered and used by them to continue the consultation process to its conclusion. That is an
appropriate use of the Panel’s report, and is a use that is recognized in law as a legitimate part of
the Crown's consultation process8. The appropriate time for consultation adequacy to be decided
is when the Crown has concluded its consultation process. At that time, Aboriginal groups can
decide if they are satisfied with the results of the consultation process or if they wish to seek a
remedy to enforce the Crown's obligations to them.
ACFN also stated in oral argument that the Panel cannot make a decision that is inconsistent with
the Constitution Act, 1982. The argument, as the Panel understands it, is that by potentially
8
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approving the Project application without considering whether Crown consultation in relation to
the Project is adequate, the Panel may be condoning or permitting the Crown to breach its duty to
the ACFN, and that result is not in the public interest. In the Panel's view, the Federal Court of
Appeal considered a similar argument in Standing Buffalo Dakota First Nation v. Enbridge
Pipelines Inc.9. In that decision, the Court found that the National Energy Board (“NEB”) did not
have a duty to undertake a Haida analysis or decide if the Crown met the duty to consult with the
Aboriginal appellants. The Court described the argument in that case as follows:
[38] The appellants further argue that in the context of an application for a Section 52
Certificate, the NEB must "have regard to all considerations that appear to it to be
relevant", as specifically stated in section 52 of the NEB Act. And, according to the
appellants, whether the Crown has, and has satisfied, a Haida duty, are matters that
are relevant to, and therefore must be addressed by, the NEB. A failure to do so, their
argument continues, would result in breach by the NEB of its obligation to make its
decisions in accordance with the dictates of the Constitution.
The Court decided that the NEB acted constitutionally, when it stated:
[40] First, as noted above, the decision in Quebec (Attorney General) v. Canada
(National Energy Board) establishes that in exercising its decision-making function,
the NEB must act within the dictates of the Constitution, including subsection 35(1)
thereof. In the circumstances of these appeals, the NEB dealt with three applications
for Section 52 Certificates. Each of those applications is a discrete process in which a
specific applicant seeks approval in respect of an identifiable Project. The process
focuses on the applicant, on whom the NEB imposes broad consultation obligations.
The applicant must consult with Aboriginal groups, determine their concerns and
attempt to address them, failing which the NEB can impose accommodative
requirements. In my view, this process ensures that the applicant for the Project
approval has due regard for existing Aboriginal rights that are recognized and
affirmed in subsection 35(1) of the Constitution. And, in ensuring that the applicant
respects such Aboriginal rights, in my view, the NEB demonstrates that it is
exercising its decision-making function in accordance with the dictates of subsection
35(1) of the Constitution.
(underlining added by the Panel)
The Court added that although the NEB correctly decided it was not required to determine
whether the Crown was under and had discharged a duty to consult before approving pipeline
project applications, that decision did not preclude adjudication of the consultation issues by a
court of competent jurisdiction. In fact, the Court noted that the Haida and Paul decisions
indicated that aboriginal groups should seek their recourse in the courts in such circumstances.
In accordance with the Agreement, the Panel has provided a number of opportunities for
Aboriginal groups and individuals to provide comment on and participate in this proceeding to
consider the Project application and environmental assessment. The ACFN and MNA have filed
9
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substantial written submissions that indicate they will participate extensively in the oral hearings.
The Panel believes that its hearing process will assist both the Crown (which owes the duty to
consult) and the Aboriginal groups (who are entitled to that consultation) to move towards a
resolution of their differences. It will also assist the Panel to understand the potential effects of
the Project on Aboriginal people. If the Panel decides that the Project is in the public interest,
that understanding will allow it to disposition the Application appropriately by imposing
measures within its authority that are intended to mitigate any adverse impacts from the Project
on Aboriginal groups and individuals.
The Panel has an additional comment in relation to the NQCL filed by the MNA. In its
submissions, Alberta expressed concern that the question of constitutional law presented by the
MNA was overly broad. Rather than identifying specific rights-bearing aboriginal collectives, it
claimed rights in relation to Métis people generally. The Board understands that the scope and
extent of Métis rights in Alberta is not as well defined as those of recognized First Nations.
Although the duty to consult requires only a preliminary assessment of the strength of an
Aboriginal claim or right, there must be some reference point available to do that assessment. In
the decision Lax Kw’alaams Indian Band v. Canada (Attorney General)10, the Supreme Court of
Canada advised against allowing a regulatory proceeding to venture into a free-ranging inquiry
into the historical grounds of modern Aboriginal rights.
[11] The courts (including this Court) have long urged the negotiation of Aboriginal
and treaty claims. If litigation becomes necessary, however, we have also said that
such complex issues would be better sorted out in civil actions for declaratory relief
rather than within the confines of regulatory proceedings. In a fisheries prosecution,
for example, there are no pleadings, no pre-trial discovery, and few of the procedural
advantages afforded by the civil rules of practice to facilitate a full hearing of all
relevant issues.
The Panel believes that the question of constitutional law posed by the MNA, and the evidence
the MNA proposed to substantiate its position on the question, presents a real prospect that this
proceeding would venture into the kind of inquiry the Supreme Court of Canada cautioned
regulators to avoid.
The Effect of the Agreement on the Panel’s Jurisdiction over the Question
ACFN, and to a more limited extent MNA, argued that Articles 6.3 or 6.4 of the Agreement, or
both of them together, conferred jurisdiction over the questions or indicated that the Panel had
that jurisdiction. That is not the Panel's understanding or interpretation of the Agreement.
Generally speaking, the Agreement provides a broad mandate for the Panel to receive
information about the potential impacts of the Project on Aboriginal groups and individuals, to
assess the significance of those impacts, and to include in its report the Panel's findings on those
matters. Article 6.3 of the Agreement does not expand the Panel’s mandate, it provides a limit on
what the Panel is required to do under the Agreement by specifically stating that the Panel is not
required to make any determinations as to the scope of the Crown's duty to consult an aboriginal
group or whether the Crown has met a duty to consult or accommodate. Article 6.4 of the
10
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Agreement simply confirms that the Panel is subject to Part 2 of the APJA and does not expand
or reduce the Panel’s mandate under the Agreement.
As previously stated herein, the Panel has concluded that any jurisdiction it may have over the
questions of constitutional law posed in the NQCLs must be derived from statute (Conway). The
Agreement, regardless of its terms, is incapable of conferring jurisdiction on the Panel unless that
jurisdiction is rooted in a statutory grant of authority.

Yours truly,

Jim Dilay
Joint Review Panel Chair
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APPENDIX
Submissions Relating to the Notices of Question of Constitutional Law
CEAA
Registry #

Date Filed

Party and Document Name

461

October 1, 2012

MNA NQCL and Written Submission

465

October 1, 2012

ACFN NQCL

536

October 9, 2012

Alberta letter to Panel “Preliminary Submissions”

537

October 9, 2012

ACFN letter to Panel requesting opportunity to
respond to Alberta’s preliminary submissions

605

October 11, 2012

Shell letter to Panel with submissions on NQCLs

772

October 12, 2012

ACFN Erratum to its NQCL

904

October 15, 2012

Shell Written Submission on NQCLs

905

October 15, 2012

Canada Written Submission on NQCLs

907

October 15, 2012

Alberta Written Submission on NQCLs

913

October 16, 2012

Alberta Correction to its Written Submission on
NQCLs

1036

October 17, 2012

ACFN Written Reply Submission

1037

October 17, 2012

MNA Written Reply Submission
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APPENDIX 5 LIST OF AER CONDITIONS
Condition 1 - The Panel requires Shell to submit a lease boundary update five years before any
disturbance along a particular common lease boundary, unless some other period is stipulated by
the AER upon application by Shell. (Mining section)
Condition 2 - The Panel requires Shell to provide, for AER approval, a geotechnical interaction
assessment of the North OBDA, the MRDC, and the pit wall before any earth work begins at the
interaction area of the North OBDA, the MRDC, and the pit wall. (Mining section)
Condition 3 - The Panel requires Shell to provide an update on its plans for dewatering and
mining through the PCA five years before mining operations reach the PCA. The update is to
include a description of any changes that Shell intends to make when dewatering and mining the
PCA as a result of Shell’s experience at Phase 1. (Surficial Deposit Dewatering and Basal
McMurray Depressurization section)
Condition 4 - The Panel requires Shell to provide an updated geohazard management plan as a
part of its annual mine plan submission, commencing with the expansion mining operations.
(Devonian Geohazard section)
Condition 5 - The Panel requires Shell to provide a bitumen recovery improvement plan for
AER approval two years before construction. This plan must include details of all bitumen
recovery improvements Shell intends to incorporate into its expanded Jackpine Mine plant (i.e.,
Phase 1 and the Project) design and mine plan. (Bitumen Recovery section)
Condition 6 - The Panel requires Shell to provide measurement plans for AER approval one
year before the expanded Jackpine Mine plant start-up. These plans must include process and
instrumentation diagrams, metering, sampling methods, analytical methods, and material balance
procedures that satisfy AER measurement requirements. (Bitumen Recovery section)
Condition 7 - The Panel requires Shell to provide a commissioning and start-up plan for AER
approval one year before the expanded Jackpine Mine plant start-up. (Bitumen Recovery section)
Condition 8 - The Panel requires that Shell must provide to the AER annually, on or before
February 28, a calculation showing the amount of asphaltene rejection based on bitumen
production, for the previous year of operation. (Asphaltene Rejection section)
Condition 9 - The Panel requires that on an annual average basis, the amount of asphaltene
rejection must be limited to 10 mass per cent based on bitumen production. (Asphaltene
Rejection section)
Condition 10 - The Panel requires as a condition of approval that on an annual average basis,
Shell must limit site-wide solvent losses to not more than 4 volumes per 1000 volumes of
bitumen production. This calculation must be based on site-wide losses and must include all
solvent losses during all operating conditions. (Solvent Loss and Release of Untreated Froth
Treatment Tailings section)
Condition 11 - The Panel requires as a condition of approval that Shell not discharge untreated
froth treatment tailings to the tailings ponds or deposition locations. (Solvent Loss and Release
of Untreated Froth Treatment Tailings section)
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Condition 12 - The Panel requires Shell to provide a tailings management plan for AER
approval, two years before the expanded project start-up. The plan must indicate that Shell will
be compliant with Directive 074 from the time of start-up. (Tailings section)
Condition 13 - The Panel requires Shell to have no fluid tailings at the end of the mine’s life.
(Tailings section)
Condition 14 - The Panel requires Shell to provide, within one year after expansion operations
start-up, a post-construction, comprehensive sound monitoring survey of the Project, including
measurements of expansion equipment, to verify compliance with Directive 038. (Noise section)
Condition 15 - The Panel requires Shell to provide an update to its NIA or complete a
comprehensive sound monitoring survey to demonstrate compliance with Directive 038 after its
selection of new tier IV haul trucks. (Noise section)
Condition 16 - The Panel requires Shell to place low-permeability material against all waterbearing permeable zones exposed in the pits (including the PCA) to effectively reduce the
potential for PAW to be released out of the backfill into those permeable zones. (Groundwater
section)
Condition 17 - The Panel requires Shell to provide to the AER annual reports that describe:
Shell’s EPL research and development efforts for the proceeding year; Shell’s plans and
timelines to demonstrate the efficacy of EPLs within the next twenty years; and alternatives to
passively treating water in EPLs. The report must include all of Shell’s efforts and contributions
toward collaborating to demonstrate a full-scale EPL. The first such report must be provided two
years before the expanded Jackpine Mine plant start-up. (EPL section)
Condition 18 - The Panel requires Shell to provide, before beginning mining operations, a
comprehensive economic assessment of feasible active water treatment options that Shell could
implement to ensure that EPLs would meet water release criteria at closure. (EPL section)
Condition 19 - The Panel requires that Shell uses all necessary strategies, including watershed
design, landscape contouring, and succession and revegetation planning to ensure the specified
areas evolve into wetlands after closure. (Wetlands section)
Condition 20 - The Panel requires Shell to provide a report on the status of all stages of wetland
reclamation on Phase 1 and the Project as part of its annual closure and reclamation report. The
Panel also requires Shell to report any findings that makes or is aware of related to wetland
reclamation research on disturbed oil sands mine sites. (Wetlands section)
Condition 21 - The Panel requires Shell to remove all benching on mine discard structures before
final reclamation. (Reclamation section)
Condition 22 - The Panel requires that Shell provide, for AER approval, a detailed watershed
design report for all mine structures one year before the final placement of reclamation material.
(Reclamation section)
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APPENDIX 6 LIST OF PANEL RECOMMENDATIONS
Recommendation 1 - The Panel recommends to ESRD that it require Shell to update its
groundwater models when field data is available, and to inform affected stakeholders of any
significant changes to model predictions resulting from incorporation of site-specific data.
(Surficial Deposit Dewatering)
Recommendation 2 - The Panel recommends that the Government of Alberta conduct regional
monitoring to verify model predictions. (Air Quality)
Recommendation 3 - The Panel recommends that the Governments of Canada and Alberta
ensure that Shell conducts rigorous follow-up and monitoring on environmental effects of the
Project related to climate change predictions and manages accordingly should predictions be
incorrect. Specifically, the Panel recommends that the Government of Canada ensure that Shell
conducts this follow-up and monitoring in relation to CEAA, 2012 section 5 effects. (Climate
Change Considerations in the Environmental Assessment)
Recommendation 4 - The Panel recommends that the Governments of Canada and Alberta
ensure that Shell monitors environmental changes that result from climate change and undertakes
adaptive management, as required, to respond to any unanticipated environmental effects that
may affect the Project. (Change to the Project Caused by the Environment)
Recommendation 5 - The Panel recommends that the Governments of Canada and consider the
precautionary cut-off flow approach to address impacts of water withdrawals during extreme
low-flow conditions, and potential impacts on navigation. (Water Withdrawal from the
Athabasca River)
Recommendation 6 - The Panel recommends that DFO, ESRD, the oil sands industry, and all
other involved stakeholders, dedicate the necessary resources to ensure that Phase 2 of the Water
Management Framework for the Lower Athabasca River is completed and implemented in a
comprehensive manner by January 2016 as recommended in the P2FC Report. (Water
Withdrawal from the Athabasca River, Aboriginal Traditional Land Use, Rights, and Culture)
Recommendation 7 - The Panel recommends that the Government of Alberta take immediate
steps to ensure the comprehensive Muskeg River Water Management Plan is completed and
approved to coincide with the Joint Canada-Alberta Implementation Plan for Oil Sands
Monitoring, expected to be implemented in 2015. (Diversion of the Muskeg River)
Recommendation 8 - The Panel recommends that ESRD include the following requirements for
Shell to meet in any EPEA approval:
•

provide contingency plans for EPL water that does not meet EPL release criteria, including
active treatment options that Shell would implement to minimize impacts on receiving
streams;

•

validate the models used for predicting water quality in the EPLs and update mitigation plans
accordingly as information on the PAW resulting from Shell’s processes becomes available;

•

provide a research schedule for the testing of EPL predictions and design features; and
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•

treat the entire volume of PAW resulting from the drying of MFT at the end of mine life.
This treated PAW shall meet release criteria prior to placing it in the EPLs. (Use of End Pit
Lakes)

Recommendation 9 - The Panel recommends that the Governments of Canada and Alberta
include a requirement in any approval ensuring that Shell monitors fish tissue in the EPLs and,
should the fish in an EPL exhibit elevated levels of contaminants, implement governmentapproved mitigation measures to prevent consumption of fish until they are safe to eat. (Use of
End Pit Lakes)
Recommendation 10 - The Panel recommends that ESRD review the MFSP liability calculation
and, if required, make corresponding adjustments to ensure that the total costs assigned to the
treatment of contaminated soils and water are fully covered in the event EPLs do not perform as
predicted. (Use of End Pit Lakes )
Recommendation 11 - The Panel recommends that ESRD include in any EPEA approval a
requirement for Shell to report on adverse effects identified through monitoring and the
corresponding mitigation measures implemented by Shell in accordance with its adaptive
management plans. (Use of End Pit Lakes )
Recommendation 12 - The Panel recommends that ESRD consider the following when
developing the EPL water release criteria:
•

The criteria should be consistent with LARP water quality limits, which are based on
provincial water quality guidelines.

•

There are no provincial water quality guidelines for chemicals of concern such as, but
not limited to, naphthenic acids and PAHs.

•

The Governments of Alberta and Canada should work together to ensure EPL
discharge would have no significant environmental effects on fish and fish habitat.
(Use of End Pit Lakes )

Recommendation 13 - The Panel recommends that ESRD finalize and issue the EPL water
release criteria in the early stages of the Syncrude BML demonstration test so that criteria can be
incorporated into the water quality objectives necessary to determine the success of EPLs. (Use
of End Pit Lakes)
Recommendation 14 - The Panel recommends that ESRD include in any EPEA approval a
requirement that Shell recalibrate surface water quality models every five years with best
available information and re-run simulations to validate predicted effects to the environment and
ensure compliance with regulatory water quality guidelines. (Effects on Surface Water Quality)
Recommendation 15 - The Panel recommends that ESRD update the Muskeg River Interim
Management Framework for Water Quantity and Quality’s current water-quality targets and
limits to include naphthenic acids and PAHs to coincide with the Joint Canada-Alberta
Implementation Plan for Oil Sands Monitoring expected to be fully implemented in 2015.
(Effects on Surface Water Quality)
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Recommendation 16 - The Panel recommends that the Government of Canada ensure that Shell
updates its models to account for sources of aerial deposition of mercury and PAH. Shell should
provide the results to the Government of Canada and determine appropriate mitigation measures
in consultation with the appropriate government departments, stakeholders and Aboriginal
groups, if the predictions are different than what was presented to the Panel. (No Net Loss Plan)
Recommendation 17 - The Panel recommends that the Government of Canada require Shell to
implement a monitoring plan to determine the level of mercury and other contaminants in the
post-construction compensation lake and to identify any resulting contaminant increases in fish
tissue. In the event that fish tissue contaminants exceed HC recommendations, the Panel
recommends that DFO require Shell to implement the adaptive management program outlined in
its NNLP. (No Net Loss Plan)
Recommendation 18 - The Panel recommends that the Government of Canada ensure Shell
develops a specific timeline, including milestones, for when fishery resources provided through
compensation works are publicly available. The proposed timeline should be incorporated into
any Fisheries Act s. 35 authorization. (No Net Loss Plan)
Recommendation 19 - The Panel recommends that DFO require Shell to address the following
matters in its final NNLP, and that DFO ensures that these matters are addressed, to its
satisfaction, before issuing any Fisheries Act s. 35 authorization:
•

consider climate change in fish habitat loss/gain calculations

•

provide methodology selection criteria weightings for NNLP candidate compensation
lake sites

•

provide inputs and outputs associated with hydrologic modelling

•

assess uncertainty associated with key components of the NNLP. (No Net Loss Plan)

Recommendation 20 - The Panel recommends that the Government of Canada provide specific
benchmarks or thresholds for assessing significant effects to individual target fish species and on
population diversity and abundance. The Panel also recommends that the Government of Canada
ensure Shell incorporates these benchmarks or thresholds into its proposed adaptive management
strategy. (No Net Loss Plan)
Recommendation 21 - The Panel recommends that DFO lead the CEA on downstream fish
habitats and the monitoring. (No Net Loss)
Recommendation 22 - The Panel recommends that the government of Canada determine whether
the habitat in the area of the Redclay Compensation Lake, where the compensation lake is
proposed, is critical for the survival of the Ronald Lake Bison herd. (No Net Loss Plan)
Recommendation 23 - In the event the federal recovery strategy for bison includes critical habitat
in the area affected by the NNLP, the Panel recommends that the Government of Canada and
Shell work with other key stakeholders, including the Government of Alberta and Aboriginal
groups that use the area for hunting wood bison, to modify the NNLP to avoid or minimize the
effects on bison habitat. (No Net Loss Plan)
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Recommendation 24 - The Panel recommends that the Governments of Canada and Alberta
ensure that Shell evaluates the technical and economic feasibility for removing residual surface
oil from tailings ponds. (Effects of Tailings Ponds on Migratory Birds)
Recommendation 25 - The Panel recommends that the Government of Canada consider if more
information is required on the potential long-term effect to migratory bird reproductive success
or behaviour as a result of exposure to tailings ponds along migration routes. The Government of
Alberta should also consider if more information is needed on potential resulting health effects of
consumption of hunted birds by local people. The Governments of Canada and Alberta, along
with key stakeholders, should determine if studies are required to examine these issues. (Effects
of Tailings Ponds on Migratory Birds, Effects on Aboriginal Traditional Land Use, Rights, and
Culture)
Recommendation 26 - The Panel recommends that the Governments of Canada and Alberta
ensure that Shell meets its commitments related to reclamation of wetlands, continues to research
peatland reclamation strategies, and updates its reclamation plans accordingly. (Effects on
Wetlands)
Recommendation 27 - The Panel recommends to ESRD that Shell be required to fully comply
with the LARP biodiversity management framework once complete (Effects on Wetlands
section)
Recommendation 28 - The Panel recommends that before other provincial and federal approvals
are issued, the Governments of Canada and Alberta cooperatively consider the need for
conservation offsets to address the significant adverse project effects to wetlands and species at
risk. (Effects on Wetlands),
Recommendation 29 - The Panel recommends that the Government of Alberta work toward
timely completion of the LARP biodiversity management framework and that it include
thresholds for old-growth forest loss to guide the development of future oil sands projects.
(Effects on Old-Growth Forests)
Recommendation 30 - The Panel recommends to the Government of Alberta that to the extent
possible, the biodiversity management framework should provide clear direction on the
management objectives for old-growth forests in the Lower Athabasca planning region, identify
acceptable levels of disturbance (thresholds) for different areas of the region that reflect the
permitted land uses and management objectives for those areas, and provide specific direction on
the role of conservation offsets within the planning region (Effects on Old-Growth Forests)
Recommendation 31 - The Panel recommends that the Governments of Canada and Alberta
ensure that the best available research and development is used to improve reclamation of old
growth forest habitat in the oil sands region in order to provide this habitat as soon as possible.
(Effects on Old Growth Forests, and Effects on Wildlife and Their Habitat)
Recommendation 32 - The Panel recommends that before reclaiming any portion of the disturbed
area, the Governments of Canada and Alberta ensure that Shell produce, in collaboration with the
Aboriginal groups, a reclamation plan with the goal of optimizing the number and quality of
traditional plants as well as the species distribution. (Effects on Traditional Plant Potential
Areas)
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Recommendation 33 - The Panel recommends that before construction, the Governments of
Canada and Alberta ensure that Shell provides interested Aboriginal groups with full access to
the Project lands to allow any valued traditional plants to be collected. (Effects on Traditional
Plant Potential Areas)
Recommendation 34 - The Panel recommends that the Government of Alberta consider the need
to identify and protect areas of significant traditional plant potential as part of the development
of the biodiversity management framework under LARP. The Panel recommends that the
Government of Alberta involve Aboriginal groups in the development of the LARP biodiversity
management framework, particularly sections that are relevant to the protection of traditional
plants. (Effects on Traditional Plant Potential Areas)
Recommendation 35 - The Panel recommends that if conservation offsets are required by the
Governments of Alberta and Canada to mitigate project effects to wetlands or old-growth forests,
that Alberta and Canada also consider involving Aboriginal groups in site selection to ensure,
where feasible, these areas are also accessible and appropriate for the gathering of valued
traditional plants.(Effects on Traditional Plant Potential Areas)
Recommendation 36 - The Panel recommends that, before other provincial and federal approvals
are issued, the Governments of Canada and Alberta consider the need for conservation offsets to
further mitigate project effects. The potential use of conservation offsets should include a
consideration of the need to compensate for project effects to wetland-reliant species at risk and
migratory birds that are wetland-reliant or species at risk.(Effects on Wildlife and Their Habitat)
Recommendation 37 - The Panel recommends that the Government of Alberta continue to work
toward timely completion of the LARP biodiversity management framework and that it include
wildlife-habitat-loss thresholds to guide the development of future oil sands projects. (Effects on
Wildlife and Their Habitat)
Recommendation 38 - The Panel recommends that the Government of Canada ensure Shell
develops and implements a follow-up program that requires collecting additional detailed
baseline data on the distribution and abundance of species at risk and migratory birds in the LSA
and drawdown zone, before any additional site disturbance, to corroborate Shell’s HSI model
predictions. The follow-up program should also monitor changes in local populations’ habitat
use during Project construction, operation and after closure, to further validate Shell’s
predictions. (Effects on Wildlife and Their Habitat)
Recommendation 39 - The Panel recommends that the Governments of Canada and Alberta
ensure that the best available research and development is used to improve reclamation of
wildlife habitat in the oil sands region in order to provide habitat for these species as soon as
possible. (Effects on Wildlife and Their Habitat)
Recommendation 40 - The Panel recommends that until the biodiversity management framework
and any associated thresholds are developed under LARP, the Governments of Canada and
Alberta ensure that oil sands proponents consider thresholds and guidelines for assessing the
significance of project effects that are available in existing documents, namely the TEMF and the
Fort McMurray IRP. (Effects on Wildlife and Their Habitat)
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Recommendation 41 - The Panel recommends that the Governments of Canada and Alberta, in
collaboration with key stakeholders, collect baseline data and monitor and report on any future
changes to the distribution and abundance of species at risk and migratory birds in the oil sands
region. The data should be made available for future CEAs by proponents in the oil sands region
as well as to Shell to allow it to confirm its EIA predictions. (Effects on Wildlife and Their
Habitat)
Recommendation 42 - The Panel recommends the Governments of Canada and Alberta, industry,
Aboriginal groups and other key stakeholders, work together to assess the return of wildlife to
reclaimed oil sands affected landscapes. (Effects on Wildlife and Their Habitat)
Recommendation 43 - The Panel recommends the Government of Alberta, in consultation with
the Government of Canada and interested Aboriginal groups in the oil sands area, produce a
range plan for caribou in the designated critical habitat of the Richardson Range as soon as
possible. This range plan should outline specific steps for providing immediate action to reverse
the current level of disturbance, as prescribed in the federal recovery strategy. These steps should
include direction for ensuring that indirect effects (e.g., increased predation resulting from
nearby land clearing) on already significantly disturbed populations such as the Richardson
Range are minimized or avoided. (Effects on Wildlife and Their Habitat)
Recommendation 44 - The Panel recommends that the Governments of Canada and Alberta
ensure that Shell monitors the distribution and behaviour of caribou predators (namely wolves)
and their usual prey (e.g., deer and moose) following clearing of the LSA to assess the potential
indirect effects to the Richardson Range. (Effects on Wildlife and Their Habitat)
Recommendation 45 - The Panel recommends that the Government of Canada ensure Shell
conducts further research and survey work to determine the extent to which caribou are using the
LSA, and if they are to determine the number of individuals inhabiting the area and their
connection to the caribou in the Richardson Range. The Panel recommends that the Government
of Canada ensure that Shell works collaboratively with Aboriginal groups in carrying out this
research. The results of this work should be provided to the Government of Alberta to help
update caribou range plans in Alberta. (Effects on Wildlife and Their Habitat)
Recommendation 46 - The Panel recommends that the Government of Alberta work in
cooperation with EC towards the expeditious completion of range plans for caribou in the oil
sands region to ensure that immediate action occurs as prescribed in the federal recovery
strategy. (Effects on Wildlife and Their Habitat)
Recommendation 47 - The Panel recommends that the Government of Alberta work with
Aboriginal groups during development of the biodiversity management framework under LARP
to specifically address issues related to caribou in the oil sands region. The Panel further
recommends that during development of the biodiversity management framework, consideration
be given to principles such as no net loss of caribou habitat, limiting linear disturbances in
critical caribou habitat, and restoration of historical and present caribou ranges. (Effects on
Wildlife and Their Habitat)
Recommendation 48 - The Panel recommends that the Government of Canada consult with
Aboriginal groups to help inform the federal recovery strategy for wood bison and ensure its
expeditious delivery. The Panel also recommends that critical habitat for bison be identified in
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the federal recovery strategy to provide context for decisions on future oil sands development in
the oil sands region. (Effects on Wildlife and Their Habitat)
Recommendation 49 - The Panel recommends that the Government of Alberta include updated
management objectives for moose for the Lower Athabasca planning region in the biodiversity
management framework being developed under LARP. (Effects on Wildlife and Their Habitat)
Recommendation 50 - The Panel recommends that the Government of Alberta develop and
implement a program to monitor the health and long-term sustainability of moose populations in
the Lower Athabasca region, either as part of the biodiversity management framework or as part
of other monitoring initiatives currently being developed and implemented. (Effects on Wildlife
and Their Habitat, Effects on Aboriginal Traditional Land Use, Rights, and Culture)
Recommendation 51 - The Panel recommends that the Government of Alberta work with
interested Aboriginal groups in developing the management objectives and monitoring programs
for moose populations in the Lower Athabasca region. (Effects on Wildlife and Their Habitat)
Recommendation 52 - The Panel recommends that before other provincial and federal approvals
are issued, the Governments of Canada and Alberta cooperatively consider the need for
conservation offsets to address some of the likely significant adverse effects of the Project,
including effects on some migratory birds. (Effects on Wildlife and Their Habitat)
Recommendation 53 - The Panel recommends that the Governments of Canada and Alberta, in
collaboration with interested Aboriginal groups and stakeholders, initiate a joint effort to
determine if there has been a decline of waterfowl in the oil sands region and/or if migration
routes have changed. If results suggest that there has been a decline or if routes have changed,
the Panel recommends that the Governments of Canada and Alberta work together to determine
the cause(s). (Effects on Wildlife and Their Habitat)
Recommendation 54 - The Panel recommends that the Government of Canada conduct studies to
estimate abundance, density and carrying capacity of the oil sands region for migratory birds.
(Effects on Wildlife and Their Habitat)
Recommendation 55 - When considering the need for conservation offsets, the Panel
recommends the Governments of Canada and Alberta also consider the need to preserve the suite
of species and ecosystems in the region and to maintain local and regional biodiversity. The
Governments of Canada and Alberta should also consider the need to preserve unique
environments and species such as those found in the lenticular fen. (Effects on Biodiversity)
Recommendation 56 - The Panel recommends that ESRD ensure that, in addition to the use of
commercially available vegetation, Shell be required to plant a greater initial number of species
and ensure measures such as seed collection, direct seeding, and planting stock from cuttings or
seed, instead of relying heavily on the natural ingress of species to return biodiversity to
reclaimed landscapes. (Effects on Biodiversity)
Recommendation 57 - The Panel recommends to ESRD that Shell be required to develop a
biodiversity monitoring program and report progress and results of the program as part of its
closure and reclamation annual report. In order to protect biodiversity, the Panel expects Shell to
modify mitigation strategies based on the findings of the program. (Effects on Biodiversity)
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Recommendation 58 - The Panel recommends that the Government of Alberta work toward
timely completion of the LARP biodiversity management framework, including a reporting and
monitoring structure to ensure that relevant parties such as Shell are in compliance. (Effects on
Biodiversity)
Recommendation 59 - The Panel recommends to ESRD that Shell be required to apply direct
placement techniques when ever an opportunity exists in order to help the process of
regeneration and to minimize double handling of material. (Reclamation)
Recommendation 60 - The Panel recommends that Alberta Health and Wellness and Health
Canada complete a regional baseline health study focused on First Nations, Métis and other
Aboriginal groups that considers all relevant health factors including environmental exposures
and potential exposure pathways such as water, air, and consumption of traditional foods. The
Panel notes that a similar recommendation was made in the Joint Panel report approving the
Jackpine Mine Phase 1 project in early 2004 (EUB Decision 2004-009) (Human Health, Effects
on Aboriginal Traditional Land Use, Rights, and Culture)
Recommendation 61 - The Panel recommends that the Governments of Canada and Alberta, in
collaboration with Aboriginal groups, monitor the occurrence and rate of aerial deposition of
contaminants on traditional plants to determine the extent of regional effects on plant quality.
(Human Health)
Recommendation 62 - The Panel recommends that the Governments of Canada and Alberta work
with the CCME to develop specific water quality objectives for naphthenic acids. (Human
Health)
Recommendation 63 - The Panel recommends that the Alberta Government provide a timeline
for land release to the RMWB. (Social and Economic Effects)
Recommendation 64 - The Panel recommends to ESRD and RMWB that they devise a process to
make each other aware of when either entity receives a request for camp authorization. (Social
and Economic Effects)
Recommendation 65 - The Panel recommends that the Government of Alberta develop and
implement a TLU management framework for the Lower Athabasca region as a component of
the LARP. The Panel recommends that the Government of Alberta develop this framework in
conjunction with the Government of Canada, other stakeholders and all of the Aboriginal peoples
affected by industrial development that practice their rights in the oil sands region. The Panel
recommends that this framework be maintained and adapted over time to ensure the protection of
Aboriginal land use and treaty rights in the oil sands region. (Effects on Aboriginal Traditional
Land Use, Rights, and Culture, Regional Effects)
Recommendation 66 - The Panel recommends to the Governments of Alberta and Canada
thatbefore other provincial and federal approvals are issued, Alberta and Canada consider the
adequacy of the Crown’s consultation with each of the Aboriginal groups in light of the issues
identified in this report to determine whether additional consultation is necessary to address these
issues, including likely significant adverse Project and cumulative effects to a number of
resources important to Aboriginal people and likely significant adverse cumulative effects to
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Aboriginal traditional land use, rights and culture. (Effects on Aboriginal Traditional Land Use,
Rights, and Culture)
Recommendation 67 - The Panel recommends that EC in collaboration with ESRD conduct joint
research, in collaboration with the interested Aboriginal groups, and report on the causes of the
perceived drying of the Athabasca oil sands region and the PAD and that Aboriginal concerns
on this issue be considered in any Phase 2 water allocations. (Effects on Aboriginal Traditional
Land Use, Rights, and Culture)
Recommendation 68 - The Panel recommends that the Governments of Alberta and Canada
consider ACFN’s unresolved concerns about the diversion of the Muskeg River and the need for
additional consultation, mitigation, or accommodation before other provincial and federal
approvals are issued (Effects on Aboriginal Traditional Land Use, Rights, and Culture)
Recommendation 69 - The Panel recommends that the Government of Alberta, in conjunction
with the Government of Canada, provide greater opportunities for involvement of First Nation
and Métis groups in regional planning and in the stewardship of the traditional resources, in
order to mitigate the adverse effects on the traditional land use and culture of these groups.
(Effects on Aboriginal Traditional Land Use, Rights, and Culture)
Recommendation 70 - The Panel recommends that the Government of Alberta consider
developing a Métis consultation policy that outlines expectations and provides guidance with
respect to Métis consultation (Effects on Aboriginal Traditional Land Use, Rights, and Culture)
Recommendation 71 - The Panel recommends that the Government of Alberta require Shell to
offer to enter into access agreement discussions with MNA and the Métis Locals to provide for
Métis access to areas of TLU. (Effects on Aboriginal Traditional Land Use, Rights, and Culture)
Recommendation 72 - The Panel recommends that the Governments of Canada and Alberta
ensure that First Nation and Métis groups in the Lower Athabasca Region are effectively
engaged in the new joint provincial-federal monitoring initiatives. (Effects on Aboriginal
Traditional Land Use, Rights, and Culture)
Recommendation 73 - The Panel recommends that the Governments of Canada and Alberta
incorporate both the biodiversity management framework and a comprehensive assessment of
Aboriginal TLU into the development of the regional landscape management plan. The Panel
believes it is critical that these are incorporated even if the completion of the integrated
landscape management plan is delayed. (Regional Effects)
Recommendation 74 - The Panel recommends that Governments of Canada and Alberta ensure
that Aboriginal groups are involved in reclamation planning to help better design plans to include
Aboriginal TLU requirements such as valued traditional species and culturally important
landscapes. (Regional Effects)
Recommendation 75 - The Panel recommends to the Government of Alberta that the LARP
biodiversity management framework take into consideration that timely and progressive
reclamation may not adequately address the loss of biodiversity. (Regional Effects)
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Recommendation 76 -The Panel recommends that before other provincial and federal approvals
are issued, the Governments of Canada and Alberta cooperatively consider the need for
conservation offsets to address the significant adverse project effects to wetlands, wetland-reliant
species at risk, migratory birds that are wetland-reliant or species at risk, and biodiversity and the
significant adverse cumulative effects to wetlands, traditional plant potential areas, old-growth
forests, wetland-reliant species at risk and migratory birds, old-growth forest reliant species at
risk and migratory birds, biodiversity and Aboriginal traditional use. (Regional Effects)
Recommendation 77 - The Panel recommends that until the LARP biodiversity management
framework is in place, the TEMF be used to provide appropriate guidelines and thresholds for
management of cumulative effects in the oil sands region. (Regional Effects)
Recommendation 78 - The Panel recommends to the Government of Alberta that the LARP
biodiversity management framework take into account the loss of wetlands and provide
thresholds to ensure enough wetlands, including peatlands, are maintained in the lower
Athabasca region to maintain biodiversity and protect species of cultural importance to
Aboriginal people. (Regional Effects)
Recommendation 79 - The Panel recommends that the Government of Alberta and EC work
cooperatively to:
•

meet the goals outlined in recovery strategies for species at risk, including the
protection of critical habitat, meeting population recovery objectives, and any other
management initiatives put in place for listed species;

•

complete recovery strategies as soon as possible for wood bison, Canada warbler,
olive-sided flycatcher, common nighthawk, and rusty blackbird;

•

complete management plans for species of special concern; and,

•

develop action plans to provide the mechanisms required to protect identified critical
habitat, as well as other actions required to protect listed species (e.g., Range Plans
for caribou in the Richardson Range). (Regional Effects)

Recommendation 80 - The Panel recommends that the government of Alberta consider
establishing ambient environmental limits and triggers for other air quality compounds in the
future as a part of LARP, in addition to SO2 and NO2 (Regional Effects).
Recommendation 81 - The Panel recommends an EBF be set as part of Phase 2 of the Lower
Athabasca Water Management Framework, taking into account stakeholder needs. Recognizing
the important implications of this framework, the Panel urges the Governments of Alberta and
Canada to conclude the development process and implement this framework expeditiously.
(Regional Effects)
Recommendation 82 - The Panel recommends that the Government of Alberta complete and
implement the surface water quality management and groundwater management frameworks as
quickly as possible to ensure that the quality of water in the region is within the regulatory
aquatic life guideline values. The Panel notes that the LARP indicates that the information will be
reported on and recommends that this information be provided to the public. (Regional Effects)
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Recommendation 83 - The Panel recommends that a regional study be conducted by DFO in
cooperation with other government agencies and stakeholders, including Aboriginal groups, to
determine the cumulative effects to fish health, abundance and habitat in the oil sands region.
This study should take into account the effects of water quantity and quality on fish health and
habitat, as well as changes to rivers and streams and the use of compensation lakes to replace fish
habitat. The study should determine how long it takes for fish to establish in the compensation
lakes and how long before the fish can be safely consumed by humans and wildlife. Fish
biodiversity should also be assessed to determine changes to biodiversity that occur as a result of
removing or changing rivers and streams and replacing that habitat with lakes. (Regional Effects)
Recommendation 84 - The Panel recommends that the Governments of Canada and Alberta
obtain further information from RMWB about the lack of an integrated process to bring the
federal, provincial and municipal governments together with industry to solve problems,
including land release, and to consider how such an integrated process could be developed.
(Regional Effects)
Recommendation 85 - The Panel urges the Government of Alberta to address RMWB’s need for
developable land on a priority basis. In addition, the Panel recommends the Government of
Alberta implement a coherent and functioning land release policy as recommended by RMWB.
(Regional Effects)
Recommendation 86 - The Panel recommends that the Government of Alberta consider the
matter of coordination problems between the transportation authority and the land release
authority and to determine means to provide greater coordination between and among its
ministries. (Regional Effects)
Recommendation 87 - The Panel recommends that the Government of Alberta determine what is
needed to proceed with the bypass proposal. (Regional Effects)
Recommendation 88 - The Panel recommends that the Government of Alberta ensure that the
RMWB concerns are addressed in the camp approval process, to advise the RMWB of approvals
issued, and to address the RMWB’s concerns respecting compliance with the terms of such
approvals. (Regional Effects)
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APPENDIX 7 RECOMMENDATIONS PROVIDED BY THE GOVERNMENT OF
CANADA IN ITS OCTOBER 1, 2012, SUBMISSION TO THE PANEL
1) Fisheries and Oceans Canada recommends that the Joint Review Panel’s report include a
recommendation to Shell Canada Energy that cumulative effects on downstream fish
habitats be assessed, including but not limited to, middle reaches of the Muskeg River,
Shell Canada Energy’s Jackpine Mine and Imperial Oil’s Kearl Mine fish habitat offsets,
Kearl Lake, the lower reaches of the Muskeg River, and the Athabasca River including
the Athabasca River Delta. DFO believes that it is possible for an individual oil sands
operator to undertake this assessment. An alternative to this would be to conduct this
assessment in cooperation with other oil sands operators and regional stakeholders.
2) Fisheries and Oceans Canada recommends that the Joint Review Panel’s report include a
recommendation to Shell Canada Energy to finalize and implement a detailed plan that
will provide at minimum, a 2:1 ratio of fish habitat gains versus impacts based on Habitat
Units. In addition, the plan should consider Fish Management Objectives, terrestrial
ecosystem and wildlife values, as well as incorporate components of cultural
significance.
3) Fisheries and Oceans Canada recommends that the Joint Review Panel’s report include a
recommendation to Shell Canada Energy to continue to support the collection of data
related to the traditional use of lands and resources, as well as establish a protocol for
evaluating the traditional use on future reclaimed landscapes in the Muskeg River
watershed.
4) Fisheries and Oceans Canada recommends that the Joint Review Panel’s report include a
recommendation to Shell Canada Energy to develop and implement a monitoring
program, to the satisfaction of DFO, aimed at validating Habitat Suitability Index models
and verifying predictions related to quality and quantity of fish habitat that will be
directly and indirectly impacted by the Project. The monitoring program should include
evaluation of the pre-disturbance habitat, the proposed fish habitat offsets, the habitats
altered by changes in flow, changes in productivity resulting from upstream activities,
and verification of the modelling associated with the evaluation of productive capacity of
fish habitat.
5) Fisheries and Oceans Canada recommends that the Joint Review Panel’s report include a
recommendation to Shell Canada Energy to develop and implement an auditing and
reporting system, to the satisfaction of DFO, that will verify compliance with conditions
of any Fisheries Act authorization, and evaluate the effectiveness of all associated
mitigation measures and monitoring programs, as well as the predictive capability of the
habitat models.
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6) Uncertainty remains as to the likelihood of success of the aquatic closure landscape End
Pit Lakes and how they will function in the aquatic ecosystem. Fisheries and Oceans
Canada recommends that the Joint Review Panel’s report include a recommendation to
Shell Canada Energy to design closure landscapes so that they may be integrated into the
natural environment. DFO will work with Shell Canada Energy during the design phase,
and throughout the Project life, on the design and monitoring of aquatic habitats on the
reclaimed landscape.
7) Fisheries and Oceans Canada recommends that the Joint Review Panel’s report include a
recommendation to Shell Canada Energy to design and operate its facilities in a way that
complies with the current and any future requirements of the joint federal-provincial
Water Management Framework.
8) Fisheries and Oceans Canada recommends that the Joint Review Panel’s report include a
recommendation to Shell Canada Energy to continue its support for the development of,
and participate in the implementation of, a monitoring program that focuses on
cumulative effects assessment of water withdrawals.
9) Fisheries and Oceans Canada recommends that the Joint Review Panel’s report include a
recommendation to Shell Canada Energy to continue providing technical and financial
support to ensure the ongoing collection of data relating to the traditional use of lands and
resources of the Lower Athabasca River.
10) Fisheries and Oceans Canada recommends that the Joint Review Panel’s report include a
recommendation that Shell Canada Energy, in collaboration with Aboriginal groups,
Industry, and government, meaningfully participate in the development and
implementation of initiatives established to detect, monitor and adaptively manage
cumulative effects on fish habitat in the Lower Athabasca River watershed. Should the
monitoring indicate that there are additional adverse effects on fish habitat resources in
the Lower Athabasca River watershed not already considered, Shell Canada Energy shall
mitigate or, if necessary, offset those impacts.
11) Fisheries and Oceans Canada recommends that the Joint Review Panel’s report include a
recommendation to Shell Canada Energy to develop and implement a communications
strategy that ensures the transparent communication of monitoring results, water use,
constructed fish habitat successes, and accidents and malfunctions related to aspects of
the Project that may affect fish or fish habitat. In consultation with appropriate
government representatives, this communications strategy should also acknowledge and
address the concerns of contamination, including from methyl mercury, in local fish
stocks.
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12) EC requests the Panel recommend that Shell Canada:
a) Identify and implement measures that avoid direct loss of species at risk and
migratory bird habitat;
b) Identify and implement measures that avoid the effects of drawdown on the lenticular
patterned fen and Yellow Rail habitat during Project construction and operations;
c) Identify and implement mitigation measures that minimize disturbance (e.g., noise)
effects on residual habitat during Project construction and operations;
d) Develop and implement a follow-up program that requires:
i) collecting additional detailed baseline data on the distribution and abundance of
species at risk and migratory birds in the LSA and drawdown zone prior to any
additional site disturbance, and monitor changes in local populations and use of
residual habitats during the JPME Project construction and operations to validate
predictions of the EA;
ii) monitoring the condition of the lenticular fen and use by species at risk and
migratory birds (including, but not limited to, Yellow Rail) during Project
construction and operations and implement measures, as necessary, to maintain
the condition and function of the fen;
iii) monitoring the effectiveness of any measures used to mitigate residual and direct
and indirect habitat loss for species at risk and migratory birds, including the
function of any conservation allowances that are considered;
iv) monitoring the use of reclaimed habitats by species at risk and migratory birds to
evaluate success;
e) Consider, in the event that proposed measures cannot mitigate direct and indirect
habitat loss for species at risk and migratory birds, the use of conservation
allowances. Shell Canada should refer to the design criteria outlined in EC’s
Operational Framework for Use of Conservation Allowances (Environment Canada
2012);
f) Identify the habitat requirements of affected species at risk and migratory birds to
inform reclamation planning;
g) Incorporate species at risk and migratory bird habitat requirements into reclamation
plans;
h) Adjust reclamation techniques and prescriptions, as necessary, to maximize use of
reclaimed habitats by affected species at risk and migratory birds; and
i) Experiment with peatland reclamation and report on successes and challenges for the
benefit of peatland reclamation in the oil sands region.
13) EC requests the Panel recommend that Shell Canada:
a) Avoid habitat clearing during the migratory bird nesting window (April 1 to August
31);
b) Remove all vegetation (including peat) from tailings ponds prior to operations to
minimize attraction of birds;
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c) Contain and remove residual surface oil from tailing ponds on an ongoing operational
basis to minimize potential contact with birds;
d) Implement best available bird deterrent technology at tailings and implement bird
deterrent technology in a timely manner to coincide with the beginning of bird
migration, including that of Whooping Cranes;
e) Participate in regional bird deterrent research and monitoring programs and
incorporate findings in a timely manner into Shell Canada’s deterrent program;
f) Monitor and report on use of tailings ponds by birds, including all mortalities, and
general movement of birds (including species at risk) in the mine area;
g) Implement measures to prevent attraction to and collisions of birds with Project
infrastructure (e.g., transmission lines, communication towers) and vehicles,
including the use of line markers and bird-friendly lighting;
h) Relocate species at risk with low mobility (e.g., amphibians) prior to clearing, where
feasible;
i) Implement measures that avoid attraction of wildlife, including predators, to facilities
and other Project infrastructure;
j) Design the Kearl Lake levee to avoid impacts to aquatic habitats used by migratory
birds;
k) Monitor use of Kearl Lake by migratory birds prior to and following construction of
the Kearl Lake levee; and
l) Identify and implement additional mitigation measures, as required based on
monitoring, to ensure habitat quality on Kearl Lake for migratory birds does not
decline as a result of the Kearl Lake levee and any adjacent disturbances.
14) EC requests the Panel recommend that Shell Canada:
a) Minimize their contribution to cumulative effects by implementing the full suite of
mitigation measures proposed by EC in recommendations 1 and 2; and,
b) Support regional biodiversity monitoring initiatives such as that being implemented
under the Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring.
15) Given the cumulative modelling uncertainties and the 100-year timelines of oil sands
mine projects, EC advises that an adaptive management regime be implemented by the
Proponent to ensure the environmental performance of the Project does not impair
aquatic ecological integrity. EC requests the Panel recommend that Shell Canada:
a) Re-calibrate their aquatic models every five years with best available information and
re-run simulations that estimate predicted impacts to the aquatic environment and
make the results publically available.
b) Evaluate the efficacy of the existing chronic effects benchmark (CEB) values by
testing mixtures of these same chemicals at the CEB concentrations, using a range of
representative organisms, including the fathead minnow early life-stage test since it is
a locally resident species.
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c) Annually release publicly all on-site water and air quality monitoring data collected
under Alberta Environment and Sustainable Resource Development (AESRD) permit
requirements as a contribution to the contaminant source – pathway fate and effects
monitoring conducted under Joint Canada-Alberta Implementation Plan for Oil Sands
Monitoring.
d) Work cooperatively with Aboriginal Groups, AESRD and EC to finalise Muskeg
River Interim Management Framework for Water Quality and Quantity to protect
local aquatic health by establishing local water quality objectives that would trigger
Proponent EIS water quality and aquatic health mitigation measures.
16) In order for the Panel to fully assess the potential impacts of GHG emissions from the
JPME Project, EC requests the Panel recommend that Shell Canada provide details on the
measures in the JPME Project that will reduce GHG emissions associated with the
operation of the facility and will help Canada meet its GHG reduction targets.
17) In order for the Panel to assess impacts from the JPME mine fleet emissions, EC requests
the Panel recommend that Shell Canada report on best management practices for mine
fleet equipment, including the use of new Tier 4 technologies, to enhance maintenance
and minimize idling in order to minimize emissions of NOx, PM, GHGs and other
contaminants. These practices could include, but not be limited to:
a) developing idling limits,
b) training drivers to minimize idling,
c) mode of operation analysis, and
d) combined use of individual vehicle fuel usage indicators, vehicle emission testing,
and electronic diagnosis techniques to trigger maintenance.
18) EC requests the Panel recommend that Shell Canada:
a) Implement an ongoing monitoring program that can be used to determine the
magnitude and speciation of tailings pond and mine face GHG and air emissions
(particularly methane, benzene, and other VOCs) and provide this information to EC.
b) Based on results from the monitoring program, evaluate and where feasible,
implement changes to reduce fugitive GHG and air emissions from tailings ponds and
mine faces.
c) Annually release on-site air quality monitoring data to meet their Alberta
Environment and Sustainable Resource Development (AESRD) permit requirements
and to inform the contaminant source – pathway fate and effects monitoring
conducted under Joint Canada-Alberta Implementation Plan for Oil Sands
Monitoring.
19) EC requests the Panel recommend that Shell Canada:
a) Develop comprehensive emergency preparedness plans that identify, describe and
evaluate the potential impacts of all reasonably foreseeable project-related accidents
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and malfunctions involving the actual or potential release of chemicals or hazardous
materials;
b) Develop comprehensive emergency response plans that identify specific and detailed
procedures to ensure a prompt response, regulator notification and cleanup in the
event of a chemical or hazardous substance spill or threat of release;
c) Provide the plans identified in (a) and (b) prior to construction, for review by EC and
upon request of other interested stakeholders and Aboriginal groups.
20) NRCan recommends to the JRP that Shell Canada:
a) Confirm simulated results using field data available through the monitoring program
for Phase I of the Jackpine Mine Project.
b) Ensure that once the operations of the expansion project have started, the proponent
updates regularly the flow and transport models, e.g., at suitable intervals based on
the incoming information from the groundwater quantity and quality monitoring
program. This would provide information to verify the predictions of the current
numerical models and to increase confidence in the results of future updated models.
21) NRCan recommends to the JRP that Shell Canada:
a) Provide evidence or justification that the factors of safety (FOS) from the slope
stability analyses provided are the lowest that the Proponent can derive and that the
proposed mining and waste disposal plans (e.g., height, setback, areal coverage) are
feasible. This is preferably done through geotechnical reports of conceptual or
feasibility level slope stability design of the major mine elements including open pits,
OBDA, south ETDA, and north ETDA.
22) NRCan recommends to the JRP that Shell Canada:
a) Provide a description of what will be done with the process water from the
centrifugation of MFT at the end of mine life (NRCan estimates 16 Mm3 of process
water will be produced from 2050 to 2054) as this water will not be recycled back to
extraction at JPME and will be saline and toxic.
b) Provide a description of how they plan to deal with off-specification nonsegregation
tailings (e.g., dredge and re-retreat or remediate in place).
23) NRCan recommends to the JRP that Shell Canada:
a) Provide a different rationale for not using 100 per cent of the solvent in the ponds in
modelling VOC emissions, or a revised annual average emission rates for VOCs.
b) Provide an explanation for the reduction in estimated VOC emissions from the
tailings ponds for the MRDA 2011 plan as compared to the original 2007 plan.
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APPENDIX 8 LIST OF RECOMMENDATIONS FROM THE ABORIGINAL GROUPS
The recommendations listed in this appendix were made to the Panel by the Aboriginal
groups that participated in the hearing. Not all of the recommendations listed in this
appendix have been adopted by the Panel; they are summarized here for completeness
and to assist the reader in understanding the submissions of the Aboriginal groups. The
Panel’s recommendations are listed in appendix 4.
A. ACFN RECOMMENDATIONS
1) ACFN opposes approval of the Project and respectfully submits that the Project, will
result in significant adverse environmental effects and unacceptable adverse impacts on
ACFN's Treaty 8 Rights, is not in the public interest, and should not be approved.
2) Should the Panel find over ACFN's objections that the Project is in the public interest and
that it will not result in significant adverse environmental effects, ACFN requests that any
approval or recommendation that the Project proceed be made conditional upon
completion or implementation of all the following matters prior to the issuance of any
further decisions on oil sands projects in ACFN's Traditional Lands by the AER or by a
subsequent Joint Review Panel:
a) ACFN co-management of the Richardson Backcountry;
b) Completion and implementation of a Traditional Land and Resource Use
Management Plan, prior to any approvals being issued for this Project or other
industrial development;
c) Adherence to the thresholds and limits identified in the Traditional Lands and
Resource Use Management Plan in subsequent regulatory processes conducted by
and decisions of the AER or a Joint Review Panel;
d) Use of the Traditional Land and Resource Use Management Plan to select
conservation areas;
e) A five year 'freeze' on new development In the certain areas of the oil sands
region, until two years of data are available and have been analysed, per the
timelines set out in the Joint Canada-Alberta Implementation Plan for Oil Sands
Monitoring;
f) Adoption and implementation of ACFN's recommendations, including the
maintenance of an Aboriginal Base Flow, as set out in the enclosed "Review of
the Phase 2 Framework Committee Recommendations Synthesis Report";
including full protection of the Athabasca River for the continued exercise of
Treaty Rights;
g) Regulatory reform whereby:
i) First Nations in the region play a role in decision-making on proposed
industrial development projects;
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ii) Regulatory and legislative mechanisms relating to land and water use have
a rights-based focus and are consistent with the protection of section 35
rights;
iii) Regional planning regulations and related legislation acknowledge that the
ability of aboriginal peoples to exercise traditional uses of the land may be
linked to specific lands and territories and the resources thereon, which
require conservation to maintain the ability of aboriginal peoples to
exercise traditional uses; and
iv) Project-specific terms of reference for environmental assessments must
expressly require information gathering and consideration of potential
direct and cumulative impacts on the exercise of section 35 rights.
h) Assessment of the effects of the Project and the Planned Development Case on
the Delta and implementation of an independent and scientifically rigorous
monitoring program for the Delta, in consultation with affected First Nations, to
address this issue;
i) Independent and scientifically rigorous assessment and verification of the
accuracy of models used to predict the functioning of end pit lakes;
j) Provision of independent and scientifically rigorous evidence to support
assertions of effective reclamation techniques for replicating the natural eco-sites
and wetlands of the region;
k) Issuance by the federal government of an emergency order under the federal
Species at Risk Act protecting the. full ranges of woodland caribou in northeastern Alberta from further industrial development, and/or the identification ·and
protection of the full ranges of woodland caribou in northeastern Alberta as
critical habitat through other provisions of the Species at Risk Act;
l) Immediate protection for the Ronald Lake Bison herd from non-First Nations
hunting, and of the herd's habitat throughout their range, from disturbance;
m) Identification of critical habitat for wildlife and plant species at risk in the
Traditional Lands by independent scientists and protection by the federal and/or
provincial governments of such critical habitat from further development;
n) Implementation, through consultation with ACFN, of independent and
scientifically rigorous regional monitoring programs that: test EIA predictions;
monitor the quality and quantity of water in the Athabasca River. Including
between Fort McMurray and Old Fort; and monitor the cumulative impacts of
regional development upon human health;
o) The establishment of an independent panel to evaluate consultation in the oil
sands region;
p) No further development until the frameworks called for under LARP are
complete; and
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q) Accommodation measures must be established in relation to adverse impacts and
infringements of s. 35 rights.
3) ACFN also requests that the following Project-specific requirements be attached to any
decision of the Panel to allow the Project over ACFN's objections:
a) That permitting, construction and operation be delayed for a minimum of five
years, when two year of data is available and has been analysed. per the timelines
set out in the Joint Canada-Alberta Implementation Plan for Oil Sands Monitoring
and until the frameworks called for under LARP are complete;
b) That permits and authorizations, construction and operations be deferred until
such time as a Traditional Land and Resource Use Plan has been completed, and
binding thresholds and measures set that will allow regulators to condition
permits and authorizations in a manner which protects and prioritizes ACFN
Treaty Rights;
c) The establishment (through consultation with ACFN and reference to a
Traditional Lands and Resource Use Management Plan) and enforcement of firm
and legally-binding emissions limits for air and water pollution annually and over
the lifetime of the Project;
d) The establishment and enforcement of a science and traditional knowledge based
groundwater monitoring program, through consultation with ACFN; with the
results measured against the thresholds or limits established in a Traditional
Lands and Resource Use Management Plan;
e) That any authorization issued pursuant to the Water Act give priority to ACFN's
constitutionally protected right to sufficient quantity of navigable water In the
Lower Athabasca River, in other words withdrawal must cease when flows fall
below the Aboriginal Base Flow;
f) That permits and authorizations be deferred until such time as the afore mentioned
data is available to regulators, so that permits and authorizations can be based
upon sound science and reflect the precautionary principle;
g) That the ore beneath the Muskeg River and its riparian zone be sterilized, and the
Muskeg River be left to flow in its natural state, and that full protection of this
river be put in place;
h) That prior to the commencement of construction, the Applicant must post a
reclamation bond of a size and character that will ensure that Project lands will be
progressively and effectively reclaimed to a standard, and in a timeframe,
consistent with the exercise of ACFN's Treaty Rights;
i) That adequate and effective wildlife corridors through or around the Project be
established over the life of the Project, reestablishment of appropriate wildlife
habitat in the closure landscape, and reestablishment of key wildlife species to
target densities on the site;
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j) That prior to the commencement of construction, the Applicant must: obtain an
insurance review by an independent consultant to determine the appropriate level
of environmental and third-party liability coverage, to address inter alia,
unanticipated levels or types of Project-specific environmental effects; obtain said
coverage; and submit proof of same to the Board;
k) The design and implementation of Project-specific wildlife and fish monitoring
programs, through consultation with ACFN, with the results measured against the
thresholds or limits established in a Traditional Lands and Resource Use
Management Plan;
l) ACFN be included in lease site monitoring programs, fully supported by Shell;
m) The monitoring of stack and fugitive emissions and air quality, vegetation and
soils around the Project with the results measured against the thresholds or limits
established in a Treaty Rights Assessment and Traditional Lands and Resource
Use Plan;
n) That Shell provide funding for culture programs related to land-based knowledge
be provided to mitigate the losses associated with the reduced access to
Traditional Lands;
o) The creation and implementation of more effective and continuous environmental,
human, and community health monitoring systems;
p) Funding for and the conduct of community-based comprehensive baseline country
food harvesting and consumption study including dedicated study of risk
perception and its impacts on country food harvesting among ACFN members;
q) The provision of support and funding for programs and initiatives designed to
mitigate the negative community and regional-level socioeconomic effects;
r) The funding for and completion of a socio-cultural assessment as proposed to
Shell by ACFN; and
s) The creation of a socio-economic monitoring program to assess the effectiveness
of socio-economic effect mitigation measures implemented by any of Shell, the
government of Canada and the government of Alberta.
B. MÉTIS NATION OF ALBERTA RECOMMENDATIONS
1) A finding that:
a) The evidence shows that there is a credible assertion that the Aboriginal Rights of
the Métis in the area will be impacted by this Application;
b) That the Government of Alberta has not engaged in any consultation with any
Métis people with respect to this Application; and
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c) Shell has not fulfilled the Terms of Reference of the Government of Alberta or the
Joint Review Panel and therefore cannot be said to have relieved the Crown of
their obligation to consult and/or accommodate the impacts to the Aboriginal
rights asserted.
2) A denial of the application on the basis that the impact on the Aboriginal Rights of the
Métis people in the area has not been addressed in the Application.
C. NSFMFM AND CLEARWATER BAND RECOMMENDATIONS
1) Non-Status First Nation and Clearwater River Band are asking this Panel to recommend
that the Application not be approved until they are adequately consulted on their rights
with respect to the Project and until their concerns regarding how the Project will impact
them are fully addressed. Therefore, the Non-Status First Nation and the Clearwater
River Band would like to make the following requests that:
a) The Joint Review Panel recommend that the Crown recognize the Section 35
rights of the Non-Status First Nation and the Clearwater River Band and the
potential infringement on those rights by the Project should it be approved.
b) The Joint Review Panel recommend that the Project is not in the public interest
and cannot be authorized unless and until the Crown has fully discharged its
duties to consult and accommodate the Non-Status First Nation and the
Clearwater River Band with respect to potential effects on its Treaty and
Aboriginal Rights.
c) The Joint Review Panel recommends that the consultation process owed to the
Non-Status First Nation and the Clearwater River Band include, but not be limited
to:
i) Consideration of the potential impacts of the Project on their Section 35
rights,
ii) Consultation prior to finalizing any resources management frameworks or
plans with regards to oil sands activities or to environmental management
in the Project area or the greater Athabasca region in general.
iii) The provision of resources to the Non-Status First Nation and the
Clearwater River Band to document the nature and scope of their
Aboriginal and Treaty Rights, including traditional land use studies,
Traditional Ecological Knowledge studies, and cultural studies.
iv) Provision of capacity funding to both groups in order to undertake studies
that identify any potential additional adverse impacts that may be caused
by the Project, including the cumulative impacts which have not yet been
identified.
v) Capacity funding to partner with local organizations, governments and
industry to address those impacts.
2) The Non-Status First Nation and Clearwater River Band request that the Joint Review
Panel recommends that no approvals or authorizations be issued in relation to this Project
until:
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a) Shell engage in a cultural sensitivity workshop with the Non-Status First Nation
and the Clearwater River Band;
b) The Non-Status First Nation & Clearwater River Band are satisfied that any sites
of historical or cultural significance to the groups have been adequately identified
and protected;
c) Members of those groups be permitted to harvest diamond-willow fungus that
occurs in the Project area before any activities occur there that may disturb or
harm that resource;
d) Any other resources of cultural environmental health and social importance to the
Non-Status First Nation & Clearwater River Band be adequately protected;
e) Both groups receive compensation for any losses or harm to those resources that
might occur.
3) The Non-Status First Nation and Clearwater River Band recommends that the
conditions requested by the Oil Sands Environmental Coalition regarding the
environmental protections and measures that they have set out are met.
4) The Non-Status First Nation and Clearwater River Band request that:
a) Studies on freshwater clams in the Athabasca River are undertaken;
b) Studies evaluate the critical water temperature for the fish habitat during different
seasons;
c) The outcrops along the riverbanks on Shell's leases be identified, and that the
information be provided to CEMA and included in its EIAs;
d) The wildlife corridors being maintained, not only to sustain the wildlife but also
sustain the natural resources that are there.
D. FORT MCMURRAY FIRST NATION #448 RECOMMENDATIONS
1) The Application should be denied at this time due to the concerns outlined by FMMFN
#448
2) If the Panel approves the Project FMMFN#448 requests that:
a) In order to prevent significant adverse environmental effects from occurring to
terrestrial resources and the use of land by Aboriginal peoples for traditional
purposes and Treaty Rights and given the pace of development in the oil sands
region, FMMFN#448 would ask for a condition to delay the project.
FMMFN#448 stated that, if the Joint Review Panel approves the project, it should
recommend a condition that the Project be delayed for a period of 10 years.
b) A condition be put on any approval that Shell consults with Fort McMurray First
Nation and complete a traditional use study with respect to impacts from the
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Project on Fort McMurray's rights and file the same within six months prior to
construction commencing.
E. FORT MCKAY RECOMMENDATIONS IN RELATION TO CUMULATIVE
EFFECTS AND CONSULTATION
1) In order to improve management of cumulative effects to avoid or minimize adverse
effects, Fort McKay requests that the Panel recommend to Alberta and Canada:
a) For traditional land use:
i) The establishment of protected areas specifically to traditional land use
opportunities that are: in reasonable proximity to the community of Fort
McKay; within its culturally significant ecosystems including those
surrounding its reserves at Moose Lake (I.R. 174a and 174); and that
contain sufficient undisturbed resources to mitigate the declines in wildlife
and other terrestrial resources;
ii) Implementation of access management plan that includes 1) measures to
reduce new linear disturbance, decrease public access to linear
disturbances, and accelerates reclamation of them; and 2) protection for
Fort McKay's traditional trails and access to its reserves, traplines and
hunting areas; and
iii) A commitment and process by Alberta and Canada to consult and
accommodate Fort McKay with respect to the impacts of regional
development on its aboriginal and treaty rights.
b) For air quality and odours:
i) Enforceable limits for odours and a regional monitoring system that will
include monitoring odours in Fort McKay; and
ii) Reduction of existing emissions through standards and requirements for
use of Best Available Technically and Economically achievable emission
control technology.
c) For wildlife:
i) Annual wildlife population surveys;
ii) Immediate reduction of moose harvest levels allowed for non-Aboriginal
hunters throughout the entire oil sands region until current moose
populations are determined;
iii) Establishment of conservation areas within Fort McKay's traditional
territory,
iv) Including protected areas, that are sufficient to preserve wildlife habitat
and populations;
v) Acceleration of reclamation of disturbed areas in the oil sands area.
Additional development approval based upon reclamation performance;
and
vi) Wildlife monitoring that contributes to validation of habitat models and
tests ElA predictions.
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d) For surface water:
i) The Phase 2 Water Management Plan for the Athabasca River be
implemented with a minimum flow level required for the River.
2) Fort McKay also requests that the Panel recommend to Canada and Alberta that they
appoint negotiators with the necessary mandate to negotiate accommodation measures
with Fort McKay that include:
a) Management of designated areas for the objective of maintaining traditional land
use in reasonably close proximity to Fort McKay;
b) Establishment of a protective buffer zone around Fort McKay's community and
reserves (including 174a and 174b} on the west side of the Athabasca River;
c) Consultation and coordination of land planning and development near the borders
of Fort McKay's reserves and the community aimed at maintaining Fort McKay's
land use on its reserves;
d) Collaborative arrangements for the management of Fort McKay's traditional
territory and its resources, including partnering in environmental monitoring and
development of management strategies;
e) Development of reclamation planning and criteria, in consultation with Fort
McKay, that is aimed at restoring the land for traditional and other uses by the
community, and that incorporates the knowledge held by Fort McKay members
regarding the land prior to disturbance;
f) Long-term economic arrangements to provide social and physical infrastructure
and assist the community to prepare for and transition to a post oil sands
economy; and
g) Measures to promote, sustain and protect the health, security, well-being and
economic development of the Community.
F. MCFN RECOMMENDATIONS RELATED TO CUMULATIVE EFFECTS AND
CONSULTATION
The Mikisew request the Joint Review Panel make the following recommendations:
1) That Alberta and Canada jointly fund Mikisew to develop a Traditional Land and
Resource Use Management Plan. Following the development of the plan that Alberta and
Canada take the necessary steps to implement that Plan including adhering to the
thresholds, limits and criteria identified in the Plan in subsequent regulatory processes
conducted by and decisions of the AER or future joint review panels.
2) That monitoring be conducted by the federal government through a program overseen by
a committee of independent experts and aboriginal representatives, including the
Mikisew. This should include, at a minimum:
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a) that Alberta and Canada work with Mikisew to develop and fund a communitycontrolled health assessment of water and terrestrial resources including wildlife,
and monitoring;
b) implementation of an independent and scientifically rigorous monitoring program
for the Delta in consultation with local First Nations to address the effects of
current and reasonably foreseeable development on the Delta; and
c) that Mikisew be meaningful included in the World Class Monitoring Program and
that no further projects, after the Jackpine Mine Expansion and the Pierre River
Mine Projects, be approved until the World Class Monitoring Program is
operational and had at least 5 years to gather and assess data, including traditional
knowledge.
3) That, through consultation with aboriginal peoples, Canada and Alberta take the
necessary steps to regionalize the regulation of certain aspects of the oil sands such as
reclamation, tailings reduction, and water use, giving equal weight to traditional
knowledge and western science and having regard to the protection of Section 35 rights
now and into the future.
4) That Alberta work with aboriginal peoples to jointly develop and finalize a wetland
policy and reclamation standards that includes compensation for destroyed or altered
wetlands particularly bogs and fens.
5) Specifically with respect to water bodies and waterways:
a) That the Athabasca and Firebag Rivers be designated as a Heritage River;
b) That Alberta and Canada establish a comprehensive and transparent monitoring
program for water flows and water quality for the Lower Athabasca River Basin,
including monitoring of tailings reclamation and tailings seepage, that is overseen
by a government-funded committee of independent experts and aboriginal
representatives, including Mikisew;
c) That Alberta and Canada establish a precautionary aboriginal base flow for the
Athabasca River at 1600 cubic metres per second, and a precautionary aboriginal
extreme flow at a level of 400 cubic metres per second during the months that the
river is used for travel;
d) That Alberta and Canada immediately implement a precautionary base flow of the
Athabasca River of 100 cubic metres per second. No withdrawals below this flow
should be allowed;
e) That governments work with aboriginal peoples to develop a process for altering
water permits to existing mines so as to lower and cap the peak water withdrawal
that will be needed by the oil sands industry from the lower Athabasca River;
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f) That Canada and Alberta include tributaries in their calculations of in stream flow
needs as they finalize the Lower Athabasca Management Framework in Phase 2;
and
g) That Canada and Alberta adopt and implement all recommendations, including
those listed above, as set out in the “Review of the Phase 2 Framework
Committee Recommendations: Synthesis Report.”
6) That Canada actively assume a stronger federal role in protecting fresh water in the oil
sands through monitoring the release of toxic substances and the impacts of such
substances on such fisheries and through a stronger enforcement presence.
7) That Canada and Alberta expand the testing parameters of drinking water at Fort
Chipewyan to include PAHs and toxic metals using methodology capable of measuring at
thresholds relevant to human health.
8) That Wood Buffalo National Park be included in any impact study in respect of oil sands
activity.
9) That Alberta work with Mikisew and other Lower Athabasca First Nations to develop a
Lower Athabasca Regional Plan (“LARP”) that appropriately addresses First Nation
concerns and that uses a rights-based approach to land-use planning including:
a) That the results of a Mikisew-led traditional land and resource management plan
be incorporated in the amended LARP.
b) That Canada and Alberta acknowledge the First Nations exercise of Treaty rights
as a priority land use in their traditional territories and cause that priority to be
reflected in land use and resource development policies such as LARP and all
Crown decision-making.
c) The establishment of First Nation-specific land use conservation areas with viable
corridors that are managed jointly with First Nations and Alberta.
10) That resources be provided to First Nations to conduct a regional cumulative effects
assessment which includes comprehensive traditional land use and traditional ecological
knowledge with the aim of developing a traditional resource use plan. That plan would be
a key focus in other policies, such as LARP.
11) That Canada and Alberta utilize a terrestrial "No Net Loss" standard when considering
disturbance approvals, giving equal weight to traditional knowledge and western science.
12) That Canada and/or Alberta establish predisturbance baseline information, including the
range of natural variation for wildlife populations and the conditions required to support
Mikisew’s rights and culture before disturbance of any further industrial activity other
than the Jackpine Mine Expansion and Pierre River Mine Projects.
13) That Canada and Alberta work with Mikisew to identify and protect key species affected
by cumulative effects, such as bison, caribou and moose. In this regard, Canada must
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revise the recovery plans for Wood Bison and Woodland Caribou identifying critical
habitat which must be protected under the Species at Risk Act.
14) That Canada conduct with Mikisew a traditional food study to examine the impact of oil
sands contaminants on traditional foods, such as: fish, moose, caribou, small game, bird
eggs, and berries in the region. Special attention should be drawn to the location of
traditional foods in relation to oil sands mine development.
15) That Alberta finalize the Oil Sands Mine Liabilities Management Program with input
from Mikisew.
16) That Alberta and Canada conduct a comprehensive Baseline Health Study for Fort
Chipewyan residents as recommended in the 2003 EUB Decision Report. In addition, a
study of contaminant intake and body burden of members of Fort Chipewyan should be
undertaken.
17) That Canada develop a comprehensive sustainable employment strategy with the
Mikisew to address employment and training issues in the region.
18) That Canada and Alberta ensure the Mikisew has adequate capacity for meaningful
consultation on all resource development activities that may impact their traditional
lands.
19) That Canada and Alberta resource additional First Nations-directed analysis related to
health, diet, practice of treaty and aboriginal rights and avoidance patterns related to
contaminants.
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APPENDIX 10 WILDLIFE TABLES
A. WILDLIFE KEY INDICATOR SPECIES AND RATIONALE USED BY SHELL IN
PROJECT EIS (DERIVED FROM VOL. 5 OF SHELL’S EIA)
Species

KIR Selection Rationale

moose

CEMA SEWG environmental indicator, economic importance recreational importance,
ecological importance, ease of monitoring, traditional importance, abundant information

Canada lynx

Ecological importance (carnivore, predator/prey relationships), traditional and economic
importance

black bear

Traditional importance, ecological importance (carnivore), CEMA SEWG environmental
indicator

fisher

Ecological importance (carnivore), traditional and economic importance, CEMA SEWG
environmental indicator

beaver

Traditional and economic importance (keystone species)

barred owl

Ecological importance (carnivore), member of the CEMA SEWG environmental indicator bird
community, indicator old-growth forest birds

black throated
green warbler

Member of the CEMA SEWG environmental indicator bird community, indicator old-growth
forest birds

yellow rail

Representative of the marsh bird community, riparian health indicator

Canadian toad

Riparian health indicator

horned grebe

Waterfowl indicator
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B. LIST OF SPECIES AT RISK FOUND ON OR NEAR THE JPME FOOTPRINT AS
PROVIDED BY SHELL AND EC
Species

COSEWIC

SARA

Provincial

Recovery
Strategy/
Management
Plan in place?

Critical
Habitat
Identified?

Threatened

At Risk

Yes

Yes

Species observed on JPME lease
Woodland caribou

Threatened

Wood bison

Threatened

Threatened

At risk

No

Western toad

Special
Concern

Special
Concern

Sensitive

No

Wolverine

Special
Concern

May be at risk

No

Canada warbler

Threatened

Sensitive

No

Olive-sided flycatcher

Threatened

Threatened

May be at risk

No

Rusty blackbird

Special
Concern

Special
Concern

Sensitive

No

Yellow rail

Special
Concern

Special
Concern

Undetermined

Yes

Common nighthawk

Threatened

Threatened

Sensitive

No

Horned grebe

Special
Concern

Sensitive

No

Threatened

Canada lynx

Sensitive

Fisher

Sensitive

Barred owl

Sensitive

Black-throated green
warbler

Sensitive

Canadian Toad

May be at risk

Species that occur in the oil sands region and may also occur on Shell’s lands
Short-eared owl

Special
Concern

Special
Concern

May be at risk

No

Whooping crane

Endangered

Endangered

At risk

Yes

Peregrine falcon

Special
Concern

Special
Concern

At risk

No

Northern leopard frog

Special
Concern

Special
Concern

At risk

Yes

Red knot

Endangered

Endangered

May be at risk

No
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Background
Alberta's Land-use Framework (LUF), released in December 2008, sets out a
new approach to managing our province's land and natural resources to
achieve Alberta's long-term economic, environmental and social goals.The LUF
establishes seven new land-use regions and calls for the development of a
regional plan for each.
The Alberta L.nnd Stewardship Act supports the LUF and establishes the legal
basis for the development of regional plans.
Contributions from the Lower Athabasca Regional Advisory Council, First
Nations and Metis communities, stakeholders, municipalities and the public
have informed the development of the Lower Athabasca Regional Plan (LARP).
The development of the LARP used a three-phase consultation process which
gathered:
•

input on the region's issues:

•

feedback on the advice from the Lower Athabasca Regional Advisory
Council; and

•

feedback on the Government ofAlberta's Draft Lower Athabasca
Integrated Regional Plan.

Purpose
The LARP sets the stage for robust growth, vibrant communities and a healthy
environment within the region over the next 50 years.
With that long-term horizon in mind, the LARP identifies strategic directions
for the region over the next 10 years.The regional plan will be assessed and, if
necessary, updated every five years to maintain its relevance and effectiveness
while maintaining certainty, stability and commitment to regulatory intent. Any
subsequent revisions to the plan require consultation with Albertans.

The LARP:

2

I

•

Establishes a long-term vision for the region;

•

Aligns provincial policies at the regional level to balance Alberta's
economic, environmental and social goals;

•

Reflects ongoing commitment to engage Albertans, including aboriginal
peoples, in land-use planning;

•

Uses a cumulative effects management approach to balance economic
development opportunities and social and environmental considerations;

•

Sets desired economic, environmental and social outcomes and objectives
for the region;

•

Describes the strategies, actions, approaches and tools required to achieve
the desired outcomes and objectives;
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•
•

Establishes monitoring. evaluation and reporting commitments to assess
progress; and
Provides guidance to provincial and local decision-makers regarding land-use
management for the region.

Through regional planning, as well as other initiatives, Alberta is shifting to a
more effective and efficient management system that considers the cumulative
effects of all activities and improves integration across the economic,
environmental and social pillars. This system must adapt to place-based
challenges and opportunities as well as allow decision-makers to see the bigger
picture.
This direction is a foundation of the Land-use Framework, where theAiberta
government committed to manage the cumulative effects of development on air,
water, land and biodiversity at the regional level. Cumulative effects management
focuses on achievement of outcomes, understanding the effects of multiple
development pressures (existing and new), assessment of risk, collaborative
work with shared responsibility for action and improved integration of
economic, environmental and social considerations.
Outcomes and objectives are established, along with the strategies and actions
that will be used to achieve them. Integrated monitoring, evaluation and
reporting systems are essential as they are used to assess achievement of
outcomes and objectives.

Land-use Planning in Alberta
Planning and decision-making in Alberta are carried out under various provincial
legislation and policies. These are applied by a range of decision-makers including Alberta government departments, boards and agencies, and municipal
governments - responsible for making decisions about activities in the region.
The LARP applies to Crown and private lands in the region.

Private Lands
Planning on private lands is primarily governed by the
and instruments made under its authority.

Municipal GovernmentAa

Municipal governments maintain their responsibility and authority for local
land-use planning and development on all lands within their boundaries.This
includes the creation of municipal development plans, area structure plans and
land-use bylaws. This delegated authority will remain with municipalities.
Municipal planning and development decisions will, however, have to be in
alignment with the regional plan to achieve the regional outcomes established in
the plan.

Elements of a

Cumulative Effects
Management System
Outcomes-based:
Driven by clearly defined
outcomes for the desired
quality or state of the
environment now and in the
future, while recognizing the
economic, environmental
and social implications of
meeting those objectives.
Activities will be managed
to achieve outcomes.

Place-based:
Different regions may have
different needs and
outcomes.

Knowledge-based:
Foundation of the system is
a sound knowledge base and
performance management,
composed of information
and evaluation to determine
if outcomes are being met
or management actions
required.

Adaptive:
The system can adapt to
change when performance
results are not achieving
outcomes, or there is a risk
of not achieving outcomes
in the future or when
circumstances change.

Shared stewardship:
A collaborative process to
inform development of
outcomes and build
commitment for the shared
responsibility to achieve
outcomes.

Metis Settlements likewise maintain their responsibility and authority for local
land-use planning and development on settlement patented land.
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Private landowners make decisions about how to use and manage their land
consistent with existing provincial and municipal legislation.The LARP does
not change this or alter private property rights.
The LARP, including sub-regional plans, does not rescind land title or freehold
mineral rights. Any decisions that may afl'ec.t private landowners or freehold
owners will occur through existing legislation and processes, and private
landowners and freehold owners remain entitled to due process. Private
landowners may be entitled to compensation under those laws.

Crown Lands
Crown lands include lands that are administered as public lands under the
Public Lands Act, parks under dle Provindal Parks Act and highways under the
Highways Development and Protection Act. Crown lands are owned by the Crown
and managed for the benefit of all Albertans.The Alberta government often
allows individuals and businesses to use public lands through statutory
consents that grant permission to do certain activities on public land - such as
livestock grazing, tree harvesting, energy development or recreational use. In
addition, dle Alberta government grants statutory consents related to the use
of, or impacts on, public resources (like water) to allow or support specific
development, industrial activity, conservation or other activities.
On public lands. direction under the LARP will be delivered through existing
legislation such as the Public Lands Act, the Forests Act and the Provincial Parks Acr.
and through existing tools such as integrated resource plans. access
management plans and forest management planning.These further define
access to and use of provincial Crown land, and focus on operational activities
that reflect the regional priorities and direction.
Within me Lower Athabasca Region, integrated resource plans have been
developed which identify objectives for long-term management of specific
landscapes.These plans represent the Government of Alberta's resource
management policy for public lands and resources within the defined area and
are intended to be a guide for decision-makers.The following government approved integrated resource plans are in place for the region:
•

Cold Lake Sub-Regional-Integrated Regional Plan (1996);

•

Fort McMurray Athabasca Oil Sands Sub-Regional - Integrated Resource
Plan (2002); and

•

Lakeland Sub-Regional- Integrated Resource Plan ( 1985).

Development decisions on Crown lands will have to be in alignment with the
regional plan to achieve the regional outcomes established in the plan.Within
two years, existing sub-regional integrated resource plans will be reviewed for
their relevance and incorporated as appropriate under the implementation
strategies in the LARP or future sub-regional or issue-specific plans developed
within the region.
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In addition to the integrated resource plans, there are a number of guiding
documents for land use in the region. These include the following:
•

Avenir Regional Integrated Decision ( 1994);

•

Lakeland- East Frenchman Lake -Integrated Resource Plan (1984);

•

Lakeland - South Beaver Lake Local Plan - Integrated Resource Plan ( 1985);
and

•

Winefred Lake and Grist Lake- Regional Integrated Decision (2000).

These, along with the Richardson Access Management and the Moose Lake
Access Management planning initiatives will be assessed for inclusion in the
LARP implementation.

Informing Land-use Decisions
The LARP will be implemented by those who already make land-use decisions.
Decision-makers are those having legal authority to grant some form of
statutory consent, such as a development permit, a water licence or a project
approval. Decision-makers include municipal governments and Alberta
government departments, boards and agencies and other organizations. Local
government bodies and decision-making bodies will be required to ensure their
regulatory instruments comply with the LARP. They must also use the regional
plan to inform their policies.
The implementation of regional plans must follow the laws of Alberta. All
decisions that implement regional plans will be made through existing laws. All
rights to appeal, requirements for due process and rights to compensation
enjoyed by landowners and rights holders under these laws are not changed by
the LARP.

Aboriginal Peoples
Alberta recognizes that those First Nations and Metis communities that hold
constitutionally protected rights are uniquely positioned to inform land-use
planning. Consulting aboriginal communities on regional planning, particularly
those aspects that have the potential to adversely impact their constitutionally
protected rights, and reconciling interests are essential to achieving the regional
vision. In accordance with applicable government policy as it may be from time
to time, the Government of Alberta will continue to consult with aboriginal
peoples when government decisions may adversely affect the continued exercise
of their constitutionally protected rights, and the input from such consultations
continues to be considered prior to the decision.
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Other Jurisdictions and Regions
Co-ordination with other jurisdictions such as the federal government,
provinces and territories, and other Land-use Framework regions. will be
required to ensure alignment of regional outcomes, and that objectives and
strategies are achieved.

Plan Structure
The LARP has four key components:

6
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•

Introduction - includes the purpose of the regional plan, land-use
planning and decision-making in Alberta, and how the regional plan will
inform land-use decisions.

•

Strategic Plan - includes the vision for the future of the region along
with desired regional outcomes. It build.s on existing policies and initiatives
by establishing a set of strategic directions that help achieve the regional
vision and outcomes.

•

Implementation Plan - includes regional objectives, strategies and
actions that will be undertaken to support achievement of the regional
vision and outcomes and indicators to measure and evaluate progress.

•

Regulatory Details Plan - enables achieving the strategic direction and
strategies and actions.
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Regulatory Details Plan
Part 1 General
Definitions
1 In this regional plan,
(a) "Act" means theAibena l.Dnd Stewardship Act;
(b) "LARP Digital Map" means the map attached as Schedule "G" to the LARP Implementation Plan;

(c) "LARP Implementation Plan" means that portion of this regional plan identified by the subtitle
"Implementation Plan" and includes the Tables and Schedules, but does not include those portions of
the LARP Regulatory Details Plan found among and set apart from the provisions of the LARP
Implementation Plan;
(d) "LARP Introduction" means that portion ofthis regional plan identified by the subtitle "Introduction",
but does not include those portions of the LARP Regulatory Details Plan found among and set apart
from the provisions of the LARP Introduction;
(e) "LARP Regulatory Details Plan" means those portions of this regional plan identified by the
following subtitles:
(i)

"Regulatory Details Plan Part 1 General",

(ii)

"Regulatory Details Plan Part l Conservation Areas",

(iii) "Regulatory Details Plan Part 3 Conserved Land",

(iv) "Regulatory Details Plan Part 4 Air QuaHty",
(v)

"Regulatory Details Plan Part 5 Surface Water Quality",

(vi) "Regulatory Details Plan Part 6 Groundwater",
(vii) "Regulatory Details Plan Part 7 Recreation and Tourism",
(viii) "Replatory Details Plan Part 8 Monitorin1 and Reportinl",
(f) "LARP Strategic Plan" means that portion of this regional plan identified by the subtitle "Strategic

Plan";
(g) '~tanning region" means the Lower Atbabasca Integrated Planning Region.

Application of regional plan
2(1) Subject to subsections (2) and (3), this regional plan applies to
(a) the Crown,
(b) decision-makers,

(c) local government bodies, and
(d) subject to section 15.1 of the Act, all other persons
in respect of land, activities, effects, the environment, species and thresholds in the planning region.
(2) If, in the opinion of the Designated Minister responsible for the following portions of this regional plan:
(i) "Regulatory Details Plan Part 4 Air Quality",
(ii) "Regulatory Detaill Plan Part S Surface Water QuaHty",
(iii) "Regulatory Details Plan Part 6 Groundwater",
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Regulatory Details Plan

Part 1 General - cont'd
an activity or proposed activity in respect of land in another planning region is directly or indirectly
contributing to the exceedance of a limit or trigger within the meaning of those Parts, the Designated Minister
may, by order, declare that the relevant Part applies to one or more of the following entities outside the
planning region:
(a) the Crown,
(b) a decision-maker or decision-makers,

(c) a local government body or local government bodies, or
(d) subject to section 15.1 oftheAct, any other person or all other persons,
in respect of the activity or proposed activity.

(3) Whether or not a statutory consent has been issued for the activity or proposed activity, if the Designated
Minister issues an order referred to in subsection (2), the entity or entities referred to in the order shall, in
respect ofthe activity or proposed activity, comply with the provisions ofthe relevant Part specified in the
order until the earlier of
(a) the time specified in the order,
(b) the order is repealed, or

(c) a regional plan comes into force with respect to the activity, proposed activity or entity.
LARP Introduction not binding

3 The provisions ofthe LARP Introduction are not intended to have binding legal effect, and are statements of
provincial policy to inform the Crown, decision-makers, local government bodies and all other persons in
respect ofthis regional plan and the planning region.
LARP Strategic Plan not binding

4 Except as otherwise provided in this LARP Regulatory Details Plan, the provisions ofthe LARP Strategic
Plan are not intended to have binding legal effect, and are statements of provincial policy to inform the Crown,
decision-makers, local government bodies and all other persons in respect of the following activities in the
planning region:
(a) identifying the objectives ofthe Province ofAlberta;
(b) planning for the future;

8
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Part 1 General - cont'd
(c) managing activities to meet the reasonably foreseeable needs of current and future generations of
Albertans, including aboriginal peoples;
(d) considering future proposals for land use and development;
(e) setting priorities in the co-ordination of decisions by decision makers and local government bodies;

(f) monitoring the cumulative effect of human endeavour and other events;
(g) responding to the cumulative effect of human endeavour and other events;
(b) generally in respect of carrying out their respective powers, duties and responsibilities.

LARP Implementation Plan not binding
5 Except as otherwise provided in this LARP Regulatory Details Plan, the provisions of the LARP
Implementation Plan are not intended to have binding legal effect, and are statements of provincial policy to
guide the Crown, decision-makers and local government bodies in respect of the following activities in the
planning region:
(a) managing activities to meet the reasonably foreseeable needs of current and future generations of
Albertans, including aboriginal peoples;

(b) enforcing compliance with any provision of this Regulatory Details Plan or any other enactment;
(c) setting priorities in the co-ordination of decisions by decision-makers and local government bodies;
(d) monitoring the cumulative effect ofhuman endeavour and other events;
(e) responding to the cumulative effect of human endeavour and other events;

(f) generally in respect of carrying out their respective powers, duties, and responsibilities.

LARP Regulatory Details Plan binding on the Crown and others
6 The LARP Regulatory Details Plan is enforceable as law, and, despite the location ofParts of it within this
regional plan, the provisions of the LARP Regulatory Details Plan bind
(a) the Crown,

(b) decision-makers,
(c) local government bodies, and
(d) subject to section 15.1 of the Act, all other persons.

Functions and decisions based on regional plan
7(1) After the coming into force ofthis regional plan, a decision-maker shall, before carrying out any function
in respect of the decision-maker's powers, duties and responsibilities in the planning region, consider the
LARP Strategic Plan and the LARP Implementation Plan.
(2) After the coming into force of this regional plan, a local government body shall, before carrying out any
function in respect of the local government body's powers, duties and responsibilities in the planning region,
consider the LARP Strategic Plan and the LARP Implementation Plan.
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Part 1 General - cont'd
(3) Notwithstanding subsections (1) and (2), a decision-maker or local government body must not adjoUI'Il,
defer, deny, refuse, or reject any application, proceeiling or decision-makjng process before it by reason only of
(a) the Crown's non-compliance with a provision of either the LARP Strategic Plan or LARP
Implementation Plan, or
(b) the incompletion by the Crown or any body of any direction or commitment made in a provision of
either the LARP Strategic Plan or LARP Implementation Plan.
(4) A statutory consent issued after the coming into force ofthis regional plan cannot be set aside or amended
by reason only of a replacement or amendment to this regional plan unless the replacement or amendment
complies with section 11 of the Act.
Delegated authorities
8 The Designated Minister responsible for any element or provision ofthis regional plan may, by order,
establish delegated authorities and the delegation to one or more delegated authorities of the performance of
any of the Designated Minister's duties or functions or the exercise of any of the Designated Minister's powers
under this regional plan and make any provision with respect to any such delegation that is made with respect to
the Labour Statutes Delegation in Schedule 10 to the Government Organization Act or that may be made by
regulations under section 2 of that Schedule.
Reporting requirements
9(1) The Designated Minister responsible for any element or provision of this regional plan shall report on the
matters referred to in sections 17, 20(b), 24(b) and (c), 31 (b) and (c), 37, 45 and 48

(a) not less than once within the first 4 years following the coming into force of this regional plan, and
(b) not less than once within the next following 5 years after the expiry of the period referred to in

clause (a).
(l) A report referred to in subsection (1) must be in writing and be publicly available in its entirety in electronic
and hard copy upon request by a person and posted on the secretariat's website.

Compliance declaration
10(1) For the pmposes of section 20(2) of the Act, the time within which a local government body must comply
with that section is 5 years.

(2) For the purposes of section 21 (2) of the Act, the time within which a decision-making body must comply
with that section is 2 years.

10
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Part 1 General - cont'd
Transitional provisions applicable to statutory consents
11(1) This regional plan applies to an application for a statutory consent whether the application is made before
or after the date this regional plan comes into fon:e.

(2) If at the time this regional plan comes into force, a statutory consent has been issued and this regional plan
makes the activity in respect of which the statutory consent was issued inconsistent with or non-compliant with
this regional plan, the statutory consent continues in effect despite the coming into force of this regional plan.
(3) For greater clarification, an inconsistent or non-compliant activity referred to in subsection (2) is subject to
lawful directions of an official under sections 26 and 33 to a person responsible within the meaning of those
sections.
(4) Subject to subsection (5), where an application is to be determined after the coming into force of this
regional plan in respect of a statutory consent that a decision-maker reasonably believes is incidental to a
statutory consent referred to in subsection (2), the decision-maker shall have due regard to the LARP Strategic
Plan, but the decision-maker shall render his or her decision in respect of the application notwithstanding the
provisions of the LARP Implementation Plan.
(5) For the purposes of subsection (4), a renewal of a statutory consent shall not be interpreted as being
incidental to a statutory consent referred to in subsection (2).

Coming into force
12 This regional plan comes into force on September 1, 2012.
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The Region Today
The Lower Athabasca Region covers
approximately 93,212 square kilometres
and is located in the northeast corner of
Alberta.
It is bordered to the north by the
Nortflwest Territories and to the south by
the County ofVermilion River, County of
St. Paul and Smoky Lake County.To the
east, it is bordered by Saskatchewan and
to the west by Wood Buffalo National
Park, Mackenzie County and the Municipal
District of Opportunity.

Alberta's oil sands
represent more than
95 per cent of Canada's
oil reserves.
Oil sands production
more than doubled
between 2000 and 20 I I
to approximately
1.7 million barrels per day
of crude bitumen.
Oil sands production has
been forecasted to rise to
3.5 million barrels per day
by 2020.

Economic Development
One of the most significant characteristics of the region
is the abundance of oil sands resources. The region includes
a substantial portion of the Athabasca oil sands area, which contains
approximately 82 per cent of the province's oil sands resource and much of
the Cold Lake oil sands area.
The oil sands are the third largest petroleum reserve in the world, third only
to Saudi Arabia and Venezuela. Utilizing current technology, approximately

169 billion barrels of oil sands, or nine per cent of the entire initial in-place
resource-estimated at 1.8 trillion barrels---can be recovered economically.
With technological innovation a much greater proportion of Alberta's oil sands
resource could be recovered in the future.
Alberta's oil sands are a significant resource that has the potential not only to
meet provincial and national energy needs, but also offer security of supply to
the global community in the future. Alberta has a stable political environment
and a commitment to develop this vast resource in ways that achieve social
and environmental sustainability.
Alberta's oil sands resource provides a unique opportunity for the province to
be a world energy leader through optimizing opportunities for development,
while ensuring environmental responsibilities are met. Alberta is
well-positioned to deliver on this through continuous improvement in how we
explore, develop and extract oil sands resources through a strong regulatory
system and an emphasis on new technology and innovation. Alberta is
committed to optimizing the economic potential of the resource, but will do
so in ways that are environmentally sustainable and socially acceptable.
The oil sands have emerged as a major contributor to the Albertan and
Canadian economies, attracting billions of dollars in investment and generating
employment and income for hundreds of thousands of workers in Alberta and
across North America.
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Oil sands investment has increased dramatically over the past two decades,
jumping from $490 million in 1991 to a high of over $20 billion in 2008. Oil
prices declined post-2008 because of the global recession, and oil sands
investment declined by nearly one-half between 2008 and 2009 as a result.
However, higher oil prices are positively impacting investment. Oil sands
investment is expected to grow by 28 per cent to over $14 billion in 2011.This
investment translates into long-term and well-paying jobs in the region, a
sustainable source of tax revenue for both the province and Canada and
communities benefiting from the sizable investments made in them.
Royalty revenues from oil sands development help pay for valuable services for
Albertans, including important infrastructure, a world class education system and
the delivery of health care services. Future royalties will provide Albertans with
continued high quality public services, low taxes and an enhanced quality of life.
Abundant opportunities exist for local residents, including aboriginal people, to
participate in this economic activity. This participation takes on many forms. In
some cases local residents are directly employed by oil sands producers. There
has been significant development of entrepreneurial enterprises that provide
services needed by oil sands producers, as well as communities developing
equity through community-owned and operated corporations and joint ventures.
For example, there are over I 00 aboriginal-owned businesses in the region.
The Lower Athabasca Region is a diversified economy, and is fast becoming a
major international centre for innovation in oil sands and environmental
technologies. It is anticipated that local manufacturing and services will continue
to expand in support of increasing oil sands development in the region. These
trends will continue to stimulate development of larger and more diverse retail
centres, and growing commercial and professional services and facilities.
While oil sands development constitutes a significant amount of economic
development in the region, other sectors such as metallic and industrial mineral
extraction, forestry, agriculture, tourism and service providers also contribute to
the region's economic vitality and prosperity. Natural gas exploration and
development in the region is expected to continue. One of the major consumers
of natural gas is the oil sands industry.
Northern parts of the region have high potential for metallic and industrial
minerals.While there have been some limited metallic and industrial mineral
surveys completed in the region by both government and industry, the region is
considered under-explored with its full potential unknown.
Regionally, there is also significant potential for commercial deposits of building
stone such as granite, limestone and sandstone. Other important surface
materials, such as sand, gravel, clay, marl, silt and peat are located throughout the
region and are important resources to support both industrial development and
urban growth.
Forestry is a significant industry within the region, providing employment
opportunities for local residents. The forest resource is managed in a sustainable
way using a tenure system that includes timber permits, timber quotas and forest
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management agreements (FMAs). About 40 per cent of the region is managed
under a FMA with embedded timber quotas and permits under the community
timber program. A small portion of the public land in the Green Area not
covered by a FMA is managed under coniferous timber quotas and permits
under the community timber program.
The expansion of oil sands development in the region creates challenges for
forestry companies. A growing portion of timber for the region's mills now
comes from salvage connected to oil sands and other non-renewable resource
developments. Reductions in the forestry land base accumulate due to the
long-time horizon for reclamation of oil sands areas.Timber shortfalls are
projected over the term of the regional plan.
Approximately five per cent of the region's total land area is used for
agriculture with the vast majority of this land located in the southern part of
the region. While the province-wide trend has been towards fewer, larger
farms, this trend has not been observed in the Lower Athabasca Region. The
farming landscape in the Lower Athabasca Region is dominated by a higher
proportion of small-to-medium sized operations; approximately 65 per cent of
which are involved with the production of livestock, mostly cattle. With over
I ,200 farms reporting in the Lower Athabasca Region, agriculture will remain a
prominent and important land use in the region for the foreseeable future.
Over one-third of Alberta's hydroelectric potential is within the region,
distributed mainly between the Athabasca and the Slave rivers.
Hydroelectricity, and other electrical generation, can play a role in improving
the reliability and security of our overall energy supply.The Provincial Energy
Strategy recognizes the benefitS of supporting renewable energy development
as a means to achieve clean energy production for today and future
generations.
Tourism in the Lower Atflabasca Region is primarily based on the many natural
attractions within the area, including lakes, rivers, forests and natural areas.
These natural attractions provide a range of guided and unguided tourism
activities, including hunting and outfitting. fishing. camping, ecotourism and
other adventure-based activities. Growing demand for quality lake-based
recreation provides opportunities for the region to further develop its
tourism potential, diversify its economy and expand its employment base.
The regional economy is important to community viability and sustainability.
For example, Canadian Forces Base Cold Lake generates important economic
opportunities for the regional and provincial high-tech supply and services
sectors. As service and supply industries that support development of the oil
sands grow in response to increasing operating, repair and maintenance
expenditures as well as capital upgrading, communities become more stable
and permanent.
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Ecosystems and Environment
The Lower Athabasca Region contains diverse landforms, vegetation and species.
The vast majority of the Lower Athabasca Region is within the Boreal forest,
which is characterized by deciduous, mixed wood and coniferous forests
interspersed with extensive wetlands, lakes and streams, as well as unique
landforms. The northeast corner of the region is Canadian Shield, characterized
by rocky exposures and glacial deposits. Wildfire is the dominant ecosystem
disturbance agent in the region responsible for the natural pattern of vegetation
and associated habitat for wildlife species.
A wide range of fish, wildlife and plant species exist in the region, including:
28 species of fish; over 500 vascular plant species; numerous songbirds, owls and
waterfowl; and mammals such as moose, deer, wolves, black bears, muskrats and
lynx. The region serves as breeding grounds and staging areas for birds during
migration and over-wintering periods. Some species found in the region, such as
the woodland caribou, have been identified as species at risk under the federal
Species at RiskAct and the provincial Wildlife Act.
The region spans the catchment areas ofthree water basins: the Athabasca River
Basin, the Beaver River Basin and the Peace/Slave River Basin.Water basins
within the region are important over-wintering, spawning and rearing grounds
for fish.
The Athabasca River flows north through the region, draining into the
Peace-Athabasca Delta near Lake Athabasca. Water quality varies considerably
along the length oftheAthabasca River and is influenced by natural factors
(e.g., geology, soils, groundwater and precipitation), as well as point and
non-point source inputs from human development (e.g., industrial wastewater,
urban runoff). At present, there are limited wastewater loadings to the Lower
Athabasca River, and the water quality index in the Lower Athabasca River,
upstream and downstream of Fort McMurray, has consistently demonstrated
ratings in the good to excellent range.
The Athabasca River is the main source of water for oil sands mining activities.
Close to five per cent of the Athabasca River's average annual flow (measured
just downstream of Fort McMurray) has currently been allocated for use, with
about three per cent of the flow allocated to oil sands mining operations. Less
than one per cent of the flow is actually used on a net basis in the basin as a
whole. Many users do not use their full allocation at all times, and return flows
to the river in the upper Athabasca River Basin can be used downstream.
Concerns about management of the river primarily focus on seasonal variations
in flow and periods of low flow.
For in situ oil sands activities, groundwater is the main source of water used.
Aquifers in the region have the potential to become affected by resource
extraction development and other activities occurring in the region. Historical
data indicates a considerable range in physical and chemical groundwater quality
indicators throughout the region.This illustrates the high degree of variability in
groundwater throughout the region resulting from the natural hydrogeological
complexity.
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Air quality in the region is influenced by climate and weather systems as well
as activities occurring inside and outside of the region. Activities in the
region-including those by the industrial, municipal and other sectors-are
associated with emissions of a variety of substances, including greenhouse
gases, nitrogen oxides, sulphur dioxide, hydrogen sulphide, fine particulate
matter and others. In 20 I0, air quality-as indicated by the Air Quality Health
Index, launched in July 20 II -would have been rated as "low risk" 98 per cent
of the time, based on monitoring in Fort Chipewyan, Fort McMurray,
Fort MacKay, Fort MacKay South and Cold Lake. Air pollutant levels measured
at all monitoring stations within the region have remained below annual
averageAibertaAmbientAir Quality Objective (AAAQO) levels. However,
some pollutants have exceeded their one-hour or 24-hour AAAQO levels,
including some issues with odouf'ocausing subst3nces in recent years.
The Lower Athabasca Region represents the province's fastest growing
regional source of greenhouse gas (GHG) emissions, accounting for
approximately IS per cent of the province's total GHG emissions.This is
largely due to oil sands development associated with meeting the needs of
North American energy consumers. However, it is important to note that the
oil sands industry has dramatically reduced its GHG emissions intensit)"---dlat
is, the level of emissions per unit of production-by an average of 29 per cent
as of 2009. Much of these improvements are driven by technology
development and innovation that has been a central part of realizing the
potential of this sector.
Industry in the region is pursuing further opportunities to reduce its carbon
footprint and seeks to achieve comparability on a life-cycle basis to industrial
production of other crudes in North America. Opportunities include
cogeneration, the utilization of offgases from upgraders as petrochemical
feedstocks and the consideration of less carbon-intensive extraction
techniques. Integrated actions will also take place outside the region to reduce
the overall carbon footprint of oil sands production.
The cumulative effects of population growth and economic development in the
region are increasing pressures on the region's air, water, land and biodiversity.
The Alberta government is committed to responsible development. Alberta's
current environmental management system is intended to reduce and
minimize the impacts of development on the environment.This system is
supported by provincial policy and legislation which are implemented using a
full range of both regulatory and non-regulatory tools.
A number of key pieces of legislation include:

•

181

Environmental ProtecrJon and Enhancement Act- Provides for the
assessment and regulation of activities to minimize their environmental
impacts, based on principles including continuous improvement and
pollution prevention. Activities are designated based on their level of risk.
where activities with higher risks are subject to increasing levels of
regulatory oversight.
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•

Water Act- Provides for the allocation and use of Alberta's water
resources and the protection of rivers, streams, lakes and wetlands.

•

Climate Change and Emissions Management Act - Provides for the
management and reporting of emissions of carbon dioxide, methane and
other specified gases, and requires measurable reductions in greenhouse gas
emissions for specified activities.

•

Public Lands Act and Public LandsAdministration RegulationProvides for the setting of land disturbance standards and land conservation
tools in support of biodiversity management.

•

forests Act- Provides for the sustainable management of Alberta's forests,
including a legislated requirement for reforestation.

•

Wildlife Act - Provides for harvesting limits and designation and recovery of
species at risk.

•

Provincial parks legislation - Plays an important role in protecting
natural diversity and intact habitat for supporting biodiversity, in addition to
ensuring a wide range of recreation opportunities and tourism experiences.

•

Alberta Fisheries Regulation- Provides for harvesting limits.

•

Mines and Minerals Act - Governs the management of rights in
Crown-owned minerals, including the levying and collecting of bonuses,
rentals and royalties.

In addition to legislation, a number of strategies--such as the Clean Air Strategy,
Water for Life,Aiberta's Plan for Parks and the Land-use Framework-provide
high level direction about air, water, land and biodiversity management goals and
how Alberta will achieve these goals. More detailed operational policies take
their direction from these higher level strategies and legislation, and translate
them into more clearly defined expectations.
On behalf of all Albertans, the Government of Alberta also delivers and supports
many programs that benefit the environment. Several of these are delivered in
partnership with individuals, organizations, the private sector and other
governments. Examples include species at risk recovery programs, invasive
species management and management practices to minimize biodiversity impacts.
Of particular significance in this region, the government encourages the forest
and energy sectors to engage in integrated land management (ILM) practices in
an effort to co-ordinate their operations and minimize the land disturbance
footprint. Furthermore,Aiberta is committed to progressive land reclamation to
help ensure environmental and land management objectives are met.
In order to understand the effectiveness of Alberta's environmental management
tools, the region's air, water, land and biodiversity are monitored, evaluated and
reported on. Monitoring, evaluation and reporting initiatives and programs in the
region are conducted by the Government of Alberta as well as the Wood Buffalo
Environmental Association, the Lakeland Industry and Community Association,
the Regional Aquatics Monitoring Program and the Alberta Biodiversity
Monitoring Institute.
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There is significant investment in environmental monitoring, evaluation and
reporting systems in the Lower Athabasca Region, including systems for air,
surface water, groundwater, land and biodiversity. Recognizing limitations in
environmental monitoring, evaluation and reporting, the Government of
Alberta is currently undertaking a review of these systems. In 2009,
government started building the foundation for a new integrated
environmental monitoring system to support Alberta's transition to a
cumulative effects management approach.
Following extensive discussions in 20 I I between the Governments of Canada
and Alberta, a joint CAnada-Alberta Implementation Plan for Oil Sands Monit.oring
C'Joint Implementation Plan'1 has been developed. The Joint Implementation
Plan builds on a foundation of existing monitoring, and is intended to enhance
existing monitoring activities. The Joint Implementation Plan describes a
phased implementation with monitoring activities over die next three years.
The purpose of the Joint Implementation Plan is to describe how the
Governments of Alberta and Canada will put in place a world-class monitoring
program for the oil sands to provide assurance of environmentally responsible
development of the resource.
The Joint Implementation Plan has a number of objectives:
•

Support sound decision-making by governments and as well as
stakeholders;

•

Ensure transparency through accessible, comparable and quality-assured
data;

•

Enhanced science-based monitoring for improved characterization of the
state of the environment and collect the information necessary to
understand cumulative effects;

•

Improve analysis of existing monitoring data to develop a better
understanding of historical baselines and changes, and

•

Reflect the trans-boundary nature of the issue and promote collaboration
with the Governments of Saskatchewan and Northwest Territories.

The joint Implementation Plan addresses the following components:

20

I

•

Air quality;

•

Acid sensitive lands and accumulated aerial deposition;

•

Water quality and quantity;

•

Aquatic ecosystem health - including health and status of fish and other
aquatic species;

•

Wildlife toxicology;

•

Land biodiversity and habitat disturbance; and

•

Data management.
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The Joint Implementation Plan outlines how the Governments of Alberta and
Canada will work together as partners to implement a world-class monitoring
program for the oil sands that integrates air, water, land and biodiversity
elements.
The approach to implementation is both phased and adaptive. Monitoring
activities will be phased in over the next three years to ensure installation of
necessary infrastructure, incremental enhancement of activities and appropriate
integration with existing monitoring activities in the region.
A new Oil Sands Data Management Network (OS_DMN) will allow open and
transparent public access online to credible, comprehensive oil sands
environmental monitoring data and supporting information.
To maximize transparency, an annual report on the status of implementation will
be made public.
The Government of Alberta struck an Environmental Monitoring Working
Group to provide additional detailed advice on governance and funding of a new
provincial system. Recommendations are expected by the summer of 20 12.
The Alberta government is also committed to working with Alberta residents to
better understand and assess their health concerns. A Letter of Intent was
signed between the Fort McKay community and the Government of Alberta on
September 26, 20 II. The Letter of Intent serves as a symbol of joint
commitment to work collaboratively to design and implement a community
health assessment in Fort McKay. Community residents will identify their health
priorities and be actively engaged in identifying appropriate actions to address
those priorities. The process will be led by the community with the support of
government.

Human Development
The expansion of oil sands development in the region has created substantial
employment opportunities, attracting workers from across Canada and around
the world.This has contributed to significant population growth in the region,
especially in the Regional Municipality ofWood Buffalo where the majority of
growth has occurred in Fort McMurray.
The rate of growth of social and physical infrastructure has not kept pace with
rapid population growth and a higher demand for diverse recreational
opportunities.
Use of the provincial highway network in the region has markedly increased. The
most notable example is provincial Highway 63 connecting Fort McMurray to
southern Alberta. Other highways in the region have also realized greater traffic
volumes.
The demand for outdoor recreational opportunities such as camping, hunting,
fishing and trail use is growing. and these forms of active living are a significant
aspect of the quality of life in the region.The use of motorized recreation
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vehicles is popular within the region and ensures people of all ages and
mobility can access the natural experiences the region offers. However, the
increase of random use is contributing to environmental impacts, public safety
issues, conflict among land users and a loss of ttle benefits associated with
recreation.
More than six per cent of the region is currently within the provincial parks
system, which provides a wide-variety of outdoor recreational and educational
experiences to visitors. There is also rising demand in the region for new
initiatives to foster. promote and preserve cultural activities and cultural
heritage. Over 700 archeological sites in the region have significant cultural
deposits and will require avoidance or further scientific investigation.
Approximately 2S highly significant archeological sites are found in the region,
including the Quarry of the Ancestors, which is in the final stages of
designation as a provincial historic resource.
The Alberta government collaborates with aboriginal communities toward
protecting traditional-use locations of cultural and spiritual significance.These
places can be determined to be historic resources and subject to protection
under the Historical Resources Aa.

Many communities in the region are surrounded by forest which is subject to
wildfires. Alberta will continue its program of wildfire prevention engineering
(FireSmart) to reduce wildfire hazards near communities. The FireSmart
program includes partnerships, planning, education and vegetation management
around communities and on the broader forest landscape.

The Future of the Region
Regional Vision
The vision for the Lower Athabasca Region reflects the Land-use Framework's
vision of Albertans working together to respect and care for the land as the
foundation to our economic, environmental and social well-being.

Vision for the Lower Athabasca Region
The Lower Athabasca Region is a vibrant and dynamic region of Alberta.
People, industry and government partner to support development of the
region and its oil sands reserves. Economic opportunities abound in forestry,
minerals, 3&riculture, infrastructure development, the service industry and
tourism. The region's air, water, land and biodiversity support healthy
ecosystems and world class conservation areas. Growing communities are
supported by infrastructure and people can enjoy a wide array of recreation
and cultural opportunities.
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The vision describes a desired future state for the Lower Athabasca in which the
region's diverse economic opportunities are balanced with social and
environmental considerations using a cumulative effects management approach.
Cumulative effects management focuses on achievement of outcomes,
understanding the effects of multiple development pressures (new and existing),
assessment of risk, collaborative work with shared responsibility for action and
improved integration of economic, environmental and social considerations.
Alberta's Provincial Energy Strategy calls for our province to be "a global energy
leader, recognized as a responsible world-class energy supplier, an energy
technology champion, a sophisticated energy consumer and a solid global
environmental citizen:• The national and international significance of the oil sands
resource means that oil sands development will continue to be a centrepiece of
Alberta's energy mix, and a dominant activity in the region.
Alberta is committed to responsible development of the oil sands resource, and
the province has a strong regulatory system. However, the nature of oil sands
development presents unique challenges. Building on decades of experience
managing oil and gas resources, Alberta recognizes the need for enhanced
co-ordination and integration to continue to ensure the safe, responsible and
efficient development of its energy resources.
Alberta must carefully manage the environmental and social impacts associated
with the long-term opportunities for oil sands development. Clarity is
paramount to the industry in making long-term investments in Alberta. Alberta's
intentions and expectations around environmental and social outcomes need to
be clearer, so that those who operate on the landscape can co-ordinate,
innovate and succeed in creating a balanced set of economic, environmental and
social outcomes for the region.
The Government of Alberta recognizes that to meet the challenges we face,
environmental management needs to shift to a cumulative effects management
approach in order to maintain an acceptable level of air, water, land and
biodiversity integrity, while enabling long-term economic benefits for the region
and the province.
It is also critical that Alberta attracts and retains a skilled workforce required to
support the economic outcomes. By working together, governments and
industry can go further to ensure the quality of life in the region meets the
expectations of its residents. To achieve this, deliberate steps must be taken to
increase the supply and diversity of recreation opportunities in the region.

Lower Athabasca
Regional Outcomes
Healthy economy
supported by our land
and resources
The economic potential
of the oil sands
resource is optimized;
and
•

The region's economy is
diversified.

Healthy ecosystems and
environment
•

Landscapes are
managed to maintain
ecosystem function and
biodiversity; and
Air and water are
managed to support
human and ecosystem
needs.

People-friendly
communities with ample
recreational and cultural
opportunities
•

Infrastructure
development supports
economic and
population growth;
The quality of life of
residents is enhanced
through increased
opportunities for
recreation and active
living; and

•

Inclusion of aboriginal
peoples in land-use
planning.

Infrastructure to support economic development and sustainable communities
also needs to be considered. In order to maximize the economic potential of the
regional economy, a new systematic and holistic way of looking at the impacts of
development is required.
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These shifts are already underway, as signalled by major Government of
Alberta policy frameworks and strategies including the Provincial Energy
Strategy; Responsible Actions: A Plan for Alberta's Oil Sands;Water for Life;
and the Plan for Parks.The LARP translates these to the regional context and
builds upon them by setting out strategic directions that will support
achievement of dle vision and outcomes.

As a result of a recent review on the government's regulatory processes--the
Regulatory Enhancement Project-action is being taken to ensure that
Alberta's oil and gas regulatory system is effective and efficient.This includes
more co-ordinated policy development and fundamental improvements to the
structure of Alberta's regulatory system such as the consolidation of
regulatory functions into a single regulator to achieve an integrated,
streamlined process.

How We Will Achieve the Vision
To achieve the regional vision, the LARP establishes seven desired regional
outcomes.The regional outcomes are consistent with and support the
province-wide outcomes set out in the Land-use Framework. namely:
•

Healthy economy supported by our land and natural resources;

•

Healthy ecosystems and environment; and

•

People-friendly communities with ample recreation and cultural
opportunities.

Successfully achieving the regional outcomes requires new and improved
approaches and tools for managing our lands and natural resources.
The LARP also identifies strategic directions that will improve our ability to
balance economic, environmental and social outcomes in the region.
These include:
•

Improving the integration of industrial activities on the landscape;

•

Encouraging timely and progressive reclamation of disturbed lands;

•

Managing air, water and biodiversity through management frameworks that
take proactive approaches and set limits and triggers and by minimizing
land disturbance in the region;

•

Creating new conservation areas that are large, interconnected and
maintain intact habitat to support biodiversity;

•

Strengthening infrastructure planning to support future growth of the
region;

•

Designating new recreation and tourism areas to provide diverse
recreation opportunities to local residents and tourism products for
visitors to the region; and

•

Inclusion of aboriginal peoples in land-use planning.
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Strategic Directions for the Region
The responsible development of Alberta's oil sands resource is the platform for
continued economic growth and success that brings with it tremendous benefits
to the people of Alberta and Canada.
In 2011, approximately 1.7 million barrels of total crude bitumen per day were
produced in the oil sands-a number that is expected to more than double to
about 3.5 million barrels per day by 2020.While oil sands development will be
the dominant economic driver, other sectors, such as forestry, conventional gas,
minerals, agriculture and other industries and service providers contribute to
the economic vitality and prosperity of the region. Steps must be taken as the
economy grows and diversifies to ensure multiple industries can maximize
opportunities, while minimizing impacts to the environment.
We will continue implementation of:
•

The Alberta Provincial Energy Strategy and Responsible Actions: A Plan for
Alberta's Oil Sands, which together provide a long-term action plan for
Alberta to achieve clean energy production, wise energy use and sustained
economic prosperity; and

•

Improved regulatory processes to enhance competitiveness of oil sands,
forestry and other key industries.

Improving Integration of Industrial Activities
Oil sands development is expected to remain a dominant economic activity in
the region. This activity, along with other regional planning aspects like the
creation of conservation areas, will have consequences for the forestry industry
in terms of timber supplies.
Consistent with current legislation and policy, the Government of Alberta will
continue to work with Alberta's forest industry on strategies to mitigate timber
shortfalls (for example, enhancing forest management on public lands and
working to reduce losses to natural factors such as wildfire, insects and disease).
Industrial operators, along with the diversity of commercial operators that
directly or indirectly support oil sands development, must work together to
better integrate their activities on public land. To date, the oil sands and forest
industries have engaged in integrated land management (ILM) practices on a
voluntary basis in an effort to minimize land disturbance footprint (e.g., sharing
roads and collaboratively planning operations).
The LARP will make integrated land management between all industrial
operators on public land a necessary element of doing business. This will result
in better co-ordination of industrial activities, such as shared road networks and
infrastructure on public lands; reducing land disturbance of the productive forest
land base and minimizing timber shortfalls; and reducing environmental impacts
through minimizing the extent and duration of land disturbance footprint.
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PP'Oiressive Reclamation
Strategy

Encouraging Timely and Progressive Reclamation

The progressive reclamation
strategy for oil sands mining
has three key components.:

Reclamation of industrial sites is a requirement under Alberta legislation.
primarily under the Environmenwl Protection and Enhancement Act and the Public
l.Dnds Act. In general, these laws require that land be returned to an equivalent
capability following the completion of industrial activities.

..

..

..

Updating the
redamatlon security
policy using an
asset-to-liability approach
Involving collecting a base
security early in the
mine's life, when the risk
of mine closure or
abandonment is low, and
full financial security at a
later point when assets
are somewhat reduced.
More total security will
be collected than with
the previous approach;
Enhancing reclamation
reportln1 by increasing
the number of
reclamation milestones
reported on from three
(disturbed, reclaimed, and
certified) to eight
recognizing that
reclamation occurs over
long periods of time and
goes through many stages.
Reclamation data will also
be made more accessible
to Albertans with the
creation of an interactive,
map-based website; and
Clarifying the
redamatlon
certificate PP'Oiram

including the application
process and provincial
expectations on
reclamation perfonnance,
objectives
and
outcomes.
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Mineable oil sands projects present unique circumstances, since they are
sizeable and occur over several decades. It is not practical or desirable to wait
until activities are complete before commencing reclamation.
Alberta's new progressive reclamation strategy for oil sands mining operations
will help ensure disturbed lands are reclaimed in a timely fashion.The
progressive reclamation strategy includes a suite of initiatives to improve
clarity, security and environmental performance within the oil sands mining
sector. Initiatives include an enhanced certification process, a transparent
public reporting system and a new progressive reclamation financial security
program.
In addition, the Government ofAlberta will establish a tailings management
framework for mineable oil sands operations.The framework will provide
guidance on managing tailings to provide assurance that fluid fine tailings will
be reclaimed as quickly as possible. and that legacy (current) inventories will
be reduced. The framework could include a regional limit for fluid fine tailings
and will focus on the development and implementation of new technologies
over the next I0 years.
About 80 per cent of Alberta's oil sands are recoverable through in situ
methods. which have a less intensive land disturbance footprint than surface
mining because of the way oil sands are extracted. Proven in situ methods
include steam-assisted gravity drainage (SAGO) and cyclic steam stimulation.
These methods are used to extract oil sands from deposits too deep to be
accessed by mining. In situ oil sands reclamation will be enhanced through
initiatives to manage land disturbance and conserve land to support
biodiversity. Reclamation requirements will continue to be an important tool
to ensure that regional objectives related to conservation of landscapes and
environmental management are met.
Reclaimed lands will be used to help achieve the region's desired economic,
environmental and social outcomes based on the region's evolving needs. k
oil sands resources are recovered and the lands are reclaimed over time,
opportunities will arise to reconnect lands to help achieve regional objectives
relating to biodiversity, recreation and forestry.
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Managing Air, Water and Biodiversity, and Minimizing
Land Disturbance

Status of Management
Frameworks for the
Lower Athabasca Region

The Alberta government is committed to managing cumulative effects at the
regionallevei.The use of management frameworks is a new approach to
accomplish this. Management frameworks establish outcomes and objectives
along with the strategies and actions to achieve them.

Approved for
Implementation:

The frameworks are intended to add to and complement--not replace-existing policies, legislation, regulations and management tools. This includes
important principles, such as pollution prevention, continuous improvement and
risk assessment, as well as important management tools, such as emissions
minimization through best management and control practices, spill reporting and
response and drinking water surveillance.The environmental regulatory system
will continue to function with the associated compliance requirements.
Management frameworks for air quality. surface water quality and groundwater
quality and quantity have been developed. These frameworks are intended to
provide context within which decisions about future activities and management
of existing activities should occur. The management frameworks do this by
confirming regional objectives and establishing ambient environmental limits and
triggers. Limits in these frameworks are intended to be clear boundaries in the
system not to be exceeded. Triggers are to be used as warning signals to allow
for evaluation, adjustment and innovation on an ongoing basis.
The air quality and surface water quality management frameworks include
triggers and limits that are shown in the attached schedules. The groundwater
management framework includes interim triggers for regional groundwater
quality and describes the process that will be used to develop final triggers and
limits.
Ambient air and surface water quality conditions in the region will be monitored
with reference to the frameworks. If ambient conditions exceed a trigger level at
specified regional monitoring locations, the management response includes
assessing the need for action (as outlined in the frameworks). This proactive and
dynamic management approach will help ensure negative trends are identified
and assessed, regional limits are not exceeded and the environment remains
healthy for the region's residents and ecosystems. Regional groundwater quality
and quantity conditions will also be monitored, and the information used to
finalize triggers and limits. A management response may also be initiated in
response to this data if it is deemed appropriate to the circumstance.

Air Quality
Management
Framework for the
Lower Athabasca
Region; and
•

Surface Water Quality
Management
Framework for the
Lower Athabasca River.

Approved Approach
with Triggers and Umits
to be Developed:
Groundwater
Management
Framework for the
Lower Athabasca
Region.

Approved for
Development:
•

Surface water quantity
management
framework for the
Lower Athabasca River
to be updated; and
Biodiversity
management
framework for the
Lower Athabasca
Region to be
developed.

Decision-makers will make choices about activities on the
landscape--<:onsidering where ambient air and surface water quality and
groundwater conditions are relative to final limits and triggers in the
management frameworks. If ambient environmental conditions are
approaching-or exceed--environmental limits at specified regional monitoring
locations, there will be management actions either restricting further
development or enabling changes to current management. Management changes
may allow development to proceed in a way that meets the regional objectives
and keeps the environmental condition below limits.
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Riparian Areas
Riparian areas are the lands
adjacent to streams, rivers,
lakes and wedands, where
the vegetation and soils are
strongly influenced by the
presence of water. They are
the place where water and
land meet and interact.
There are several provincial
Acts, policies, guidelines and
programs in place that
establish setbacks from--or
development requirements
in--riparian areas.

Wetlands
Wetland management In
Alberta is currently
governed byWetland
Management in the Settled
Areas of Alberta: An Interim
Policy (1993).The interim
policy applies to the White
Area of the province.The
Government of Alberta is
currently developing a new
wetland policy to provide
clear, consistent guidance
for the management of
wetlands throughout
Alberta.The policy will aim
to conserve, restore,
protect, and manage
Alberta's wetlands to sustain
the benefits they provide to
the environment, society
and the economy. In support
of wetland management, a
variety of tools will be
explored. One such tool is
an off-set program delivered
through wetland mitigation
banking,

which
seeks to
counterbalance the
loss of
wetlands where negative
impacts are not avoidable.
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The establishment of ambient environmental limits provides context for
decision-making by government and by potential applicants for new projects.
The limits also encourage industries and other land users to employ best
practices, new technologies and process improvements to minimize impacts
on the region's air and water.
To complement the new frameworks for air quality, surface water quality and
groundwater management, the Alberta government is committed to updating
the surface water quantity management framework for the Lower Athabasca
River. The Water Management Framework: lnstream Flow Needs and Water
Management System for the Lower Athabasca River was developed in 2007,
and is being implemented.Work is continuing to update this surface water
quantity management framework.
In addition to supporting legislation, notably the Environmental Protection and
Enhancemenl Act., the Water Act. and the Wildlife Act., the Alberta government
protects and manages biodiversity through a number of programs, often in
partnership with environmental organizations and the private sector.These
include educational and research programs, support for environmental
stewardship and monitoring and reporting activities.
A new biodiversity management framework for the Lower Athabasca Region
on public land in the Green Area and provincial parks will bring context to
these efforts at the regional level.The framework will be developed by the end
of 20 13 and will:
•

Set targets for selected biodiversity indicators (vegetation, aquatic and
wildlife); and

•

Address caribou habitat needs in alignment with provincial caribou policy.

A regional landscape management plan will also be developed for tile public
land in the Green Area by the end of 20 13 to support achieving the economic
outcomes and objectives defined in the plan, while addressing biodiversity
through a well co-ordinated, planned and managed land disturbance footprint.
Essential to this approach is the use of ILM by industrial operators, and
introduction of land disturbance standards (such as limits and triggers). Best
available ILM practices to reduce land disturbance footprint will be utilized.
Features of ILM in the Lower Athabasca Region include:
•

Co-ordinated industry planning of major access corridors and associated
development infrastructure on public land (i.e., work camps, remote
airstrips);

•

Progressive and timely reclamation of land not required for further oil
sands development;

•

Timely restoration of linear disturbances where not suitable for
re-purposing as approved trails or recreational access routes; and

•

Managed public motorized access, where applicable, consistent with the
regional trail system plan.
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As with air and water, the enforcement of land disturbance standards (such as
limits) will encourage industry and other land users to employ innovative
approaches to reduce their land disturbance footprint. Triggers will be developed
to guide proactive, early management intervention actions. Standards for public
land will be set on a regional level, but areas important to economic
development (such as oil sands) will experience higher levels of land disturbance,
and areas important for biodiversity such as caribou and moose habitat, wildlife
movement corridors and riparian areas will experience lower levels of land
disturbance.
The process to establish regional land disturbance standards will involve
stakeholders to ensure the standards appropriately reflect anticipated future
growth and development in parts of the region, as well as environmental and
social values.
In developing a biodiversity management framework and a landscape
management plan, the Government of Alberta will work with First Nations to
consider how First Nations' exercise of constitutionally protected rights to hunt,
fish and trap for food can continue to occur within reasonable proximity of First
Nations' main population centres.
It is recognized that managing cumulative effects on air, water, land and
biodiversity is important to the needs of those aboriginal communities in the
region that hold constitutionally protected rights. Accordingly, engagement with
these communities is desired as air, water, land and biodiversity strategies and
plans are developed.
Implementation of these frameworks will be coordinated to ensure integrated
decision-making and achievement of mutually supportive environmental
outcomes.

Woodland Caribou
The Government of Alberta
is committed to achieving
naturally sustaining
woodland caribou
populations. Stabilizing,
recovering and sustaining
woodland caribou
populations is an investment
in maintainingAiberta's
diverse natural environment.
Successfully achieving this
result will require the
identification, maintenance
and restoration of sufficient
caribou habitat.
Within the context of
sustaining Alberta's caribou
populations, planning and
implementation will
consider:
•

provincial and federal
legislative requirements;

•

First Nations rights and
traditional uses;

•

social/economic
impacts; and

•

stakeholder interests.

-A Woodland Caribou Polky

for Alberta

Creating New Conservation Areas
A significant aspect of the LARP is the balance it strikes between development
and conservation in the region. Approximately 16 per cent of the region's land
base is to be managed as new conservation areas. These lands are in addition to
the existing six per cent of the region already protected as wildland provincial
parks, which have conservation management intent. These areas will help achieve
environmental objectives--especially those for biodiversity--by maintaining
ecological systems and processes for biodiversity. They will also create
benchmark areas for assessing ecological integrity.
Conservation areas have been selected for their consistency with the key
criteria for conservation areas, as outlined in the Terms of Reference for
Developing the Lower Athabasca Regional Plan. Of significant note is that the
areas represent large, intact and interconnected areas of Boreal forest.
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Conservation Areas
•

Deflnltion:A clearly
defined geographical
space dedicated and
managed to achieve the
long-tenn conservation
of biological diversity
and ecosystem process.

•

Management Intent:
Conservation areas are
legally protected areas
that are usually large
and relatively
undisturbed. They retain
their natural cllaracter
and influence and are
areas for measuring
ecological perfonnance
In relation to human
development.

Key Criteria for
Conservation Areas In
LARP

•

Areas with litde to no
industrial activity;

•

Areas that support
aboriginal traditional

uses;

•

Areas that are
representative of the
biological diversity of
the area (e.g., landforms,
species, vegetation); and

•

Areas of sufficient size
(i.e., roughly 4000.5000
square kilometres).

-Terms of Reference for
Developing the Lower
Athabasca Regional Plan

The new conservation areas and existing conserved lands in the Lower
Athabasca Region will result in more than two million hectares of conserved
lands in the northeastern part ofAlberta supporting wildlife movement and
habitat stability.The new conservation areas will be enacted under provincial
parks legislation or the Public Lands Act. Areas enacted under the Public Lands
Act will allow for a limited level of ecosystem or natural disturbance-based
vegetation management (e.g., forestry, prescribed fire) in accordance with
international guidelines for protected areas. This management direction will
guide the choice of legal designation.
The conservation areas will be managed to minimize or prevent new land
disturbance.This means that the land disturbance associated with exploration,
development and extra.ctlon of in situ and mineable oil sands, metallic and
industrial minerals and coal are not considered compatible with the
management intent of conservation areas. Commercial forestry operations are
generally considered incompatible with conservation areas--however, selected
areas may allow a limited level of ecosystem forestry or natural disturbancebased vegetation management.
Petroleum and natural gas tenure will be honoured, consistent with current
policy and in accordance with Canadian application of the International Union
for Conservation of Nature (IUCN) standards. New petroleum and natural gas
tenure sold in a conservation area will include a restriction that prohibits
surface access. No new oil sands, metallic and industrial minerals or coal
tenure will be sold in conservation areas designated under the LARP.
If natural resources located outside new conservation areas are made
inaccessible to disposition holders, government will consider new surface
access tflrough these areas in accordance wittl Canadian application of the
IUCN standards. Also, to ensure natural resources within public lands that are
surrounded by the Gipsy-Gordon Wildland Provincial Park remain accessible
to disposition holders, access through the river valley portion of tfle park will
be permitted in accordance with applicable legislation.
Conservation areas will be managed to provide low-impact backcountry
recreation opportunities and nature-based tourism products and services.
Recreational leases will be considered based on the management intent of
conservation areas, and existing recreational leases will be honoured. Hunting,
fishing and trapping (including by aboriginal peoples) will continue in
accordance with existing provincial laws governing such activities as such laws
may be amended or replaced from time to time. Hunting includes commercial
guiding and outfitting operations where wildlife species management plans
provide an allocation for that use.The reduction in land disturbance is
expected to enhance opportunities for these activities.
Motorized recreation will be managed to designated trails and areas to
mitigate potential biodiversity impacts associated wittl random motorized
access. Government will engage with First Nations and stakeholders on
initiatives to designate motorized access such as identification of trails or areas
when developing the regional parks plan and regional trail system plan.
Off-highway vehicle use is permitted on existing access or where a
management plan or trails plan otherwise specify access considerations.
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Most native ecosystems in Alberta have evolved with some degree of large
mammal grazing and browsing. Modern day range management techniques can
mimic natural processes through maintaining a diverse native plant community. In
recognition of the potential role of domestic livestock grazing in maintaining
biodiversity and ecosystem function, it may be permitted in conservation areas.
Approval would be dependent on whether grazing would enhance biodiversity
and ecosystem function in accordance with the primary objectives of
conservation areas, and would be subject to a successful grazing suitability
assessment.

Strengthening Infrastructure Planning
Substantial investment in the Lower Athabasca Region has contributed to
significant population growth in the region.
The ability to attract and retain skilled workers will be essential to enable the
region's future economic growth and diversification. This will require meeting
increased demands on the region's social and physical infrastructure and for
more recreation opportunities.
The Alberta government co-ordinates capital expenditure planning through
Alberta's 20-Year Strategic Capital Plan, which serves as a long-term blueprint to
guide decisions about infrastructure projects. Through the three-year capital
plan, the Alberta government delivers on the highest priority commitments
identified in the 20-year plan.
Among the key assumptions of the 20-year plan is that major urban centres and
the Wood Buffalo area will experience the largest growth in population.
To augment planning for areas of the province where oil sands development will
contribute to growth pressures, the Government of Alberta is undertaking
Comprehensive Regional Infrastructure Sustainability Planning (CRISP) for the
three oil sands areas (i.e., Athabasca, Cold Lake and Peace River). The CRISP
process represents a new long-term and collaborative approach to planning
infrastructure in Alberta's oil sands areas. Each plan will establish a long-term
framework for future infrastructure development based on possible future oil
sands production rates and associated population growth, and will enhance the
way provincial and municipal governments work and plan together. The plans will
inform the province's capital planning process, which considers overall provincial
priorities in addition to regional needs.
The CRISP for theAthabasca oil sands area has been completed and the CRISP
development for the Cold Lake oil sands area is underway. These two oil sands
areas overlay much of the Lower Athabasca Region.
Fort McMurray is the major urban centre within the Regional Municipality of
Wood Buffalo (RMWB) 1 and the key service centre for oil sands development. In
response to potential oil sands project approvals and construction and
increasing industrial and commercial activity, economic and population growth in
Fort McMurray is expected to continue for the foreseeable future.

The RMWB was established
as a specialized municipality by
Order in Council 817/94; the
order in council created an
urban service area (Fort
McMurray) and a rural service
area (the remainder of the
municipality).
1
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The built-up area of Fort McMurray is surrounded by Crown land, and the
decision whether to allow provincial Crown land to be converted to private
land and sold for development purposes (usually referred to as "land release'')
is made by the Government ofAlberta. Certainty around the availability of
land for future urban development is a critical component in Fort McMurray's
ability to respond to the population growth impacts of oil sands development.
The immediate need for urban expansion is being met by release of Crown
lands for two residential neighbourhoods. Parsons Creek and Saline Creek are
being planned, and are expected to accommodate an additional .o40,000 people.
Other Crown lands are being released to accommodate industriaUcommercial
growth in Fort McMurray.

Providing New Recreation and Tourism Opportunities
The Government ofAlberta is committed to growing recreational
opportunities and further developing the tourism industry through the
identification of new products and services.These new opportunities, ranging
from employment to sustainable development, have the potential to improve
prospects for sustainable growth and regional prosperity.There is also
significant potential to increase the number of visitors, contribute to
diversifying employment and raise tourism revenue within the Lower
Athabasca Region.
Existing recreation and tourism opportunities in the region's parks are not
meeting the growing demands for outdoor recreation - particularly serviced
and un-serviced campgrounds, fishing, motorized recreation, and an
interconnected trail system for day use and long-distance trails. Random
recreational activities can lead to environmental impacts, land-use conflicts and
public safety issues.
Recreation and tourism products and services are important for attracting and
retaining the skilled workforce needed to support the region's economic
growth.They also contribute to economic diversification in the region and
enhance the quality of life.The Government of Alberta is committed to taking
steps to enhance recreation opportunities in the province, through strategies
such as the Plan for Parks, the Alberta Recreation Corridor and Trails
Designation Program,Active Alberta and through other programs and services
aimed at recreation development.
To optimize the recreation and tourism potential for both residents and
visitors, the LARP establishes nine new provincial recreation areas and five
new public land areas for recreation and tourism. These areas will help provide
diverse, enjoyable outdoor recreation opportunities that contribute to healthy
lifestyles.
The provincial recreation areas will be managed to minimize industrial land
disturbance and ensure quality recreational experiences. Petroleum and
natural gas tenure and recreational leases will be honoured, consistent with
current policy. Any new petroleum and natural gas or oil sands tenure sold in
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a provincial recreation area will include a restriction that prohibits surface
access. Access to water resources and associated allocation and disposal
infrastructure will be permitted in the new provincial recreation areas in the
Lower Athabasca Region. To ensure other natural resources on public land
remain accessible to disposition holders, the government will consider new
surface access through these provincial recreation areas in the context of the
existing legislation and regulatory system.ln such cases, and when possible,
existing access routes would be used or amended as necessary. Future proposals
for hydropower generation would be considered by government in the context
of the regional outcomes and objectives defined in the plan. Upon the approval
and designation of the Fort McMurray Urban Development Sub-region (UDSR),
the boundaries and or uses within the Athabasca River and Clearwater River
public lands areas for recreation and tourism (PLART) will be amended as
required to align with the UDSR to facilitate effective land-use planning, efficient
infrastructure construction, timely land release and land developments.
The new PLARTs are intended to provide additional recreation opportunities
and attract tourism investment. Industrial development activities will continue
while impacts on identified recreation and tourism features will be minimized. If
approvals are granted in the future for a mining development in the new
Richardson PLART, the boundaries for this area will be re-examined, if deemed
necessary and acceptable as a result of the regulatory review for the mining
development.
The LARP includes a commitment to plan and develop Lakeland Country as an
iconic tourism destination. With the province's highest density of high quality
recreational lakes, a unique blend of cultural heritage and many attractive
recreation features, Lakeland Country offers tremendous tourism
potential-including encouraging regional visitors to vacation close to home. The
Government of Alberta will work closely with aboriginal peoples, municipal
governments, the private sector, interested private landowners and other
stakeholders to develop new-or enhance existing-tourism attractions,
amenities, accommodations and access. Given the significant oil and gas, oil sands
and forestry resources in this area, industrial development activities will continue
to be permitted and new industrial tenure will continue to be sold. Private
landowners will continue to make decisions about how to use and manage their
land consistent with existing provincial and municipal legislation. Lakeland
Country will make Alberta even more attractive to tourism investors and help
diversify the region's economy.
The Government of Alberta is also committed to taking steps to enhance
tourism development in the province through other strategies such as the
Tourism Development Strategy and the Recreation and Tourism Management
Strategy for Public Land, both currently being developed.
Consistent with the Plan for Parks, new conservation and recreation areas will
be considered in the future through a provincial process for nominating new
provincial parks. Areas of high conservation value, high recreation value and
places that demonstrate strong support from public and local stakeholders may
be evaluated.
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IN THE MATTER OF THE RESPONSIBLE ENERGY DEVELOPMENT ACT Statutes of
Alberta, 2012, C. R-17.3; AND THE OIL SANDS CONSERVATION ACT, R.S.A. 2000, C.
0-7 Section 10 and 11 and Sections 3, 24, and 26 of the Oil Sands Conservation Rules,
Alberta Regulation 76/88;
AND IN THE MATTER OF THE CANADIAN ENVIRONMENTAL ASSESSMENT ACT,
2012, SC 2012, c 19, s 52;
AND IN THE MATTER OF A JOINT PANEL REVIEW BY THE ALBERTA ENERGY
REGULATOR AND THE GOVERNMENT OF CANADA, REGARDING:
FRONTIER OIL SANDS MINE PROJECT
TECK RESOURCES LIMITED;
CEAR Reference No.: 65505
AER Application No. 1709793
______________________________________________________________________________
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Strategies and Outcomes
The LARP is designed to help achieve the three desired province-wide
outcomes of the Land-use Framework.The regional vision describes the
desired future state of the lower Athabasca Region, and is consistent with the
outcomes and principles of the Land-use Framework.
To support achievement of the three province-wide outcomes and the
regional vision, the LARP identifies regional outcomes.These qualitatively
describe what we wish to achieve at the regional level.
A number of objectives are identified for each regional outcome and describe
what must be done to achieve the outcome. Strategies describe regulatory and
non-regulatory approaches that will be used to achieve each objective.

h a means of assessing whether regional outcomes and objectives are being
achieved, a series of economic, environmental and social indicators will be
regularly monitored, evaluated and reported.
Various governments, ministries and agencies will work together in an
integrated manner as they develop the required system and tools to support
implementation of the regional plan.While the following strategies and actions
each fall primarily into the mandate of one or more ministries, it is important
to note that a government-wide approach will be taken to implement the
strategies.This is part of the shift to a cumulative effects management system
as envisioned by the Land-use Framework.

---T-- -
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Land-use Framework • Provincial Outcomes
•

Healthy economy supported by our land and natural resources;

•

Healthy ecosystems and environment; and

•

People-friendly communities with ample recreational and cultural
opportunities.

Vision For The Lower Athabasca Region
The Lower Athabasca Region is a vibrant and dynamic region in Alberta. People,
industry and government partner to support development of the region and its
oil sands reserves. Economic opportunities abound in forestry, minerals,
agriculture, infrastructure development, the service industry and tourism. The
region's air, water, land and biodiversity support healthy ecosystems and
world-class conservation areas. Growing communities are supported by
infrastructure and people can enjoy a wide array of recreation and cultural
opportunities.

Regional Outcomes
I. The economic potential of the oil sands resource is optimized;
2. The region's economy is diversified;
3.

Landscapes are managed to maintain ecosystem function and biodiversity;

4. Air and water are managed to support human and ecosystem needs;

5. Infrastructure development supports economic and population growth;
6. The quality of life of residents is enhanced through increased opportunities
for recreation and active living; and
7. Inclusion of aboriginal peoples in land-use planning.

Outcome 1:
The economic potential of the oil sands resource is optimized
Strategies:
a) Continue implementation of the Alberta Provincial Energy Strategy
and ResponsibleActions: A Plan for Alberta's Oil Sands, which
together provide a long-term action plan for Alberta to achieve clean energy
production, wise energy use and sustained economic prosperity. Alberta will
remain a global energy leader, recognized as a responsible world-class
energy supplier, an energy technology champion, a sophisticated energy
consumer and a solid global environmental citizen.
b) Continued implementation of improved regulatory processes to
enhance competitiveness of oil sands and other key industries. More
co-ordinated policy development and integration of regulatory delivery will
ensure that Alberta's oil and gas regulatory system is modern, efficient,
performance-based and competitive, while maintaining high environmental
standards.
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Development of a sub-regional plan using a strategic environmental
assessment approach for the south Athabasca oil sands area.
Undertaking this assessment at a sub-regional scale will contribute to
the management of cumulative effects and support efficiencies in the
regulatory review process for in-situ oil sands operations.
c) Continued implementation of the Building and EducatingTomorrow's
Workforce strategy to develop the knowledge and skills of Albertans,
attract and retain workers in Alberta's labour market and to improve
workplace productivity; and facilitation of implementation of tile
Workforce Strategy for Alberta's Energy Sector, an initiative led by
industry stakeholders.
d) Implementation of key recommendations in Connecting the Dots:
Aboriginal Workforce and Economic Development in Alberta to
increase labour force participation and economic development
opportunities for aboriginal people in Alberta.
Alberta's regulatory framework will ensure industry maintains its
competitiveness, and regulatory oversight will ensure social and environmental
objectives in the LARP are achieved.
Provincial legislation governing the oil sands industry includes the Mines and
Minerals Act, the Oil Sands Conservation Act, the Energy Resources Conservation Act,
the Freehold Minerals Tax Act, the Pipeline Act, the Alberta Corporate Tax Act, the
Environmental Protection and Enhancement Act, the Water Act, the Public Lands Act
and the Alberta Land Stewardship Act.Various other regulatory and
non-regulatory requirements including policies. strategies and frameworks
apply as well.
Supporting indicators for outcome:

•

Labour force by sector:

•

Provincial royalties;

•

Personal income;

•
•

Oil sands production rate;

Total oil sands investment; and

•

Cost of production.

Outcome 2:

The region's economy is diversified

Forestry
Objective:
•

Maintain and diversify the region's forest industry.

Strategies:
a) Prevent future shortfalls In timber supply through:
Using an integrated land management approach, including
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practices such as planning common major access corridors (shared
roads) and infrastructure (camps, remote air strips), progressive
reclamation of disturbed land no longer needed for oil sands
development and timely removal of linear disturbances, to minimize loss
of productive forest land. This approach will be implemented when the
landscape management plan referenced in Outcome 3 (c) is
implemented.
The forest industry identifying opportunities to enhance the
management of forest stands and regeneration on public land for
the purpose of improving growth rates.
b) Minimize loss of productive forest timber volume by government and
industry supporting wildfire management planning initiatives including
the development of landscape wildfire risk assessments, natural disturbance
approaches and landscape FireSmart strategies (e.g. identification of
landscape fire breaks, prescribed fire application).
c) Promote diversification of the forest industry through implementation of
TheAiber1:a Forest Products Roadmap to 2020 which will identify
opportunities to diversify the sector through new markets and products,
including the bioenergy sector.
The forest industry is primarily governed by the FarestsAct, the Public Lands Act
and associated standards (Forest Management Planning Standard, Timber Harvest
Ground Rules, Enhanced Approval Process standards).
Indicators:
•

Area of public land actively managed for enhanced forestry; and

•

Area of land disturbance on productive land base on public land in the
region.

Agriculture
Objective:
•

Maintain and diversify the region's agricultural industry.

Strategies:
a)

Municipalities are encouraged to identify areas where agricultural
activities, including extensive and intensive agricultural and associated
activities, should be the primary land use in the region.

b) Municipalities are encouraged to limit the fragmentation of agricultural
lands and their premature conversion to other non-agricultural uses,
especially within areas where agricultural has been identified as a primary
land use in the region.
c) Where possible, municipalities are encouraged to direct non-agricultural
subdivision and development to areas where such development will not
constrain agricultural activities or to areas of lower-quality agricultural
lands.
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d) Municipalities are encouraged to minimize conflicts between
intensive agricultural operations and incompatible land uses by
using appropriate planning tools, setback distances and other mitigative
measures.
Provincial legislation governing the agriculture industry includes the Municipal
Government Act, the Agricultural Operation Practices Act and the Public Lands Act
with respect to grazing leases. In addition, the Natural Resources
Conservation Board is involved with regulating confined feeding operations.
Indicator:
•

Fragmentation and conversion of agricultural land to non-agricultural land
uses.

Tourism
ObJective:
•

Tourism potential of the region is optimized.

Strategies:
a) Develop and implement the Lakeland Country Destination
Development Strategy and Tourism Opportunity Plan in
collaboration with aboriginal peoples, municipalities and local stakeholders.
(See Schedule A - LARP Digital Map and Schedule G for details).
b) Work collaboratively with local aboriginal communities, the private sector
and local governments to enhance and expand the supply of tourism
products and infrastructure--including attractions, activities, amenities and
accommodations.
c) Identify, designate and market tourism development nodes in
consultation with aboriginal peoples, municipalities and stakeholders.
d) Complete tourism opportunity assessments beginning with Quarry
of the Ancestors, Bitumou nt and Fort Chipewyan.The assessments will
help identify a range of potential aboriginal tourism opportunities,
including guided tours, education programs, attractions, exhibits or
interpretive sites.
e) Work with municipal governments and other partners to establish and
promote a scenic byways network in and around areas with high quality
attractions including routes, trails and waterways to create distinctive
travel experiences and showcase the region's unique scenic resources.
There is great potential for increased tourism and recreational development in
the region, particularly in Lakeland Country.The region is home to diverse
cultures, a rich heritage and tremendous recreation and tourism
features--tncluding superior lakes, sandy beaches, world-class whitewater
paddling, remote backcountry experiences and a variety of fish and wildlife.
Additional opportunities would reduce the amount of tourism and
recreational investment lost to other jurisdictions and support economic
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diversification in the region. A competitive tourism industry and the availability
of quality outdoor recreation opportunities depend on a sufficient supply of land
where the integrity of attractive features, settings and scenery are maintained
and long-term access is provided.

Indicators:
•

Tourism visitation;

•

Tourism visitor expenditures; and

•

Tourism occupancy.

Energy, Minerals and Coal
Objective:
•

Opportunities for the responsible exploration, development and extraction
of energy, mineral and coal resources are maintained.

Strategies:
a)

Rules regarding physical access to energy, mineral and coal resources
are clear to ensure economic development opportunities and environmental
concerns are appropriately considered against other land uses.

b) Policies are developed that promote new investments in energy. mineral
and coal resource development.
Growth of all energy sub-sectors is crucial for the regional and provincial
economy. While oil sands is the dominant energy industry in the region,
continued hydroelectrical and other electrical, natural gas development and
mineral resource exploration, development and extraction will support regional,
provincial and international sources of supply. Maintaining a positive investment
climate is critical to the success of these industries and alignment of policy
direction across regions will facilitate optimum access to these and other
non-renewable resources.
Provincial legislation governing the energy, mineral and coal sectors include the

Mines and Minerals Aa, the Gas Resources Preservation Aa, the Gas Utilities Aa, the
Freehold Minerals Right Tax Aa. the Energy Resources Conservation Aa, the Oil and
Gas Conservation Aa, the Coal Conservation Aa, the Coal Sales Aa, the Environmental
Proteaion and Enhancement Aa, the Water Aa, the Elearic Utilities Aa, the Hydro
and Elearic Energy Act, the Public Lands Aa and the Alberta Land Stewardship Aa.
Various other regulatory and non-regulatory requirements including policies,
strategies and frameworks apply as well.

Surface Materials {sand, gravel, clay, marl, silt and peat)
Objective:
•

Opportunities for the responsible development of surface materials
resources are maintained on public lands.
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Strategies:
a) Allocate surfa.ce materials appropriately and monitor extraction
operations to provide opportunities for sustainable development of the
land.
Surface materials are an essential component for development and
maintenance of infrastructure throughout the region and province. Maintaining
opportunities for surface materials resource extraction supports the
increasing need for surface materials products to keep pace with the region
and province's population growth. Maintaining opportunities for the
development of these resources is critical to the success of surface materials
industries.
The main provincial statute governing surface material extraction on public
lands is the Public Lands Act. The regulation grants approvals for surface
material extraction activities through an application and lease and licensing
system.The Alberta Aggregate (Sand and Gravel) Allocation Policy for
Commercial Use on Public Lands provides a management framework to
ensure there is fair and equitable use of Alberta's aggregate resources on
public lands.

Supporting indicaton for outcome:

•

Sectoral gross domestic product (GOP); and

•

Sectoral employment.

Outcome 3:
Landscapes are managed to maintain ecosystem function and
biodiversity

Objectives:

Land-use activities in 1tle
existing provincial parb
system will be managed In
accordance with relevant
legislation.

•

Enhance the regional network of conservation areas to support
biodiversity and ecosystem function.

•

Regional biodiversity objectives are developed for various indicators of
terrestrial and aquatic biodiversity in the region.

•

Land disturbance impacts to biodiversity should be avoided or mitigated.

•

Increase the rate of reclamation and enhance the reduction of tailing
ponds.

Strategies:
a)

Create new conservation areas on provincial Crown land. (See
Schedule G - LARP Digital Map and Schedule F - LARP Land Uses.)

b) Manage existing conserved lands to achieve long-term conservation of
biological diversity and ecosystem processes.
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Part 2 Conservation Areas
Definitions
13 In this Part, "conservation area" means the lands identified as conservation areas and labelled "1" through
"6" on the LARP Digital Map.
Designated Minister In respect of five conservation areas
14 For the purposes of this Part in respect of conservation areas 1, 2, 3, 4 and 5 as shown on the LARP Digital
Map, the Minister designated under section 16 of the Government Organization Act as the Minister
responsible for the Provincial Parks Act is the Desigoated Minister.
Designated Minister in respect of one conservation area
15 For the purposes ofthis Part in respect of conservation area 6 as shown on the LARP Digital Map, the
Minister designated under section 16 ofthe Government 01ganization Act as the Minister responsible for the
Public Lands Act is the Designated Minister.
Conservation objectives
16(1) The Designated Minister may take whatever steps that in the opinion ofthe Designated Minister are
desirable for achieving the conservation objectives of the LARP Strategic Plan and LARP Implementation
Plan and for implementi.Dg Schedule "F'' to the LARP Implementation Plan in respect of conservation areas.
(2) Subject to any other law, a statutory consent may be renewed in a conservation area ifthe statutory consent
is, at the effective date ofrenewal, in good standing under the provisions of the enactment or enactments
applicable to the statutory consent, and
(a) if the statutory consent is consistent with this regional plan; or
(b) if the statutory consent is inconsistent with or non-compliant with this regional plan, within the

meaning of section 11 (2), but
(i)

is an agreement under the Mines and Minerals Act or a disposition under the Public La7u:ls Act
that is valid and subsisting at the time this regional plan comes into force, or

(ii) if it is not an agreement or disposition referred to in subclause (i), but is, within the meaning of
section 11(4), incidental to an agreement or disposition referred to in subclause (i).
Programs to manage objectives
17 In respect of the land use in a conservation area, the Desigoated Minister shall establish and maintain
programs evaluating the effectiveness ofthe conservation area in meeting the relevant conservation objectives
in the LARP Implementation Plan.
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Part 3 Conserved Land
Designated Minister
18 For the pmposes ofthis Part. the Minister designated under section 16 of the Government Organization Act
as the Minister responsible for the Surveys Act is the Designated Minister.
Definitions
19 In this Part.
(a) "conservation purposes," in respect of land, means the purposes referred to in section 29(1) ofthe Act,
but does not include the following agricultural purposes:
(i)

cultivation;

(ii)

clearing; and

(iii) range improvements within the meaning of regulations and mles under the Public Lands Act.

(b) "conserved land" means

(i)

parks designated under the Provincial Parka Act,

(ii)

wilderness areas, ecological reserves, and natural areas designated under the Wilderness Areas,
Ecological Reserves, Natural Areas and Heritage Rangelands Act, and

(iii) public land use zones managed for one or more conservation pmposes and declared under the
Public Lands Act.

Conserved land
20 The Designated Minister shall establish and maintain programs
(a) monitoring the total combined area of conserved land in the planning region, and
(b) evaluating the ratio of conserved land referred to in clause (a) to the total area of land comprising the
planning region.
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c)

d)

Develop a biodiversity management framework for public land in the
Green Area and provincial parks in the region by the end of 2013. The
framework will be developed in association with aboriginal communities,
municipalities, industry stakeholders and the public to include:
•

Indicators - for regional and watershed-level biodiversity to track plan
performance and overall ecosystem health based on biodiversity quality
and abundance;

•

Measurement- targets/thresholds required to maintain native
vegetation, fish and wildlife. Targets will be specific numerical objectives
framed within the context of assuring ecosystem function and
landscape/watershed connectivity. Measures of biodiversity will follow
International Union of Conservation of Nature (IUCN) conventions for
legally designated species. For non-designated species, a risk-based
approach informed by IUCN protocols will be used.

Develop an integrated, watershed-based landscape management plan
for public land in the Green Area in the region by the end of 20 13 (working
initially in conjunction with the development of a sub-regional plan using a
strategic environmental assessment approach for the south Athabasca oil
sands area). The plan will be developed in association with aboriginal
communities, municipalities, industry stakeholders and the public to include:
•

Landscape assessment encompassing current, cumulative and detailed
information on land-use impact types and trends, as well as ecosystem
service values within the LARP area. Total landscape values will also
include known economic reserves of surface and sub-surface resources.

•

Scenario modeling considering current land use as the baseline case.
Future development scenarios will be generated based on:
Current development trajectories and emerging technologies;
The LARPVision and desired Regional Outcomes; and
Application of a range of possible policy instrument and
management tools.

•

Landscape planning to achieve the most desirable scenario and required
biodiversity targets. Plan implementation will guide future decisionmaking based on application of the most effective policy instruments,
including zoning, standards and consideration of the potential role of
conservation offsets.

•

These efforts will build on the success of voluntary integrated land
management (ILM) approaches by industrial and commercial operators
as a means of reducing the extent and duration of land disturbance and
development footprint. This means that best available ILM practices will
be utilized. Key ILM practices include:
Co-ordinated industry planning of major access corridors and
associated development infrastructure on public land (camps,
remote airstrips);
Progressive and timely reclamation of land not required for further
in situ oil sands development; and
Timely restoration of linear disturbances.
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•

locations and strategies for management of public motorized access,
in consideration of access planning initiatives such as Moose Lake and
Richardson Backcountry and the Lower Athabasca Regional Trail
System Plan. (See Outcome 6 and Schedule E - Lower Athabasca
Regional Trail System Plan for details.)

•

Strategies to minimize land disturbance in the Athabasca River
Corridor north of Fort McMurray.

e) Complete a tailings management framework to support effective
management of tailings. This strategy will complement the existing Energy
Resources Conservation Board Directive 07-4 to reduce the volume of
fluid fine tailings present on oil sands facility sites.

f)

Implement the progressive reclamation strategy enhancing the suite
of policies, strategies and reporting mechanisms used to drive progressive
on-going reclamation of mining operations.The strategy includes an
enhanced reclamation certification process, a transparent public reporting
system for reclamation progress and a new progressive reclamation
financial security program.This strategy will provide mechanisms to define,
measure and report on the return of equivalent capability-the objective
for reclamation-including the return of a suite of acceptable land uses,
such as commercial forestry, wetlands, wildlife and biodiversity, traditional
use, and recreation.

Indicators:

•

Status ofAlberta species, including species at risk;

•

Area of land disturbance on public land;

•

Status of biodiversity indicators;

•
•

Area of land retained in native vegetation;
Area of oil sands reclamation; and

•

Volume of fluid fine tailings.

Outcome4
Air and water are managed to support human and ecosystem
needs

Air Quality
ObJective:
•

Releases from various sources are managed so they do not collectively
result in unacceptable air quality.

Strategy:
a) Implement the Air Quality Management Framework for the Lower

Athabasca Region.
The ambient air quality limits and triggers in the framework are based on
accepted Alberta ambient air quality objectives. If monitoring indicates that a
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trigger or limit has been exceeded, there will be a regional management
response. The framework describes the kinds of management actions that may
be required, such as the preparation of management plans (individual or
collective), further modeling and/or monitoring. development and application of
new performance standards and the use of best management practices. Taking
action to manage air quality in the region will involve the provincial government
and a number of parties, including industry. municipalities and others. Finally, the
framework establishes a commitment to ongoing monitoring, evaluation and
reporting of ambient air quality conditions and verification if triggers or limits
are exceeded. This is described in more detail in the management framework.
The relevant legislation includes the Environmental Protection and Enhancement Act.

Indicators:

•

Nitrogen dioxide (N02); and

•

Sulphur dioxide (S02) .

Limits:
•

Based on existingAibertaAmbientAir Quality Objectives. (See Schedule A
for details.)

•

Apply at continuous air monitoring stations in the Lower Athabasca Region
as reported through the Clean Air Strategic Alliance Data Warehouse.

Triggers:
•

Calculated in relation to existingAibertaAmbientAir Quality Objectives.
(See Schedule A for details.)

•

Apply at continuous air monitoring stations in the Lower Athabasca Region
as reported through the Clean Air Strategic Alliance Data Warehouse.
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Part 4 Air Quality
Designated Minister
21 For the pmposes ofthis Part, the Minister designated under section 16 of the Government Organization Act
as the Minister responsible for the Environmental Protection and Enhancement Act is the Designated Minister.

Definitions
22 In this Part,
(a) "framework" means the document referred to in this regional plan as the Air Quality Management
Framework for the Lower Athabasca Region as amended or replaced from time to time;

(b) "limit" means the applicable limit specified in Table A-1 of the LARP Implementation Plan;
(c) "person responsible" has the same meaning as defined in the Environmental Protection and

Enhancement Act;
(d) "trigger'' means the applicable trigger specified in Tables A-1 andA-2 of the LARP Implementation
Plan.

Designated Minister's decision final and binding
23(1) The Designated Minister in the exercise of the Designated Minister's powers and duties under this Part
may determine
(a) the measurements of substances of concern at monitoring stations established and maintained under a
program referred to in section 24,

(b) whether a trigger or limit has been exceeded for the purposes of this Part,
(c) whether a trigger or limit exceeded in respect of one or more specific areas in the planning region is of
concern in other areas ofthe planning region or the whole planning region, and
(d) the duration of an exceedance of a trigger or limit determined by the Designated Minister.

(l) The Designated Minister's determination is final and binding on the Crown, decision-makers, local
government bodies, and, subject to section 15.1 of the Act, all other persons.

Programs to manage effects
24 In respect of the framework, the Designated Minister shall establish and maintain programs
(a) managing ambient air quality limits and triggers for substances that in the opinion of the Designated
Minister are indicators ofthe air quality effects of concern for the planning region,
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Part 4 Air Quality - cont'd
(b) monitoring and evaluating the ambient air quality in the planning region, and

(c) evaluating the effectiveness of the framework in meeting the air quality objective stated in the LARP
Implementation Plan.
Notice respecting limits
25(1) In respect of one or more limits that, in the opinion of the Designated Minister, bas been exceeded, the
Designated Minister shall issue a notice specifying:
(a) an activity or activities or type, types, class or classes of activity or activities that in the opinion of the
Designated Minister are reasonably expected to have a direct or indirect effect on the limit or limits;
(b) the applicable limit or limits in respect of the activity or activities referred to in clause (a) that, in the

opinion of the Designated Minister, bas been exceeded;
(c) the relevant area ofthe planning region affected by the limit or limits;
(d) the decision-maker or decision-makers affected by the notice;
(e) the local government body or local government bodies affected by the notice;
(f) the anticipated duration of the effect of the exceedance of the limit or limits on the activity, type,
types, class or classes of activity or activities, area, decision-maker, decision-makers, local

government body or local government bodies;
(g) action to be taken by affected decision-makers and affected local government bodies in response to the
exceedance of the limit; and
(h) that no statutory consent in respect of a proposed activity referred to in clause (l)(a) shall be issued.

(2) All affected decision-makers and affected local government bodies referred to in clauses (l)(d) and (e)
shall be served with the notice by personal service, registered mail, or fax.
(3) Upon receiving a notice referred to in subsection (1) a decision-maker or local government body is bound
by the notice.
(4) A notice referred to in subsection (1) shall be publicly available.
Management response
26(1) If the Designated Minister determines that a trigger or limit has been exceeded, an appropriate official or
officials in the Designated Minister's government department must initiate a management response consistent
with the framework.
(2) A person responsible shall comply with the lawful directions of an official in respect of a management
response referred to in subsection (1).
(3) An official responsible for initiating a management response under this section shall as soon as practicable
report to the Designated Minister in writing the details and the effect of the management response.
(4)Areport referred to in subsection (3) shall be publicly available in its entirety in electronic and hard copy
upon request by a person and posted on the secretariat's website.
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Part 4 Air Quality - cont'd
Designated Minister's considerations
27 For greater clarification, in reaching an opinion under sections 25 and 26, the Designated Minister may
consider such information as in the Designated Minister's opinion is material to
(a) a particular activity or activities or type or class of activity or types or classes of activities,

(b) the relevant area or relevant part ofthe area in which the activity is to occur,
(c) the relevant area or relevant part of the area in which an effect or effects of the activity or activities are
reasonably expected to occur,
(d) the reasonably expected. relevant period or duration of the effect or effects of the activity or activities,
(e) any other matter that in the Designated Minister's opinion is advisable under a program referred to in

section24.
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Surface Water Quality
Objective:
•

Water quality in the Lower Athabasca River is managed so current and
future water uses are protected.

Strategy:
a) Implement the Surface Water Quality Management Framework for
the Lower Athabasca River.
The surface water quality limits in the framework are based on provincially-used
water quality guidelines. They were chosen to protect existing and future water
uses (e.g., industrial, agricultural, recreational and esthetics, drinking water or
protection of aquatic life).
If monitoring indicates a trigger or limit has been exceeded, there will be a
regional management response.The framework describes the kinds of
management actions that may be required, such as the preparation of
management plans (individual or collective), further modeling or monitoring and
the use of best management practices.Taking action to manage surface water
quality in the region will involve the provincial government and a number of
parties, including industry, municipalities and others. Finally, the framework
establishes a commitment to ongoing monitoring, evaluation and reporting of
surface water quality conditions and verification if triggers or limits are
exceeded. This is described in more detail in the management framework.
Relevant legislation includes the Environmental Proteaion and EnhancementAa and
the Water Aa.
Indicators:
•

Quality: Suite of indicators including I I general and 28 metals.
(See Schedule B for details.)

Limits:
•

Quality: Established from existing provincially accepted water quality
guidelines where applicable, further risk based limits to be developed.
(See Schedule B for details.)

•

Apply at Old Fort Long Term Monitoring Station.

Triggers:
•

Quality: Based on statistical deviation from historical ambient
concentrations. (See Schedule B for details.)

•

Apply at Old Fort Long Term Monitoring Station.

lower Athabasca Regional Plan 20 12 - 2022

151

2039

Regulatory Details Plan
Part 5 Surface Water Quality
Designated Minister
2.8 For the pmposes of this Part, the Minister designated under section 16 of the Government Organization Act
as the Minister responsible for the Environmental Protection and Enhancement Act is the Designated Minister.

Definitions
2.9 In this Part,

(a) "framework" means the document referred to in this regional plan as the Surface Water Quality
Management Framework for the Lower Athabasca River as amended or replaced from time to time;

(b) "limit" means the applicable limit specified in Tables B-1 and B-2 of the LARP Implementation Plan;
(c) ..Lower Athabasca River'' means that portion of the Athabasca River commencing at the easternmost
boundary of the Grand Rapids Wildland Provincial Park to the confluence of the Athabasca River with
the Atbabasca Delta;
(d) "person responsible" has the same meaning as defined in the Environmental Protection and

Enhancement Act;
(e) ''1:rigger'' means the applicable trigger specified in Tables B-1 and B-2 of the LARP Implementation
Plan;

(f) ..water'' has the same meaning as defined in the Water Act.

Designated Minister's decision final and binding
30(1) The Designated Minister in the exercise of the Designated Minister's powers and duties under this Part
may determine
(a) the measurements of substances of concern at monitoring stations established and maintained under a
program referred to in section 31,

(b) whether a trigger or limit has been exceeded for the purposes of this Part,
(c) whether a trigger or limit exceeded in respect of one or more specific areas in the Lower Athabasca
River is of concern in other areas of the Atbabasca River, or its tributaries or distributaries, or other
areas of the planning region or the whole planning region, and
(d) the duration of an exceedance of a trigger or limit determined by the Designated Minister.
(2) The Designated Minister's determination is :final and binding on the Crown, decision-makers, local
government bodies, and, subject to section 15.1 of the Act, all other persons.
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Part 5 Surface Water Quality - cont'd
Programs to manage effects
31 In respect of the framework, the Designated Minister shall establish and maintain programs

(a) managing water quality limits and triggers for substances that in the opinion of the Designated Minister
are indicators of the surface water quality effects of concern for the Lower Athabasca River,
(b) monitoring and evaluating the water quality in the Lower Athabasca River, and
(c) evaluating the effectiveness of the framework in meeting the water quality objective for the Lower
Athabasca River stated in the LARP Implementation Plan.
Notice respecting limits
32(1) In respect of one or more limits that, in the opinion of the Designated Minister, has been exceeded the
Designated Minister shall issue a notice specifying:

(a) an activity or activities or type, types, class or classes of activity or activities that in the opinion of the
Designated Minister are reasonably expected to have a direct or indirect effect on the limit or limits;
(b) the applicable limit or limits in respect of the activity or activities referred to in clause (a) that, in the
opinion of the Designated Minister, has been exceeded;

(c) the relevant area of the planning region affected by the limit or limits;
(d) the decision-maker or decision-makers affected by the notice;
(e) the local government body or local government bodies affected by the notice;
(f) the anticipated duration of the effect of the exceedance of the limit or limits on the activity, type, types,
class or classes of activity or activities, area, decision-maker, decision-makers, local government body,
or local government bodies;
(g) action to be taken by affected decision-makers and affected local government bodies in response to the
exceedance of the limit; and
(h) that no statutory consent in respect of a proposed activity referred to in clause (1 )(a) shall be issued.

(2) All affected decision-makers and affected local government bodies referred to in clauses (1 )(d) and (e) shall
be served with the notice by personal service, registered mail, or fax.
(3) Upon receiving a notice referred to in subsection (1) a decision-maker or local government body is bound
by the notice.
(4) A notice referred to in subsection (1) shall be publicly available.
Management response
33(1) If the Designated Minister determines that a trigger or limit has been exceeded, an appropriate official or
officials in the Designated Minister's government department must initiate a management response consistent
with the framework.

(2) A person responsible shall comply with the lawful directions of an official in respect of a management
response referred to in subsection (1).
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Part 5 SUrface Water Quality - cont'd
(3) An official responsible for initiating a management response under this section shall as soon as practicable
report to the Designated Minister in writing the details and the effect of the management response.
( 4) A report referred to in subsection (3) shall be publicly available in its entirety in electronic and hard copy
upon request by a person and posted on the secretariat's website.

Designated Minister's considerations
34 For greater clarification, in reacb;ng an opinion under sections 32 and 33, the Designated Minister may
consider such infonnation as in the Designated Minister's opinion is material to
(a) a particular activity or activities or type or class of activity or types or classes of activities,
(b) the relevant area or relevant part ofthe area in which the activity is to occur,
(c) the relevant area or relevant part ofthe area in which an effect or effects of the activity or activities are
reasonably expected to occur,
(d) the reasonably expected, relevant period or duration of the effect or effects of the activity or activities,
(e) any other matter that in the Designated Minister's opinion is advisable under a program referred to in

section 31.

541 LowerAthabuca Regional Plan 20 12 • 2022

2042

Groundwater Quality and Quantity
Objectives:
•

Groundwater quality is protected from contamination by maintaining
conditions within the range of natural variability and not exceeding
established limits.

•

Groundwater resources continue to support human and ecosystem needs,
and the integrity of the regional flow system is maintained.

Strategy:
a)

Complete and implement the Groundwater Management Framework

for the Lower Athabasca Region.
The Groundwater Management Framework for the Lower Athabasca Region
encompasses three areas: the north Athabasca oil sands, the south Athabasca oil
sands and the Cold Lake-Beaver River areas.
A set of indicators has been chosen based on the nature of the aquifers and
potential impacts of both mining and in situ operations. The framework includes
interim triggers and provides for the future establishment of final triggers and
limits. The information required to finalize triggers and limits will be collected
through the establishment of a regional groundwater monitoring network and
development of regional groundwater models.
While interim regional triggers have been developed, a management response
will not be a mandatory requirement of the regional plan until there is better
understanding of the current state of groundwater in the region and final
triggers and limits have been established. Once these numbers are final however
if monitoring indicates a trigger or limit has been exceeded, there will be a
regional management response. The framework describes the kinds of
management actions that may be required, such as the preparation of mitigation
plans (individual or collective), further modeling or monitoring and the use of
best management practices. Taking action to manage groundwater in the region
will involve the provincial government and a number of parties, including
industry, municipalities and others. Finally, the framework establishes a
commitment to ongoing monitoring, evaluation and reporting of regional
groundwater conditions, and verification if triggers or limits are exceeded. This is
described in more detail in the management framework.
The framework also requires preparation of facility groundwater management
plans by industrial operators to describe how site-specific management will
contribute to the achievement of regional groundwater outcomes.
Relevant legislation includes the Environmental Proteaion and Enhancement Act and
the Water Act.
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Indicators:

•

Quality: Suite of primary and secondary indicators for mining and in situ.
(See Schedule C for details); and

•

Quantity: Change in groundwater surface elevation (not yet established).

Interim Groundwater Quality Triggers:
•

561

Based on statistical deviation from baseline concentrations, regional
knowledge and professional judgment or provincially accepted
groundwater quality guidelines where applicable.
(See Schedule C for details.)
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Part 6 Groundwater
Designated Minister
35(1) For the purposes of this Part, the Minister designated under section 16 of the Government Organization
.Act as the Minister responsible for the Environmental Protection and Enhancement .Act and the Water .Act is
the Designated Minister.
(2) If the Minister responsible for the Environmental Protection and Enhancement .Act and the Minister
responsible for the Water .Act is not the same Minister, then those Ministers shall be jointly the Designated
Minister, and a reference in this Part to the Designated Minister shall be deemed to be a reference to both of
them.
Definitions
36 In this Part,
(a) "framework" means the document referred to in this regional plan as the Groundwater Management
Framework as amended or replaced ti:om time to time;
(b) "groundwater" has the same meaning as defined in the JJVter .Act.

Programs to manage effects
37 In respect ofthe framework, the Designated Minister shall establish and maintain programs monitoring and
evaluating the groundwater quantity and quality in the planning region.
Groundwater management plans
38(1) Subject to subsection (2), the Director for the purposes of section 70 ofthe Environmental Protection
and Enhancement .Act and the Director for the purposes of sections 42 and 54 of the Water .Act may require the
holder of an approval, preliminary certificate or licence in respect of groundwater under the Water .Act or the
Environmental Protection and Enhancement .Act to establish groundwater management plans within the
meaning of the framework.
(2) Subsection (1) does not apply to users of groundwater for household purposes or traditional agricultural
users within the meaning of sections 20 and 23, respectively, of the Water .Act.
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Surface Water Quantity
Strategy:
a) Complete an updated surface water quantity management
framework for the Lower Athabasca River.
The Government ofAlberta is committed to completing an update of the
phase I Water Management Framework for the Lower Athabasca River. The
current framework provides guidance for management of water withdrawals
by the oil sands mining industry. This phase I management framework was
approved by Alberta Environment and Water and the federal department of
Fisheries and Oceans in 2007. Work is continuing to update this surface water
quantity management framework.

Outcome 5:
Infrastructure development supports economic and

population growttl
Objective:
•

The region's infrastructure and land base available for development are
planned to facilitate population and economic growth and efficient use.

Strategies:
a) Use the Comprehensive Regional Infrastructure Sustainability
Plan (CRISP) process to augment and facilitate the planning in the region
where oil sands development will create rapid growth and significant
development pressures.
Plan for a Fort McMurray Urban Development Sub-region to
facilitate effective land-use planning, efficient infrastructure
construction and timely land release and land developments as
Fort McMurray continues to grow.
b) Ensure that opportunities for future routes and siting for pipeline
gateways. transportation corridors and utility and electrical
transmission corridors are maintained in the region and in
consideration of the needs of adjacent regions and jurisdictions.
c) Utilize the minimum amount of land required for developments (new
residential, commercial and industrial).
d) Plan, design and locate future development in a manner that utilizes
existing infrastructure and minimizes the need for new or expanded
infrastructure.
e) Identify critical economic linkages to markets including:

581

•

the Mackenzie Delta to connect with the Asia-Pacific markets;

•

North-south linking the Industrial Heartland and the Fort McMurray
area;

•

North-south linking Fort McMurray and the NorthwestTerritories;
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•

North-south linking Fort McMurray and Lac La Biche; and

•

East-west linking Fort McMurray to La Loche, Saskatchewan (east) and
Red Earth Creek (west).

The rapid rate of growth in the Lower Athabasca Region is expected to
continue. A proactive approach to planning for infrastructure and urban growth
is needed to ensure the region is an attractive place to live and do business.
Investment and the work on oil sands projects begin years in advance of
production.This planning process should focus on anticipated investment and
population growth.
The Athabasca CRISP, released in May 20 II, projects what infrastructure may be
needed based on incremental population growth and oil sands production levels
to a maximum of six million barrels per day (the estimated amount that
potentially could be reached by the year 2045).
Maintaining future opportunities for development of provincial and cross-border
infrastructure will help make the region's economy innovative and competitive.
Infrastructure, including pipeline corridors to connect the oil sands with new
markets nationally and internationally, transportation and utility corridors and
electricity transmission systems will ensure long-term optimization of the
region's oil sands and sustain a diversity of existing and future economic
activities in the Lower Athabasca Region and Alberta. A multi-use corridor
system would be a competitive advantage and position Alberta as a trade
gateway to grow new markets for Alberta goods and services.

A multi-use corridor is a
dedicated land area
identified by the
Govemment ofAlberta for
co-location of linear
infrastructure that supports
critical economic linkages to
markets.These corridors
may include:
•

Public highways;

•

Electric transmission;

•

High speed rail and rail;

•

Pipelines (i.e., oil, gas,
bitumen, carbon
dioxide);

•

Water management;

•

Telecommunications
towers and
underground fibre-optic
cables; and

•

Recreation trails.

It is recognized that additional work needs to be undertaken to determine
transportation corridor and utility corridor plans linking the Athabasca and Cold
Lake oil sands regions and Alberta's Industrial Heartland to minimize the
environmental impact of individual lines and routes. By siting infrastructure
needed to support development in an orderly, timely and environmentally
sustainable manner, transportation corridors and utility corridors will help
facilitate economic and community development.
Indicators:
•

Oil sands projects: current, approved and pending;

•

Regional population;

•

Traffle counts;

•

Cost of construction;

•

Cost of living; and

•

Rental affordability.
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Outcome 6:
The quality of life of residents is enhanced through increased
opportunities for recreation and active living
ObJective:
•

L2nd-use activities In the
existing provincial parks

system will be managed in

accordance with relevant
legislation.

Provide a wide range of recreation and tourism opportunities that meet
the preferences of regional residents and visitors.

Strategies:
a) Designate new provincial recreation areas to address growing demand
for recreational opportunities in the region and provide a secure land base
to support tourism development (e.g., serviced and un-servicecl
campgrounds, day-use areas, boat launches, motorized staging areas,
designated motorized and non-motorized trails, private sector lodges and
developments). (See Schedule G - LARP Digital Map and
Schedule F - LARP Land Uses.)
b) Create new public land areas for recreation and tourism in the
region that contain unique feattJres, scenery or settings to address the
growing demand for recreational opportunities and provide an attractive
land base for tourism investment. (See Schedule G - LARP Digital Map and
Schedule F - LARP Land Uses.)
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Part 7 Recreation and Tourism
Definitions
39 In this Part,
(a) "provincial recreation area" means lands identified as a provincial recreation area and labelled "A"
through "I" on the LARP Digital Map;
(b) "public land area for recreation and tourism" means lands identified as a public land area for
recreation and tourism and labelled "1" through "5" on the LARP Digital Map;

(c) "water" means water as defined in the Water Act.

Designated Minister for public land areas for recreation and tourism
40 For the purposes of this Part in respect of public land areas for recreation and tourism, the Minister
designated under section 16 of the Government Organization Act as the Minister responsible for the Public
.La7ul.s Act is the Designated Minister.
Designated Minister in respect of provincial recreation areas
41 For the purposes ofthis Part in respect of provincial recreation areas, the Minister designated under section
16 of the Govemment Organization Act as the Minister responsible for the Provincial Parks Act is the

Designated Minister.

Recreation and tourism objectives
42 In respect of public land areas for recreation and tourism and provincial recreation areas, the Designated
Minister may take whatever steps that in the opinion of the Designated Minister are desirable for achieving the
recreation and tourism objectives of the LARP Strategic Plan and implementing Schedule "F'' to the LARP
Implementation Plan.
Renewal of certain statutory consents In provincial recreation areas
43 Subject to any other law, a statutory consent may be renewed in a provincial recreation area if the statutory
consent is, at the effective date of renewal, in good standing under the provisions of the enactment or
enactments applicable to the statutory consent, and
(a) if the statutory consent is consistent with this regional plan; or
(b) if the statutory consent is inconsistent with or non-compliant with this regional plan, within the

meaning of section 11 (2), but
(i)

is an agreement under the Mines and Minerals Act or a disposition under the Public .La7ul.s Act
that is valid and subsisting at the time this regional plan comes into force, or

(ii) if it is not an agreement or disposition referred to in subclause (i), but is, within the meaning of
section 11(4), incidental to an agreement or disposition referred to in subclause (i).
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Part 7 Recreation and Tourism - cont'd
Access to water
44 Subject to any other law, where a decision-maker under the Environmental Protection and Enhancement Act
or Water Act issues a statutory consent under either ofthose Acts respecting water in or adjacent to a provincial
recreation area identified as a provincial recreation area and labelled "A" through "I" on the LARP Digital Map,
the Designated Minister shall pennit access to the water through the provincial recreation area to the extent
necessary for the holder to comply with the statutory consent.
Programs to manage obJectives
45 In respect of the land use in public land areas for recreation and tourism and provincial recreation areas, the
Designated Minister shall establish and maintain programs evaluating the effectiveness ofthe public land area
for recreation and tourism or provincial recreation area in meeting the recreation and tourism objectives in the
LARP Strategic Plan and LARP Implementation Plan.
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c) Develop the regional parks plan for the Lower Athabasca Region to
direct the planning and management of new and existing parks within the
provincial parks system.
d) In collaboration with aboriginal and other communities, stakeholders and
partners, co-ordinate the development of the Lower Athabasca Regional
Trail System Plan to designate trails, routes and areas which link
communities, destinations and other jurisdictions with the region's parks,
recreation features and open spaces. (See Schedule E for plan details.)
e) Collect regional data in the fonn of a recreation and tourism resource
inventory that includes the completion of a scenic resource assessment
inventory and a regional recreational demand and satisfaction survey. Data
collected will inform recreation and tourism planning and prioritize product,
service and infrastructure development.
A growing, prosperous and mobile population is changing the type of
experiences people are looking for and putting more pressure on the land. More
people are seeking outdoor recreational opportunities such as camping, picnic
and day-use areas or trail-based recreation. In addition to identifying Lakeland
Country as an iconic tourism destination, there is a significant need for diverse
recreation opportunities close to urban centres such as Fort McMurray, Cold
Lake, Bonnyville and Lac La Biche. Ongoing monitoring of regional recreation
needs (i.e., regional recreation demand and satisfaction survey) is required to
ensure all partners can better respond to local needs.
Indicators:
•

Satisfaction with recreational opportunities within the region;

•

Area per capita of parks or designated open space for recreation (provincial
and municipal); and

•

Recreation infrastructure, such as number of campsites and kilometers of
designated trails.

Outcome 7:
Inclusion of aboriginal peoples in land-use planning
Objective:
•

To encourage aboriginal peoples' participation in land-use planning and input
to decision-making in recognition of the cultural and economic importance
of land use to those aboriginal communities with constitutionally protected
rights.This will provide both aboriginal communities and the Government of
Alberta with a basis for better addressing current and potential land-use
conflicts, in a manner supportive of aboriginal traditional uses, such as the
exercise of treaty rights.

Strategies:
a) In accordance with applicable government policy as it may be from time to
time, the Government of Alberta will continue to consult with aboriginal
peoples in a meaningful way when government decisions may adversely
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affect the continued exercise of their constitutionally protected rights, and
the input from such consultations continues to be considered prior to the
decision.
b) Engage aboriginal communities in the development of the Lower
Athabasca Regional Trail System Plan (See Schedule E for details.)
c) Engage aboriginal communities in the development of a surface water
quantity management framework for the Lower Athabasca
River. (See Outcome 4 for details.)
d) Engage aboriginal communities on initiatives to support tourism
development including:
•

Tourism opportunity assessments for the Quarry of the Ancestors,
Bitumount and Fort Chipewyan. (See Outcome I for details);

•

The promotion of cross-cultural awareness and sharing cultural
experience through visitor based activities:

•

Opportunities to align and enhance partnerships at the provincial,
regional and local levels to enhance Alberta's range of authentic
products while promoting and protecting natural and cultural
resources and heritage lifestyles;

•

Opportunities to balance tourism product expansion with the needs
of communities through business opportunities (e.g., potential
opportunity to focus on revenue generation by promoting small and
medium sized businesses, and developing careers and education
thereby increasing employment opportunities); and

•

The development of partnerships based on the sensitive provision of
authentic traditional tourism products, experiences, stories and
imaginative product diversification.

e) Invite First Nations expressing an interest in the Richardson
Backcountry to be involved in a sub-regional initiative called the
First Nations-Richardson Backcountry Stewardship Initiative
(Richardson Initiative).Within the Richardson area. this initiative will
consider:

f)

•

Impact to treaty rights to hunt, fish and trap for food:

•

Fish and wildlife management, access management and
economidbusiness opportunities; and

•

Management of new wildland provincial parks and public land areas for
recreation and tourism.

In developing a biodiversity management framework and a
landscape management plan, the Government ofAlberta will work
with First Nations to consider:

•

How First Nations' exercise of constitutionally protected rights to
hunt, fish and trap for food can continue to occur within reasonable
proximity of First Nations' main population centres; and

•

How to minimize land disturbance in the Athabasca River corridor
north of Fort McMurray.
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Indicators:
Participation rate of First Nations in the Richardson Initiative; and
•

Aboriginal peoples continue to be consulted when Government of Alberta
decisions may adversely affect their continued exercise of their
constitutionally protected rights, and the input from such consultations
continues to be reviewed prior to the decision.

Monitoring, Evaluation and Reporting
Monitoring, evaluation and reporting are key activities for the success of the
Lower Athabasca Regional Plan.To respond effectively to changing circumstances
and new information, government must have a way to assess regional planning
progress on objectives and outcomes and initiate corrective action where
required. A system of monitoring, evaluation, reporting and improvement is
needed to determine the effectiveness of the regional plan {i.e., to determine if
land-use strategies and actions will fulfill the regional plans' objectives and
outcomes).

Monitoring
On an ongoing basis, government will systematically collect and store
data for indicators about the progress of achievement of the
Lower Athabasca Regional Plan outcomes.The indicators
identified in Table I show the broad economic, environmental
and social outcomes desired for the region. Government will
be responsible for collecting data for these indicators over
the span of the regional plan and for monitoring the data
trends showing changes occurring in the region.

Monitor

I

Improve I

~-------, f1 ~--------'-'--------

Evaluation
1

Report:[ <1

EwJuate

I

The monitoring data will undergo rigorous evaluation,
analysis and interpretation of results within the context of
government policies and strategies designed to achieve the regional objectives
and assure management actions are appropriate spatially and temporally.

This includes ministerial evaluation of monitoring data against the limits and
triggers established for the region. Wherever possible, the contributions of
subject matter experts within the stakeholder community will be encouraged as
input into this process.

Reporting
Government will use various mechanisms to formally communicate on regional
plan progress to the public, including the release of reports on an annual basis
that speak directly to the plan, as well as ministry communications that address
more specific aspects of the plan. Government websites like the Land-use
Framework website (www.landuse.alberta.ca) and ministry websites will also be
sources for monitoring information and progress updates related to the LARP.
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At least once every five years, an audit committee will be appointed to
determine if regional objectives and policies are meeting the purposes of the
Alberta Land Stewardship Aa.The committee will make a public report to the
Stewardship Minister. At least once every I 0 years, a comprehensive review of
the plan and a report on its effectiveness will be initiated by the Land Use
Secretariat and submitted to the Stewardship Minister.This review may result
in the plan being amended, replaced, renewed or repealed.

Continuously lmprovinz
This on-going cycle of monitoring, evaluating and reporting encourages
continuous improvements in decision-making and actions, so current and
future generations achieve the balance desired between economic,
environmental and social outcomes in Lower Athabasca.
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Part 8 Monitoring and Reporting
Definitions
46 In this Part,

(a) "lead ministry" means the government department identified in the columns labelled "Lead Ministry"
in Tables 1 and 2 of the LARP Implementation Plan in respect of one or more supporting indicators,
strategies and outcomes of this regional plan;
(b) "strategy" means the strategy identified in the columns labelled "Strategies" in Table 2 of the LARP
Implementation Plan;
(c) '~gional outcome" means the outcome identified in the columns labelled '"Provincial and Regional
Outcomes" in Tables 1 and 2 of the LARP Implementation Plan;
(d) "supporting indicator'' means the supporting indicator identified in the columns labelled "Supporting
Indicators" in Table 1 of the LARP Implementation Plan.
Designated Minister
47(1) For the purposes of this Part, the Minister responsible from time to time for a lead ministry identified for
the purposes of a supporting indicator or strategy in the corresponding row in Tables 1 and 2 of the LARP
Implementation Plan is the Designated Minister.

(2) In the event a lead ministry is amalgamated with another lead ministry, is divided, or otherwise ceases to
exist, the Stewardship Minister may, by order, designate a Designated Minister for the purposes this Part in
respect of one or more regional outcomes and strategies for the purposes of which the former lead ministry is
identified in Tables 1 and 2 of the LARP Implementation Plan.
Programs to manage objectiv•
48 In respect of each supporting indicator and strategy for which the Designated Minister is responsible, as
identified in Tables 1 and 2 of the LARP Implementation Plan, the Designated Minister shall establish and
maintain programs monitoring and evaluating

(a) the status of each supporting indicator, and
(b) the effectiveness of each strategy,
in achieving the regional outcome identified in the corresponding row in those Tables.
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Table 1
Regional Outcomes and Supporting Indicators
Provincial and
Regional Outcomes

Supporting Indicators

Lead MinistJ"y

Healthy economy supported by our land and natural ra10urces
I. The economic potential

of the oil sands resource
Is optimized

2.Tile region's economy is
diversified

Labour force by sector ............................................... Human Services
Provincial royalties ....................................................... Energy
Personal income ........................................................... Treasury Board & Finance
Oil sands production rate .......................................... Energy
Total oil sands investment .......................................... Treasury Board and Finance/
Enterprise &Advanced Education
Cost of production ...................................................... Energy
Sectoral GOP ................................................................
Sectoral employment...................................................
Area of public land actively managed for ................
enhanced forestry
Area of land disturbance on productive land .........
base on public land in the region
Fragmentation and conversion of agricultural .......
land to non-agricultural land-uses
Tourism visitation .........................................................
Tourism visitor expenditures.....................................
Tourism occupancy ......................................................

Treasury Board & Finance
Treasury Board & Finance
Environment and Sustainable
Resource Development
Environment and Sustainable
Resource Development
Agriculture and Rural Development
Tourism, Parks and Recreation
Tourism, Parks and Recreation
Tourism, Parks and Recreation

Healthy ecolyltems and environment
3. landscapes are
managed to maintain
ecosystem function and
biodiversity

Status of Alberta species, Including species ............
at risk
Area of land disturbance on public land..................
Status of biodiversity indicators................................
Area of land retained In native vegetation..............
Area of oil sands reclamation....................................

Volume of fluid fine tailings ........................................

-4. Air and water are

See Schedules C-E........................................................

managed to support
human and ecosystem
needs

681

LawerAthalmca Regional Plan 2012-2022

Environment and Sustainable
Resource Development
Environment and Sustainable
Resource Development
Environment and Sustainable
Resource Development
Environment and Sustainable
Resource Development
Environment and Sustainable
Resource Development
Environment and Sustainable
Resource Development
Environment and Sustainable
Resource Development
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Provincial and
Regional Outcomes

Supporting Indicators

Lead Ministry

People-friendly communities with ample recreational and cultural opportunities
5.1nfrastructure
development supports
economic and
population growth

Oil sands projects: current/approved/pending .......
Regional population .....................................................
Traffic counts .................................................................
Cost of construction ...................................................
Cost of living .................................................................
Rental affordability .......................................................

Energy
Treasury Board & Finance
Transportation
Infrastructure
Treasury Board & Finance
Municipal Affairs

6. The quality of life of
residents is enhanced
through increased
opportunities for
recreation and active
living

Satisfaction with recreational opportunities ..........
within the region
Area per capita of parks or designated open ........
space for recreation (provincial and municipal)
Recreation infrastructure such as number .............
of campsites, kilometres of designated trails

Tourism, Parks and Recreation

7.1nclusion of aboriginal
peoples in land-use planning

Participation rate of Rrst Nations in the ................
Richardson Initiative

Aboriginal peoples continue to be consulted ........
when Government of Alberta decisions may
adversely affect their continued exercise of their
constitutionally protected rights, and the input
from such consultations continues to be reviewed
prior to the decision

Tourism, Parks and Recreation
Tourism, Parks and Recreation

Environment and Sustainable
Resource Development/Energy/
Tourism, Parks and Recreation/
Aboriginal Relations
Environment and Sustainable
Resource Development/Energy/
Tourism, Parks and Recreation/
Aboriginal Relations
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Table 2
Regional Outcomes and Strategies
Provincial and
Regional Outcomes

St7ategies

Lead Ministry

Timeline
{yearend)

Healthy economy supported by our land and natural ra10urces
I. Tke economic potential
of the oil sands resource
Is optimized

Alberta Provincial Energy Strategy.........
Responsible Actions: A Plan for..............
Alberta's Oil Sands
Improved regulatory process...................

Energy
Energy

Energy/Environment
Sustainable Resource
Development
Sub-regional plan using a strategic.......... Environment Sustainable
environmental assessment approach for Resource Development
the south Athabasca oil sands area
Connecting the Dots:Aboriginal ............. Human Sei"Vices
Workforce and Economic
Development In Alberta
2.Tile region's economy Is
diversified

Prevent future shortfalls in timber .........
supply
Wildfire management planning................
initiatives
The Alberta Forest Products ...................
Roadmap to 2020
Lakeland Country Destination ................
Development Strategy and Tourism
Opportunity Plan
Enhance and expand the supply ..............
of tourism products and infrastructure
Tourism development nodes ...................
Tourism opportunity assessments ..........
for Quarry oftheAncestors,
Bltumount and Fort Chlpewyan
Scenic Byways Network ...........................
Clarity in rules for physical access..........
to energy, mineral and coal resources
Promote new investment in energy, ......
mineral and coal resource development

70
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Environment and Sustainable
Resource Development
Environment and Sustainable
Resource Development
Environment and Sustainable
Resource Development
Tourism, Parks and
Recreation
Tourism, Parks and
Recreation
Tourism, Parks and
Recreation
Tourism, Parks and
Recreation/Culture
Tourism, Parks and
Recreation
Environment and Sustainable
Resource Development/
Energy
Energy

Ongoing
Ongoing
Ongoing

2013

Ongoing

Ongoing
Ongoing
Ongoing
2015

Ongoing
2015
2014

2015
Ongoing

Ongoing
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Provincial and
Regional Outcomes

Strategies

Lead Ministry

I

Timeline
(yearend)

Healthy ecosystems and environment
3. Landscapes are
managed to maintain
ecosystem function and
biodiversity

Create new conservation areas ..............
on provincial Crown land

Manage existing conserved lands ............

Develop a biodiversity management ......
framework
Develop a landscape management..........
plan for public lands in the Green Area
Complete a tailings management ............
framework
Implement the progressive .......................
reclamation strategy
4.Air and water are
managed to support
human and ecosystem
needs

Implement the Air Quality ........................
Management Framework for the Lower
Athabasca Region
Implement the Surface Water..................
Quality Management Framework for
the Lower Athabasca River
Complete and implement the ..................
Groundwater Management Framework
for the Lower Athabasca Region
Complete an updated surface .................
water quantity management framework
for the Lower Athabasca River

Environment and Sustainable
Resource Development/
Tourism, Parks and
Recreation
Environment and Sustainable
Resource Development/
Tourism, Parks and
Recreation
Environment and Sustainable
Resource Development
Environment and Sustainable
Resource Development
Environment and Sustainable
Resource Development
Environment and Sustainable
Resource Development

As soon as
practicable

Ongoing

2013
2013
Ongoing
Ongoing

Environment and Sustainable
Resource Development

Ongoing

Environment and Sustainable
Resource Development

Ongoing

Environment and Sustainable
Resource Development

2014

Environment and Sustainable
Resource Development

2012

People-friendly communities with ample recreational and cultural opportunities
S.lnfrastructure
development supports
economic and
population growth

Use CRISP to augment and ......................
facilitate planning where oil sands
development causes growth pressures
Ensure opportunities for future ..............
routes and siting for pipeline gateways,
transmission corridors utility and
electrical transmission corridors are
maintained
Critical economic linkages to ..................
markets

Energy
Ongoing
EnergyfTransportation
Ongoing

Transportation/Enterprise &
Advanced Education

Ongoing
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Provincial and
Relional Outcomes

Strategies

Lead Ministry

Timeline
(year-end)

People..,riendly communities with ample recreational and cultural opportunities • cont'd
6.Tile quality of life of
residents is enhanced
throughincneased
opportunities for
recreation and active
living

Designate new provincial..........................
recreation areas to address growing
demand for recreational opportunities
Create public land areas for.....................
recreation and tourism that contain
unique features or settings
Develop the regional parks plan for.......
the Lower Athabasca
Develop the Lower Athabasca.................
Regional Trail System Plan

Collect regional data Including ................
completion of recreation and tourism
inventory, a scenic resource assessment
inventory and a regional recreational
demand and satisfaction survey.
7. Inclusion of aboriginal
peoples In land-use
planning

721

Continue to consult with aboriginal ......
peoples in a meaningful wq when
government decisions may adversely
affect the continued exercise of their
constitutionally protected rights.
Invite First Nations expressing an ..........
interest in the Richardson Backcountry
to be involved in a sub-regional
initiative called d1e First NationsRichardson Backcountry Stewardship
Initiative (Richardson Initiative)

LawerAthalmca Regional Plan 2012-2022

Tourism, Parks and
Recreation

As soon as

Tourism, Parks and
Recreation/Environment and
Sustainable Resource
Development
Tourism, Parks and
Recreation
Tourism, Parks and
Recreation/Environment and
Sustainable Resource
Development
Tourism, Parks and
Recreation

As soon as

Environment and Sustainable
Resource Development/
Energy/Tourism, Parks and
Recreation/Aboriginal
Relations
Environment and Sustainable
Resource Development/
Energy/Tourism, Parks and
Recreation/Aboriginal
Relations

practicable

practicable

2013
Ongoing

Ongoing

Ongoing

Ongoing
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Schedule A:
Air Quality Management Framework Limits and
Triggers
TableA-1. Annual Ambient Air QualityTriggers and Limits for N01
and sol
Description

so1

N01

Limit1

45

~glm 3

Trigger for Level 3

30

~glm 3 ( 16

Trigger for Levell

IS

(24 ppb)•

~glm 3

20 ~glm 3 (8 ppb) •

ppb)

13

(8 ppb)

8

~glm3 (5
~glm 3 (3

ppb)
ppb)

Triggers and limits apply at continuous air monitoring stations as reported
through the Clean Air Strategic Alliance Data Warehouse.
1

Annual air quality limits are based uponAibertaAmbientAir Quality
Objectives.

TableA-2. Ambient Air QualityTriggers Based on 99th Percentile of
the Hourly Data Over a Year
Trigger

N01

502

Trigger for Leve14

176 ~glm 3 (92 ppb)

94

Trigger for Level 3

118 ~glm 3 (62 ppb)

63 ~glm 3 (24 ppb)

Trigger for Levell

57

~glm 3 (30

ppb)

31

~glm 3

~glm 3

(36 ppb)

(12 ppb)

Triggers apply at continuous air monitoring stations as reported through the
Clean Air Strategic Alliance Data Warehouse.
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Schedule B:
Surface Water Quality Management Framework Limits
and Triggers
Table B-1. Ambient Surface Water QualityTrigers and Limits for
the Athabasca River at Old Fort - General Indicators
All values are in mg/L
General
Indicator

Surf'ace Water QualityTrigen
Mean
Peak

Surf'ace Water
Quality Limit

Calcium (Ca1}

34.7

48.9

1,000 b

Chloride (CI·)

20.2

45.0

100 b

Magnesium (Mg+)

9.5

13.7

-

Potassium (K}

1.4

2.1

-

Sodium (Na+)

21.5

43.7

200 c

Sulphate (S04·)

26.7

41.4

500 c

Total Dissolved
Phosphorus (TOP)

0.016

0.032

Total Phosphorus (TP)

0.074

0.261

Nitrate (N03-N)

0.092

0.264

2.935.

Total Ammonia
(NH3+4-N)

0.05

0.12

Varieswith pH
and temperature d, 1

Total Nitrogen (TN)

0.597

1.041

-

-

a CCME Guidelines for the Protection ofAquatJc Ufe
b CCM E Guidelines for the Protection of Agricultural Water Uses
cThe Guidelines for Canadian DrinkingWater Quality
d U.S. EPA Aquatic Life Criteria
I Fish early life stages present:
chronic criterion ((O.OSn/( I + I07iA1'1i)) + (2.487/( I + IQPH·7-'-)))
x MIN (2.85, I AS ·100·018 '(25-ll). SeeTableAl in the framework for compumd
temperature and pH-dependent total ammonia values andTableA4 for
temperature and pH values from the Old Fort monitoring station.

=
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Table B-2. Ambient Surface Water Quality Triggers and Limits for the
Athabasca River at Old Fort- Metal Indicators
All values are in

Metal
Indicator

~giL; D=dissolved, T=total.

Surface Water Quality Triggers
Mean
Peak

Surface Water
Quality Limit

Aluminum D

16

49

-

AluminumT

1533

6454

-

Antimony D

0.107

0.202

-

0.148

0.388

6 c,l,2

Arsenic D

0.5

0.7

-

ArsenicT

1.1

2.5

s•

Barium D

52.6

73.7

-

BariumT

79.3

147.6

1,000 c

BerylliumT

o.on

0.269

I 00 b.l

BismuthT

0.0172

0.0564

-

Boron D

26

40

-

BoronT

48

69

500

Cadmium D

0.0997

0.5150

-

CadmiumT

0.3

1.2

-

Chromium D

0.41

0.65

-

ChromiumT

3

8

soc

Cobalt D

0.07

0.11

-

CobaltT

0.8

2.2

50 b

Copper D

1.6

3.6

-

CopperT

3.1

7.2

-

Iron D

185

372

lronT

1899

5821

-

Lead D

0.56

0.56

-

LeadT

3.3

7.0

Lithium D

6

9

-

LithiumT

9

12

2,500 b

Manganese D

12

36

ManganeseT

65

141

-

0.0051

0.0159

-

Molybdenum D

0.7

1.2

-

Molybdenum T

0.9

1.6

10 b

AntimonyT

MercuryT

b
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Mean

Peak

Surface Water
Quality Limit

Nickel D

1.6

4.7

-

NickeiT

3.4

8.2

Varies with
hardness d."

Selenium D

0.229

0.409

-

SeleniumT

0.333

0.581

I•

SilverT

0.0243

0.0677

0.1•

Strontium D

215

361

-

StrontiumT

225

361

-

Thallium D

0.0238

0.1137

-

ThalliumT

0.0546

0.1751

0.8•

Thorium D

0.0284

0.0942

ThoriumT

0.35

1.44

-

Titanium D

2

7

TitaniumT

30

104

Uranium D

0.313

0.381

-

UraniumT

0.4

0.7

Iob,s

Vanadium D

0.450

0.698

-

VanadiumT

4

16

IOOb

ZincD

4.5

12.4

ZincT

12.3

25.6

-

Metal
Indicator

Surface Water Quality Triggers

-

a CCME Guidelines for the Protection ofAquatic Ufe
b CCM E Guidelines for the Protection of Agricultural Watl!r Uses
cThe Guidelines for Canadian DrlnklngWater Quality
d U.S. EPA Aquatic Life Criteria
I Developed as an interim maximum acceptable concentration
2 Faucets should be thoroughly flushed before watl!r is taken for consumption
or analysis
3 Livestock watering guideline is interim
4 Total nickel CCC eo.&t6~ h..a-.)-+0.0584 ~giL, where hardness Is measured In
mg/L CaC03. See Table A-4 in the framework for alkalinity (CaC03) values
from the Old Fort Monitoring Station.
5 Interim guideline

=
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Schedule C:
Groundwater Management Framework Interim Quality
Triggers
Table C-l.lnterim Regional Groundwater QualityTriggers for the NorthAthabasca Oil SandsArea
TDS

Interval

I,J

Na'·4

Cl'·4

504 1

TAN

I,J

As'

SP

NAs'.l

Surficial deposits

600 1

so•

20 1

50

I'

0.003

10

2'

Buried channels

1,000 1

IS0 1

so•

250

!l

0.003

10

3]

Basal McMurray AMU I

1,0003

2004

2504

400

23

0.003

10

s•

Basal McMurray AMU2

3,7003

1,0001

1,100 1

400

2]

0.003

10

20 1

.

. .

.

.

Table C-l.lnter1m Reg1onal Groundwater QuahtyTr1ggers for the SouthAthabasca 011 SandsArea
Interval

Temperature TDS 3
Change 3

CP N03

3

As

1

SP

Bl

BTEX 3 Phenols 3

600

50

o.os

0.003

10

0.2

<10% DF

0.005

Buried channels

soc
rc

1,000

100

0.01

0.003

10

0.4

<10% DF

0.005

Grand Rapids Formation

2°C

2,000

1,000 0.01

0.003

10

1.0

<10% DF

0.010

Clearwater Formation

rc
rc

3,500

1,000 0.01

0.003

10

1.5

<10% DF

0.010

3,500

1,500 0.01

0.003

10

2.0

<10% DF

0.010

Surficial deposits

McMurray Formation

Note: the Grand Rapids, Clearwater and McMurray Aquifers are saline in some of the south Athabasca oil sands
area.
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Table C-3.1nterim Regional Groundwater QualityTriggers for the Cold Lake-Beaver River Area
Interval

Temperature TDS 4
Change 3

Sand River Formation

2°C

5ao

Ethel Lake Formation

rc

Bonnyville Formation Sand I

2°C

Muriel Lake Formation

2°C

Empress Formation Unit 3

2°C

Empress Formation Unit I

2°C

5ao
sao
5ao
sao
sao

CP

N03
as N 2

25

2.0

0.010

0.0092

0.22

25

0.5

0.010

0.0093

0.23

125

0.2

0.010

0.0092

O•..P

125

0.2

0.010

0.0092

O•..P

200

0.1

0.010

0.0062

O•..P

100

0.1

0.010

0.0()42

O...P

TAN 3

As ..

Phenols 2..1 PHC
fl:l.l

The following information applies to tables C-1, C-2 and C-3.Values are interim in nature and subject to
refinement based on results generated by regional groundwater monitoring.
Concentrations are shown in mg/L.

I Value represents the 75th percentile of data from the existing database for each identified interval.
2 Value represents the 95th percentile of data from the existing database for each identified interval.
3 Values selected based on regional knowledge and professional judgment.
4 Value is from the Guidelines for Canadian Drinking Water Quality (Health Canada 20 I 0).
AMU = aquifer management unit

TDS = total dissolved solids

Na =sodium
Cl = chloride

S04 =sulphate
N03 =nitrate
N =nitrogen
TAN = total ammonia nitrogen

As= arsenic
Si =silica
B =boron

NAs

=naphthenic acids

BTEX = benzene, toluene, ethylbenzene and total xylenes
PHC FI = petroleum hydrocarbons (fraction I)
DF = detection frequency
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ScheduleD:
Lakeland Country Destination Development Strategy and
Tourism Opportunity Plan
Lakeland Country will be developed as a provincial iconic tourism destination to:
•

Diversify the regional and local economy;

•

Increase tourism visitation, length of stay, visitor expenditures and enhance
recreational opportunities;

•

Offer a full range of recreation and tourism settings and activities with a
particular focus on the water-based features that are unique in Alberta, and
the rich cultural and heritage resources;

•

Provide an attractive tourism destination for local, provincial, national and
international visitors;

•

Support hunting, fishing and trapping (including by aboriginal peoples).
Hunting includes commercial guiding and outfitting operations where wildlife
species management plans provide an allocation for that use;

•

Protect and maintain private property rights;

•

Honour existing direction regarding statutory consents and tenures on
public lands; and

•

Provide for the continued issuance of new statutory consents and tenures
on public lands.

In developing Lakeland Country as a provincial iconic tourism destination, the
Government of Alberta will work with First Nations to consider how First
Nations' exercise of constitutionally protected rights to hunt, fish and trap for
food can continue to occur within reasonable proximity of First Nations' main
population centres.
The purpose of a tourism destination development strategy is to focus regional
development resources on enhancing tourism products and services in iconic
experience areas and implement strategies that develop Lakeland Country's
destinations in collaboration with partners. Specific goals are to:
•

Identify and provide direction to enhance and sustain a quality land base to
support tourism development;

•

Identify significant recreation and tourism features, settings and scenery on
public lands and ensure impacts to these features, settings and scenery are
minimized;

•

Identify and prioritize significant attractions and experiences;

•

Identify the need for new investment in infrastructure that supports the
ongoing development of tourism;

•

Identify tourism product development opportunities for the public, private
and not-for-profit sectors;

•

Research and identify new trends in recreation and tourism activities; and
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•

Identify strategies to ensure tourism development is sustainable and meets
any regional or area-specific environmental thresholds.

The purpose of a tourism opportunity plan is to provide direction for the
sustainable development of tourism products and services in Lakeland
Country over the next ten years to 2022. and in consideration of other
economic and social interests and values in the area. It will:

•

Identify tourism product development priorities for the public, private and
not-for-profit sectors;

•

Identify new and enhance existing tourism products that meet future
visitor expectations and demands;

•

Support and enhance historic and current recreation and tourism activities
while identifying new activities appropriate to the region;

•

Identify new investment opportunities to infrastructure that supports the
ongoing development of tourism;

•

Provide relevant research based information on tourism supply and
demand;

•

Provide an agreed focus and mechanisms for engagement with the tourism
industry, infrastructure providers and private investors;

•

Identify a destination brand and establish a marketing plan for the
destination; and

•

Provide a detailed implementation action plan, funding priorities and
funding strategies.

Both the strategy and the plan will be developed as an Alberta Land Stewardship

Act issue-specific plan (AL.SA sec 10) and will be led byTourism, Parks and
Recreation, with significant consultation and engagement with other ministries,
aboriginal peoples, local governments, stakeholders and the public.

Schedule E:
Lower Athabasca Regional Trail System Plan
Tourism, Parks and Recreation and Sustainable Resource Development will
collaborate with and engage aboriginal peoples, municipal governments,
stakeholders and the public to develop a regional trail system plan.The
regional trail system plan will:

80

I

•

Use the Alberta Recreation Corridor and Trails Classification System to
identify and designate winter and summer motorized. non-motorized and
mixed-use land- and water-based trails, routes and areas that link
communities, neighbourhoods, destinations and other jurisdictions with
the region's parks. open spaces and recreation and tourism management
areas;

•

Identify and designate high intensity motorized recreation areas;

•

Identify other infrastructure and facilities necessary to support trails based
recreation; and
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•

Be planned, developed and managed in accordance with the standards and
guides set out in the Alberta Recreation Corridor and Trails Classification
System and other supporting documents.

The development of the regional trail system plan will include:
•

The identification and analysis of recreation trail demands, supply and gaps;

•

An inventory and assessment of the sustainability and quality of existing
trails, usel'\ocreated travel routes and areas;

•

The gathering and analysis of environmental, resource, land use, aboriginal
and other social data and land-use commitments;

•

The development, assessment and consultation on options and scenarios for
regional trail system design.This will include an assessment of the benefits
and risks of these options and scenarios for other objectives in the LARP,
their consistency with other provisions in the LARP and existing land-use
commitments;

•

In accordance with the Alberta Recreation Corridor and Trails Classification
System, establish the class, desired experience and explicit management
objective statement for each trail, route or area in the system;

•

Trail, route and area development, maintenance and management priorities;
information and education strategies and performance monitoring;

•

Direction on enforcement, including plans for any modifications of--or
enhancements to--the existing enforcement capability needed to achieve
timely, fair and effective enforcement of restrictions on trail use, access and
associated activities that support the objectives of the regional trail system;
and

•

The identification of industrial access, resource roads or developments that
could contribute to the regional trail system and where reclamation
requirements may be deferred and/or amended to reflect their contribution
to the regional trail system.

When assessing trail system design scenarios, the following criteria shall be
considered in decisions to designate the regional trail system:
•

Quality of the recreational experience;

•

Sensitivity of-and risks of--unacceptable disturbance to soil, vegetation,
watershed, wildlife, wildlife habitat and other forest resources;

•

Historic resources;

•

Existing recreational uses;

•

Conflicts between motorized and non-motorized recreational activities;

•

Conflicts and compatibility between recreation, industrial and other
land-use activities including resource development;

•

Public safety;

•

Net benefit to the community;

•

Identification of a trail operator;

•

Linkages to a larger provincial trail network and other nearby routes;
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Schedule F: LARP Land Uses
Existing Conservation Areas
Area Name

Area

Size
(ha)

Per Cent of
the Region
(9,321,2'17 ha)

Legal
Designation

Permitted-Ac.tivities

(-./ =permitted, X =not permitted)
Petroleum and
Natural Gas
(Note I)

Oil Sands,
Metallic and
Industrial Minerals
and Coal
(Note 2)

Surface
Materials
(Note 3)

Forestry

Grazing
(Note 5)

Motorized
Recreation on
Designated
Routes Only

Hunting. Fishing.
Trapping (includin11
by abori3inal
peoples)
(Note 6)

Multi-use
Corridors
(Note 7)

18,1o47

0.19

Wildland
Provincial Park

X

X

X

X

X

-./

-./

X

Colin-Cornall

70,-428

0.76

Wildland
Provincial Park

X

X

X

X

X

-./

-./

X

Fidlel'oGreywillow

6,521

0.07

Wildland
Provincial Park

X

X

X

X

X

-./

-./

X

Maybelle River

15,308

0.16

Wildland
Provincial Park

X

X

X

X

X

-./

-./

X

Richardson Dunes

32,033

0.3-4

Wildland
Provincial Park

X

X

X

X

X

-./

-./

X

Birch Mountains

1......,505

1.55

Wildland
Provincial Park

X

X

X

X

X

Snowvehic:le
on desi3nated
trails

-./

X

Marguerite River

196,302

2.11

Wildland
Provincial Park

X

X

X

X

X

-./

-./

X

Whitemud Falls

3,8-48

0.0-4

Wildland
Provincial Park

X

X

X

X

X

-./

-./

X

Gipsy Lake

35,766

0.38

X

X

X

X

X

-./

-./

X

..r.:

Wildland
Provincial Park

Stony Mountain

13,326

0.1 ...

Wildland
Provincial Park

X

X

X

X

X

-./

-./

X

~

Grand Rapids

26,332

0.28

Wildland
Provincial Park

X

X

X

X

X

-./

-./

X

Athabasca Dunes

3,no

0.0-4

EcoiOBical
Reserve

X

X

X

X

X

X

X

X

Crow lake

938

0.01

Ecol011ical
Reserve

X

X

X

X

X

X

X

X

Egg Island

0.36

0.00

EcoiOBical
Reserve

X

X

X

X

X

X

X

X

Whitemud Falls

86.5

0.01

EcoiOBical
Reserve

X

X

X

X

X

X

X

X
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La Butte Creek
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lNew Conservation Areas {Note 8)
Area

Area Name

"'l
g

Area
Size
(ha)

Per Cent of
the Region
(9,321 ,2'17 ha)

I
Legal
Designation

~0

Pennitted-Ac.tivities

Petroleum and
Natural Gas
(Note I)

Oil Sands.
Metallic: and
Industrial Minerals
and Coal
{Note 2)

Surface
Materials
(Note 3)

Forestry

::I

!!!..

~

1-.1
0
1-.1

Gruing
(Note 5)

Motorized
Recreation on
Designated
Routes Only

Hunting, Fishing,
Trapping (including
by aboriginal
peoples)
{Note 6)

Multi-use
Corridors
(Note 7)

I

Kazan
Wildland Park

570,955

6.13

Wildland
Provincial Park

X

X

X

Wildfirelinsec:t
and disease
management only

"'

"'

"'

"'

2

Richardson
Wildland Park

265,825

2.85

Wildland
Provincial Park

X

X

X

Wlldllrelinsec:t
and disease
management only

"'

"'

"'

"'

3

Gipsy-Gordon
Wildland Park

158,5-42

1.70

Wildland
Provincial Park

X

X

X

Wildflrelinsec:t
and disease
management only

"'

"'

"'

"'

-4.

Birch Mountains
Wildland Park
(expansion)

2.,70-4

0.03

Wildland
Provincial Park

X

X

X

Wildfirelinsec:t
and disease
management only

"'

"'

"'

"'

5

Dillon River
Conservation Area

191,5-4-4

2.05

Wildland
Provincial Park

X

X

X

Wlldllrelinsec:t
and disease
management only

"'

"'

"'

"'

6

Birch River
Conservation Area

331,832

3.56

Public: Land
Use Zone

X

X

X

Ecosystem
forestry {Note -4)

"'

"'

"'

"'

Total

1,511,-402

16.32

I

1-.1

~

I

I
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Existin1 Provincial Parks for Recreation (Provincial Parks)
Area Name

Area
Size
(ha)

Permitted-Ac:tivities

Petroleum and
Natural Gas
(Note I)

Oil Sands,
Metallic and
Industrial Minerals
and Coal
(Note 2)

Surface
Materials
(Note 3)

Forestry

Grazin&
(Note 5)

Motorized
Recreation

Hunting. Fishing.
Trappin& (including
by aboriginal
peoples)
(Note 6)

Multi-use
Corridors
(Note 7)

0.63

Provincial Park
and Provincial
Recreation Area

X

X

X

X

</

On designated
trails only

</ (in provincial
recreation area on
designated trails

X

662

0.01

Provincial Park

X

X

X

X

</

X

X

X

5,849

0.06

Provincial Park

X

X

X

X

</

X

X

X

Moose Lake

734

0.01

Provincial Park

X

X

X

X

</

X

X

X

Gregoire Lake

735

0.01

Provincial Park

X

X

X

X

</

X

X

X

Crow lake

696

0.01

Provincial Park

X

X

X

X

</

X

X

X

Garner Orchid Fen

166

0.002

Natural Area

X

X

X

X

</

</

</

</

La Saline

292

0.003

Natural Area

X

X

X

X

</

</

</

</

68,16-4

0.73

Sir Winston
Churchill
Cold Lake

I

legal
Designation

59,030

Lakeland

[

Per Cent of
the Region
(9,321,2-47 ha)

Total

"'1
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New Provincial Recreation Areas
Area

Area Name

"'l
g

Area
Size
(ha)

Per Cent of
the Region
(9,321,2-47 ha)

Permitted-Ac:tivities

legal
Designation

~0

Petroleum and
Natural Gas
(Note I)

Oil Sands,
Metallic and
Industrial Minerals
and Coal
(Note 2)

Surface
Materials
(Note 3)

::I

!!!..

~

1-.1
0
1-.1

Forestry

~

Motorized
Recreation on
Designated
Routes Only

Hunting. Fishing.
Trapping (including
by aboriginal
peoples)
(Note 6)

Multi-use
Corridors
(Note 7)

A

Slave River Rapids

8,532

0.09

Provincial
Recreation Area

X

X

X

X

v

v

v

v

B

Andrew Lake

10,610

0.11

Provincial
Recreation Area

X

X

X

X

v

v

v

v

I

1-.1

Grazing
(Note 5)

Gardiner Lakes

c

Gregoire Lake

D

Christina Crossing

E

To be incorporated into the Birch Mountain Wildland Park
-4,396

0.05

Provincial
Recreation Area

X

X

X

X

v

v

v

v

555

0.01

Provincial
Recreation Area

X

X

X

X

v

v

v

v

Cowper Lake

-4,561

0.05

Provincial
Recreation Area

X

X

X

X

v

v

v

v

F

Crow Lake

1,176

0.01

Provincial
Recreation Area

X

X

X

X

v

v

v

v

G

Goodwin Lake

-410

0.00-4

Provincial
Recreation Area

X

X

X

X

v

v

v

v

H

Clyde Lake

11,665

0.13

Provincial
Recreation Area

X

X

X

X

v

v

v

v

I

Winefred Lake

9,197

0.10

Provincial
Recreation Area

X

X

X

X

v

v

v

v

I

Total

51.102

0.55

I
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lNew- Public Land Area for Recreation and Tourism
Area

Area Name

Area
Size
(ha)

Per Cent of
the Region
(9,321,2-47 ha)

I

legal
Designation

Permitted-Ac:tivities

Petroleum and
Natural Gas

Oil Sands,
Metallic and
Industrial Minerals
and Coal
(Note 2)

Slave Lake South

[

Surface
Materials
(Note 3)

Forestry

Grazing
(Note 5)

Motorized
Recreation on
Designated
Routes Only

Hunting. Fishing.
Trapping (including
by aboriginal
peoples)
(Note 6)

Multi-use
Corridors
(Note 7)

To be included in the Kazan Wildland Provincial Park

I

Lake Athabasca

6,961

0.07

Public Land
Use Zone

2

Richardson

68,570

0.7-4

Public Land
Use Zone

3

Athabasca River

6,118

0.07

Public Land
Use Zone

...

Clearwater River

1,128

0.01

Public Land
Use Zone

5

House River

1,966

0.02

Public Land
Use Zone

I

To1al

84,7.fl

0.91

"'
"'
"'
"'
"'

"'
"'
"'
"'
"'

"'
"'
"'
"'
"'

"'
"'
"'
"'
"'

"'
"'
"'
"'
"'

"'
"'
"'
"'
"'

"'
"'
"'
"'
"'

"'
"'
"'
"'
"'

I
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~

-

~

f~

Green Area- Mixed-use
Area

Per Cent of
the Region
(9,321,2-47 ha)

Size
(ha)

"'l
g

Permitted Activities Public Lands

Petroleum and
Natural Gas

~0
::I

!!!..

~

1-.1
0
1-.1

S,-415,3-45

Oil Sands.
Surface Materials
Metallic and
Industrial Minerals
and Coal
(Note 2)

v

58.10

v

v

Forestry

v

Grazing
(NoteS)

v

I

Tourism and
Recreation

Motorized
Access

v

v

Hunting.
Multi-use
Fishing.
Corridors
Trapping
(Note 7)
(including
by aboriginal
peoples)
(Note 6)

v

v

For grazing leases
permission of
lease holder Is
required for
recreational
access

1-.1

~

----

--

-

White Area- Settl I

1
Area
Size
(ha)

I

Per Cent of
the Region
(9,321,2-47 ha)

Permitted Activities Public Lands

Petroleum and
Natural Gas

6n.22o

1

7.21

I

I

v

I

I

Oil Sands.
Metallic and
Industrial
Minerals and
Coal
(Note 2)

v

Surface Materials

Forestry

Grazing
(Note 5)

v

v

v

Tourism and
Recreation

Motorized
Access

v

v

For grazing
leases permission
of lease holder
is required for
recreational
access

I

Hunting.
Multi-use
Fishing.
Corridors
Trapping
(Note 7)
(including
by aboriginal
peoples)
(Note 6)

v

I v

Private Lands - Private landowners make decisions about how to use and manage their land consistent with existing provincial and municipal legislation - the Lower Athabasca Regional Plan does not change this or alter
private property rights.

2075

Approximately I 0 per cent of the region includes the Cold Lake Air Weapons Range, First Nations Reserves. Metis Settlements and Lake Athabasca.

2076
Note 1:
Petroleum and Natural Gas Exploration and Development in New and
Existing Conservation Areas, New Provincial Recreation Areas and
Existing Provincial Parks for Recreation
Existing petroleum and natural gas tenure will be honoured in new and
existing conservation areas, new provincial recreation areas and existing
provincial parks for recreation, in accordance with existing policy.
•

This includes all subsurface and surface activities needed to explore for,
develop and extract the resource defined in the existing agreement. Care
must be taken when exploring, developing and extracting the resource in
order to minimize impacts of activities on the natural landscape, historic
resources, wildlife, fish and vegetation.

•

This also includes renewing subsurface and surface dispositions, approvals
and agreements for existing activities.

•

Applications for new surface dispositions (e.g., a new disposition for a
well, road, pipeline or facility, etc.) required to access an existing subsurface
commitment would also be honoured as necessary extensions to an existing
commitment, subject to review through the current application and approval
process.

•

Applications for seismic programs associated with existing subsurface
commitments will be reviewed through the current application and approval
process.

•

Limitations: Existing surface or subsurface commitments related to
petroleum and natural gas within a protected area cannot be used as a basis
to access new subsurface rights within a protected area
(e.g., whether to access new subsurface deeper rights, new lateral subsurface
rights or additional new rights). By definition, any new subsurface disposition
or subsurface right does not qualify as an existing commitment, as it came
into effect after the protected area was established.

Note 2:
Oil Sands, Metallic and Industrial Minerals and Coal
Oil sands means mineable and in situ oil sands.
Note 3:
Surface Materials (sand, gravel, clay, marl, silt and peat)
Existing surface materials leases will be honoured in new and existing
conservation areas, new provincial recreation areas and existing provincial
parks for recreation, in accordance with existing policy.
Note 4:
Ecosystem Forestry
Low impact forest practices with the primary goal being protection of natural
ecosystem and using forest resources sustainably, when conservation and
sustainable use can be mutually beneficial. The intent is to meet the International

lower Athabasca Regional Plan 20 12 - 2022

189

2077
Union for Conservation of Nature criteria for a CategoryVI protected area;
protected area with sustainable use of natural resources. The primary
objective is maintenance of biological diversity, and sustainable use of
resources is a secondary objective. Practices include winteM)nly operations,
leaving behind significant areas of forest undiswrbed and timber harvest
patterns that follow historical wilc:ffire patterns.To meet CategoryVI criteria,
the Canadian guidelines outline that the protected area should be at least twothirds in a natural condition, and not subject to sustainable forestry.

Note 5:
Grazing
Approvals for new grazing dispositions are subject to grazing suitability
assessment.

Note 6:
Hunting, Fishing and Trapping (including by aboriginal peoples)
With the exception of new motorized access management requirements,
hunting. fishing and trapping will continue in accordance with existing
provincial laws governing such activities as such laws may be amended or
replaced from time to time. Hunting includes commercial guiding and outfitting
operations where wildlife species management plans provide an allocation for
that use.

Note 7:
Multi-use Corridors
A multi-use corridor is a dedicated land area identified by the Government of
Alberta for co-location of linear infrastructure that supports critical economic
linkages to markets. (See Outcome 5, Strategy E.) These may include:
•

Public highways;

•

Electric transmission;

•

High speed rail and rail;

•

Pipelines (i.e., oil, gas, bitumen, carbon dioxide);

•

Water management;

•

Telecommunication towers and underground fibre-optic cables; and

•

Recreation trails.

Note 8:
New Conservation Areas (access to water)
There are a number of known corridors and key routes that are used for
access to water resources and associated infrastructure.This access to surface
water and groundwater is related to various activities.

90

I

LawerAthalmca Regional Plan 2012-2022
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IN THE MATTER OF THE RESPONSIBLE ENERGY DEVELOPMENT ACT Statutes of
Alberta, 2012, C. R-17.3; AND THE OIL SANDS CONSERVATION ACT, R.S.A. 2000, C.
0-7 Section 10 and 11 and Sections 3, 24, and 26 of the Oil Sands Conservation Rules,
Alberta Regulation 76/88;
AND IN THE MATTER OF THE CANADIAN ENVIRONMENTAL ASSESSMENT ACT,
2012, SC 2012, c 19, s 52;
AND IN THE MATTER OF A JOINT PANEL REVIEW BY THE ALBERTA ENERGY
REGULATOR AND THE GOVERNMENT OF CANADA, REGARDING:
FRONTIER OIL SANDS MINE PROJECT
TECK RESOURCES LIMITED;
CEAR Reference No.: 65505
AER Application No. 1709793
______________________________________________________________________________
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PREFACE
The federal, provincial, and territorial government signatories under the Accord for the
Protection of Species at Risk agreed to establish complementary legislation and programs that
provide for effective protection of species at risk throughout Canada. Under the Species at Risk
Act (SARA), the federal competent ministers are responsible for the preparation of recovery
strategies for listed extirpated, endangered, and threatened species and are required to report on
progress every five years. The Minister of the Environment is the competent minister for this
recovery strategy.
Seven provinces, two territories, one Aboriginal government, four wildlife management boards
and the Parks Canada Agency contributed information for this recovery strategy. Additional
effort was made by Environment Canada to engage Aboriginal communities that the minister
considered directly affected by the recovery strategy. These efforts included two rounds of
engagement, one before and the second one after the proposed recovery strategy was posted on
the Species at Risk Public Registry, to gather information on boreal caribou and to provide
communities with an opportunity to comment on the proposed recovery strategy. In the first
round, 271 Aboriginal communities were contacted and 161 engaged, and in the second round,
265 Aboriginal communities were contacted and 87 engaged. In addition, 25 formal submissions
were received from Aboriginal communities and organizations.
Following the posting of the proposed recovery strategy on August 26, 2011, the standard 60-day
public comment period was extended by 120 days to February 22, 2012 as a result of
Environment Canada's desire to consult Aboriginal communities prior to finalizing the recovery
strategy. The high level of interest in boreal caribou resulted in the submission of 19,046
comments during and subsequent to the public comment period. The majority of these were
received as copies of form letters initiated by environmental group s campaigns. A total of 192
more detailed and/or technical submissions were received from governments, wildlife
management boards, Aboriginal communities and organizations, industry stakeholders,
environmental organizations and academia.
Landscape level planning will be essential for the recovery of boreal caribou. Provinces and
territories have the primary responsibility for management of lands, natural resources and
wildlife within boreal caribou ranges, however this responsibility does vary in some parts of the
country. In the Northwest Territories, for example, Aboriginal Affairs and Northern
Development Canada has the primary role in land and natural resources management, as the
manager of federal Crown lands. Success in the recovery of this species depends on the
commitment, collaboration and cooperation of many different constituencies that will be
involved in implementing the broad strategies and general approaches set out in this recovery
strategy and will not be achieved by Environment Canada, or any other jurisdiction, alone. All
Canadians are invited to come together to support and implement this strategy for the benefit of
boreal caribou and Canadian society as a whole.
This recovery strategy will be followed by range plans and action plans that will provide
information on measures that will be taken by provinces and territories, Environment Canada,
other federal departments, wildlife management boards, Aboriginal communities, stakeholders,
iii
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and other organizations, to achieve the survival and recovery of boreal caribou. Implementation
of this strategy is subject to appropriations, priorities, and budgetary constraints of the
participating jurisdictions and organizations.
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EXECUTIVE SUMMARY
This recovery strategy is for the Woodland Caribou (Rangifer tarandus caribou), Boreal
population herein referred to as boreal caribou , assessed in May 2002 as threatened by the
Committee on the Status of Endangered Wildlife in Canada (COSEWIC). Boreal caribou are
distributed across Canada, occurring in seven provinces and two territories and extending from
the northeast corner of Yukon east to Labrador and south to Lake Superior.
Boreal caribou are distributed broadly throughout the boreal forest. They require large areas
comprised of continuous tracts of undisturbed habitat rich in mature to old-growth coniferous
forest, lichens, muskegs, peat lands, and upland or hilly areas. Large areas with suitable quality
habitat allow boreal caribou to disperse across the landscape when conditions are unfavorable
(e.g. natural fire disturbance, anthropogenic disturbance) and to maintain low population
densities to reduce their risk of predation.
The geographic area occupied by a group of boreal caribou that are subject to similar factors
affecting their demography and used to satisfy their life history processes (e.g. calving, rutting,
wintering) over a defined time frame is referred to as a range. There are 51 boreal caribou ranges
in Canada. Information available to delineate boreal caribou ranges varies in certainty and
therefore ranges are categorized into three types: conservation units, improved conservation units
and local population units. In this recovery strategy, the group of boreal caribou occupying any
of the three types of ranges is referred
Due to the specific life history characteristics they possess, boreal caribou are limited in their
potential to recover from rapid, severe population declines. Habitat alteration (i.e. habitat loss,
degradation, and fragmentation) from both anthropogenic and natural sources, and increased
predation as a result of habitat alteration have led to local population declines throughout their
distribution. Some local populations of boreal caribou are at risk because of other factors, mainly
over-harvest. Threats are closely interrelated and act cumulatively to have direct or indirect
impacts on boreal caribou and their habitat. Recovery of all boreal caribou local populations
across Canada is technically and biologically feasible.
The recovery goal for boreal caribou is to achieve self-sustaining local populations in all boreal
caribou ranges throughout their current distribution in Canada, to the extent possible. Achieving
the recovery goal would allow for local population levels sufficient to sustain traditional
Aboriginal harvesting activities, consistent with existing Aboriginal and treaty rights of
Aboriginal peoples of Canada. Ranges that are highly disturbed will take decades to recover
from habitat alteration, as boreal caribou occur in mature boreal forest ecosystems that have
evolved over centuries. Achieving this recovery goal for all local populations will take a number
of decades.
To guide recovery efforts, the population and distribution objectives for boreal caribou across
their distribution in Canada are, to the extent possible, to:
Maintain the current status of the 14 existing self-sustaining local populations; and,
Stabilize and achieve self-sustaining status for the 37 not self-sustaining local populations.
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Performance indicators are identified as a means by which progress towards achieving the
population and distribution objectives can be measured.
The critical habitat necessary to achieve the population and distribution objectives for the
recovery and survival of boreal caribou is partially identified in this strategy. Critical habitat for
boreal caribou is identified as: i) the area within the boundary of each boreal caribou range that
provides an overall ecological condition that will allow for an ongoing recruitment and
retirement cycle of habitat, which maintains a perpetual state of a minimum of 65% of the area as
undisturbed habitat; and ii) biophysical attributes required by boreal caribou to carry out life
processes.
Critical habitat for boreal caribou is identified for all boreal caribou ranges, except for northern
of studies is required.
This recovery strategy identifies 65% undisturbed habitat in a range as the disturbance
management threshold, which provides a measurable probability (60%) for a local population to
be self-sustaining. This threshold is considered a minimum threshold because at 65%
undisturbed habitat there remains a significant risk (40%) that local populations will not be selfsustaining.
The recovery of boreal caribou requires actions that will vary according to both the habitat and
population conditions within each boreal caribou range. This recovery strategy provides broad
strategies and general approaches to achieve the population and distribution objectives, which
will assist in the development of subsequent range plans and action plans. The suite of actions
needed to maintain or recover the self-sustaining status of a boreal caribou local population will
be determined and managed by the responsible jurisdictions in collaboration with Environment
Canada, and consistent with this recovery strategy. The recovery actions most appropriate for a
specific range will be governed by local opportunities and constraints, and the level of urgency
for a given recovery action will be determined by both the population and habitat conditions
within the range.
To guide the protection of critical habitat and the recovery of boreal caribou, range plans and/or
action plans will be prepared following this recovery strategy. These plans will provide detailed
information on recovery measures that will be implemented by provinces and territories,
Environment Canada, other federal departments, wildlife management boards, Aboriginal
communities, stakeholders, and other organizations involved in the conservation, survival and
recovery of boreal caribou. Success in recovering boreal caribou will depend on the
commitment, collaboration and cooperation among all interested parties.
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RECOVERY FEASIBILITY SUMMARY
Recovery of boreal caribou is considered to be both technically and biologically feasible across
in Canada based on the following four criteria outlined in the draft
SARA Policies (Government of Canada, 2009).
Current evidence supports the conclusion that the recovery of all local populations is biologically
and technically feasible. However, small local populations, and particularly those isolated from
the core distribution of the national boreal caribou population, are at greater risk of not becoming
self-sustaining. In these situations, a local population may have greater difficulty withstanding
stochastic events, and may not experience enough immigration to maintain genetic diversity and
therefore will be at greater risk of not persisting in the long-term. There may be other situations
where recovery of a particular local population proves to be, over time and through unforeseen
circumstances, not biologically or technically feasible and, as such, may affect the likelihood of
achieving the population and distribution objectives.
1. Individuals of the wildlife species that are capable of reproduction are available now or
in the foreseeable future to sustain the population or improve its abundance.
Yes. According to current best estimates, there are approximately 34,000 (see Section 3.2.2)
boreal caribou across nine provinces and territories in Canada capable of successful reproduction
and available to improve local population growth rates and abundance to achieve selfsustainability (Environment Canada, 2011b).
2. Sufficient suitable habitat is available to support the species or could be made available
through habitat management or restoration.
Yes. Some boreal caribou local populations have sufficient suitable habitat within their ranges.
For other boreal caribou local populations where sufficient suitable habitat is currently
unavailable to support local populations at a self-sustaining level, sufficient habitat could be
made available through habitat management or restoration.
3. The primary threats to the species or its habitat (including threats outside Canada)
can be avoided or mitigated.
Yes. The primary threat to most boreal caribou local populations is unnaturally high predation
rates as a result of human-caused and natural habitat loss, degradation, and fragmentation. These
habitat alterations support conditions that favour higher alternate prey densities (e.g. moose
(Alces alces), deer (Odocoileus spp.)), resulting in increased predator populations (e.g. wolf
(Canis lupus), bear (Ursus spp.)) that in turn increase the risk of predation to boreal caribou. This
threat can be mitigated through coordinated land and/or resource planning, and habitat
restoration and management, in conjunction with predator and alternate prey management where
local population conditions warrant such action. In some ranges, over-exploitation through
hunting can also be an issue. This threat can be avoided or mitigated through regulations and
stewardship.
4. Recovery techniques exist to achieve the population and distribution objectives or can be
expected to be developed within a reasonable timeframe.
Yes. Recovery techniques (e.g. protection and management of boreal forest habitat, habitat
restoration, predator and alternate prey management, hunting regulations, stewardship initiatives)
viii
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are available to achieve the population and distribution objectives for boreal caribou, although
there is uncertainty with regard to the effectiveness of some of these techniques, as they have not
yet undergone a sufficiently long trial period.
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1 COSEWIC SPECIES ASSESSMENT INFORMATION 1
Date of Assessment: May 2002
Common Name (population): Woodland Caribou (Boreal population)
Scientific Name: Rangifer tarandus caribou
COSEWIC Status: Threatened
Reason for Designation: A widespread population ranging across the boreal forests of northern
Canada. Populations have decreased throughout most of the range. Threatened from habitat loss
and increased predation, the latter possibly facilitated by human activities.
Canadian Occurrence: Northwest Territories (extending into Yukon), British Columbia,
Alberta, Saskatchewan, Manitoba, Ontario, Quebec, Newfoundland and Labrador.
COSEWIC Status History: The Boreal population was designated threatened in May 2000.
Status re-examined and confirmed in May 2002.

2 SPECIES STATUS INFORMATION
This recovery strategy is for the Woodland Caribou (Rangifer tarandus caribou), Boreal
population,
Species at Risk Act (SARA), based on an observed, estimated, inferred or suspected
reduction in population size of > 30% over three caribou generations (approximately 20 years).
Boreal caribou have been provincially/territorially ranked in some jurisdictions (see Table 1).
Boreal caribou have not been ranked globally by NatureServe.
Table 1. Canadian status and provincial/territorial designations for boreal caribou.
Canadian Status

Provincial/Territorial Designation

SARA Schedule 1
(Threatened)

NT
YT
BC
AB
SK
MB
ON
QC
NL

Not Listed
Not Listed
Red Listed (Threatened Endangered)
Threatened
Not Listed
Threatened
Threatened
Vulnerable (Special Concern Threatened)
Threatened

1

At the November 2011 Wildlife Species Assessment Meeting, the Committee on the Status of Endangered Wildlife
in Canada (COSEWIC) voted to adopt 12 designatable units (DUs) for Caribou (Rangifer tarandus) in Canada. The
report Designatable Units for Caribou (Rangifer tarandus) in Canada is available by contacting the COSEWIC
Secretariat (cosewic/cosepac@ec.gc.ca). COSEWIC will begin the process of assessing all DUs in 2012.
1
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3 SPECIES INFORMATION
There are four existing subspecies of caribou in Canada including the Peary Caribou (Rangifer
R. t. granti),
tarandus pearyi), Barren-ground Caribou (R. t. groenlandicus
and Woodland Caribou (R. t. caribou) (Banfi
Caribou (R. t. dawsoni), which occurred in Haida Gwaii (i.e. Queen Charlotte Islands, BC) is
extinct. Each subspecies displays differences in morphology, behaviour, and areas of geographic
occurrence. Based on the classification system used by COSEWIC in its 2002 assessment, there
are six geographically distinct populations of the forest-dwelling Woodland Caribou: Northern
Mountain population (special concern), Southern Mountain population (threatened), Boreal
population (threatened), Forest-tundra population (not assessed), Atlantic-Gaspésie population
(endangered), and the insular Newfoundland population (not at risk).
Boreal caribou are endemic to Canada, and are distributed across nine provinces and territories,
including British Columbia, Alberta, Saskatchewan, Manitoba, Ontario, Quebec, Newfoundland
and Labrador, Northwest Territories, and Yukon (see Figure 1).

3.1

Species Description

Like all Woodland Caribou, boreal caribou are a medium-sized (1.0-1.2 m shoulder height and
weighing 110-210 kg) member of the deer family (Cervidae) (Thomas and Gray, 2002). Adults
have a dark brown coat with a creamy white neck, mane, shoulder stripe, underbelly, underside
of the tail, and patch above each hoof (Banfield, 1974; Boreal Caribou ATK Reports, 20102011). A distinctive characteristic of all caribou is large crescent-shaped hooves that provide
flotation in snow and soft ground (e.g. peat lands), and assist in digging through snow to forage
on lichens and other ground vegetation (Thomas and Gray, 2002). Antlers of boreal caribou are
flattened, compact, and relatively dense. As a unique feature among the deer family, both male
and female boreal caribou have antlers during part of the year, although some females may have
only one antler or no antlers at all (Thomas and Gray, 2002; Boreal Caribou ATK Reports, 20102011). In comparison to Barren-ground Caribou, boreal caribou antlers are thicker and broader,
and their legs and heads are longer.

3.2

Population and Distribution

Boreal caribou are forest-dwelling, sedentary caribou that occur only in Canada and are
distributed broadly across the boreal forest (Thomas and Gray, 2002; Festa-Bianchet, 2011). The
Canadian distribution of boreal caribou stretches from the northeast corner of Yukon east to
Labrador, and extends as far south as Lake Superior (see Figure 1) (Environment Canada, 2008;
Environment Canada, 2011b). Across Canada, the southern limit of boreal caribou distribution
has progressively receded northward since the early 1900s (see Figure 1), a trend that continues
today (Thomas and Gray, 2002; Schaefer, 2003; Festa-Bianchet et al., 2011). Aboriginal
Traditional Knowledge indicates that boreal caribou have moved northward as a result of habitat
loss in the south (Boreal Caribou ATK Reports, 2010-2011).

2
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Figure 1. Distribution (i.e. extent of occurrence) of boreal caribou in Canada. The current distribution of boreal caribou is shown in
brown. The estimated southern extent of historical Woodland Caribou distribution is indicated by the dashed line.
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3.2.1 Boreal Caribou Ranges
The geographic area occupied by a group of boreal caribou that are subject to similar factors
affecting their demography and used to satisfy their life history processes (e.g. calving, rutting,
wintering) over a defined time frame is referred to as a range (Environment Canada, 2011b).
Boreal caribou are distributed across 51 ranges (see Figure 2 and Table 2) based on the best
available information provided by the provincial and territorial jurisdictions, including
observational and telemetry data, and biophysical analyses (Environment Canada, 2011b).
Environment Canada (2011b) identified three types of
boreal caribou ranges, categorized based on the degree
group of
of certainty in the delineated boundaries. Eight ranges
boreal caribou occupying any of
c
the three types of boreal caribou
certainty),
20
improved conservation u
ranges (conservation unit,
(medium certainty), and 23
local population
improved conservation unit, local
u
(see
Appendix
F).
It is
population unit).
anticipated there will be changes to conservation units
and improved conservation units as more information becomes available. In this recovery
of boreal caribou ranges (conservation unit, improved conservation unit, local population unit).
As a result of limited information on many of the ranges in Canada, only three transboundary
ranges (a range that extends across a provincial or territorial boundary) have been defined:
Northwest Territories range (NT1), Chinchaga range (AB1), and Lac Joseph range (NL1). As
new and more refined information is continually being collected by jurisdictions, range
delineation and population demographic information will be updated and may result in revisions
to range boundaries and possibly more transboundary ranges.
Ranges can and do vary greatly in size; some cover very large areas (e.g. Northwest Territories
range (NT1): 44,166,546 ha), whereas others are much smaller (e.g. Charlevoix range (QC2):
312,803 ha). Whether a range can support a self-sustaining local population is a function of both
the amount and quality of habitat available for boreal caribou.
as not self,
(2011b) methodology and updated data from provincial and territorial jurisdictions (see Figure 3
and Appendix F
-sustaini
populations refers to both the local populations assessed as
those assessed as
The high fire in combination with very low
anthropogenic disturbance estimates for northern Saskatchewan s Boreal Shield range (SK1)
represent a unique situation that falls outside the range of variability observed in the data that
informed the disturbance model used by Environment Canada (2011b) as a component of the
integrated risk assessment framework. The probability of self-sustainability is reported as
of the population. Nevertheless, the high fire (55%) observed for
Boreal Shield range (SK1) warrants caution with respect to additional anthropogenic disturbance.
See detailed explanation in Appendix F.
4
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The assessment of the likelihood of self-sustainability may change when ranges that cross
jurisdictional boundaries are combined. Range boundaries and integrated risk assessments will
be updated annually based on new or more refined evidence provided by the provincial and
territorial jurisdictions.
In some cases, there are discrepancies between the range boundaries as presented in Figure 2,
which were based on information provided by provincial and territorial jurisdictions, and the
information that was provided by Aboriginal Traditional Knowledge holders. These will be
addressed in range plans and/or action plans (see Sections 7.4 and 9) where provinces and
territories, Aboriginal communities, and other people with knowledge of a particular boreal
caribou range can work together to ensure range boundaries are based on the best available
information.
Boreal caribou use of a range may change over time as a result of variation in ecological
conditions (e.g. vegetation change as a result of natural disturbances, predator/prey dynamics)
and patterns of human disturbance (e.g. industrial development) affecting the landscape.
Variation in habitat conditions, resource availability, and the amount and arrangement of
disturbance on the landscape, influences patterns of boreal caribou range use that result in either:
a) a discrete range, where boreal caribou occupy a clearly defined area with little exchange with
other ranges (e.g. Coastal range (ON6), Charlevoix range (QC2)); or b) a continuous range
where boreal caribou are dispersed over a large area and may move more freely and over greater
distances within the area characterized by common biophysical attributes (e.g. Northwest
Territories range (NT1)).
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Figure 2. Geographic distribution of the 51 known ranges of boreal caribou in Canada.
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Table 2. Range identification and range names for the 51 known ranges of boreal caribou in Canada.

Range ID

Range Name

Range ID

Range Name

Range ID

Range Name

NT1

Northwest Territories

AB12

Slave Lake

ON2

Berens

BC1

Maxhamish

SK1

Boreal Shield

ON3

Churchill

BC2

Calendar

SK2

Boreal Plain

ON4

Brightsand

BC3

Snake-Sahtahneh

MB1

The Bog

ON5

Nipigon

BC4

Parker

MB2

Kississing

ON6

Coastal

BC5

Prophet

MB3

Naosap

ON7

Pagwachuan

AB1

Chinchaga (incl. BC portion)

MB4

Reed

ON8

Kesagami

AB2

Bistcho

MB5

North Interlake

ON9

Far North

AB3

Yates

MB6

William Lake

QC1

Val d'Or

AB4

Caribou Mountains

MB7

Wabowden

QC2

Charlevoix

AB5

Little Smoky

MB8

Wapisu

QC3

Pipmuacan

AB6

Red Earth

MB9

Manitoba North

QC4

Manouane

AB7

West Side Athabasca River

MB10

Manitoba South

QC5

Manicouagan

AB8

Richardson

MB11

Manitoba East

QC6

Quebec

AB9

East Side Athabasca River

MB12

Atikaki-Berens

NL1

Lac Joseph

AB10

Cold Lake

MB13

Owl-Flinstone

NL2

Red Wine Mountain

AB11

Nipisi

ON1

Sydney

NL3

Mealy Mountain
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Figure 3. Integrated risk assessment for boreal caribou ranges in Canada, reflecting the capacity of each range to maintain a selfsustaining local population of boreal caribou.
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3.2.2 Local Populations
Precise enumeration of the size of a boreal caribou local population is a challenge due to the
large areas that boreal caribou occupy (often over thousands of square kilometres), the low
densities at which they occur (making survey from aircraft challenging), and their relatively
solitary habits (Environment Canada, 2008; Callaghan et al., 2010). Across Canada, densities
average two to three animals per 100 km2, but densities vary regionally and can be higher in
areas with high quality habitat (Environment Canada, 2011b). The literature also reports that
more than 300 boreal caribou are needed for self-sustaining local populations, thereby requiring
ranges of at least 10,000 to 15,000 km2 in size subject to type and quality of habitat
(Environment Canada, 2011b).
Within ranges, boreal caribou are often found in small groups of fewer than 15 individuals. This
will vary seasonally in accordance with life processes (e.g. calving, rutting, wintering) and based
on local conditions within the range (Boreal Caribou ATK Reports, 2010-11). Boreal caribou
typically form relatively mixed-sex groups; however, during calving periods females are
generally solitary (Boreal Caribou ATK Reports, 2010-2011; Nagy et al., 2011).
Based on the best available information, the current overall number of boreal caribou in Canada
is estimated to be approximately 34,000 individuals (Environment Canada, 2011b). This number
is based on mean local population size estimates as provided by the provincial and territorial
jurisdictions. Appendix F outlines the current population size and trend information for each of
the 51 ranges, as provided by provincial and territorial jurisdictions (Environment Canada,
2011b).

3.3

Needs of the Boreal Caribou

3.3.1 Habitat and Biological Needs
Boreal caribou require large range areas comprised of continuous tracts of undisturbed habitat. In
general, boreal caribou prefer habitat consisting of mature to old-growth coniferous forest (e.g.
jack pine (Pinus banksiana), black spruce (Picea mariana)) with abundant lichens, or muskegs
and peat lands intermixed with upland or hilly areas (Stuart-Smith et al., 1997; Rettie and
Messier, 2000; Courtois, 2003; Brown et al., 2007; Boreal Caribou ATK Reports, 2010-2011).
Large range areas reduce the risk of predation by allowing boreal caribou to maintain low
population densities throughout the range and by allowing them to avoid areas of high predation
risk, such as areas with high densities of alternate prey species (e.g. moose and deer) and
predators (e.g. wolf and bear) (Rettie and Messier, 2001; Brown et al., 2003; Whittington et al.,
2011) (see Section 4.2). Boreal caribou use a variety of habitats to avoid predators, including
muskegs and bodies of water, as well as mature and old-growth forests (Boreal Caribou ATK
Reports, 2010-2011).
Boreal caribou select habitat that provides food, particularly terrestrial and arboreal lichens,
during late winter and early spring, and avoid early stage, successional forests and recently
disturbed areas (Schaefer and Pruitt, 1991; Stuart-Smith et al., 1997; Rettie and Messier, 2000;
Dunford et al., 2006; Boreal Caribou ATK Reports, 2010-2011), which have poor feeding
options, impede movement, and attract other ungulates (Whitefeather Forest, 2006). In order to
9
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access forage during winters with deep or crusted snow, boreal caribou require habitat that has
arboreal lichens and shallower snow (such as mature coniferous stands with closed canopies and
upland or hilly areas exposed to wind), where it is easier to dig for ground lichens (Vandal and
Barrette, 1985; Thomas and Armbruster, 1996; Courbin et al., 2009; Boreal Caribou ATK
Reports, 2010-2011; Moreau et al., 2012).
Boreal caribou have specific habitat requirements during calving and post-calving periods. To
calve, pregnant cows travel to isolated, relatively predator-free areas where nutritious forage is
available, such as islands in lakes, peat lands or muskegs, lakeshores and forests (Boreal Caribou
ATK Reports, 2010-2011). Unavailable, inadequate or degraded habitat affects the reproductive
success of females as well as the survival of calves, and can result in population decline (Thomas
and Gray, 2002; McCarthy et al., 2011; Pinard et al., 2012).
Boreal caribou shift their use of habitat and their distribution within the range in response to
various natural processes (e.g. forest fire, food availability, weather conditions) and human
activities (e.g. development, logging, recreation) (Boreal Caribou ATK Reports, 2010-2011;
Environment Canada, 2011b). For example, any mature and old-growth forest stands lost to fire
or tree removal practices will result in the degradation of suitable habitat in the short-term. In
response to such changing environmental conditions, boreal caribou will shift within their range.
Over time, a disturbed area may recover and become suitable for use by boreal caribou.
3.3.2 Connectivity
Connectivity of habitat both within a range and between ranges is essential for boreal caribou
persistence on the landscape. Within a range, habitat connectivity allows for seasonal movement
among habitats with the different resources needed by boreal caribou to satisfy their life history
requirements (see Appendix H for examples of biophysical attributes), and for boreal caribou to
use different areas as they respond to disturbance or as disturbed habitat recovers (Saher and
Schmiegelow, 2005).
Connectivity between boreal caribou ranges allows for immigration and emigration between
local populations, which increases gene flow, thereby helping to maintain genetic diversity and
Studies have demonstrated that isolation of local populations as a result of disturbance to the
landscape (i.e. any form of anthropogenic or natural habitat alteration), can result in a significant
reduction in genetic diversity (Courtois et al., 2003; Weckworth et al., 2012). Connectivity
between ranges also maintains recovery or rescue effects between boreal caribou ranges. Finally,
connectivity within and between boreal caribou ranges will allow for movement in response to
changing environmental conditions (e.g. climate change) (Racey and Armstrong, 2000; Courtois
et al., 2003; McLoughlin et al., 2004; Pither et al., 2006; Boreal Caribou ATK Reports, 20102011).
3.3.3 Limiting Factors
Boreal caribou possess certain life history characteristics that limit their potential to recover from
rapid, severe population declines. As a primary anti-predator survival strategy, boreal caribou
spatially separate themselves from predators and alternate prey, maintaining low population
10
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densities across their range (Bergerud, 1988; Bergerud, 1996; Johnson et al., 2001; Environment
Canada, 2008). Accordingly, continuous tracts of undisturbed habitat of suitable quality (i.e. with
the required biophysical attributes) are needed to ensure self-sustaining local populations.
Boreal caribou have a low reproductive output relative to other ungulates and therefore are
vulnerable to higher rates of mortality whether caused by predation or over-harvesting. Females
typically do not produce young until three years of age and then have only one calf per year
(Bergerud, 2000). In addition, while all age classes of boreal caribou are vulnerable to predation,
calf mortality can be especially high, particularly within the first thirty days after birth (Bergerud
and Elliot, 1986; Gustine et al., 2006). Calves disperse themselves over the landscape as an antipredator tactic. In most cases predation is the main proximate factor limiting boreal caribou
population growth, since the survival of calves to one year of age is usually low and is often
insufficient to compensate for annual adult mortality in declining populations (Bergerud, 1974;
Stuart-Smith et al., 1997; DeMars et al., 2011).
Small local populations with few adult females (and hence few births) and low calf survival have
a low potential for population growth (Bergerud, 1980; Bergerud, 2000; McCarthy et al., 2011).
In addition to being affected by reproductive and mortality rates related to their age distribution,
small local populations can be disproportionately affected by stochastic events (e.g.
environmental events such as winter icing or heavy snowfalls, fire, disease). Consequently,
population growth is likely to be highly variable in small local populations, with an increased
probability of extirpation (Caughley, 1994; Courtois et al., 2007).
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4 THREATS
4.1

Threat Assessment

There are a variety of threats that directly and/or indirectly affect boreal caribou and their habitat
across Canada. A summary of these threats and their national level of concern are provided
below (see Table 3). The level of concern was determined using best available information,
including Aboriginal Traditional Knowledge and comments received through engagement with
Aboriginal communities. Threats and their level of concern differ between regions and local
populations. For example, the level of concern for the effect of hunting on local populations is
high in Labrador, while it remains medium nationally. Actions to mitigate threats will be
addressed in subsequent range plans and/or action plans (see Sections 7.4 and 9).
Many of the threats to boreal caribou and their habitat are related and may interact, in which case
they can have cumulative impacts that may not be evident when threats are examined
individually (Weclaw and Hudson, 2004; Boreal Caribou ATK Reports, 2010-2011; Badiou et
al., 2011). Additionally, the impacts of threats on the size and distribution of boreal caribou local
populations have a lag effect, which can take years to manifest (Vors et al., 2007).
Table 3. Threat assessment table for boreal caribou.
Threat

Level of
1
Concern

Extent

Occurrence

Frequency

Severity

Causal
3
Certainty

2

Habitat Alteration (Disturbance)
Habitat alteration (loss,
degradation or
fragmentation) as a
result of human landuse activities

High

Widespread
across
Canada

Current

Continuous

High

High

Habitat alteration (loss,
degradation or
fragmentation) as a
result of forest fire

Medium

Widespread
across
Canada

Current

Recurrent

Moderate

High

Natural Processes
Predation

High

Widespread
across
Canada

Current

Continuous

High

High

Parasites and disease

Low

Localized
across
Canada

Anticipated

Unknown

Unknown

Low
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Level of
1
Concern

Extent

Occurrence

Frequency

Severity

Causal
3
Certainty

Localized
across
Canada

Current

Seasonal

Moderate

Medium

Medium

Widespread
across
Canada

Current

Unknown

Unknown

Low-Med

Noise and light
disturbance

Low-Med

Localized
across
Canada

Current

Recurrent

Unknown

Low

Vehicle collisions

Low

Localized
across
Canada

Current

Recurrent

Low

Low

Pollution

Low

Localized
across
Canada

Unknown

Unknown

Unknown

Low

Threat

2

Biological Resource Use
Hunting

Medium

Climate and Natural Disasters
Climate change and
severe weather
Other Threats

1 Level of concern: qualifies the level of concern for managing the threat for the recovery of the species, consistent
with the population and distribution objectives. This criterion considers all other criteria in the table.
2 Severity: reflects the population-level effect (i.e. high means a very large population-level effect; low means a
limited population-level effect).
3 Causal certainty: reflects the degree of evidence that is known for the threat (i.e. high: available evidence strongly
links the threat to stresses on population viability; medium: there is a correlation between the threat and population
viability according to best available information; low: the threat is assumed or plausible).

4.2

Description of Threats

The threats to boreal caribou and their habitat identified in Table 3 are described below.
4.2.1 Habitat Alteration (Disturbance)
Habitat alteration occurs when changes are made on the landscape that adversely impact the
ecosystem, either temporarily or permanently, reducing the overall function of habitat within the
range for boreal caribou. Habitat loss is a change to a landscape that results in areas with no
immediate or long-term future value to boreal caribou (e.g. conversion to agriculture,
development of industrial facilities) whereas habitat degradation refers to a reduced but not total
loss of habitat value for boreal caribou (e.g. reduction in the availability or quality of habitat
following timber harvesting or seismic line development). Habitat fragmentation is the dissection
of habitat by human-made linear features (e.g. roads, seismic lines, pipelines, hydroelectric
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corridors) and polygonal features (e.g. forestry cut blocks) that may affect how boreal caribou
use habitat or may result in a negative impact on the overall condition of a local population.
Environment Canada mapped total disturbance levels on boreal caribou ranges across their
distribution in Canada as a predictor of self-sustainability for boreal caribou local populations.
The total disturbance footprint was measured as the combined effects of fire that has occurred in
the past 40 years and buffered (500 m) anthropogenic disturbance defined as any human-caused
disturbance to the landscape that could be visually identified from Landsat imagery at a scale of
1:50,000. Although the effect of anthropogenic disturbance varies for individual ranges (i.e. in
some ranges extending up to 14 km), Environment Canada (2011b) demonstrated that the
application of a 500 m buffer to mapped anthropogenic features best represents the combined
effects of increased predation and avoidance on caribou population trends at the national scale
(Environment Canada, 2011b).
-analysis
(2011b) were consistently applied across all provinces and territories. Disturbance data has been
used for the purposes of this recovery strategy. Provinces and territories may have updated
information and tools (e.g. Lidar remote sensing, detailed field sampling, other inventory
techniques) to measure disturbance that were not considered in the national-level integrated risk
assessment. Strong evidence validated by Environment Canada may be used to update
disturbance measures and the integrated risk assessment.
Environment Canada (2011b) developed a methodology for consideration of disturbance
management thresholds, which is described in more detail in Appendix E. This recovery strategy
identifies 65% undisturbed habitat in a range as the disturbance management threshold, which
provides a measurable probability (60%) for a local population to be self-sustaining. This
threshold is considered a minimum threshold because at 65% undisturbed habitat there remains a
significant risk (40%) that a local population will not be self-sustaining.
In any given range, habitat disturbance reduces the suitability of adjacent habitat, increase rates
of predation, increase access to the land for hunting opportunities, and can act as barriers to
boreal caribou movement (Chubbs et al., 1993; Smith et al., 2000; Dyer et al., 2001; Lander,
2006; Boreal Caribou ATK Reports, 2010-2011; Environment Canada, 2011b). In some cases
boreal caribou may use areas of inadequate or degraded habitat (e.g. remnant habitat following
certain types of forest fires, buffer habitat surrounding certain types of development), particularly
in highly disturbed ranges where opportunities for movement to suitable undisturbed habitat are
limited or unavailable. In these situations boreal caribou are at a higher mortality risk. In
addition, large-scale disturbances to the landscape (e.g. intense forest fire, widespread forest
harvest) can cause boreal caribou to cease their use of portions of the range.
4.2.1.1 Habitat Alteration (Loss, Degradation or Fragmentation) as a Result of Human
Land-use Activities
Aboriginal Traditional Knowledge and science identify disturbance primarily associated with the
following human land-use activities as having a negative effect on boreal caribou local
populations across Canada: forestry; oil and gas exploration and development; mining and
mineral exploration and development; hydro-electric development; and tourism. These activities
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affect boreal caribou through a combination of direct and functional habitat loss, decreased
habitat quality (i.e. habitat degradation), and development of linear features such as roads and
seismic lines (i.e. habitat fragmentation) (Thomas and Gray, 2002; Vors et al., 2007; Boreal
Caribou ATK Reports, 2010-2011).
The effects of habitat alteration may reduce the viability of a boreal caribou local population
through the reduction of habitat quality and quantity, possibly leading to a reduction in the size
of the range, and potentially resulting in the extirpation of a local population.
4.2.1.2 Habitat Alteration (Loss, Degradation or Fragmentation) as a Result of Forest
Fire
Forest fires are required for boreal forest regeneration and have historically played a significant
role in the local population size and distribution of boreal caribou within their range and across
their Canadian distribution (Thomas and Gray, 2002; Dzus et al., 2010). Natural processes such
as forest fires can directly alter habitat, making it unsuitable for boreal caribou (e.g. loss of
mature conifer stands, loss of lichens and other forage plants, barriers to movement)
(Environment Canada, 2011b). Boreal caribou generally do not return to burned areas for several
decades until the forest is old enough to support lichens and other food sources, although they
may make limited use of burned areas to feed on new growth (Boreal Caribou ATK Reports,
2010-2011).
Historically, when a forest fire occurred, boreal caribou would shift their use of habitat from the
burned areas to areas that are more suitable. However, with the increase of industrial exploration
and development, in a number of ranges there are fewer available suitable areas into which
boreal caribou can move. When combined with human-caused disturbance, forest fires can
threaten boreal caribou recovery even though they are a natural component of the boreal forest
ecosystem. In some areas, forest fires have been reported as occurring more frequently than in
the past (Whitefeather Forest, 2006; Boreal Caribou ATK Reports, 2010-2011).
4.2.2 Natural Processes
4.2.2.1 Predation
Across most of the distribution of boreal caribou, human-induced habitat alterations have caused
an imbalance in predator-prey relationships resulting in unnaturally high predation rates. This is
the major factor affecting the viability of most boreal caribou local populations (Bergerud, 1988;
Stuart-Smith et al., 1997; Rettie and Messier, 1998; Schaefer et al., 1999; James and StuartSmith, 2000; Wittmer et al., 2005; Chabot, 2011). Based on the weight of evidence coming from
science and Aboriginal Traditional Knowledge, increased wolf and/or bear predation is the main
proximate cause of boreal caribou decline across Canada (Bergerud, 1988; Edmonds, 1988; Seip,
1992; Boertje et al., 1996; Boreal Caribou ATK Reports, 2010-2011; Pinard et al., 2012).
However, in some parts of Canada, cougar (Puma concolor), coyotes (Canis latrans), lynx (Lynx
canadensis), and eagles (Haliaeetus leucocephalus and Aquila chrysaetos) have also been
identified as predators of boreal caribou, particularly calves (Thomas and Gray, 2002; Boreal
Caribou ATK Reports, 2010-2011; McCarthy et al., 2011).
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Human-caused habitat alterations have been shown to facilitate movement of predators within
the boreal forest and hence can increase the abundance, distribution and hunting efficiency of
species that prey on boreal caribou (James and Stuart-Smith, 2000; Neufeld, 2006; Boreal
Caribou ATK Reports, 2010-2011). Additionally, although boreal caribou may not be the target
prey species, they are taken opportunistically when encountered. In boreal caribou ranges with
habitat alterations that provide favorable conditions for prey species such as deer and moose,
predators such as wolves can increase in number, which can significantly reduce or even
eliminate boreal caribou local populations (Seip, 1991; Seip, 1992; Wittmer et al., 2005;
Courtois and Ouellet, 2007; Courbin et al., 2008; Boreal Caribou ATK Reports, 2010-2011). In
addition to deer and moose, elk (Cervus canadensis), bison (Bison bison), and beaver (Castor
canadensis) are other species that predators of boreal caribou commonly hunt and that have
increased in number within the distribution of boreal caribou (Boreal Caribou ATK Reports,
2010-2011).
4.2.2.2 Parasites and Diseases
Viral, parasitic, and bacterial diseases can affect individual boreal caribou and may have effects
at the local population level in certain parts of the country, although it is not thought to be one of
the major threats affecting boreal caribou at the national level.
Other natural processes such as forest insects and disease can leave large areas of forest
defoliated, and eventually dead, and may have an effect on boreal caribou habitat. In particular
the mountain pine beetle (Dendroctonus ponderosae), which covers large areas of northeastern
British Columbia and northern Alberta and threatens to move into Saskatchewan, could
indirectly affect boreal caribou (Richie, 2008; Environment Canada, 2011a).
4.2.3 Biological Resource Use
4.2.3.1 Hunting
Hunting has and continues to contribute to the decline of boreal caribou (Bergerud, 1967;
Kelsall, 1968; Bergerud, 1974; Bergerud, 1978; Courtois et al., 2007; Boreal Caribou ATK
Reports, 2010-2011). Both targeted hunting and incidental harvest (when boreal caribou
intermingle seasonally with legally hunted migratory caribou ecotypes) of boreal caribou are of
concern in several areas, and may be contributing to local population declines and/or preventing
recovery (Environment Canada, 2011a).
Although the extent of hunting is poorly understood in most areas, analyses of historical
population trends, data from radio-collared animals, and current demographic information
suggest that hunting remains a significant component of adult female boreal caribou mortality
and hence is a primary threat in some ranges (Dzus, 2001; Schmelzer et al., 2004; Courtois et al.,
2007). Hunting of boreal caribou is facilitated by the construction of roads and other linear
features and by the use of off-road vehicles that enable access to previously inaccessible areas
(Boreal Caribou ATK Reports, 2010-2011). Moreover, Aboriginal Traditional Knowledge
indicates that technological advances in hunting tools (e.g. high-powered rifles and scopes) and
in methods used to locate and access hunting sites (e.g. GPS, satellite tracking, aircraft,
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snowmobiles, trucks) have facilitated the chase of boreal caribou, resulting in a greater number
of caribou being taken (Boreal Caribou ATK Reports, 2010-2011; Environment Canada, 2011a).
4.2.4 Climate and Natural Disasters
4.2.4.1 Climate Change and Severe Weather
Climate change has been identified by Aboriginal Traditional Knowledge holders and scientists
as a threat to boreal caribou and their habitat. Both groups indicate that there are many
uncertainties surrounding the impacts of climate change and how climate change may interact
with other threats. The long-term effects of climate change and the implications on boreal
caribou habitat are unknown.
Greater weather variability and severe weather events, which are expected to increase with
climate change, are likely to increase the frequency and severity of wildfires and cause more
freeze-thaw cycles, freezing rain, deep snow, hot summer temperatures, and changes in the forest
composition and food supply (Thomas and Gray, 2002; Vors and Boyce, 2009; Boreal Caribou
ATK Reports, 2010-2011). In some areas, a shift in the timing and length of seasons, with earlier
spring thaws and later freeze-ups, has been observed by many Aboriginal Traditional Knowledge
holders (Boreal Caribou ATK Reports, 2010-2011). Climate change will likely also lead to
changes in habitat which, in the Northwest Territories, can increase permafrost melting.
Climate related changes in habitat favour deer and other prey species, which expand into boreal
caribou range, increasing predator populations and predation of boreal caribou, and facilitating
the spread of disease. Climate change may result in habitat change for boreal caribou, as it drives
boreal forest composition to shift northwards, and results in other factors including the spread of
forest insects that cause tree mortality (e.g. mountain pine beetle) (Johnston, 2009; Johnston,
2010).
4.2.5 Other Threats
Other threats that have a lower level of concern at the national scale (although they may be of
greater concern for individual ranges) include:
Noise and Light Disturbance: Noise and light disturbance result in short-term behavioural and
physiological responses of individual boreal caribou, including a startle response, elevated heart
rate, and production of glucocorticoids. Sustained or repeated disturbance can result in avoidance
of areas and the reduction in use of suitable habitat (Sapolsky, 1992; Creel et al., 2002).
Vehicle Collisions: In some areas, boreal caribou are vulnerable to mortality from vehicle or rail
collisions (Brown and Hobson, 1998); however, on a national scale, vehicle collisions are not
thought to pose a major threat to boreal caribou (Boreal Caribou ATK Reports, 2010-2011).
Pollution: The threat of pollution (e.g. from oil and gas, chemical spraying for forestry,
pesticides, hydro, salt, dust and litter coming from the creation of roads) was identified as a
concern through meetings held with Aboriginal communities (Environment Canada, 2011a) and
by Aboriginal Traditional Knowledge holders (Boreal Caribou ATK Reports, 2010-2011). Very
little is known about the severity of this threat to boreal caribou local populations.
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5 POPULATION AND DISTRIBUTION OBJECTIVES
The national population of boreal caribou is currently made up of local populations distributed
across 51 ranges in Canada (see Figure 2 and Table 2). Boreal caribou ranges are the
fundamental units of conservation and management for boreal caribou recovery planning and
actions (Thomas and Gray, 2002). The range is the appropriate unit of analysis for identifying
critical habitat and other requirements for self-sustaining local populations of boreal caribou. The
range represents the geographic area occupied by a group of individuals that are subject to
similar factors affecting their demography and is used to satisfy their life history processes (e.g.
calving, rutting, wintering) over a defined time frame.

5.1

Recovery of Boreal Caribou

5.1.1 Varying Ecological Conditions
Aboriginal Traditional Knowledge and comments received through engagement with Aboriginal
communities identifies the need for continued presence of self-sustaining local populations in all
boreal caribou ranges across Canada (Environment Canada, 2011a; Boreal Caribou ATK
Reports, 2010-2011). This is reflected in the knowledge that all animals are connected to each
other and that boreal caribou are essential to the balance of nature and for their role in the boreal
ecosystem.
Boreal caribou encounter a wide variety of ecological conditions across their distribution. Taken
together, all boreal caribou ranges contribute to ensuring that the full ecological gradient is
represented and captures local adaptations to change. This allows for maintenance of the
evolutionary potential of the species and accounts for the full spectrum of ecological interactions
boreal caribou can have within the full array of ecological settings (Redford et al., 2011).
Science supports that conservation of a species such as boreal caribou is achieved by maintaining
multiple local
geographical range, in representative ecological
settings, with replicate local populations in each setting that are self-sustaining, genetically
robust, ecologically functional, and resilient to climate and other changes (Environment Canada,
2011b). Without connectivity, redundancy and representivity across several ecological scenarios
there is an increased risk to the survival and recovery of boreal caribou.
Small local populations, particularly those isolated from the core distribution of the national
population of boreal caribou, are at greater risk of not becoming self-sustaining or maintaining
self-sustaining status. In these situations, a local population may have greater difficulty
withstanding stochastic events, and may not experience enough immigration to maintain genetic
diversity or adequate population size, and therefore will be at greater risk of not persisting in the
long-term. Accordingly, different recovery actions (e.g. translocation, captive breeding) may be
necessary to maintain and recover small local populations, and particularly those that are
declining. There may be considerable uncertainty regarding the effectiveness of such recovery
tools. It will be important to assess feasibility and conduct a risk assessment prior to undertaking
any such activities.
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There are several small local populations including Parker (BC4) and Prophet (BC5) in British
Columbia, Nipisi (AB11) and Slave Lake (AB12) in Alberta, The Bog (MB1), Kississing (MB2),
North Interlake (MB5), William Lake (MB6) and Owl-Flinstone (MB13) in Manitoba, and Red
Wine Mountain (NL2) in Newfoundland and Labrador. Small isolated local populations include
Or (QC1) and Charlevoix
Little Smoky (AB5) in Alberta, Coastal (ON6) in Ontario, and
(QC2) in Quebec (see Figure 2).
5.1.2 Connectivity Between and Within Boreal Caribou Ranges
Maintaining a long-term self-sustaining status for boreal caribou ranges depends on connectivity
within and between ranges. Connectivity between ranges enables immigration and emigration
between neighbouring boreal caribou local populations, which allows for the maintenance of
local population size and genetic diversity. Maintaining genetic diversity is needed to maintain
the resilience of a local population as described in Section 3.3.2.
Connectivity also allows wide ranging mammals like boreal caribou to adapt to changes in their
natural environment (e.g. climate change, disturbance), recognizing that a contiguous population
does not mean that each range must be physically connected to other ranges or that areas of
habitat within a range must be physically connected to other areas. However, it does mean that
the distance between ranges and between core habitat areas within a range should not be so large
that no movement of boreal caribou could occur, though it may not be their preferred habitat
type. Connectivity between ranges benefits gene flow and helps to maintain or increase
population size. Connectivity within a range is important for seasonal movement and the use of
habitat as boreal caribou respond to disturbance or as disturbed habitat recovers (Saher and
Schmiegelow, 2005).

5.2

Objectives

5.2.1 Recovery Goal
The recovery goal for boreal caribou is to achieve self-sustaining local populations in all boreal
caribou ranges throughout their current distribution in Canada, to the extent possible.
The recovery goal reflects the best available information, including scientific knowledge,
Aboriginal Traditional Knowledge and comments received through engagement with Aboriginal
communities. The goal is informed by the scientific principles of conservation and reflects the
intent to recover all local populations. Achieving the recovery goal would allow for local
population levels sufficient to sustain traditional Aboriginal harvesting activities, consistent with
existing Aboriginal and treaty rights of Aboriginal peoples of Canada. Feedback received from
Aboriginal communities indicated a strong support for this recovery goal.
Recovery for boreal caribou is the achievement of self-sustaining local populations, which are
demographically and genetically viable connected local populations a
distribution. Current evidence supports the conclusion that the recovery of all local populations is
biologically and technically feasible. As noted in Sections 3.3.3 and 5.1.1, small and isolated
local populations are at greater risk of not becoming self-sustaining or maintaining selfsustaining status. There may be situations where recovery of a particular local population proves
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to be, over time and through unforeseen circumstances, not biologically or technically feasible.
Each boreal caribou local population contributes to the biodiversity, ecological functionality, and
extinction (Ray,
resilience of the species to environmental change, reducing the risk of
2011).
5.2.2 Population and Distribution Objectives
To guide recovery efforts, the population and distribution objectives (see Figure 4) are, to the
extent possible, to:
Maintain the current status of the 14 existing self-sustaining local populations (green dotted
ranges); and
Stabilize and achieve self-sustaining status for the 37 not self-sustaining local populations
(blue hatched ranges).
not self,
, and that assessed as
.
Given the uncertainty about the status of the Boreal Shield (SK1) local population, the
population and distribution objective is to manage for self-sustaining status. Implementation of
the schedule of studies for SK1 included in this recovery strategy (see Section 7.2) will provide
the data required to complete the integrated risk assessment for this range to determine its current
status as self-sustaining or not self-sustaining.

5.3

Timelines to Recovery

Boreal caribou exist in mature boreal forest ecosystems that evolved over centuries, and in turn
take decades to recover from disturbance. Reversing ecological processes detrimental to boreal
caribou (e.g. habitat degradation and loss, the increase in predator and alternate prey
populations), and instituting changes to management frameworks and ongoing land use
arrangements, will often require time frames in excess of 50 to 100 years. Given these realities,
while it is currently biologically and technically feasible to recover all local populations, under
the best efforts of all parties, some local populations will not return to a self-sustaining status for
a number of decades.
For several boreal caribou local populations, immediate actions to avoid extirpation are needed
such that recovery can be achieved over time. Recovery will be monitored continuously and
reported every five years (see Section 8).
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Figure 4. Population and distribution objectives for boreal caribou in Canada.
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5.4

Prioritizing Recovery Actions and Managing Risk

All local populations are included in the goal for the recovery of boreal caribou based on their
contributions to connectivity, representivity and redundancy. Each local population also faces
different challenges to maintain or achieve self-sustaining status. Successful recovery of boreal
caribou will require practical considerations and implementation of recovery actions tailored for
each range. Prioritization of recovery actions is best addressed at the range and/or action
planning stage where the allocation of effort and the rate of risk reduction for individual ranges
can best be determined.
Range and/or action planning will consider a multitude of information and factors, such as
regional ecological conditions, local population size and trend, boreal caribou movement
between ranges, habitat condition between ranges, distribution of resources for restoration
efforts, and others. In prioritizing recovery actions, consideration should be given to the current
risk of extirpation of a local population, the length of time to achieve a self-sustaining status,
ecological needs of connectivity, representivity and redundancy, as well as population and
habitat conditions.

5.5

Achieving Recovery for Self-Sustaining Local Populations

Recovery is achieved for the 14 self-sustaining local populations by maintaining population and
range conditions that support their self-sustaining status.

5.6

Achieving Recovery for Not Self-Sustaining Local Populations

Recovery is achieved for the 37 not self-sustaining local populations through a combination of
coordinated habitat restoration and population management actions applied over time to return a
local population to a self-sustaining status. For each not self-sustaining local population, the
timeframe for achieving recovery will vary depending on whether the habitat condition and/or
the population condition is/are a limiting factor.
For boreal caribou ranges where local populations are declining, stabilizing the local population
by halting its decline will require immediate action. For all ranges wherein the local population
size is small, achieving a stable population trend and recovering the population to a minimum of
100 animals2 will be necessary to mitigate risk of quasi-extinction. Although certain local
populations with fewer than 100 animals may be stable and persist over the short-term where
adequate suitable habitat supply is available, the long-term persistence of those populations is
less certain. In some instances, continued human intervention may be required to achieve the
minimum population size target.
In addition to managing local population size, habitat management will also be necessary. This
recovery strategy identifies 65% undisturbed habitat in a range as the disturbance management

2

100 animals provides a 0.7 probability of not reaching a quasi-extinction threshold of less than 10 reproductively
active females under stable conditions (Environment Canada, 2011b).
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threshold, which provides a measurable probability (60%) for a local population to be selfsustaining (see Appendix E).
For boreal caribou ranges with less than 65% undisturbed habitat:
restoration of disturbed habitat to a minimum of 65% undisturbed habitat will be necessary.
For boreal caribou ranges with greater than or equal to 65% undisturbed habitat:
maintenance of a minimum of 65% undisturbed habitat will be necessary.
There are 31 ranges where total disturbance exceeds 35% and which thereby do not meet the
disturbance management threshold of 65% undisturbed habitat (see Section 7.1.1). Of these
ranges, local population trends are declining (11 local populations), stable (eight local
populations) or unknown (12 local populations).
In six ranges the habitat condition is good (i.e. undisturbed habitat exceeds 65%), and the local
population trend is either declining (three local populations) or stable (three local populations).
Note that for the three ranges that report stable population trend with good habitat condition, the
quality of trend data and/or the small estimated population size resulted in those local
populations being assessed as not self-sustaining.
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6 BROAD STRATEGIES AND GENERAL APPROACHES TO
MEET OBJECTIVES
6.1

Actions Already Completed or Currently Underway

Federal, provincial and territorial governments, wildlife management boards, Aboriginal people,
non-government organizations, and affected industries across Canada have taken a range of
actions to manage and protect boreal caribou and their habitat. Examples of actions already
completed or currently underway vary across Canada, and include:
identification and delineation of boreal caribou ranges and habitats within ranges;
assessment of the population size and/or trend and/or distribution of local populations of
boreal caribou across Canada;
consideration of boreal caribou habitat requirements when planning and implementing forest
harvesting and other industrial activities;
development and implementation of operating guidelines for industrial development within
boreal caribou ranges;
land-use planning to identify areas within boreal caribou ranges where boreal caribou
conservation is prioritized;
closed, restricted, and/or managed hunting by Aboriginal and non-Aboriginal people, on a
voluntary basis or through regulations;
predator and alternate prey management in some ranges where local populations of boreal
caribou are rapidly declining;
development of cooperative stewardship agreements and activities to support the engagement
of Aboriginal organizations and stakeholders in the monitoring, management, and
conservation of boreal caribou;
preparation of outreach materials on boreal caribou and dissemination to interest groups and
the general public; and
research on boreal caribou ranges, habitat, ecology and limiting factors.
Collectively, these actions, and the level of commitment associated with these actions, are an
encouraging foundation upon which to build. Table 4 outlines the status of provincial and
territorial recovery planning for boreal caribou.

24

2118

Table 4. Status of boreal caribou recovery planning in provincial and territorial
jurisdictions where boreal caribou occur.
Provincial/
Territorial
Jurisdiction
Northwest
Territories

Recovery Document

Recovery Objective

Action Plan for Boreal Woodland
Caribou Conservation in the Northwest
Territories, 2010-2015

Conserve boreal caribou in all areas of the
Northwest Territories to prevent from becoming
a species at risk in the Northwest Territories

Implementation Plan for the Action
Plan for Boreal Woodland Caribou in
the Northwest Territories: 2010-2015

Maintain current contiguous distribution

British
Columbia

Implementation Plan for the Ongoing
Management of Boreal caribou in
British Columbia, 2011

Decrease rate of decline

Alberta

A Woodland Caribou Policy for Alberta,
June 2011

Self-sustaining populations and maintain
distribution

Alberta Woodland Caribou Recovery
Plan, 2004/5 2013/14

Ensure long-term habitat requirements within
ranges

Draft Recovery Strategy for Boreal
Woodland Caribou in Saskatchewan,
2007

Promote, sustain, and enhance populations

Saskatchewan

Manitoba
Strategy for Boreal Woodland Caribou,
2005
Draft Action Plans for Boreal Woodland
Caribou Ranges in Manitoba OwlFlinstone and Atikaki-Berens Ranges

Ontario

Ontario Recovery Strategy, Woodland
Caribou, 2008
Ontario Woodland Caribou
Conservation Plan, 2009

Quebec

Quebec Recovery Strategy for
Woodland Caribou, 2005-2012
Updated Recovery Strategy (2012-2022)
is completed and will be published
shortly

Newfoundland
and Labrador

Reduce risk of extirpation for four populations
within 50 years

Maintain distribution of caribou and necessary
ecosystems across range
Self-sustaining populations on all existing
ranges
Maintain and/or increase habitat to support selfsustaining local populations
Manage habitat on all ranges
Maintain self-sustaining, genetically-connected
local populations of Woodland Caribou (forestdwelling boreal population) where they
currently exist, improve security and
connections among isolated mainland local
populations, and facilitate the return of caribou
to strategic areas near their current extent of
occurrence
Maintain current distribution
Achieve and maintain uniform distribution
(> 12,000 caribou)
Maintain and consolidate the isolated Valand Charlevoix herds

Recovery Strategy for Three Woodland
Caribou Herds in Labrador, 2004

Prevent extinction and improve status of all
populations

Updated Recovery Strategy is currently
being drafted

Achieve self-sustaining populations across
current and historical ranges
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6.2

Strategic Direction for Recovery

The following table (see Table 5) and narrative describe, at a national level, the broad strategies
and general approaches to be taken and the research and management activities needed to
address the threats to boreal caribou and achieve the population and distribution objectives for
each range. Many strategies and approaches are interrelated and details on their implementation
and their level of priority will differ across the country and by local population and habitat
conditions. Sequencing and timing of specific recovery actions and their level of priority will be
outlined and addressed in subsequent range plans and/or action plans (see Sections 7.4 and 9).
Table 5. Recovery planning table for boreal caribou
Threat or
Limitation

1

Priority

Broad Strategy
to Recovery

General Description of Research and Management
Approaches

Landscape Level Planning
Habitat alteration as
a result of human
land-use activities

Urgent

Habitat alteration as
a result of natural
processes

Undertake
landscape level
planning that
considers current
and future boreal
caribou habitat
requirements

Develop range plans (see Section 7.4) that outline range-specific
population and habitat management activities with measurable targets
to achieve recovery goal.
Undertake coordinated land and/or resource planning to ensure that
development activities are planned (type, amount, and distribution)
and implemented at appropriate spatial and temporal scales (e.g.
consider sensitive periods/areas such as calving).
Plan to maintain habitat within and between boreal caribou ranges, to
maintain connectivity where required.
Undertake coordinated planning among provincial and territorial
jurisdictions that jointly manage ranges (i.e. transboundary ranges) to
reach agreement on the overall strategic direction for local population
recovery.
Develop range-appropriate cumulative effects assessment
approaches. Very large ranges (Northwest Territories (NT1), Far
North (ON9), and Quebec (QC6)) will require different approaches.
Communicate among governments, wildlife management boards,
Aboriginal communities and organizations, non-governmental
organizations, and other organizations responsible for land and/or
resource management and/or conservation within the boreal forest to
ensure coordination of planning and management and, where
applicable, facilitate cross-jurisdictional cooperation and
implementation.

Habitat Management
Habitat alteration as
a result of human
land-use activities
Habitat alteration as
a result of natural
processes

Urgent

Manage habitat to
meet current and
future habitat
requirements of
boreal caribou

Protect key areas for boreal caribou through appropriate habitat
management and protection mechanisms (e.g. legislated protected
areas, no development zones, mixed use zones, and conservation
agreements).
Undertake coordinated actions to reclaim boreal caribou habitat
through restoration efforts (e.g. restore industrial landscape features
such as roads, old seismic lines, pipelines, cut-lines, temporary roads,
cleared areas; reconnect fragmented ranges).
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Threat or
Limitation

1

Priority

Broad Strategy
to Recovery

General Description of Research and Management
Approaches
Measure and monitor disturbance on the landscape (see Section
4.2.1). Update range plans to reflect changes in habitat condition.
Where ranges are highly disturbed, identify areas that will be
prioritized for boreal caribou recovery and targeted for early habitat
reclamation. Incorporate management guidelines and actions into
permitting conditions for activities identified as affecting boreal
caribou or their habitat.
For ranges that are jointly managed (i.e. transboundary), undertake
collaborative habitat management among responsible provincial and
territorial jurisdictions to ensure equitable efforts are underway.
Encourage stewardship of boreal caribou habitat among industries,
interest groups, and Aboriginal communities and organizations.
Assess the impact of natural disturbance (e.g. forest fire) on the longterm habitat management of boreal caribou ranges. Where necessary,
incorporate short- and long-term boreal caribou habitat
considerations, along with other considerations, into forest fire
management.
Monitor habitat and use adaptive management to assess progress and
adjust management activities as appropriate.

Mortality and Population Management
Predation

High

Manage predators
and alternate prey

Where necessary, apply predator management as an interim
management tool, in conjunction with other management approaches
(e.g. habitat restoration and management), to achieve boreal caribou
local population growth. Alternate prey management may also be
applied in conjunction with predator management.
Where applicable, consider effective indirect predator management
techniques as an alternative to direct predator management (e.g.
limiting predator access, penning of boreal caribou).
Where mortality and/or population management are implemented,
monitor boreal caribou local populations and consider monitoring the
effects on other impacted species.

Hunting

Medium

Manage direct
human-caused
mortality of
boreal caribou

Determine the extent of current hunting, and the effects of hunting on
boreal caribou local populations.
In consultation with Aboriginal people, develop and implement
harvest strategies, where required to achieve boreal caribou recovery.
Assess and address impacts of hunting regulations for all boreal
caribou ranges that overlap with other legally hunted Woodland
Caribou ecotypes.
Reduce illegal hunting through stewardship, education and
enforcement.
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1

Threat or
Limitation

Priority

Broad Strategy
to Recovery

General Description of Research and Management
Approaches

Population Monitoring
Knowledge gaps:
Population
dynamics (trends,
size, structure, and
distribution)

High

Conduct
population studies
to better
understand
population
structure, trends
and distribution

Where necessary, refine understanding of the structure and
functioning of boreal caribou local populations.
Monitor population size and/or trend, as well as changes in boreal
caribou distribution over time and in relation to habitat condition and
disturbance.
Coordinate data collection, data-sharing, and planning between or
among neighbouring provincial and territorial jurisdictions to
establish transboundary ranges where appropriate.
Revise boreal caribou range delineations based on updated
population information from science and Aboriginal Traditional
Knowledge.

Knowledge gaps:
boreal caribou
health and
condition

Low Medium

Monitor boreal
caribou health and
condition

Gather information, monitor and manage the health and body
condition of individual boreal caribou.

Knowledge gaps:
boreal caribou
sensory disturbance

Low Medium

Monitor and
manage sensory
disturbance of
boreal caribou

Assess the extent, distribution, and possible consequences of sensory
disturbance (e.g. aircraft traffic, snowmobiles, all-terrain vehicles,
tourism, research, and equipment associated with oil and gas or
forestry) on boreal caribou, and where required reduce its effects,
particularly during sensitive periods (e.g. calving).
Minimize disturbance to boreal caribou during monitoring and
research programs, and select monitoring and research techniques
that are the least intrusive.

1

Priority: reflects the level of priority of the broad strategy on a national level. This priority for each local
population may differ.

6.3

Narrative to Support the Recovery Planning Table

Recovery of boreal caribou will require the commitment, collaboration and cooperation among
federal, provincial and territorial jurisdictions, wildlife management boards, Aboriginal people,
local communities, landowners, industry and other interested parties. It will be important to
monitor habitat conditions, size and/or trend, and the distribution of boreal caribou local
populations so that the effectiveness of individual range management regimes can be evaluated,
and adjusted as necessary. It should also be recognized that it takes time for the impact of human
developments and natural disturbances on boreal caribou to become evident. Therefore, range
plans and/or action plans must take into account the likelihood of a delayed boreal caribou
population and distribution response to anthropogenic or natural habitat alterations.
6.3.1 Landscape Level Planning
As the range has been identified as the most relevant scale at which to plan for the conservation
of boreal caribou, undertaking landscape level land and/or natural resource planning is
appropriate for effective management of cumulative effects of habitat disturbance within boreal
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caribou ranges and for managing disturbance over time to ensure sufficient habitat is available
for boreal caribou, both of which are more difficult in the context of individual project approvals.
Range-level planning for boreal caribou should consider current and future human developments
and determine detailed management activities that are tailored to the conditions of the range and
the local population in question. Range plans and/or action plans should take into account natural
disturbances and cumulative effects of development within and between boreal caribou ranges.
It will be important to undertake coordinated land and/or resource planning to ensure that
development activities are planned and approved, taking into consideration the cumulative
impacts of all current and future developments within a range. Assessing cumulative effects will
require a different approach for large continuous ranges than for smaller discrete ranges. The
impact of disturbance that may be concentrated in part of a large continuous range may be
masked given the size of the range. Dividing the large areas into smaller management units may
allow land managers to better understand where the disturbance is occurring and plan
accordingly, in order to avoid irreversible range retraction and permanent breaks in range
connectivity.
In light of the impacts that actions taken in neighbouring ranges have on boreal caribou, it will be
important that provinces and territories take a collaborative approach to land and/or resource
planning, particularly in ranges that are jointly managed (i.e. transboundary), to ensure an agreed
upon direction to boreal caribou recovery is attained.
6.3.2 Habitat Management
Boreal caribou ranges will need to be managed to ensure their current and future ability to
support self-sustaining local populations. The effectiveness of various management activities
may vary between and within ranges due to differences in population condition and specific local
conditions.
Management of the amount, type and distribution of human developments will be necessary.
Both anthropogenic and natural disturbances will need to be monitored and measured. Methods
may vary in accordance with the information and tools available to the provinces and territories.
Anthropogenic disturbance (i.e. industrial and other human activities) will need to be managed in
a manner consistent with land and/or resource planning that has taken into account the current
and future habitat requirements of boreal caribou. Disturbed areas may need to be improved or
restored to support population and distribution objectives within each boreal caribou range.
Maintaining connectivity within and between habitat patches and ranges will be particularly
important for boreal caribou. In certain cases, it may be necessary to identify and designate
protected areas with biophysical attributes for boreal caribou. For ranges that are jointly managed
by provinces and territories (i.e. transboundary), collaborative habitat management approaches
will be necessary to ensure that equitable recovery efforts are underway. Though ranges may
cross provincial and territorial boundaries, each jurisdiction remains accountable for activities
carried out in their own range.
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6.3.3 Mortality and Population Management
6.3.3.1 Manage Predators and Alternate Prey
Human-induced habitat alterations have upset the natural balance between boreal caribou and
their predators, resulting in unnaturally high predation rates in some boreal caribou ranges. As a
result, in some ranges, a population management approach involving management of other
wildlife species (i.e. predators and alternate prey) may be required to stop boreal caribou declines
and stabilize the local population in order to prevent their extirpation in the short-term. Where
the condition of the local population warrants such measures, predator and in some cases
alternate prey management may be applied as interim management tools, recognizing that a
punctuated approach to mortality management may be necessary over a period of time while
habitat conditions in the range recover. Where mortality management is applied, concurrent
application of other management tools will be needed to achieve boreal caribou recovery. In
particular, habitat restoration and management will be necessary to recover the range conditions
to provide an adequate habitat supply system to support boreal caribou local populations.
Predator and alternate prey management should be considered simultaneously. Alternate prey
management applied in the absence of concurrent predator management has the potential to be
harmful to boreal caribou conservation.
6.3.3.2 Manage Direct Human-Caused Mortality of Boreal Caribou
The extent of hunting and its effect on boreal caribou local populations is largely unknown
across most of the distribution of boreal caribou. Therefore, it is important to first determine the
level of hunting within a range in order to understand the potential impact of hunting on the
viability of a local population. Attention should also be given to areas where boreal caribou
ranges overlap with legally hunted caribou ecotypes, and hunting regulations for the legally
hunted caribou ecotypes should be modified as appropriate. In areas where hunting is shown to
have a negative effect on local population viability, harvest strategies should be developed, in
consultation with Aboriginal people, to achieve boreal caribou recovery.
6.3.4 Population Monitoring
6.3.4.1 Conduct Population Studies to Better Understand Boreal Caribou Population
Structure, Trends and Distribution
There is considerable variation in the level of understanding of boreal caribou local population
structure and trends across their distribution. While accurate population size and trend estimates
are available for some local populations, for others, size and trend estimates are based primarily
on professional judgement and limited data. For local populations where little is known, baseline
population ecology studies such as boreal caribou collaring, aerial observations/counting, and on
the ground monitoring activities are required to establish a baseline from which to plan and
measure recovery progress. For all local populations, size and/or trend, and distribution should
be monitored over time to test the efficacy of management actions and adapt those management
actions as appropriate.
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6.3.4.2 Monitor Boreal Caribou Health and Condition
Parasites and disease can affect individual boreal caribou and may have effects at the local
population level in certain parts of the country. Pollution from oil and gas contaminated sites has
also been shown to negatively affect the health of boreal caribou and may result in mortality if
individuals consume toxins at waste sites. However, little is known about the severity of
parasites, disease and pollution to individual boreal caribou or to boreal caribou local
populations. Therefore, information on the health and body condition of boreal caribou should be
monitored to better understand the relationship between these threats and the viability of local
populations, and whether there is a need for additional recovery actions.
6.3.4.3 Monitor and Manage Sensory Disturbance of Boreal Caribou
The extent, distribution and effects of various sources of sensory disturbance (e.g. low-flying
aircraft, snowmobiles, equipment associated with various industries) on individual boreal caribou
and boreal caribou local populations should be assessed. Where required, management actions to
reduce the effects of sensory disturbance on boreal caribou should be implemented and the
effectiveness of the management actions should be monitored over time and adapted as
necessary.
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7 CRITICAL HABITAT
Under SARA, critical habitat is def
For boreal caribou, critical habitat
identification describes the habitat that is necessary to maintain or recover self-sustaining local
populations throughout their distribution. In some of the areas identified as critical habitat, the
quality of habitat will need to be improved for recovery to be achieved.
Boreal caribou shift in their use of range over space and time, in accordance with changes in the
location of biophysical attributes within the range as areas of disturbed and undisturbed habitat
cycle on the landscape. For a local population to be self-sustaining over time, this habitat supply
system (i.e. critical habitat) must function perpetually.

7.1

Identification of Critical Habitat for Boreal Caribou

Based on the foregoing, critical habitat for boreal caribou is identified for all boreal caribou
ranges, except for northern Saskatchew
SK1), (see Figure 5) as:
the area within the boundary of each boreal caribou range that provides an overall ecological
condition that will allow for an ongoing recruitment and retirement cycle of habitat, which
maintains a perpetual state of a minimum of 65% of the area as undisturbed habitat; and
biophysical attributes required by boreal caribou to carry out life processes (see Appendix
H).
Based on methodology developed by Environment Canada (2011b), a disturbance management
threshold of 65% has been identified, which provides a measurable probability (60%) for a local
population to be self-sustaining (see Appendix E). The precise location of the 65% undisturbed
habitat within the range will vary over time. The habitat within a range should exist in an
appropriate spatial configuration such that boreal caribou can move throughout the range and
access required habitat when needed. The key to this identification is achieving and maintaining
an overall, ongoing range condition that allows for the dynamic habitat supply system, with the
biophysical attributes upon which boreal caribou depend, to operate. It is this dynamic habitat
supply system within the range boundaries, containing the biophysical attributes, that is the
habitat condition necessary for the recovery of boreal caribou.
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Figure 5. Critical habitat for boreal caribou in Canada.
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gh
fire, very low anthropogenic disturbance estimates for northern Saskatchewan represent a unique
situation that falls outside the range of variability observed in the data that informed the
disturbance model used by Environment Canada (2011b) (see Appendix F). Therefore, the
disturbance model that informed the identification of critical habitat has not been applied for this
range. More information is needed to confirm if the effect of total disturbance also applies in
ranges where there is high fire and very low anthropogenic disturbance. A schedule of studies
(see Section 7.2) is required to complete the critical habitat identification for the Boreal Shield
range (SK1) in northern Saskatchewan.
7.1.1 Components of Critical Habitat
The identification of critical habitat for boreal caribou is comprised of three components for each
range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat. Appendix J provides
critical habitat component information for each boreal caribou range with the exception of
Location
Location describes where critical habitat is found. For boreal caribou the relevant scale to
identify critical habitat is the range, which delineates the area within which critical habitat is
located. There are 51 ranges within the current distribution of the boreal caribou (see Figure 2
and Table 2).
Amount
Amount describes the quantity of critical habitat.
A strong relationship exists between habitat disturbance and whether a local population is stable,
increasing or decreasing. As the quantity and/or severity of disturbance increases, there is
increasing risk that a local population will be in decline (Environment Canada, 2011b), as further
described in Appendix E.
This recovery strategy identifies a minimum of 65% undisturbed habitat in a range as the
disturbance management threshold, which provides a measurable probability (60%) for a local
population to be self-sustaining. This threshold is considered a minimum threshold because at
65% undisturbed habitat there remains a significant risk (40%) that local populations will not be
self-sustaining.
Habitat disturbance within a range needs to be managed by the responsible jurisdiction at a level
that will allow for a local population to be self-sustaining. As there is variation in habitat and
population conditions between boreal caribou local populations across their distribution, for
some ranges it may be necessary to manage the range above the 65% undisturbed habitat
threshold, while for others it may be possible to manage the range below the 65% undisturbed
habitat threshold. However, there must be strong evidence, validated by Environment Canada,
from population data collected over an extended period of time to support the management
decision to establish a lower range-specific threshold (i.e. the lag effects of disturbance on a local
population have been considered and accounted for).
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In the absence of strong evidence to support lowering the undisturbed habitat threshold below
65%, the amount of critical habitat for all ranges is at least 65% undisturbed habitat. For
management purposes, the amount of critical habitat may need to be maintained or restored,
depending on the level of disturbance in a range.
In ranges with less than 65% undisturbed habitat, initially, critical habitat is the existing
habitat that over time would contribute to the attainment of 65% undisturbed habitat.
In ranges with 65% or more undisturbed habitat, critical habitat is at least 65% undisturbed
habitat in a range.
The habitat that is included in the 65% undisturbed habitat will change over time given the
dynamic nature of the boreal forest.
Section 4.2.1 describes the methodology used to measure disturbance for each range.
Type
Type describes the biophysical attributes of critical habitat.
Biophysical attributes are the habitat characteristics required by boreal caribou to carry out life
processes necessary for survival and recovery. Biophysical attributes within and adjacent to core
habitat areas of boreal caribou use will be more important to a local population than those that
are isolated and less accessible to boreal caribou (i.e. spatially separated by a disturbance). The
biophysical attributes for boreal caribou will vary over space and time with the dynamic nature
of the boreal forest. In addition, particular biophysical attributes will be of greater importance to
boreal caribou at different points in time. Certain biophysical attributes are required more by a
local population during different life processes, seasons or at various times over the years.
Information from Aboriginal Traditional Knowledge (Boreal Caribou ATK Reports, 2010-2011),
habitat selection analyses, and scientific published reports (Environment Canada, 2011b) were
used to summarize the biophysical attributes necessary for boreal caribou. Results are
categorized by the habitat type (e.g. calving habitat, winter habitat) and are provided by ecozone
in order to capture the ecological variation across the current distribution of boreal caribou (see
Appendix H). In addition to variation across ecozones, the biophysical attributes necessary for
boreal caribou will vary both between and within ranges. For certain ranges, more specific
information was made available to describe biophysical attributes and this has been included in
Appendix H.

7.2

Schedule of Studies

A schedule of studies is required under SARA where available information is inadequate to
identify critical habitat. The schedule of studies outlines the essential studies required to identify
the critical habitat necessary to meet the population and distribution objectives for boreal caribou
set in this recovery strategy.
There is evidence suggesting that fire does cause stress on boreal caribou local populations when
the proportion of the range disturbed by fire is high. Precaution around the additional effects of
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anthropogenic disturbance in boreal caribou ranges that experience high levels of fire is
necessary. Additional population trend data is required to understand the relationship between
disturbance and boreal caribou survival in ranges with high fire and very low anthropogenic
range (SK1).
The following schedule of studies is required to complete the identification of critical habitat in
the Boreal Shield range in northern Saskatchewan (SK1).
Table 6. Schedule of studies required to complete the identification of critical habitat in
the Boreal Shield range (SK1) in northern Saskatchewan.
Description of Activity

Rationale

Timeline

Collect population information (size,
trend, etc.) for a minimum of 2 years in
SK1 where population condition is
unknown.

The effect of a high fire and very low
anthropogenic disturbance habitat
condition on the SK1 local
population is unknown. These
activities will provide the necessary
information to identify critical
habitat.

Population data collected
and critical habitat identified
for SK1 by end of 2016.

Update disturbance model in
Assessment (2011b) by including
population information for SK1 to
incorporate situations of high fire and
very low anthropogenic disturbance.
Identification of critical habitat in SK1.

7.3

Activities Likely to Result in the Destruction of Critical Habitat

SARA requires that a recovery strategy identify examples of activities likely to destroy critical
habitat. Destruction is determined on a case by case basis. Destruction would result if part of the
critical habitat were degraded, either permanently or temporarily, such that it would not serve its
function when needed by boreal caribou. Destruction may result from a single activity, multiple
activities at one point in time, or from the cumulative effects of one or more activities over time
(Government of Canada, 2009).
Activities that are likely to result in the destruction of critical habitat, include, but are not limited
to, the following:
Any activity resulting in the direct loss of boreal caribou critical habitat. Examples of such
activities include: conversion of habitat to agriculture, forestry cut blocks, mines, and
industrial and infrastructure development.
Any activity resulting in the degradation of critical habitat leading to a reduced, but not total
loss of both habitat quality and availability for boreal caribou. Examples of such activities
include: pollution, drainage of an area, and flooding.
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Any activity resulting in the fragmentation of habitat by human-made linear features.
Examples of such activities include: road development, seismic lines, pipelines, and
hydroelectric corridors.
The likelihood that critical habitat will be destroyed is increased if any one of these activities, or
combination thereof, were to occur in such a manner, place and time, that after appropriate
mitigation techniques (see Appendix I) any one of the following were to occur:
compromise the ability of a range to be maintained at 65% undisturbed habitat;
compromise the ability of a range to be restored to 65% undisturbed habitat;
reduce connectivity within a range;
increase predator and/or alternate prey access to undisturbed areas; or
remove or alter biophysical attributes necessary for boreal caribou.
A single project/activity may or may not result in the destruction of critical habitat; however,
when considered in the context of all current and future development activities within and among
ranges, the cumulative impacts may result in the destruction of critical habitat.
Mitigation of adverse effects from individual projects/activities will require a coordinated
approach and management of cumulative effects within and among ranges. A cumulative effects
assessment is essential to position the proposed project/activity in the context of all current and
future development activities. The cumulative effects assessment will:
assess the impact of all disturbances (anthropogenic and natural) at the range-scale;
monitor habitat conditions, including the amount of current disturbed and undisturbed habitat
(see Section 4.2.1), and amount of habitat being restored;
account for planned disturbances; and
assess the distribution of disturbance in large ranges for risk of range retraction in parts of the
range.
For large continuous ranges, a different approach for assessing cumulative effects will be
required than for smaller discrete ranges. Dividing the large areas into smaller management units
will allow land managers to understand where the disturbance is occurring and avoid irreversible
range retraction and a permanent break in range connectivity.
Determination of whether an activity is likely to result in the destruction of critical habitat will be
facilitated by a range plan. For example, a range plan would identify activities that are likely to
result in direct loss, degradation, and/or fragmentation of habitat, relevant to specific local
circumstances. Any development that does not align with the range plan would be considered an
activity likely to destroy critical habitat.
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7.4

Range Plans

Given the dynamic nature of boreal caribou habitat requirements, the landscape scale at which
those requirements operate, and the highly variable present-day land management and ecological
conditions that exist among all boreal caribou ranges, range-specific approaches to protecting
critical habitat, and in many cases improving the condition of critical habitat for this species, are
needed.
In light of jurisdictional responsibilities for land and natural resource management, it is expected
that they will develop range plans. In areas where the responsibility for land and natural resource
management varies, range plans will be developed collaboratively between all responsible
authorities. Range plans may be stand-alone documents, or part of other planning documents
including action plans.
Range plans will outline how the given range will be managed to maintain or attain a minimum
of 65% undisturbed habitat over time. Specifically each range plan should reflect disturbance
patterns on the landscape, as measured and updated by the provinces and territories, and outline
measures and steps that will be taken to manage the interaction between human disturbance and
natural disturbance.
Difference between a range plan and an action plan
Action plans, which are required under SARA, provide the public and stakeholders with details
on how the recovery strategy will be implemented. Action plans include a broad spectrum of
subjects, such as: measures to address threats and to achieve population and distribution
objectives; an evaluation of socio-economic costs and benefits to be derived from its
implementation; and an approach for monitoring and reporting, etc. An action plan is not
necessarily range-specific; it could cover multiple ranges or even specific recovery measures
within a range. Range plans are documents that outline how a given range will be managed to
ensure that critical habitat is protected from destruction.
Purpose of a range plan
The main purpose of a range plan is to outline how range-specific land and/or resource activities
will be managed over space and time to ensure that critical habitat is protected from destruction.
As such, each range plan should reflect disturbance patterns on the landscape, as measured and
updated by the provinces and territories, and outline the measures and steps that will be taken to
manage the interaction between human disturbance, natural disturbance, and the need to maintain
or establish an ongoing, dynamic state of a minimum of 65% of the range as undisturbed habitat
at any point in time to achieve or maintain a self-sustaining local population. While the general
ecological principles and critical habitat dynamics described in the recovery strategy apply to all
ranges, individual ranges also possess a unique mix of ecological and land use conditions (e.g.
population condition, habitat condition and configuration, social and legal arrangements) that
must be factored into decision making.
The range plans, consistent with this recovery strategy, will be one factor considered by the
Minister of the Environment in forming an opinion on whether the laws of the province or
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territory effectively protect critical habitat within each boreal caribou range. As such, range plans
should contain the background information necessary for the Minister of the Environment to
make an informed assessment of whether critical habitat protection is in place or is being
realistically pursued throughout the range. Specifically, range plans should indicate what laws of
the province or territory, legislative and/or regulatory provisions, licences or other instruments
issued under an Act or regulation, or contractually binding agreements the jurisdiction intends to
use to protect critical habitat. In the absence of range plans, the minister will use the best
available information and consult with the jurisdiction to determine whether critical habitat is
effectively protected. If the minister is of the opinion that there are no provisions in or measures
under SARA or another Act of Parliament that protect the critical habitat (including a section 11
agreement) and the laws of the provinces and territories do not effectively protect their critical
habitat, the Minister of the Environment is required to recommend that a protection order be
made to the to the Governor in Council.
Range plans may form part of an action plan under SARA. However, in order to be adopted in
whole or in part as an action plan by the Minister of the Environment, the range plan and the
process used to develop it will need to meet the requirements of section 48 (cooperation) and
section 49 (content) of SARA. In addition, range plans will be used to inform reporting that is
required under SARA on implementation and progress toward meeting the population and
distribution objectives of this recovery strategy. Finally, range plans may be used to inform
decisions related to environmental assessments, issuance of permits (either under SARA or other
applicable legislation), and other similar approval processes.
Process for developing a range plan
The development of each range plan will be led by the responsible provincial or territorial
jurisdiction. In areas where the management responsibility for land and natural resource
management varies, range plans will likely be multi-jurisdictional led between all responsible
authorities. Range plans should be developed in a collaborative manner with directly affected
stakeholders. Jurisdictions should also apply the appropriate level of cooperation with Aboriginal
people as they would in any other resource management planning process that is undertaken
within their province or territory. The exact process of collaboration that is used is the
responsibility of each jurisdiction and may vary between jurisdictions.
Range plans may be updated by the jurisdictions over time to reflect changes in habitat and
population conditions for any given range. In particular, range plans should be updated following
any significant natural disturbance event (e.g. forest fires).
Timelines for the development of a range plan
Given the variation in management contexts, population and habitat information, and levels of
risk across the geographic distribution of boreal caribou, range plans should be completed by the
responsible jurisdiction(s) within 3-5 years of the posting of this recovery strategy.
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What should be included in a range plan?
There is no single prescriptive approach to developing a range plan, and jurisdictions may select
those approaches they consider most appropriate. Range plans should include such things as:
Demonstration of how at least 65% undisturbed habitat in the range will be achieved and/or
maintained over time;
List of the laws of the province or territory (including any corresponding regulations,
permits, licenses, etc.) and conservation measures (such as agreements, programs,
compliance incentives, conservation leases, etc.) that will be used to prevent activities likely
to destroy critical habitat;
o Include land tenure assessment for all areas of critical habitat within each range
o Where protection measures do not exist, the range plan should indicate the steps
being taken to put them in place and the expected timeline for implementation
Information on range-specific activities likely to destroy critical habitat within each range.
This will involve identifying and assessing current projects/activities as well as any
foreseeable future projects/activities, and should include a cumulative effects analysis;
An approach for measuring disturbance to the landscape and monitoring critical habitat to
ensure that protection mechanisms are in place and are working to prevent the destruction of
boreal caribou critical habitat;
An approach for monitoring population trends to ensure that local populations are responding
positively to management techniques;
An approach for monitoring natural disturbances, and habitat quality and quantity; and
Identification of information needs and plans for addressing information gaps.
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8 MEASURING PROGRESS
Under SARA, the competent minister must report on the implementation of a recovery strategy
and the progress towards meeting its objectives every five years. Population and habitat
conditions for boreal caribou will change over time given the changes to population
demographics, the dynamic nature of the boreal ecosystem and the manner in which the species
shifts in its use of the landscape over time. Accordingly, the five-year time frame for reporting
on implementation allows for these changes to be included in an updated recovery strategy, and
for subsequent range plans and action plans to be updated under an adaptive management
framework.
Monitoring of boreal caribou local populations based on performance indicators will be essential
to have the information necessary to evaluate the effectiveness of management actions and to
make necessary adjustments through an adaptive management process over time.

8.1

Adaptive Management

The process of adaptive management planning and implementation acknowledges and supports
the adjustment of management actions in light of new or more refined knowledge. Through
adaptive management, knowledge gaps and uncertainties are identified, evaluated, and reported
as information needs, addressed through monitoring and research, and then implemented through
revised and improved management actions.
The challenge of achieving the recovery goal of self-sustaining local populations of boreal
caribou will vary by boreal caribou range given the habitat and population conditions and
management context associated with each range. In order to ensure adaptive management is
applied to boreal caribou recovery, cooperation with federal, provincial and territorial
jurisdictions, wildlife management boards, Aboriginal people, and others involved in the
conservation, survival and recovery of boreal caribou is required.

8.2

Performance Indicators

The performance indicators presented below provide a way to define and measure progress
toward achieving the population and distribution objectives.
The ultimate performance indicator of boreal caribou recovery is self-sustaining local
populations throughout the entirety of their distribution in Canada. Performance indicators for
this recovery strategy are that the population and distribution objective is met for each boreal
caribou range, and that boreal caribou become less at risk. Recovery of all boreal caribou local
populations is technically and biologically feasible; however given the challenges of recovery for
boreal caribou, some local populations that are currently not self-sustaining will likely require a
number of decades to return to a recovered state.
The performance indicators described below are provided as national guidelines to gauge the
successful implementation of the recovery strategy. More detailed performance indicators that
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reflect the specific local conditions (e.g. population condition, habitat condition, alternate
prey/predator dynamics, mortality rates) of each boreal caribou range will need to be developed
at the range plan and/or action plan stage.
General:
a) Complete range plans for each range within 3-5 years of the posting of this recovery
strategy (see Section 7.4).
Population Condition (population trend and size):
a) Maintain current distribution of boreal caribou across Canada.
b) Achieve and/or maintain a stable to increasing population trend as measured over five
stable) or other empirical data that indicates population trend is stable or
increasing.
c) Achieve a minimum of 100 animals for boreal caribou ranges with population estimates
of less than 100 animals, or show progress towards this goal every five years.
Habitat Condition (amount and type of undisturbed habitat):
a) For ranges with 65% or more undisturbed habitat, maintain the undisturbed habitat that
includes the biophysical attributes needed for boreal caribou to carry out life processes at
a minimum of 65% of the total range.
b) For ranges with less than 65% undisturbed habitat, identify in a range and/or action plan
specific areas of existing undisturbed habitat, as well as those areas where future habitat
is to be restored to an undisturbed condition over reasonable, gradual increments every
five years.
c) Provide measurements of disturbance for each range that reflect the best available
information, as provided by the provinces and territories, to update the recovery strategy
accordingly every five years.
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9 STATEMENT ON ACTION PLANS
As required by SARA, the Minister of the Environment will complete one or more action plans
under this recovery strategy by December 31, 2015. These action plans will provide information
on recovery measures that should be taken by Environment Canada and other federal
government departments and agencies including Parks Canada Agency, Aboriginal Affairs and
Northern Development Canada, Department of National Defence and the Canadian Forces
among others, provincial and territorial jurisdictions, wildlife management boards, Aboriginal
people, stakeholders and other organizations involved in the conservation, survival and recovery
of boreal caribou. Action plans provide the public and stakeholders with details on how the
recovery strategy will be implemented. Action plans include a broad spectrum of subjects, such
as: measures to address threats and to achieve population and distribution objectives; an
evaluation of socio-economic costs and benefits to be derived from its implementation; and an
approach for monitoring and reporting. An action plan is not necessarily range-specific; instead it
could cover multiple ranges.
Range plans are documents that outline how the habitat condition within a given range will be
managed over time and space to ensure that critical habitat for boreal caribou is protected from
destruction and therein, that each local population will either continue to be self-sustaining or
become self-sustaining over time.
The Minister of the Environment may adopt or incorporate parts of a range plan, an existing
provincial or territorial plan, or other relevant planning documents that meet the requirements of
SARA as an action plan. Where the Minister of the Environment proposes to adopt an existing
plan or a portion of it as a SARA action plan, it will be posted on the Species at Risk Public
Registry for the prescribed 60-day comment period. Within 30 days after the expiry of the
comment period, and considering the comments received, the minister will publish a final action
plan.

9.1

Coordinated Approach

9.1.1 Provincial and Territorial Jurisdictional Leadership
Provinces and territories have the primary responsibility for management of lands and wildlife
within boreal caribou distribution, however this responsibility does vary in some parts of the
country. In the Northwest Territories, for example, Aboriginal Affairs and Northern
Development Canada also has a significant role to play, as does the Parks Canada Agency where
boreal caribou exist within national parks and historic sites.
Range plans and/or action plans will inform broader land-use planning and decision making, and
will require substantial inter-agency communication and cooperation. Coordination will be
particularly important for range and/or action plans that address boreal caribou recovery in
transboundary ranges, and for ensuring connectivity within ranges and across the species current
distribution is maintained.
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9.1.2 Aboriginal Involvement
The Minister of the Environment must cooperate with affected Aboriginal organizations for
recovery strategies and action plans. Across Canada, cooperation with Aboriginal people is key
to the success in developing and implementing action plans.
In acknowledgement of the existing Aboriginal and treaty rights of Aboriginal peoples of
Canada, and to the extent possible, details of harvesting plans for local populations, consistent
with the principles of conservation, will be addressed in range and/or action plans subsequent to
this recovery strategy. When applicable, harvesting plans will follow the required process under
Land Claim Agreements or provincial/territorial laws. Aboriginal involvement will be required
to determine population targets that ensure stable boreal caribou local populations are maintained
and recovery of local populations that are not self-sustaining is achieved, while providing for
traditional harvesting practices consistent with conservation and existing Aboriginal and treaty
rights of Aboriginal peoples of Canada.
9.1.3 Stakeholder Engagement
Success in the recovery of this species depends on the commitment, collaboration, and
cooperation of many different constituencies that will be involved in implementing the broad
strategies and general approaches set out in this recovery strategy and will not be achieved by
Environment Canada, or any other jurisdiction, alone. All stakeholders, including the industry
sector, environmental organizations, and private landowners should be engaged where
appropriate in developing and implementing action plans.

9.2

Range Specific Actions

The recovery of boreal caribou requires actions that will vary by individual boreal caribou range
based on the population and habitat conditions. Each range will require a range-specific path
forward for the recovery of boreal caribou. As described under Section 7.4, range plans and/or
action plans are needed to guide protection and management of critical habitat, and overall
recovery actions, in each boreal caribou range.
Range plans describe how critical habitat will be protected. These jurisdictionally-led range
plans will be produced for each range within 3-5 years of the posting of this recovery strategy. In
the absence of a range plan, the Minister of the Environment will use the best available
information and consult with the jurisdiction to make a determination on the state of protection
of critical habitat for boreal caribou.
9.2.1 Habitat and Population Management
The broad strategies and general approaches to meet the population and distribution objectives
(see Section 6), as set out in this recovery strategy, will inform the development of subsequent
range plans and action plans, where detailed local-level planning will occur to guide the
implementation of recovery actions.
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The broad strategies and general approaches are designed to guide range and action planning
based on the state of each boreal caribou range. Many approaches and strategic directions are
inter-related and should be implemented as described in the range plans and action plans.
Generally, for self-sustaining local populations, minimal management actions may be necessary,
and strategically planned development could take place without threatening boreal caribou and
the status of the local population. Where local populations are not self-sustaining, specific
management action is needed, in some cases for many decades, until sufficient habitat is restored
and the population condition is improved. Mortality management, including predator and
alternate prey management, may be needed to help prevent extirpation of a boreal caribou local
population in the interim while habitat management efforts are underway to restore the
ecological conditions of the range necessary to support a self-sustaining local population.
Jurisdictions are accountable for the long-term planning and management of boreal caribou
ranges with the implementation of different habitat and population management tools available at
their discretion, depending on the specific local conditions. The implementation of habitat
management practices, such as fire suppression, and mortality management practices, such as
predator control, are at the discretion of jurisdictions, and the application of these tools will vary
in accordance with jurisdictional policies and procedures.
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10 GLOSSARY
Note: The following terms are defined in accordance with their use in this document.
Aboriginal Traditional Knowledge (ATK): ATK includes, but is not limited to, the knowledge
Aboriginal peoples have accumulated about wildlife species and their environment. Much of this
knowledge has accumulated over many generations.
Anthropogenic: caused by human activity.
Biological feasibility: recovery is determined to be biologically feasible under the following
circumstances: individuals of the wildlife species that are capable of reproduction are available
now or in the foreseeable future to sustain the population or improve its abundance; sufficient
suitable habitat is available to support the species or could be made available through habitat
management or restoration; and primary threats to the species or its habitat can be avoided or
mitigated.
Biophysical attributes: habitat characteristics required by boreal caribou to carry out life
processes necessary for survival and recovery (see Appendix H).
Current distribution (extent of occurrence): the area that encompasses the geographic
distribution of all known boreal caribou ranges, based on provincial and territorial distribution
maps developed from observation and telemetry data, local knowledge (including in some cases
Aboriginal Traditional Knowledge), and biophysical analyses.
Disturbance management threshold: at the scale of boreal caribou range, the habitat
disturbance point below which conditions are such that the recovery goal will likely be met (i.e.
acceptable level of risk), and above which the outcome is either highly uncertain or
unacceptable.
Disturbed habitat: habitat showing: i) anthropogenic disturbance visible on Landsat at a scale
of 1:50,000, including habitat within a 500 m buffer of the anthropogenic disturbance; and/or ii)
fire disturbance in the last 40 years, as identified in data from each provincial and territorial
jurisdiction (without buffer).
Existing habitat: the entire boreal caribou range area minus permanent alterations. See also
permanent alterations.
Local population: a group of boreal caribou occupying a defined area distinguished spatially
from areas occupied by other groups of boreal caribou. Local population dynamics are driven
primarily by local factors affecting birth and death rates, rather than immigration or emigration
among groups.
In this recover
the three types of boreal caribou ranges (i.e. conservation unit, improved conservation unit, local
population unit). See also range.
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-

Not self-sustaining local population: in the
as

-

Permanent alterations: existing features found within a range, such as industrial and urban
developments, permanent infrastructure, and graded or paved roads that do not currently possess
or have the potential to possess the biophysical attributes of critical habitat for boreal caribou.
Quasi-extinction: a population with less than 10 reproductively active females.
Range: the geographic area occupied by a group of individuals that are subject to similar factors
affecting their demography and used to satisfy their life history processes (e.g. calving, rutting,
wintering) over a defined time frame. Environment Canada (2011b) identified three types of
boreal caribou ranges categorized based on the degree of certainty in the delineated range
boundaries (i.e. conservation unit, improved conservation unit, local population unit).
Range plan: a document that demonstrates how the habitat condition within a given range will
be managed over time and space to ensure that critical habitat for boreal caribou is protected
from destruction and therein, that each local population will either continue to be self-sustaining
or become self-sustaining over time.
Self-sustaining local population: a local population of boreal caribou that on average
demonstrates stable or positive population growth over the short20 years), and is large
enough to withstand stochastic events and persist over the longneed for ongoing active management intervention.
Technical feasibility: recovery is determined to be technically feasible when recovery
techniques exist to achieve the population and distribution objectives or can be expected to be
developed within a reasonable timeframe.
To the extent possible: current evidence supports the conclusion that the recovery of all local
populations is technically and biologically feasible. There may be situations where recovery of a
particular local population proves to be, over time and through unforeseen circumstances, not
biologically or technically feasible and as such may affect the likelihood of achieving the
population and distribution objectives for some local populations.
Undisturbed habitat: habitat not showing any: i) anthropogenic disturbance visible on Landsat
at a scale of 1:50,000, including habitat within a 500 m buffer of the anthropogenic disturbance;
and/or ii) fire disturbance in the last 40 years, as identified in data from each provincial and
territorial jurisdiction(without buffer). Disturbance within the 500 m buffer would result in a
reduction of the undisturbed habitat.

47

2141

11 REFERENCES
Adams, L.G., B.W. Dale, and L.D. Mech. 1995. Wolf predation on caribou calves in Denali
National Park, Alaska. In Carbyn, L.N., S.H. Fritts and D.R. Seip (editors). Ecology and
Conservation of Wolves in a Changing World. Canadian Circumpolar Institute, Occasional
Publication no. 35, Edmonton, Alberta.
Badiou, P., S. Boutin, M. Carlson, M. Darveau, P. Drapeau, J. Jacobs, C. Johnson, J. Kerr, M.
Manseau, P. McLoughlin, G. Orians, S. Pimm, P. Raven, D. Roberts, T. Root, N. Roulet, J.
Schaefer, D. Schindler, M. St-Laurent, J. Strittholt, N. Turner, A. Weaver, and J. Wells.
2011. Keeping woodland caribou in the boreal forest: Big challenge, immense opportunity.
International Boreal Conservation Science Panel. 12 pp.
Banfield, A.W.F. 1974. Mammals of Canada. University of Toronto Press. Toronto, Ontario. 438
pp.
Bergerud, A.T. 1967. Management of Labrador caribou. Journal of Wildlife Management 31:
626-642.
Bergerud, A.T. 1974. Decline of caribou in North America following settlement. Journal of
Wildlife Management 38:757-770.
Bergerud, A.T. 1978. The status and management of Woodland Caribou in British Columbia.
Report to Fish and Wildlife Branch, Government of British Columbia. Victoria, British
Columbia. 138 pp.
Bergerud, A.T. 1980. A review of the population dynamics of caribou and wild reindeer in North
America. In D. Reimers, E. Gaare, and S. Skenneberg (editors). Proceedings of the 2nd
International Reindeer/Caribou Symposium, Roros, Norway.
Bergerud, A.T. 1988. Caribou, wolves and man. Trends in Ecology & Evolution 3:68-72.
Bergerud, A.T. 1996. Evolving perspectives on caribou population dynamics: have we got it
right yet? Rangifer Special Issue No. 9. pp. 95 115.
Bergerud, A.T. 2000. Caribou. In S. Demarais and P.R. Krausman (Editors). Ecology and
Management of Large Mammals in North America. Prentice Hall, Upper Saddle River,
New Jersey.
Bergerud, A.T., R.D. Jakimchuk, and D.R. Carruthers. 1984. The buffalo of the north: caribou
(Rangifer tarandus) and human developments. Arctic 37: 7-22.
Bergerud, A.T., and J.P. Elliot. 1986. Dynamics of caribou and wolves in northern British
Columbia. Canadian Journal of Zoology 64: 1515-1529.
Bergerud, A.T., and R.E. Page. 1987. Displacement and dispersal of parturient caribou at calving
as antipredator tactics. Canadian Journal of Zoology 62: 1566-1575.
48

2142

Bergerud, A.T., R.S. Ferguson, and H.E. Butler. 1990. Spring migration and dispersion of
Woodland Caribou at calving. Animal Behaviour 39: 360-368.
Boertje, R.D., P. Valkenburg, and M.E. McNay. 1996. Increases in moose, caribou, and wolves
following wolf control in Alaska. Journal of Wildlife Management 60: 474-489.
Boreal Caribou Aboriginal Traditional Knowledge (ATK) Reports. 2010-2011. Compiled June
2011. Ottawa: Environment Canada.
Bradshaw, C.J.A., D. M. Hebert, A.B. Rippin, and S. Boutin. 1995. Winter peat land habitat
selection by Woodland Caribou in northeastern Alberta. Canadian Journal of Zoology 73:
1567-1574.
Bradshaw, C.J.A., S. Boutin, and D.M. Hebert. 1998. Energetic implications of disturbance
caused by petroleum exploration to Woodland Caribou 76: 1319-1324.
Brown, G.S., F.F. Mallory, and W.J. Rettie. 2003. Range size and seasonal movement for female
Woodland Caribou in the boreal forest of northeastern Ontario. Rangifer Special Issue No.
14: 227-233.
Brown, G.S., W.J. Rettie, R.J. Brooks, and F.F. Mallory. 2007. Predicting the impacts of forest
management on woodland caribou habitat suitability in black spruce boreal forest. Forest
Ecology and Management 245: 137-147.
Brown, W.K., J. Huot, P. Lamothe, S.N. Luttich, M. Pare, G. St.Martin, and J.B. Theberge.
1986. The distribution and movement patterns of four Woodland Caribou herds in Québec
and Labrador. Rangifer Special Issue No. 1: 43-49.
Brown, W.K., and J.B. Théberge. 1990. The effect of extreme snow cover on feeding-site
selection by Woodland Caribou. Journal of Wildlife Management 54: 161-168.
Brown, W.K., and D.P. Hobson. 1998. Caribou in west-central Alberta - information review and
synthesis. Terrestrial & Aquatic Environmental Managers, Calgary, Alberta.
Callaghan, C., S. Virc, and J. Duffe. 2010. Woodland Caribou, boreal population, trends in
Canada. Technical Thematic Report No. 11. In Canadian Biodiversity: Ecosystem Status
and Trends 2010.
Caughley, G. 1994. Directions in conservation biology. Journal of Animal Ecology 63: 15-244.
Caughley, G., and A. Gunn. 1996. Conservation Biology in Theory and Practice. Blackwell
Science, Cambridge, Massachusetts, USA. 459 pp.
des
Groupe-Conseil AGIR inc., présenté au Conseil de la Première Nation innue
p. et 1 annexe.

43

49

2143

Chubbs, T.E., L.B. Keith, S.P. Mahoney, and M.J. McGrath. 1993. Response of Woodland
Caribou (Rangifer tarandus) to clear-cutting in east-central Newfoundland. Canadian
Journal of Zoology 71: 487-493.
Courbin, N., D. Fortin, C. Dussault, and R. Courtois. 2009. Landscape management for
Woodland Caribou: the protection of forest blocks influences wolf-caribou co-occurrence.
Landscape Ecology 24: 1375-1388.
fragmentation du milieu. Ph.D. thesis, Université du Québec à Rimouski. 350 pp.
Courtois, R., L. Bernatchez, J.-P. Ouellet, and L. Breton. 2003. Significance of caribou (Rangifer
tarandus) ecotypes from a molecular genetics viewpoint. Conservation Genetics 4: 393364.
Courtois, R., and J.-P. Ouellet. 2007. Modeling the impact of moose and wolf management on
persistence of Woodland Caribou. Alces 43: 13-27.
Courtois, R., J.P. Ouellet, L. Breton, A. Gingras, and C. Dussault. 2007. Effects of forest
disturbance on density, space use, and mortality of woodland caribou. Écoscience, 14:
491 498.
Creel, S., J.E. Fox, A. Hardy, J. Sands, B. Garrott, and R.O. Peterson. 2002. Snowmobile activity
and glucocorticoid stress responses in wolves and elk. Conservation Biology 16(3): 809814.
Cumming, H.G. 1992. Woodland Caribou: facts for forest managers. Forestry Chronicles 68:
481-491.
Cumming, H.G., and B.T. Hyer. 1998. Experimental log hauling through a traditional caribou
wintering area. Rangifer Special Issue No. 10: 241-258.
Dale, B. W., L.G. Adams, and R.T. Bowyer. 1994. Functional response of wolves preying on
barren-ground caribou in a multiple-prey ecosystem. Journal of Animal Ecology 63(3):
644-652.
Darby, W.R., and W.O. Pruitt, Jr. 1984. Habitat use, movements and grouping behaviour of
Woodland Caribou, Rangifer tarandus caribou, in southeastern Manitoba. Canadian Field
Naturalist 98: 184-190.
DeMars, C., C. Thiessen, and S. Boutin. 2011. Assessing Spatial Factors Affecting Predation
Risk to Boreal Caribou Calves: Implications for Management. University of Alberta and
BC Ministry of Natural Resource Operations 1-35.
Dunford, J. S., P. D. McLoughlin, F. Dalerum, and S. Boutin. 2006. Lichen abundance in the
peatlands of Northern Alberta: implications for boreal caribou. Ecoscience 13:469 474.

50

2144

d S. Boutin. 2001. Avoidance of industrial development
by Woodland Caribou. Journal of Wildlife Management 65: 531-542.
and seismic lines on movements of female Woodland Caribou in northeastern Alberta.
Canadian Journal of Zoology 80: 839-845.
Dzus, E. 2001. Status of the Woodland Caribou (Rangifer tarandus caribou) in Alberta. Alberta
Environment, Fisheries and Wildlife Division, and Alberta Conservation Association.
Wildlife Status Report no. 30. Edmonton, Alberta. 47 pp.
Dzus, E., J. Ray, I. Thompson, and C. Wedeles, C. 2010. Caribou and the National Boreal
Standard: Report of the FSC Canada Science Panel. Toronto, ON, Forest Stewardship
Council of Canada.
Edmonds, E.J. 1988. Population status, distribution, and movements of Woodland Caribou in
west central Alberta. Canadian Journal or Zoology 66: 815-826.
Environment Canada. 2008. Scientific Review for the Identification of Critical Habitat for
Woodland Caribou (Rangifer tarandus caribou), Boreal Population, in Canada. August
2008. Ottawa: Environment Canada. 72pp. plus 80 pp Appendices.
Environment Canada. 2010. Planning for a Sustainable Future: a Federal Sustainable
Development Strategy for Canada. Ottawa: Environment Canada. 75pp.
Environment Canada. 2011a. Round 1: Report on the Engagement Process with Aboriginal
Communities and Stakeholders in the Development of the Proposed Recovery Strategy for
Boreal Caribou. Unpublished. Ottawa: Environment Canada. 62pp.
Environment Canada. 2011b. Scientific Assessment to Support the Identification of Critical
Habitat for Woodland Caribou (Rangifer tarandus caribou), Boreal Population, in Canada.
Ottawa, ON. 115pp. plus Appendices.
Environment Canada. 2012. What People Have Said on the Proposed Recovery Strategy for
Boreal Caribou: A summary of the engagement process, comments received and changes
made. Ottawa: Environment Canada. 5pp.
Festa-Bianchet, M., J.C. Ray, S. Boutin, S.D. Côté, and A. Gunn. 2011. Caribou conservation in
Canada: an uncertain future. Journal of Canadian Zoology 89: 419-434.
Gillett, N.P., A.J. Weaver, F.W. Zwiers, and M.D. Flannigan. 2004. Detecting the effect of
climate change on Canadian forest fires. Geophysical Research Letters 31 (18).
Government of Canada. 2009. Species at Risk Act Policies, Overarching Policy Framework
[Draft]. Species at Risk Act Policy and Guidelines Series. Environment Canada, Ottawa. 38
pp.

51

2145

Gustine, D.D., K.L. Parker, R.J. Lay, N.P. Gillingham, and D. Heard. 2006. Calf survival of
woodland caribou in a multipredator ecosystem. Wildlife Monographs 165:1 32
Harrington, F.H., and A.M. Veitch. 1991. Short-term impacts of low-level jet fighter training on
caribou in Labrador. Arctic 44: 318-327.
James, A.R.C., and A.K. Stuart-Smith. 2000. Distribution of caribou and wolves in relation to
linear features. Journal of Wildlife Management 64: 154-159.Vulnera
Johnson, C.J., K. L. Parker, and D.C. Heard. 2001. Foraging across a variable landscape:
behavioural decisions made by Woodland Caribou at multiple special scales. Oecologia
127(4): 590 602.
Options for Adaptation: An Overview for Policy Makes and Practitioners. Canadian
Council of Forest Ministers. 44 pp.
Johnston, M. 2010. Tree Species Vulnerability and Adaptation to Climate Change: Final
Technical Report. Saskatchewan Research Council, June 2010.
Kelsall, J.P. 1968. The migratory barren-ground caribou of Canada. Monograph no.3, Canadian
Ontario. 339 pp.
Lander, C.A. 2006. Distribution and movement of Woodland Caribou on disturbed landscapes in
Manitoba. M.Sc. Thesis, Natural Resources Institute, University of Manitoba, Winnipeg,
Manitoba.
Mahoney, S.P., and J.A. Schaefer. 2001. Hydroelectric development and the disruption of
migration in caribou. Abstract, 9th North American Caribou Workshop. Kuujjuaq, Quebec,
April 23-27, 2001.
McCarthy, S.C., R.B. Weladji, C. Doucet, and P. Saunders. 2011. Woodland caribou calf
recruitment in relation to calving/post-calving landscape composition. Rangifer Special
Issue 31: 35-47.
McLoughlin, P.D., D. Paetkau, M. Duda, and S. Boutin. 2004. Genetic diversity and relatedness
of boreal caribou populations in western Canada. Biological Conservation 118: 593-598.
Moreau, G., D. Fortin, S. Couturier, and T. Duchesne. 2012. Multi-level functional responses for
wildlife conservation: the case of threatened caribou in managed boreal forests. Journal of
Applied Ecology 49: 611-620.
Nagy, J.A., D.L. Johnson, N.C. Larter, M.W. Campbell, A.E. Derocher, A. Kelly, M. Dumond,
D. Allaire, and B. Croft. 2011. Subpopulation structure of caribou (Rangifer tarandus L.) in
arctic and subarctic Canada. Ecological Applications 21:2334 2348.

52

2146

Neufeld, L.M. 2006. Spatial dynamics of wolves and Woodland Caribou in an industrial forest
landscape in west-central Alberta. M.Sc. Thesis. University of Alberta, Edmonton, Alberta.
Ontario Woodland Caribou Recovery Team. 2008. Woodland Caribou (Rangifer tarandus
caribou) (Forest-dwelling, Boreal Population) in Ontario. Prepared for the Ontario
Ministry of Natural Resources, Peterborough, Ontario. 93pp.
Pinard, V., C. Dussault, J. Ouellet, D. Fortin, and R. Courtois. 2012. Calving rate, calf survival
rate, and habitat selection of forest-dwelling caribou in a highly managed landscape. The
Journal of Wildlife Management 76: 189-199.
Pither, R., M. Manseau, J. Clark, M. Ball, P. Wilson, and A. Arsenault. 2006. Relating the
population genetic structure of Woodland Caribou to landscape connectivity. 11th North
American Caribou Workshop. Jasper, Alberta, Canada. April 23-27, 2006.
Pitt, W.C., and R.A. Jordan. 1994. A survey of the nematode parasite Parelaphostrongylus tenuis
in the white-tailed deer, Odocoileus virginianus, in a region proposed for caribou, Rangifer
tarandus caribou, re-introduction in Minnesota. Canadian Field-Naturalist 108: 341-346.
Podur, J., D. L. Martell, and K. Knight. 2002. Statistical quality control analysis of forest fire
activity in Canada. Canadian Journal of Forest Research 32: 195- 205.
Racey, G.D. 2005. Climate change and Woodland Caribou in northwestern Ontario: A risk
analysis. Rangifer Special Issue No. 16: 123-136.
Racey, G.D., and T. Armstrong. 2000. Woodland Caribou range occupancy in northwestern
Ontario: past and present. Rangifer Special Issue No. 12:153-184.
Ray, J. 2011. Biological Considerations for Recovery Objectives for Boreal caribou in Canada.
Wildlife Conservation Society Canada, Toronto, Ontario.
Redford, K.H., G. Amato, J. Baillie, P. Beldomenico, E.L. Bennett, N. Clum, R. Cook, G.
Fonseca, S. Hedges, F. Launay, S. Lieberman, G.M. Mace, A. Murayama, A. Putnam, J.G.
Robinson, H. Rosenbaum, E.W. Sanderson, S.N. Stuart, P. Thomas, and J. Thorbjarnarson.
2011. What does it mean to successfully conserve a (vertebrate) species? BioScience 61(1):
39-48.
Rettie, W.J., and F. Messier. 1998. Dynamics of Woodland Caribou populations at the southern
limit of their range in Saskatchewan. Canadian Journal of Zoology 76:257-259.
Rettie, W.J., and F. Messier. 2000. Hierarchical habitat selection by Woodland Caribou: its
relationship to limiting factors. Ecography 23: 466-478.
Rettie, W.J., and F. Messier. 2001. Range use and movement rates of Woodland Caribou in
Saskatchewan. Canadian Journal of Zoology 79:1933-1936.
Richie, C. 2008. Management and challenges of the mountain pine beetle infestation in British
Columbia. Alces 44: 127-135.
53

2147

Saher, D.J., and F.K.A. Schmiegelow. 2005. Movement pathways and habitat selection by
woodland caribou during spring migration. Rangifer Special Issue No.16: 143-154.
Sapolsky, R. 1992. Neuroendocrinology of the stress response. Pages 287-324 in J.B. Becker, S.
M. Breedlove and D. Crews (Editors). Behavioural Endocrinology. MIT Press, Cambridge,
Massachusetts.
Schaefer, J.A. 2003. Long-term range recession and the persistence of caribou on the taiga.
Conservation Biology 15: 1435-1439.
Schaefer, J.A., and W.O. Pruitt, Jr. 1991. Fire and Woodland Caribou in southwestern Manitoba.
Wildlife Monographs 116: 1-39.
Schaefer, J.A., A.M. Veitch, F.H. Harrington, W.K. Brown, J.B. Theberge, and S.N. Luttich.
1999. Demography of decline of the Red Wine Mountain caribou herd. Journal of Wildlife
Management 63(2): 580-587.
Schmelzer, I., J. Brazil, T. Chubbs, S. French, B. Hearn, R. Jeffery, L. LeDrew, H. Martin, A.
McNeill, R. Nuna, R. Otto, F. Phillips, G. Mitchell, G. Pittman, N. Simon, and G. Yetman.
2004. Recovery Strategy for Three Woodland Caribou Herds (Rangifer tarandus caribou;
Boreal Population) in Labrador. Newfoundland and Labrador Department of Environment
and Conservation, Corner Brook, Newfoundland and Labrador.
Schwartz C.C., and A.W. Franzmann. 1989. Bears, wolves, moose, and forest succession, some
management considerations on the Kenai Peninsula, Alaska. Alces 25: 1-10.
Seip, D.R. 1991. Predation and caribou populations. Rangifer Special Issue No.11: 46-52.
Seip, D.R. 1992. Factors limiting Woodland Caribou populations and their interrelationships
with wolves and moose in southeastern British Columbia. Canadian Journal of Zoology
70: 1494-1503.
Skinner, W. R., B. J. Stocks, D. L. Martell, and A. Shabbar. 1999. The association between
circulation anomalies in the mid-troposphere and area burned by wildland fire in Canada,
Theoretical and Applied Climatology 63: 89-105.
Skinner, W. R., M. D. Flannigan, B. J. Stocks, D.L. Martell, B.M. Wotton, J.B. Todd, J.A.
Mason, K.A. Logan, and E.M. Bosch. 2002. A 500 hPa synoptic wildland fire climatology
for large Canadian forest fires, 1959 1996. Theoretical and Applied Climatology 71: 157169.
Smith, K.G., E.J. Ficht, D. Hobson, T.C. Sorensen, and D. Hervieux. 2000. Winter distribution
of Woodland Caribou in relation to clear-cut logging in west-central Alberta. Canadian
Journal of Zoology 78: 1433-1436.
Stocks, B.J., J. A. Mason, J. B. Todd, E. M. Bosch, B. M. Wotton, B. D. Amiro, M. D.
Flannigan, K. G. Hirsch, K. A. Logan, D. L. Martell, and W. R. Skinner. 2003. Journal of
Geophysical Research 108 (D1), 8149, doi:10.1029/ 2001JD000484.
54

2148

Stuart-Smith, A.K, C.J.A. Bradshaw, S. Boutin, D.M. Hebert, and A.B. Rippin. 1997. Woodland
Caribou relative to landscape pattern in northeastern Alberta. Journal of Wildlife
Management 61: 622-633.
Telfer, E.S. 1978. Cervid distribution, browse and snow cover in Alberta. Journal of Wildlife
Management 42: 352-361.
Thomas, D.C., and H.J. Armbruster. 1996. Woodland Caribou Habitat Studies in Saskatchewan:
Second Annual Report Including Some Preliminary Recommendations. Environment
Canada, Canadian Wildlife Service, Edmonton, Alberta.
Thomas, D.C., and D.R. Gray. 2002. Update COSEWIC status report on the Woodland Caribou
Rangifer tarandus caribou in Canada, in COSEWIC assessment and update status report
on the Woodland Caribou Rangifer tarandus caribou in Canada. Committee on the Status
of Endangered Wildlife in Canada. Ottawa. 1-98 pp.
Toupin, B., J. Huot, and M. Manseau. 1995. Effect of insect harassment on the behaviour of the
Rivière George caribou. Arctic 49(4): 375-382.
Tyler, N.C. 1991. Short-term behavioural responses of Svalbard reindeer (Rangifer tarandus) to
direct provocation by a snowmobile. Biological Conservation 56: 159-194.
Vandal, D., and C. Barrette. 1985. Snow depth and feeding interaction at snow craters in
Woodland Caribou. Pages 199 212 in T.C. Meredith and A.M. Martell (editors).
Proceedings of the Second North American Caribou Workshop, Val Morin, Quebec, 15 20
October 1984. McGill Subarctic Research Papers no. 36, Centre for Northern Studies and
Research, McGill University, Montreal, Quebec.
Van Wagner, C. E. 1988. The historical pattern of annual burned area in Canada. Forestry
Chronicle 64: 182-185.
Vors, L.S., J.A. Schaefer, B.A. Pond, A.R. Rogers, and B.R. Patterson. 2007. Woodland Caribou
extirpation and anthropogenic landscape disturbance in Ontario. Journal of Wildlife
Management 71:1249-1256.
Vors, L.S., and M.S. Boyce. 2009. Global declines of caribou and reindeer. Global Change
Biology 15: 2626-2633.
Weckworth, B.V., M. Musiani, A. McDevitt, M. Hebblewhite, and S. Mariani. 2012.
Reconstruction of caribou evolutionary history in western North America and its
implications for conservation. Molecular Ecology, In press.
Weclaw, P., and R.J. Hudson. 2004. Simulation of conservation and management of Woodland
Caribou. Ecological Modelling 157: 75-94.
Whitefeather Forest. 2006. Keeping Woodland Caribou on the land: Cross-cultural research in
the Whitefeather forest. Whitefeather Forest Management Corporation. Draft Report: June
16, 2006. pp.43.
55

2149

Whittington, J., M. Hebblewhite, N.J. DeCesare, L. Neufeld, M. Bradley, J. Wilmshurst, and M.
Musiani. 2011. Caribou encounters with wolves increase near roads and trails: a time-toevent approach. Journal of Applied Ecology 48: 1535 1542.
Wittmer, H.U., B.N. McLellan, D.R. Seip, J.A.Young, T.A. Kinley, G.S. Watts, and D.
Hamilton. 2005. Population dynamics of the endangered mountain ecotype of Woodland
Caribou (Rangifer tarandus caribou) in British Columbia, Canada. Canadian Journal of
Zoology 83: 367-418.

56

2150

APPENDIX A: EFFECTS ON THE ENVIRONMENT AND OTHER
SPECIES
A strategic environmental assessment (SEA) is conducted on all SARA recovery planning
documents, in accordance with the Cabinet Directive on the Environmental Assessment of
Policy, Plan and Program Proposals. The purpose of a SEA is to incorporate environmental
considerations into the development of public policies, plans, and program proposals to support
environmentally sound decision-making.
Recovery planning is intended to benefit species at risk and biodiversity in general. However, it
is recognized that certain strategies may also inadvertently lead to environmental effects beyond
the intended benefits, or have negative impacts upon other species. The planning process based
on national guidelines directly incorporates consideration of all environmental effects, with a
particular focus on possible impacts upon non-target species or habitats. The results of the SEA
are incorporated directly into the strategy itself, but are also summarized below in this statement.
Boreal caribou are an umbrella species for the older-growth boreal forest at large. There are
many species that share the same habitat requirements as boreal caribou and will benefit from the
recovery actions outlined in this recovery strategy. This recovery strategy will benefit the
environment and biodiversity as a whole by promoting the recovery of boreal caribou and by
protecting and enhancing habitat.
The management measures outlined in this recovery strategy are those required to halt boreal
caribou local population declines and to assist in stabilizing and recovering local populations.
With respect to broader environmental impacts, certain management tools, most notably predator
(e.g. wolves, bears) and alternate prey (e.g. moose, deer) management, may be required in areas
with unnaturally high rates of predation on boreal caribou.
Short-term (i.e. 5-10 years) predator and alternate prey suppression has been used in wildlife
management across North America over the past decades, with predator and alternate prey
species generally demonstrating fairly rapid recovery once the measures have ceased.
The recovery strategy acknowledges that predator and alternate prey management may be
required in some ranges to help stop boreal caribou declines and stabilize local populations that
are at risk of extirpation. Where applied, predator and alternate prey management should be used
as an interim management tool, in conjunction with other management tools (e.g. habitat
restoration and management) to prevent extirpation and achieve population growth. Effective
indirect predator management techniques (such as actions to limit the access of predators to
boreal caribou) should be considered prior to undertaking direct predator and alternate prey
management. When a predator or alternate prey management program is being planned, the
conservation status of all affected species must be considered. Where implemented, the effects of
mortality management activities on boreal caribou local populations should be monitored.
This recovery strategy will contribute to the achievement of the goals and targets of the Federal
Sustainable Development Strategy for Canada. In particular, the strategy directly contributes to
lations of wildlife to healthy levels,
protect natural spaces and wildlife, and protect the natural heritage of our country.
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APPENDIX B: ENGAGEMENT WITH ABORIGINAL PEOPLE IN
THE DEVELOPMENT OF THE RECOVERY STRATEGY FOR
BOREAL CARIBOU
Once a species is listed as extirpated, endangered or threatened under SARA, a recovery strategy
must be developed. Recognizing the important traditional, cultural, and spiritual role of boreal
caribou in the lives of Aboriginal people, Environment Canada sought considerable involvement
from Aboriginal communities in the development of the recovery strategy for boreal caribou.
Two rounds of engagement were undertaken, with a focus on seeking input and sharing
information with Aboriginal communities. In addition, Environment Canada supported processes
to gather Aboriginal Traditional Knowledge (see Appendix C). These two components were
essential in the development of this document. Nationally, Environment Canada contacted over
260 Aboriginal communities located within and adjacent to the current distribution of boreal
caribou during both rounds of engagement to invite them to participate
process to develop the recovery strategy for boreal caribou.
Round 1 Meetings (2009-2011)
In the first round of engagement on the recovery strategy, Environment Canada contacted 271
Aboriginal communities and 161 of them participated. Engagement at this early stage in the
development of the recovery strategy provided Aboriginal communities the opportunity to share
comments, opinions, and information about boreal caribou. Environment Canada used this
information to inform the development of the key elements of the recovery strategy, including: i)
Population and distribution objectives for boreal caribou; ii) Threats to boreal caribou and their
habitat; and iii) Identification of boreal caribou critical habitat.
The information that Environment Canada received from Aboriginal communities and from
stakeholder meetings, meetings with the provinces and territories, scientific studies, and
Aboriginal Traditional Knowledge studies were used to draft the proposed recovery strategy
(Environment Canada, 2011a).
Round 2 Meetings (2011-2012)
In the second round of engagement, Environment Canada contacted 265 1 Aboriginal
communities and 87 of those participated; in addition, Environment Canada received 25 formal
submissions from Aboriginal communities and organizations. This round of engagement
provided the opportunity for comments and dialogue on the proposed recovery strategy that was
posted on the Species at Risk Public Registry on August 26, 2011. The required 60-day public
comment period was extended by an additional 120 days until February 22, 2012 to allow time
for Aboriginal communities to better participate in the engagement process and provide
comments on the proposed recovery strategy prior to finalization.

1

During the first round of engagement, 6 Aboriginal communities indicated they did not require any further followup throughout this process. This accounts for the discrepancy in the number of Aboriginal communities contacted
during round 1 and 2.
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Environment Canada considered all feedback received from Aboriginal communities, along with
the over 19,000 comments received from government, industry, environmental organizations,
and the public when finalizing this recovery strategy (Environment Canada, 2012). Changes
made to the proposed recovery strategy were a direct result of the feedback received during the
public comment period, including the input received from Aboriginal communities and
organizations.
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APPENDIX C: ABORIGINAL TRADITIONAL KNOWLEDGE
SUMMARY REPORTS ON BOREAL CARIBOU
peoples of Canada should be
considered (...) in developing an
Environment Canada made a commitment to ensure that Aboriginal Traditional Knowledge from
across the range of boreal caribou would inform the development of the recovery strategy. This
commitment came from the recognition that Aboriginal people possess significant and unique
knowledge about boreal caribou biology, population trends, distribution, and threats facing the
species, which could support recovery planning.
Environment Canada staff in each province/territory within the boreal caribou range began the
process to have Aboriginal Traditional Knowledge inform the recovery strategy by contacting
Aboriginal provincial and territorial organizations, Tribal Councils, and Aboriginal
consultants/facilitators to determine their interest in helping to gather Aboriginal Traditional
Knowledge. Additionally, each Aboriginal community within and adjacent to the range of boreal
caribou was contacted and followed up with, inviting them to participate in the process of
developing the recovery strategy. As a result of these efforts, one of three basic processes was
followed in the participating communities:
1. Local or regional Aboriginal organizations interviewed knowledge holders;
2. Regional or local workshops coordinated by Aboriginal facilitators were held; or
3. Aboriginal Traditional Knowledge sharing was done in partnership with other initiatives
(e.g. projects funded by Aboriginal Funds for Species at Risk).
All Aboriginal contractors/communities/organizations that participated prepared summary
Working Group received all summary reports and reviewed these in detail to highlight
information that could inform the recovery strategy. Knowledge provided that would be more
Boreal Caribou Working Group. The purpose of this step was to identify where and how the
Aboriginal Traditional Knowledge could support the recovery strategy and the subsequent range
and/or action plans.
Each Aboriginal Traditional Knowledge summary report received contains unique and
geographically specific information that is representative of the knowledge and experiences
shared by knowledge holders (Boreal Caribou ATK Reports, 2010-2011). Aboriginal Traditional
Knowledge with respect to boreal caribou life history, habitat use, population status, threats
facing the species, and conservation measures was used to inform the recovery strategy. In
addition, Aboriginal knowledge holders shared considerable detailed local knowledge about
boreal caribou, which may be used to support range and/or action plans, if and where consent for
such use is granted. In all cases, Environment Canada reconfirmed the intention of the use of
Aboriginal Traditional Knowledge in this document with knowledge holders.
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APPENDIX D: SCIENTIFIC ASSESSMENTS OF CRITICAL
HABITAT FOR BOREAL CARIBOU
2008 Scientific Review
In 2007, Environment Canada launched a science-based review with the mandate to identify
boreal caribou critical habitat to the extent possible, using the best available information, and/or
prepare a schedule of studies to complete this task. The results were summarized in a report
entitled Scientific Review for the Identification of Critical Habitat for Woodland Caribou
(Rangifer tarandus caribou), Boreal Population, in Canada (hereinafter referred to as the 2008
Scientific Review).
Identifying critical habitat for boreal caribou was framed as an exercise in decision analysis and
adaptive management. Establishment of a systematic, transparent and repeatable process was
central to the approach. The resultant Critical Habitat Framework was anchored by synthesis and
analysis of available quantitative data and published scientific information on boreal caribou
population and habitat ecology.
The 2008 Scientific Review established boreal caribou ranges as the appropriate scale at which
to identify critical habitat, and applied a probabilistic approach to assessing the adequacy of the
current range conditions to support a self-sustaining local population based on three lines of
evidence: percent total disturbance, local population growth and local population size. Of the 57
local p
(integrated probability
equal to 0.5).
Additional Scientific Activities
The 2008 Scientific Review established a foundation for the assessment of critical habitat;
however, Environment Canada identified key areas for further exploration to improve the science
foundation to inform the identification of critical habitat:
1. Implications to critical habitat identification of variation in approaches applied by
provincial and territorial jurisdictions to delineate ranges.
2. Relative impacts of different disturbances and habitat types, and their configurations, on
the ability of ranges to support self-sustaining local populations, and resultant critical habitat
identification.
3. Identification of disturbance management thresholds for self-sustaining local populations.
4. Influence of future range conditions on disturbance management thresholds given the
dynamic nature of disturbance in a given range.
The purpose of addressing these knowledge gaps was to further inform the identification of
critical habitat for boreal caribou, using the best available information. To this end, Environment
Canada undertook the work presented in the Scientific Assessment to Inform the Identification of
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Critical Habitat for Woodland Caribou (Rangifer tarandus caribou), Boreal Population, in
Canada, 2011 Update (herein referred to as the 2011 Scientific Assessment).
2011 Scientific Assessment: Concepts and Methodology
Similar to the 2008 Scientific Review, the 2011 Scientific Assessment was designed to provide a
probabilistic evaluation of critical habitat relative to the set of conditions (demographic and
environmental) for each range. The framework and components developed in the 2008 Scientific
Review were expanded and enhanced through a suite of scientific activities including: enhanced
disturbance mapping; habitat selection analysis; buffer analysis; meta-analysis of boreal caribou
local population and habitat conditions; assessment of current conditions to support selfsustaining boreal caribou local populations using indicators of two ecological components of
sustainability (stable or positive population growth and long-term persistence); representation of
future conditions through application of a simple habitat dynamics model and; development of a
methodology for establishing risk-based, range-specific disturbance management thresholds
based on best available information.
Information to Support the Identification of Critical Habitat
The information to inform the identification of boreal caribou critical habitat provided in the
2011 Scientific Assessment for each range consists of the following four components:
1. The delineation and location of the range, and certainty in range delineation.
2. An integrated risk assessment based on multiple lines of evidence from three indicators,
and application of hierarchical decision rules to evaluate the probability that current
conditions on a range will support a self-sustaining local population. The result is expressed
as a likelihood statement relative to achieving the population and distribution objectives.
3. Information to support the identification of disturbance management thresholds.
Specifically, a consistent methodology for deriving such thresholds is provided, along with
examples of their potential application, and discussion of their interpretation relative to the
criteria and indicators evaluated.
4. A description of the biophysical attributes, defined as the habitat characteristics required
by boreal caribou to carry out life processes necessary for survival and recovery. The results
from the habitat selection analyses and other published reports were used to summarize
biophysical attributes by ecozone.
The related goals of assessing the ability of ranges to support self-sustaining local populations,
and establishment of disturbance management thresholds, must acknowledge uncertainties
arising from the availability and reliability of information about current local population
condition, as well as how local populations might respond to additional and often interacting
stressors. The probabilistic approach applied in the 2011 Scientific Assessment explicitly
incorporated the effects of uncertainties and data quality in the assessment process. This
approach is consistent with the concept of adaptive management, which expresses probable
outcomes as hypotheses. Monitoring and evaluation of realized outcomes informs adaptations of
management strategies over time.
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Key Findings
The information and analyses presented in the 2011 Scientific Assessment addresses limitations
identified with implementation of the work presented in the 2008 Scientific Review. However,
neither the approach nor the results of the 2011 assessment represent a fundamental shift from
raphic delineation for
critical habitat description. Further, the amount of total disturbance within a range remains the
primary criteria for identifying critical habitat to meet a goal of self-sustaining local populations
of boreal caribou.
Highlights of the application of the conceptual framework and associated analyses supporting the
2011 assessment include:
1. Nearly 70% of the variation in boreal caribou recruitment across 24 study areas spanning
the full range of boreal caribou distribution and range condition in Canada was explained by
a single composite measure of total disturbance (fire + buffered anthropogenic), most of
which could be attributed to the negative effects of anthropogenic disturbance.
2. Of the 57 identified boreal caribou ranges in Canada at the time, 17 (30%) were assessed
3. Range-specific disturbance management thresholds can be derived from a generalized
disturbance-population growth function in conjunction with range-specific information. A
methodology was developed to extend the critical habitat description for consideration of
disturbance management thresholds when acceptable risks are defined by managers.
In addition to these highlights, several important observations related to the availability of
information emerged, and recommendations related to these are advanced:
1. Most boreal caribou ranges in Canada have not been fully described owing to a lack of
standardized animal location data and poor understanding of movement within and between
ranges. While a total of 57 ranges were still recognized at the time by provincial and
territorial jurisdictions in Canada, changes to the delineation of boreal caribou ranges have
been made since the 2008 Scientific Review, by various jurisdictions, based on different
criteria. The issue of appropriate delineation of transboundary ranges remains unresolved.
2. Demographic data are lacking for many boreal caribou ranges in Canada. Monitoring and
assessment programs to provide data on local population size, local population trend,
recruitment and adult mortality are required to improve understanding of factors affecting
boreal caribou survival and recovery, to increase certainty in assessment results, and to
monitor response of local populations to recovery actions and to assess progress towards
meeting the population and distribution objectives for boreal caribou across Canada.
In conclusion, significant advances were made to the conceptual and methodological design in
the 2011 Scientific Assessment to address some key uncertainties or limitations identified in the
2008 Scientific Review. These advances improved the robustness of the results with respect to
providing a scientific basis to inform the identification of critical habitat for boreal caribou
across Canada.
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APPENDIX E: IDENTIFYING DISTURBANCE MANAGEMENT
THRESHOLDS
ment (2011b), and has
been adapted for the purposes of this recovery strategy. A methodology was developed for
consideration of disturbance management thresholds (Environment Canada, 2011b) and is herein
described. Establishing disturbance management thresholds requires a recovery goal and an
acceptable level of risk from a management perspective.
The recovery goal for boreal caribou is to achieve self-sustaining local populations in all boreal
caribou ranges throughout their current distribution in Canada, to the extent possible.
Environment Canada (2011b) expressed this recovery goal as the likelihood of observing a mean
lambda (population growth) over a 20-year period of a stable or increasing population and the
likelihood of the population size remaining above a quasi-extinction threshold of 10
reproductively active females over a 50 year period. The likelihood of the population remaining
stable or increasing over 20 years was based on two indicators: population trend and disturbance
level within a boreal caribou range. In order to assess the influence of disturbance level on the
population trend, a study was completed to develop a relationship that expresses the probability
of a population being stable or increasing at varying levels of total range disturbance (see Figure
E-1). This relationship was derived by combining information on the negative effects of
disturbance on boreal caribou recruitment with a national mean annual adult survival rate for
mature females. This relationship was used to inform the range condition required to meet the
recovery goal which is a core element of the identification of critical habitat in this recovery
strategy.
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Figure E-1. Disturbance management thresholds: The probability of observing stable or positive
stable) of boreal caribou local populations over a 20-year period at varying levels of
Certainty of outcome, ecological risk, and management scenarios are illustrated along a
continuum of conditions.

The disturbance values associated with the likelihood of achieving a self-sustaining local
population can be used to express the relative risk of not achieving a self-sustaining local
population (see Table E-1). At this point, a given management objective or target must be
specified in order to determine what is an acceptable level of risk from a management
perspective.
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Table E-1. Intervals of total range disturbance associated with varying levels of certainty
in outcome and assigned risk relative to achieving stable or positive population growth.
Probability of
Sustained Stable
1
or Positive Growth

Likelihood of
Desired Outcome

Disturbance
Interval

Very Likely

< 10%

Level of Risk
Very Low

Likely

> 10 to 35%

Low

As Likely as Not

> 35 to 45%

Moderate

Unlikely

> 45 to 75%

High

Very Unlikely

>75%

Very High

1

Intervals adapted from the International Panel on Climate Change 2005; time frame for assessing mean
growth rate is 20 years.

A disturbance management threshold marks the point below which (i.e. at lower levels of
disturbance) range conditions are likely to meet the recovery goal with an acceptable level of
risk, and above which the outcome is either highly uncertain or unacceptable. In this recovery
strategy a 0.6 or 60% probability of self-sustainability (i.e. population growth is
stable/increasing) is applied resulting in a maximum disturbance management threshold of 35%
total disturbance (or 65% undisturbed habitat as referenced throughout the recovery strategy)
(see Figure E-1). A probability of 1.0 or 100 % is ideal, however, unrealistic since 0% total
disturbance is virtually impossible even without anthropogenic disturbances. The maximum
disturbance management threshold of 35% at 0.6 or 60% probability of self-sustainability is a
reasonable starting point providing a likely certainty of recovery, given the available information
on boreal caribou at this time. It is important to emphasize that this is a maximum disturbance
management threshold because there is still a risk (0.4 or 40%) that local populations will not be
self-sustaining. Local populations that have greater than 35% total disturbance (or less than 65%
undisturbed habitat) will first be recovered to the 35% disturbance management threshold (i.e. to
achieve 65% undisturbed habitat). The disturbance management threshold may be altered in the
future as more information becomes available on the associated level of risk for boreal caribou
local populations to meet the recovery goal outlined in this strategy.
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APPENDIX F: SUMMARY OF BOREAL CARIBOU LOCAL
POPULATION CONDITION AND HABITAT CONDITION
Table F-1 provides a summary of boreal caribou local population condition and habitat condition
for each of the 51 boreal caribou ranges. Boreal caribou distribution (see Figure 2) and
population and habitat condition information is based on the best available information including
observational and telemetry data, and biophysical analyses, provided by provincial and territorial
jurisdictions (Environment Canada, 2011b). As a result of limited information on many of the
ranges in Canada, only three transboundary ranges (a range that extends across a provincial or
territorial boundary) have been defined: Northwest Territories range (NT1), Chinchaga range
(AB1), and Lac Joseph range (NL1). As more refined information is being continually collected
by jurisdictions, range delineation and population demographic information will be updated and
may result in revisions to range boundaries and possibly more transboundary ranges. The
assessment of self-sustainability may change when ranges that cross jurisdictional boundaries are
combined. Range boundaries and integrated risk assessments will be updated annually based on
new or more refined evidence provided by the provincial and territorial jurisdictions. In some
cases, local population size estimates and trend data are based primarily on professional
judgment and limited data, and not on rigorously collected field data.
The Range Type lists the different classification of local populations based on updated range
boundaries for boreal caribou provided by jurisdictions, which were subsequently classified into
three types reflecting the level of certainty in range boundaries: Conservation Units (CU - low
certainty), Improved Conservation Units (ICU- medium certainty), and Local Population (LP high certainty).
Risk assessment is the status of self-sustainability of the local populations where SS=selfsustaining; NSS = not self-sustaining; NSS/SS = as likely as not self-sustaining.
Further explanation on disturbance is provided in Section 4.2.1.
Table F-1. Boreal caribou local population condition and habitat condition information.
Range
Type

Population
Size
Estimate

Population
Trend

Northwest
Territories

ICU

6500

BC1

Maxhamish

LP

BC2

Calendar
SnakeSahtahneh
Parker
Prophet

Range
Identification

Range
Name

Disturbed Habitat (%)
1

2

Total

3

Risk
Assessment

Fire

Anthropogenic

not
available4

24

8

31

SS

300

not available

0.5

57

58

NSS

LP

290

not available

8

58

61

NSS

LP

360

declining

6

86

87

NSS

LP

40-60

not available

1

57

58

NSS

LP

50-100

not available

1

77

77

NSS

Northwest Territories

NT1
British Columbia

BC3
BC4
BC5
Alberta
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Range
Identification

AB1
AB2
AB3
AB4
AB5
AB6

Range
Name
Chinchaga
(incl. BC
portion)
Bistcho
Yates
Caribou
Mountains
Little Smoky

Range
Type

Population
Size
Estimate

Population
Trend

LP

250

LP

Disturbed Habitat (%)
1

2

Total

3

Risk
Assessment

Fire

Anthropogenic

declining

8

74

76

NSS

195

declining

20

61

71

NSS

LP

350

stable

43

21

61

NSS

LP

315-394

declining

44

23

57

NSS

LP

78

declining

0.2

95

95

NSS

LP

172-206

declining

30

44

62

NSS

LP

204-272

declining

4

68

69

NSS

LP

150

not available

67

22

82

NSS

LP

90-150

declining

26

77

81

NSS

AB10

Red Earth
West Side
Athabasca
River
Richardson
East Side
Athabasca
River
Cold Lake

LP

150

declining

32

72

85

NSS

AB11

Nipisi

LP

55

not available

6

66

68

NSS

AB12
Saskatchewan
SK1

Slave Lake

LP

65

not available

37

63

80

NSS

Boreal Shield

CU

not available

not available

55

3

57

Unknown5

SK2
Manitoba6

Boreal Plain

CU

not available

not available

26

20

42

NSS/SS

MB1

The Bog

ICU

50-75

stable

4

12

16

NSS/SS

MB2

Kississing

ICU

50-75

stable

39

13

51

NSS

MB3

Naosap

ICU

100-200

stable

28

26

50

NSS

MB4

Reed

ICU

100-150

stable

7

20

26

SS

MB5

North
Interlake

ICU

50-75

stable

4

14

17

NSS/SS

MB6

William Lake

ICU

25-40

stable

24

10

31

NSS

MB7

Wabowden

ICU

200-225

stable

10

19

28

SS

MB8

Wapisu

ICU

110-125

stable

10

14

24

SS

CU

not available

not available

23

16

37

NSS/SS

CU

not available

not available

4

13

17

SS

CU

not available

not available

26

3

29

SS

ICU

300-500

stable

31

6

35

SS

AB7
AB8
AB9

MB9
MB10
MB11
MB12

Manitoba
North
Manitoba
South
Manitoba
East
AtikakiBerens
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Range
Type

Population
Size
Estimate

Population
Trend

OwlFlinstone

LP

78

Sydney

ICU

ON2

Berens

ON3

Range
Identification

Range
Name

MB13

Disturbed Habitat (%)
1

2

3

Fire

Anthropogenic

stable

25

18

39

NSS/SS

not available

stable

28

33

58

NSS

ICU

not available

not available

34

7

39

NSS/SS

Churchill

ICU

not available

not available

6

28

31

SS

ON4

Brightsand

ICU

not available

not available

18

28

42

NSS/SS

ON5

Nipigon

ICU

300

stable

7

25

31

SS

ON6

Coastal

CU

492

not available

0

16

16

SS

ON7

Pagwachuan

ICU

not available

not available

0.9

26

27

SS

Kesagami

ICU

492

declining

3

36

38

NSS

ON9
Quebec
QC1

Far North

CU

not available

not available

14

1

15

SS

Val d'Or

LP

30

declining

0.1

60

60

NSS

QC2

Charlevoix

LP

75

stable

4

77

80

NSS

QC3

Pipmuacan

ICU

134

stable

11

51

59

NSS

QC4

Manouane

ICU

358

stable

18

23

39

NSS/SS

Manicouagan

ICU

181

increasing

3

32

33

SS

CU

9000

stable

20

12

30

SS

LP

1282

declining

7

1

8

NSS/SS

LP

97

declining

5

3

8

NSS

LP

1604

declining

0.4

1

2

NSS/SS

Ontario
ON1

Total

Risk
Assessment

7

ON8
8

QC5
8

QC6
Quebec
Newfoundland and Labrador
NL19
Lac Joseph
Red Wine
NL2
Mountain
Mealy
NL39
Mountain
1

Fire disturbance is any area where a fire has occurred in the past 40 years (without buffer).

2

For anthropogenic disturbance, a 500 meter buffer is applied to all linear and polygonal disturbances.

3

For total disturbance, both anthropogenic and fire disturbances that overlap are not counted twice in the total.

4

Some trend data exists for local study areas within Northwest Territories, but it is insufficient to establish a rangelevel trend.
5

The high fire in combination wi
Boreal Shield range (SK1) represent a unique situation that falls outside the range of variability observed in the
data that informed the disturbance model used by Environment Canada (2011b) as a component of the integrated
risk assessment framework. The probability of selfdisturbance regime and the uncertainty about the status of the population. Nevertheless, the high fire (55%)
observed for
(SK1) warrants caution with respect to additional
anthropogenic disturbance.
Detailed Explanation for
Integrated Risk Assessment for Boreal Shield (SK1)
6

The Government of Manitoba is in the process of updating their range boundaries. This will result in an update to
current range delineations, as well as a revision of their self-sustainability status following integrated risk
assessment of any new range boundaries.
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7

A total of 5000 boreal caribou were reported for Ontario in 2008 (Ontario Woodland Caribou Recovery Team,
2008).
8

The range is likely made up of several populations for which the self-sustainability status may vary. New data is
currently being collected by the provincial jurisdiction for this range. This may result in an update to the range
delineation and/or the identification of new ranges, as well as a revision of their self-sustainability status following
integrated risk assessment of new ranges or new range boundaries.
9

The Government of Newfoundland and Labrador has provided data that indicates a recent decline for Mealy
Mountain and Lac Joseph. The data provided does not meet the criteria of lambda reported for 3 years or more in
the last 10 years as defined in the assessment process but does provide evidence for caution. Therefore, even though
the habitat condition for these two ranges indicates "very likely" to be self-sustaining, they have been assigned a
status of "as likely as not" based on this reported decline. These populations should be carefully monitored and a reassessment completed.

Detailed Explanation for Integrated Risk Assessment for Boreal Shield (SK1)
The integrated assessment applied in the 2011 Science Assessment was based on three lines of
evidence: i) population trend, ii) population size and iii) habitat condition (as defined by amount
of total disturbance). If data was not available for one of the lines of evidence the assessment was
still based on lines of evidence with available data. A measure of disturbance was available for
all boreal caribou ranges.
There is no trend data or population data for SK1. There were population estimates provided by
Saskatchewan for four previously defined management units across the boreal shield based on
estimated area of habitat and average density of caribou, however, no formal surveys have been
carried out in SK1. Disturbance was measured using same methods applied to all ranges and as
described in Environment Canada (2011b).
The probability of a self-sustaining status for the habitat condition was dependent on a
relationship between total disturbance and recruitment developed through a meta-analysis of
study areas across Canada. The range of conditions for anthropogenic and fire disturbance in the
meta-analysis is representative of the range of disturbance values for caribou ranges assessed
across Canada with the exception of SK1. SK1 disturbance is comprised of 3% buffered
anthropogenic and 55% fire resulting in total non-over lapping disturbance of 57%. For SK1, the
proportion of total disturbance that is anthropogenic is outside of the data range (5% for SK1 as
compared to 12% to 100% for meta- analysis study areas). The highest percent fire in the metaanalysis data set is represented in two of the 24 study areas with 41 and 42 % fire with 8% and
23% anthropogenic disturbance respectively.
As such, the uncertainty associated with application of the model to SK1 is greater than for the
remaining 50 Ranges. Therefore the meta-analysis model was not applied to SK1 to provide an
integrated assessment or to inform the identification of critical habitat.
In the absence of the application of the disturbance model to provide an integrated assessment,
the probability of self-sustaining for SK1 has been reported as unknown but caution with
respect to additional anthropogenic disturbance is warranted based on the following:
At this time there are no trend data for SK1 to indicate if caribou numbers are stable,
increasing or declining and there are no reliable population estimates.
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The meta-analysis (and past analysis in the published literature) has demonstrated that it is
the cumulative effects of anthropogenic disturbance with fire that contribute to the
relationship between disturbance and caribou recruitment. Although several models were
tested in Environment Canada (2011b) that separated anthropogenic and fire disturbance, the
- AIC) was the total disturbance (one
variable) model. It is conceivable that additional data from high fire - low anthropogenic
study areas could result in a two variable model performing better and allowing greater
differentiation of the relative contributions of fire and anthropogenic effects.
Although caribou adapt to fire by shifting use to unburned areas until burned areas recover,
this adaptation strategy is dependent on alternate undisturbed areas being available for
caribou use. Examination of the trend in cumulative area burned does demonstrate an
to previous period (1945-70). Review
of literature that has examined evidence for changes in fire regimes in the boreal due to
climate change indicates that the area burned by forest fires in Canada has increased over the
past four decades, at the same time as summer season temperatures have warmed (Van
Wagner, 1988; Skinner et al., 1999, 2002; Podur et al., 2002; Stocks et al., 2003; Gillet et al.,
2004).
Given that SK1 has a high level of fire disturbance (55%) that contributes to the high level of
total disturbance (57%), caution is warranted in terms of additional anthropogenic
disturbance until trend data is available for SK1. Population trend data showing a stable or
increasing trend based on lambda measured for 3 years within a 10 year period would result
in an assignment of self-sustaining for SK1. Data collected in the interim could, nevertheless,
still be used to inform the potential risk of not meeting the recovery goal of selfsustainability.
Continuous improvement of the meta-analysis will be pursued to increase an understanding
of factors such as relative contributions of fire and anthropogenic effects on patterns of
disturbance, impacts on quality of remaining habitat, etc. Collection of recruitment data from
a sample of "high fire - very low anthropogenic" study areas, collected over a minimum of 2
years from radio collared adult females, would expand the range and amount of data for the
meta-analysis to include conditions representative of SK1 and may provide greater
understanding of the relative contributions of fire and anthropogenic disturbances. The
updated model (with the additional data) could then be applied to SK1 to provide the habitat
condition indicator as a component of the integrated assessment and to inform critical habitat
identification.
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APPENDIX G: DETAILS ON THE IDENTIFICATION OF
CRITICAL HABITAT FOR BOREAL CARIBOU
Table G-1 provides a summary of boreal caribou habitat condition for each of the 51 boreal
caribou ranges. Boreal caribou distribution (see Figure 2) and habitat condition information is
based on the best available information including observational and telemetry data, and
biophysical analyses, provided by provincial and territorial jurisdictions (Environment Canada,
2011b). As a result of limited information on many of the ranges in Canada, only three
transboundary ranges (a range that extends across a provincial or territorial boundary) have been
defined: Northwest Territories range (NT1), Chinchaga range (AB1), and Lac Joseph range
(NL1). As more refined information is being continually collected by jurisdictions, range
delineation and population demographic information will be updated and may result in revisions
to range boundaries and possibly more transboundary ranges. The assessment of selfsustainability may change when ranges that cross jurisdictional boundaries are combined. Range
boundaries and integrated risk assessments will be updated annually based on new or more
refined evidence provided by the provincial and territorial jurisdictions.
As described in Section 7.1.1, the identification of critical habitat for boreal caribou is comprised
of three components for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of
habitat.
Table G-1. Boreal caribou critical habitat information.
Location
Range
Identification

Range
Name

Amount
Total
Range
Area
(ha)

Type

Disturbed Habitat (%)
1

Fire

Anthropogenic

2

Total

3

Total
Undisturbed
Habitat
(%)

Biophysical
Attributes
(see corresponding
ecozone table in
Appendix H)

Northwest Territories
NT1

Northwest
Territories

British Columbia
BC1
Maxhamish
BC2
Calendar
SnakeBC3
Sahtahneh
BC4
Parker
BC5
Prophet
Alberta
Chinchaga
AB1
(incl. BC
portion)
AB2
Bistcho
AB3

Yates

44,166,546

24

8

31

69

Taiga Plain
Boreal Plain
Southern Arctic
Taiga Cordillera

710,105
496,393

0.5
8

57
58

58
61

42
39

Taiga Plain
Taiga Plain

1,198,752

6

86

87

13

Taiga Plain

75,222
119,396

1
1

57
77

58
77

42
23

Taiga Plain
Taiga Plain

3,162,612

8

74

76

24

1,436,555

20

61

71

29

Taiga Plain

523,094

43

21

61

39

Taiga Plain

Taiga Plain,
Boreal Plain
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Location
Range
Identification

Range
Name

Amount
Total
Range
Area
(ha)

Type

Disturbed Habitat (%)
1

2

Total

3

Total
Undisturbed
Habitat
(%)

Fire

Anthropogenic

2,069,000

44

23

57

43

308,606

0.2

95

95

5

Biophysical
Attributes
(see corresponding
ecozone table in
Appendix H)

Taiga Plain

AB4

Caribou
Mountains

AB5

Little Smoky

AB6

Red Earth

2,473,729

30

44

62

38

Boreal Plain

AB7

West Side
Athabasca
River

1,572,652

4

68

69

31

Boreal Plain

AB8

Richardson

707,350

67

22

82

18

1,315,980

26

77

81

19

Boreal Plain

672,422

32

72

85

15

Boreal Plain

Boreal Plain
Montane Cordillera
Boreal Plain

Boreal Shield(West)
Boreal Plain

AB10

East Side
Athabasca
River
Cold Lake

AB11

Nipisi

210,771

6

66

68

32

Boreal Plain

AB12
Saskatchewan

Slave Lake

151,904

37

63

80

20

Boreal Plain

AB9

SK1

Boreal
Shield

18,034,870

55

3

57

43

Taiga Shield
Boreal Shield(West)

SK2

Boreal Plain

10,592,463,

26

20

42

58

Boreal Plain

Manitoba
MB1

The Bog

446,383

4

12

16

84

Boreal Plain

MB2

Kississing

317,029

39

13

51

49

Boreal Shield(West)

MB3

Naosap

456,977

28

26

50

50

MB4

Reed

357, 425

7

20

26

74

489,680

4

14

17

83

Boreal Plain

488,219

24

10

31

69

Boreal Plain

MB5
MB6

North
Interlake
William
Lake

MB7

Wabowden

628,938

10

19

28

72

MB8

Wapisu

565,044

10

14

24

76

Boreal Shield(West)
Boreal Plain
Boreal Shield(West)
Boreal Plain

Boreal Shield(West)
Boreal Plain
Boreal Shield(West)
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Location
Range
Identification

Range
Name

Amount
Total
Range
Area
(ha)

Type

Disturbed Habitat (%)
1

Fire

Anthropogenic

23

16

2

Total

3

Total
Undisturbed
Habitat
(%)

Biophysical
Attributes
(see corresponding
ecozone table in
Appendix H)

Boreal Shield (West)

MB9

Manitoba
North

6,205,520

MB10

Manitoba
South

1,867,255

4

13

17

83

Boreal Plain

MB11

Manitoba
East

6,612,782

26

3

29

71

Boreal Shield (West
and West Central)

2,387,665

31

6

35

65

363,570

25

18

39

61

MB12
MB13

AtikakiBerens
OwlFlinstone

37

63

Boreal Plain

Boreal Shield (West
Central)
Boreal Shield (West
Central)

Ontario
Boreal Shield (West
Central)
Boreal Shield (West
Central)
Boreal Shield (West
Central)

ON1

Sydney

753,001

28

33

58

42

ON2

Berens

2,794,835

34

7

39

61

ON3

Churchill

2,150,490

6

28

31

69

ON4

Brightsand

2,220,921

18

28

42

58

Boreal Shield (West
Central)

ON5

Nipigon

3,885,026

7

25

31

69

Boreal Shield (West
and West Central)

ON6

Coastal

376,598

0

16

16

84

Boreal Shield
(Central)

ON7

Pagwachuan

4,542,918

0.9

26

27

73

ON8

Kesagami

4,766,463

3

36

38

62

ON9

Far North

28,265,143

14

1

15

85

QC1

Val d'Or

346,861

0.1

60

60

40

QC2

Charlevoix

312,803

4

77

80

20

Hudson Plain
Boreal Shield
(Central)
Hudson Plain
Boreal Shield
(Central)
Hudson Plain
Boreal Shield (West,
Southeast, Central)

Quebec
Boreal Shield
(Southeast)
Boreal Shield
(Southeast)
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Location
Range
Identification

Amount

Range
Name

Total
Range
Area
(ha)

QC3

Pipmuacan

QC4

Type

Disturbed Habitat (%)
1

2

Total

3

Total
Undisturbed
Habitat
(%)

Biophysical
Attributes
(see corresponding
ecozone table in
Appendix H)

Fire

Anthropogenic

1,376,899

11

51

59

41

Boreal Shield (East)

Manouane

2,716,449

18

23

39

61

Boreal Shield (East)

QC5

Manicouagan

1,134,129

3

32

33

67

Boreal Shield (East)

QC6

Quebec

62,156,186

20

12

30

70

Boreal Shield
(Central, East)

Newfoundland and Labrador
NL1

Lac Joseph

5,802,491

7

1

8

92

NL2

Red Wine
Mountain

5,838,594

5

3

8

92

NL3

Mealy
Mountain

3,948,463

0.4

1

2

98

Taiga Shield
Boreal Shield (East)
Taiga Shield
Boreal Shield (East)
Taiga Shield
Boreal Shield (East)

1

Fire disturbance is any area where a fire has occurred in the past 40 years (without buffer).

2

For anthropogenic disturbance, a 500 meter buffer is applied to all linear and polygonal disturbances.

3

For total disturbance, both anthropogenic and fire disturbances that overlap are not counted twice in the total.
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APPENDIX H: BIOPHYSICAL ATTRIBUTES FOR BOREAL
CARIBOU CRITICAL HABITAT
Biophysical Attributes
Aboriginal Traditional Knowledge (Boreal Caribou ATK Reports, 2010-2011), habitat selection
analyses, and scientific published reports (Environment Canada, 2011b) were used to summarize
biophysical attributes required by boreal caribou to carry out life processes necessary for survival
and recovery. Results are provided by ecozone and ecoregion in order to capture the ecological
variation across the distribution of boreal caribou.
Boreal Caribou Ranges by Ecozone and Ecoregion
Boreal caribou are distributed in the boreal forest across eight ecozones in Canada including:
Taiga Plain, Montane Cordillera, Taiga Shield, Boreal Plain, Boreal Shield, Hudson Plain,
Southern Arctic, and Taiga Cordillera. The largest ecozone, Boreal Shield, is further divided into
five ecoregions: Boreal Shield West, Boreal Shield West Central, Boreal Shield Central, Boreal
Shield East, and Boreal Shield South East (see Figure H-1).
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Figure H-1. Boreal caribou distribution across ecozones and ecoregions in Canada.
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Biophysical Attribute Descriptions
The biophysical attributes for boreal caribou critical habitat are categorized by the types of
habitat used by boreal caribou in accordance with seasonal and life-stage activity which include
broad scale, calving, post-calving, rutting, wintering, and travel. This information is provided in
the following tables by ecozone and ecoregion.
Biophysical attributes will vary both between and within boreal caribou ranges. As the
biophysical attributes presented in this recovery strategy were developed at a national scale by
ecozone and ecoregion, and not by local population, it is anticipated that each provincial and
territorial jurisdiction may have or will develop over time, a more refined description of the
biophysical attributes required for each range. Biophysical attributes specific to boreal caribou
ranges in Labrador have been provided by the jurisdiction and are included in Table H-6 below.
Table H-1. Biophysical attributes for boreal caribou critical habitat in the Taiga Plain
ecozone.
Type of habitat

Description

Broad scale

Mature forests (jack pine, spruce, and tamarack) of 100 years or older, and open coniferous habitat.
Large areas of spruce peat land and muskeg with preference for bogs over fens and upland and lowland
black spruce forests with abundant lichens, and sedge and moss availability.
Flatter areas with smaller trees and willows, hills and higher ground.
Open coniferous forests, tussock tundra, low shrub, riparian, recent burned areas, south and west aspects
and hills and higher locations.
Muskegs, marshes, staying close to water sources.
Caribou observed on small islands of mature black spruce or mixed forests within peat lands, in old burns
at the edge of wetlands, in alder thickets with abundant standing water and on lake shores.
Muskegs or areas with access to muskegs, open meadows on higher ground, close to water (lakes and
rivers) and mixed bush areas.
Open coniferous forests with abundant lichens, low shrub, riparian, tussock tundra, sparsely vegetative
habitat, recent burns and west aspects.
Old burns and neighbouring remnant unburned forests selected in late spring and early summer.
Open coniferous and mixed wood forests, low shrub, riparian, tussock tundra, recent burns and west
aspect. Still use muskegs that harbor ground lichen and sedges, mixed bush areas, areas of higher ground.
Regenerating burns and sparsely vegetated habitat.
Open coniferous forests (black spruce and pine) that provide adequate cover with abundant lichens,
riparian areas. Caribou observed in muskeg areas in early winter.
Spruce-lichen forests, fire regenerated, sparsely vegetated habitat, herbaceous and tall shrub habitat and
sphagnum moss with scattered spruce.
As snow depth increases, they remain more often in areas of dense pine or thickly wooded black spruce,
with hanging lichen and remains access to open, mixed vegetation for ground forage.
Females show high fidelity to calving sites among years (i.e. within 14.5 km).
Many caribou shift the pattern of use based on seasonal preferences, in large multi-habitat areas.
Rates of movement increase during the rut and are greatest in winter.

Calving

Post-calving

Rutting
Winter

Travel
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Table H-2. Biophysical attributes for boreal caribou critical habitat in the Montane
Cordillera ecozone.
Type of habitat

Description

Broad scale

Upland lodge pole pine, mixed conifer lodgepole pine/black spruce and treed muskeg areas with abundant
lichens.
Open, pine dominated stands of 80 years or more.
Areas closer to cut-blocks with a high proportion of larch are selected during calving. Lower mountain
peaks.
Homogeneous areas of conifer dominated stands.
No information on rutting habitat currently available.
Caribou use areas with a high proportion of larch and pine forests during winter.

Calving
Post-calving
Rutting
Winter

Table H-3. Biophysical attributes for boreal caribou critical habitat in the Taiga Shield
ecozone (see Table H-6 for biophysical attributes more specific to Labrador ranges).
Type of habitat

Description

Broad scale

Upland tundra dominated by ericaceous shrubs (Ericaceae spp.), lichen, grasses and sedges.
Lowland tundra composed of peat land complexes (muskeg and string bogs), wetlands (swamps,
marshes), lakes, rivers and riparian valleys.
Dense mature jack pine and black spruce stands with balsam fir and tamarack present and open conifer
forests with abundant lichens.
String bogs, treed bogs, small open wetlands (< 1 km 2), large muskeg, marshes along water bodies. Barren
grounds.
Calving on peninsulas and islands increases with amount of open water.
Forested wetlands. Hilly areas, coastal sites, along shorelines of water bodies (rivers, lakes, creeks),
marshes with lichen availability.
Open wetlands, swamps. Mature forests, mountainous terrain with forests of black spruce, tamarack and
pine trees with abundant lichen.
Forested areas are used in years of low snow accumulation; otherwise winter habitat selection reflects
general avoidance of deep snow, including use of tundra habitat at higher elevations in mountainous
regions and bogs along lakes or oceans.
Forested wetlands.
Tundra uplands and sand flats in proximity to water. Barren grounds.
Bog edges, glacial erratics and bedrock erratics with lichen and lakes.
Some use of mature white spruce and fir stands as alternative to habitat with arboreal lichens. Mix of
mature forest stands, mountainous terrain with forests of black spruce, tamarack and jack pine with
abundant lichen.
Connectivity between selected habitat types important given reported patterns of movement among
caribou.
Some animals have been reported to travel up to distances of approximately 200 km, although the
majority of animals appear to move shorter distances. Females show fidelity to post-calving sites returning
to within 6.7 km of a given location in consecutive years.

Calving
Post-calving
Rutting
Winter

Travel
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Table H-4. Biophysical attributes for boreal caribou critical habitat in the Boreal Plain
ecozone.
Type of habitat

Description

Broad scale

Late seral-stage (> 50 years old) conifer forest (jack pine, black spruce, tamarack), treed peat lands,
muskegs or bogs, use dry islands in the middle of muskegs, with abundant lichens. Hilly or higher ground
and small lakes.
Restricted primarily to peat land complexes.
Higher elevations (~1135 m).
Selected old (>40 years) burns.
Bogs and mature forests selected for calving as well as islands and small lakes.
Peat lands and stands dominated by black spruce and lowland black spruce stands within muskeg are used
for calving.
Forest stands older than 50 yrs.
Upland black spruce/jack pine forests, lowland black spruce, young jack pine and open and treed peat lands
and muskeg are also selected during summer. Use lichen and low muskeg vegetation.
In some areas, sites with abundant arboreal lichen are selected during summer.
Mature forests.
Upland black spruce/jack pine forests, lowland black spruce, young jack pine and open and treed peat lands
and muskeg during summer.
Treed peat lands, treed bog and treed fen and open fen complexes with > 50% peat land coverage with high
abundance of lichens.
Use of small lakes, rock outcrops on lakes for lichen access.
Mature forest > 50 years old.
Upland black spruce/jack pine forests, lowland black spruce, young jack pine and open and treed peat
lands.

Calving
Post-calving

Rutting
Winter

Table H-4a. Biophysical attributes for boreal caribou critical habitat in the Boreal Shield
West ecoregion.
Type of habitat

Description

Broad scale

Conifer/tamarack-dominated peat land complexes, muskegs or bogs, use dry islands in the middle of
muskegs and upland moderate to dense mature conifer forests (jack pine, black spruce, tamarack) with
abundant lichens.
Hilly or higher ground, lots of smaller lakes in area.
Peat lands, stands dominated by black spruce, mature forest stands and treed muskeg all used for calving.
Caribou will use islands, small lakes, lakeshores during calving.
Wooded lakeshores, islands, sparsely treed rock, upland conifer-spruce and treed muskeg are used in
summer.
Sites with a high abundance of arboreal lichen are important for foraging in some areas.
Dense conifer and mixed forest are also used.
Dense and sparse conifer and mixed forests.
Open riparian habitats are also used during the rut.
Mature upland spruce, pine stands and treed muskeg.
Jack pine dominated forests.
Caribou select sparse and dense conifer, mixed forests and treed bogs.
In some areas caribou will select habitat with greater visibility and further away from forest edges.
Some males move > 100 km during the rutting season.
Traditional travel routes between summer and winter ranges occur in large peat land complexes. Caribou
migrate in a north to south pattern.

Calving
Post-calving

Rutting
Winter

Travel
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Table H-4b. Biophysical attributes of boreal caribou habitat in the Boreal Shield West
Central ecoregion.
Type of habitat

Description

Broad scale

Mature conifer uplands and conifer/tamarack dominated lowlands.
Conifer/tamarack-dominated peat lands, muskegs with abundant arboreal lichens, upland mature conifer
forests stands with abundant terrestrial lichen and rocky areas with sparse trees.
Elevations of 300 m. Intermediate values of Normalized Difference Vegetation Index 1. Selection for old
(>40 years) burns.
Forested wetlands/treed bog, old burns, sparse conifer and dense spruce. Need lichen availability.
Peat lands, raised hillrocks with large muskeg areas, forested islands and shorelines of large lakes selected
during calving.
Jack pine or jack pine/black spruce forests also used for calving.
Peat land with forested islands, islands, and shorelines selected during summer.
Mature, dense forest stands.
Semi-open and open bogs and mature conifer uplands selected during rutting. Terrestrial lichens and
arboreal lichens, sedges and bog ericoids (Andromeda glaucophylla, Chamaedaphne calyculata, Kalmia
polifolia, and Ledum groenlandicum) are important sources of forage.
Mature coniferous stands.
Areas with a high proportion of lakes (> 5-100 ha) with convoluted shorelines.
Caribou forage in areas with high lichen abundance and fewer shrubs in jack pine and black spruce stands
with low tree densities, low basal areas and short heights.
Caribou select open bogs, intermediate to mature jack pine rock ridges, jack pine habitats with lichens and
lakes, but move to jack pine ridges in mature conifer stands with lichen when winter conditions prevent
foraging in bogs.
Arboreal lichens, terrestrial lichens, sedges and ericaceous species are an important source of forage.
Travel mainly in conifer forests, avoiding open habitats (e.g. lakes, disturbed areas, etc.) when migrating
from summer to winter habitat.
Use frozen lakes for travel during winter/spring, in some instances to reach islands for calving.
Spring migration is not restricted to specific travel routes.
Some move at a range of 100 km during the rutting season.
Caribou moved 8-60 km away after logging operations were begun.

Calving

Post-calving
Rutting
Winter

Travel

Table H-4c. Biophysical attributes for boreal caribou critical habitat in the Boreal Shield
Central ecoregion.
Type of habitat

Description

Broad scale

Late seral-stage black spruce-dominated lowlands and jack pine dominated uplands.
Open black spruce lowlands.
Low-density late seral-stage jack pine or black spruce forests and black spruce/tamarack-dominated peat
lands with abundant terrestrial and moderate arboreal lichens.
Caribou also use areas with dry to moist sandy to loamy soils and shallow soils over bedrock.
Elevations of 300 m.
Intermediate values of Normalized Difference Vegetation Index 1.
Selection for old (>40 years) burns.
Open canopies of mature black spruce and mesic peat land with ericaceous species for calving are selected
for calving in the Claybelt region.
Females with calves selected areas with more abundant ericaceous shrubs and terrestrial lichens during the
summer compared to females without calves.
Large areas of contiguous forests dominated by black spruce.
Open conifer forests or forests with lower tree densities where terrestrial and arboreal lichen are abundant
and there is significant less snow (e.g. shorelines) are also selected.

Calving

Winter
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Table H-4d. Biophysical attributes for boreal caribou critical habitat in the Boreal Shield
East ecoregion (see Table H-6 for biophysical attributes more specific to Labrador
ranges).
Type of habitat

Description

Broad scale

Conifer-feather moss forests on poorly-drained sites and mature conifer uplands with abundant terrestrial
lichen. Black spruce, jack pine and balsam fir stands present with abundant lichen.
Water bodies and wetlands (swamps, marshy areas with tamarack).
Mountains or rolling hills.
Elevations of 300 m.
Intermediate values of Normalized Difference Vegetation Index 1.
Selection for old (>40 years) burns.
Open wetlands, peninsulas and islands.
Sedges, ericaceous species, bryophytes, alder and larch selected in spring.
Balsam fir, dense black spruce stands, spruce-fir forests older than 40 years, and dry bare land with high
lichen densities.
Mature conifer stands, as well as wetlands (marshes, peat moss areas). Higher altitudes used for calving in
this area rather than lake or water bodies.
Open and forested wetlands (marshes, swamps), and continued use of peninsulas and islands. Hilly areas,
coastal sites, shorelines (rivers, lakes, creeks).
Aquatic plants, dwarf birch (Betula glandulosa), deciduous shrubs, ericaceous species and moss.
Open wetlands selected, swamps.
Terrestrial and arboreal lichens, forbs, sedges, mosses and coniferous and deciduous shrubs.
Balsam fir stands, dense spruce stands, mature and regenerating conifer stands, other forest stands
(tamarack, pine) with abundant lichens, wetlands (swamps) and dry bare lands.
Forested wetlands. Some use of upland-tundra for loafing. Mountainous terrain.
Dry bare land, wetlands, mature conifer forests with lichen, balsam fir stands, dense spruce stands, and
mixed spruce-fir forests older than 40 years selected in southern areas. Observed along frozen bodies of
water.
Use of mature forests protected from harvesting increases probability of encounters with wolves that select
the same habitats in winter.
Shallow snow depths selected in late winter.
Caribou move greater distances during the rutting season.

Calving

Post-calving
Rutting

Winter

Travel

Table H-4e. Biophysical attributes for boreal caribou critical habitat in the Boreal Shield
Southeast ecoregion.
Type of habitat

Description

Broad scale

Late seral-stage black spruce-dominated lowlands and jack pine-dominated uplands, Balsam fir stands,
marshlands and abundant lichen.
Open, medium-closed conifer forests.
Elevations of 300 m.
Intermediate values of Normalized Difference Vegetation Index 1.
Selection for old (>40 years) burns.
Dense and open mature conifer forests of spruce, tamarack, jack pine and young conifer forests between 30
50 years old.
Open stands of balsam fir, balsam fir-black spruce, black spruce, black-spruce-tamarack and jack pine
stands older than 70 yrs. Dry bare lands, 30-50 year old stands of balsam fir or fir-black spruce, as well as
50 year old jack pine stands, and arboreal and terrestrial lichens.

Calving

Rutting
Winter
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Table H-5. Biophysical attributes for boreal caribou critical habitat in the Hudson Plain
ecozone.
Type of habitat

Description

Broad scale

Habitats selected generally to reduce predation risk.
Shrub rich treed muskeg and mature conifer forests abundant in lichens.
Shorelines of deep lakes and rivers (birch trees).
Poorly drained areas dominated by sedges, mosses and lichens, as well as open black spruce and tamarack
forests.
Elevations of 150m.
Intermediate levels of ruggedness1 and Normalized Difference Vegetation Index 2.
Mature conifer stand with and without lichens and muskegs. Preference for higher altitudes compared to
habitat use during other periods.
Fens, bogs and lakes.
Wetlands and conifer stands with lichen. Mature and regenerating conifer stands are also used, albeit to a
lesser degree. Caribou use hills in the lowlands, treed islands in muskegs with several different tree species.
Dense and mature conifer forests with lichens and wetlands.
Peat lands dominated by open bogs and terrestrial lichens.
Large patches of intermediate and mature black spruce, shrub-rich treed muskeg and mixed co nifer stands all
used in late winter.
Movements greatest in fall/winter when caribou transition from calving to winter habitat.
Long range movements are greater in areas with high moose densities, presumably to reduce predation risk.

Calving
Post-calving
Rutting
Winter

Travel
1

Vector ruggedness is a metric used to capture variability in slope and aspect.

2

Normalized Difference Vegetation Index (NDVI) is an index that provides a standardized method of comparing
vegetation greenness between satellite images.

NOTE: A small portion of boreal caribou critical habitat in the northern portion of the Northwest
Territories range falls within the Southern Arctic ecozone and the Taiga Cordillera ecozone.
Currently, there is no information available on boreal caribou habitat use or biophysical
attributes in either of these ecozones. Biophysical attributes in the Taiga Plain ecozone are used
to describe the type of habitat needed for the identification of critical habitat for boreal caribou in
the Southern Arctic and Taiga Cordillera ecozones.
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Biophysical attributes specific to Labrador ranges, containing detailed information as
made available by the jurisdiction.
Table H-6. Biophysical attributes of boreal caribou critical habitat in the Taiga Shield
ecozone and Boreal Shield East ecoregion, specific to Labrador ranges.
Type of habitat

Description

Broad scale

Subarctic and boreal forests.
Tundra and low shrubs at high elevations.
Numerous lakes, peatlands (string, plateau and basin bogs, ribbed and ladder fens) and peatland complexes
of several wetland types adjacent and contiguous to each other, broad river valleys.
Lichen woodlands, new and regenerating burns.
Intermediate values of Normalized Difference Vegetation Index 1.
Lac Joseph (NL1)
Mid and low subarctic forests characterized by open coniferous forests, eskers and upland plateaus. Black
spruce dominant; jackpine and trembling aspen occur sporadically.
Poorly-drained sites characterized by extensive ribbed fen-string bog complexes bordered by black-spruce
sphagnum stands. Well drained sites and river uplands often containing open lichen woodlands.
Lakes comprising approximately 15%of range, including Lac Joseph, Lake Ashuanipi and Atikonak Lakes.
Red Wine Mountain (NL2)
High boreal forest and alpine areas in addition to low subarctic forest. Boreal forest portions contain
productive, close-canopied boreal forests, with deep river valleys. Black spruce predominant, while some
balsam fir, white birch, and trembling aspen also occur.
Dominant topographical feature are the Red Wine Mountains (600m- 900m asl), and an extensive upland
boreal plateau consisting of a mosaic of extensive string bogs and open conifer forest (400 m asl). Alpine
areas with tundra vegetation; larch and black spruce on lower valley slopes.

Calving
Post-calving and
summer

Rutting

Mealy Mountain (NL3)
Extensive tree-less coastal barrens and offshore islands with tundra-like vegetation, and extensive string
bogs and open pools of water, with hummocks dominated by scrub spruce and Labrador tea on the Eagle
River Plateau.
Mid-boreal forest characterized by closed-canopied black spruce and balsam fir forests. Eskers which
occasionally support ribbons of lichen woodland.
Dominant topographical feature is the Mealy Mountain range (1000m asl), containing alpine areas with
tundra vegetation.
Muskegs, lakes and islands, peninsulas of large lakes, or combinations of these features.
Mature, dense conifer stands (>90 years) with a sphagnum, forb or shrub understory, particularly when in
proximity to wetlands or lakes.
Immediately post calving: wetlands and areas with open water, and adjacent areas of mature, dense
coniferous forest.
Summer (July through September) and early fall: broader array of vegetation communities in the vicinity of
their calving areas, including mature coniferous forests with a shrub or moss/forb understory, treed bogs and
some open-canopied woodlands with an extensive shrub understory.
Open and forested wetlands (muskeg, treed bogs) and continued use of peninsulas and islands, shorelines
(rivers, lakes, creeks).
Riparian plants, dwarf birch (Betula glandulosa), willow, ericaceous shrubs, forbs grasses and sedges for
forage.
Wetlands and areas with open water, and adjacent areas of mature, dense coniferous forest.
Mature coniferous forests with a shrub or moss/forb understory, treed bogs and some open-canopied
woodlands with an extensive shrub understory.
Open and forested wetlands (muskeg, treed bogs) and continued use of peninsulas and islands, shorelines
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Type of habitat

Description
(rivers, lakes, creeks).
Riparian plants, dwarf birch (Betula glandulosa), willow, ericaceous shrubs, forbs and sedges for forage.
Early winter (November through January): lichen woodlands and lichen-shrub woodlands. Occasional use of
wetlands.
Late winter: lichen woodlands, ice-covered water bodies (for rest and as a refuge), and regenerating burns
(with shrub and Cladina mitis understory) in some cases.
Extensive use of coastal barrens in Mealy Mountain range.
Some use of Alpine areas in Red Wine Mountain and Mealy Mountain range.
During spring and fall migration, select open habitats that are easy to travel through. In particular, during
spring migration select for (frozen) wetlands and burns, and during fall migration added open lichen
woodlands to the latter cover classes.
Most females travel up to 20 km from winter areas to calving sites, but can move by as much as 120 km.

Winter

Travel

1

Normalized Difference Vegetation Index (NDVI) is an index that provides a standardized method of comparing
vegetation greenness between satellite images.
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APPENDIX I: MITIGATION TECHNIQUES TO AVOID
DESTRUCTION OF CRITICAL HABITAT
Mitigation of the adverse effects that may result from a proposed project on boreal caribou could include
different techniques. These techniques include avoiding destruction of undisturbed habitat or biophysical
attributes necessary for the species to carry out life processes, reducing noise or pollution, or minimizing
disturbance by adapting its shape or adjusting the timing of the disturbance. Table I-1 provides examples
of considerations and possible mitigation techniques when planning development within a boreal caribou
range.
Table I-1. Examples of considerations when planning development within a boreal
caribou range and possible mitigation techniques.
Considerations when planning
development

Examples of possible mitigation techniques

Threshold of disturbance in the short- and
long-term

Minimize the footprint of development, consider locations where
habitat is already disturbed; restore habitat to provide continual
availability of undisturbed habitat over time.

Ecological factors

Avoid destruction of biophysical attributes (see Appendix H).

Spatial configuration

Minimize disturbance by adapting its shape (small polygon vs. linear).

Sensory disturbances

Mitigation of noise, light, smells, vibrations to prevent harassment of
boreal caribou.

Pollution

Mitigate pollution through scrubbers or other techniques. Some types
of pollution may be especially of concern (e.g. air pollution that
increases acidity may affect lichens on which boreal caribou depend
for food).

Timing of disturbance

Certain types of disturbance could occur only in seasons when boreal
caribou are not using the area or do not respond negatively to the
activity.

Induced effects

New access roads in previously undisturbed areas may induce further
disturbance by opening territory to more development, recreational
users, etc. This could be prevented by an access management plan that
could include limiting access, decommissioning roads, etc.

Corridors that support predator movement

Impact may be reduced by using techniques that prevent use of
corridor by predators (no compaction of snow, immediate replanting
of trees, etc.).

Increases in predator and/or alternate prey
populations

Mortality management techniques may be considered where the
killing of predators would be a final, necessary option implemented
temporarily, along with habitat restoration.
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APPENDIX J: CRITICAL HABITAT FACTSHEETS

Illustration © Judie Shore
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CRITICAL HABITAT FACTSHEETS: NORTHWEST TERRITORIES
Critical Habitat Identification: Northwest Territories Range (NT1)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-1. Key map of the general location
of the range.

Figure J-2. The geographic boundary within
which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)
44,166,546

Disturbed Habitat (%)
Fire

Anthropogenic

Total

Total
Undisturbed
Habitat (%)

24

8

31

69

Amount of Critical
Habitat
At least 65%
undisturbed habitat

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Taiga Plain
Boreal Plain
Southern Arctic
Taiga Cordillera

See Appendix H
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CRITICAL HABITAT FACTSHEETS: BRITISH COLUMBIA
Critical Habitat Identification: Maxhamish Range (BC1)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-3. Key map of the general location
of the range.

Figure J-4. The geographic boundary within
which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)

Fire

Anthropogenic

Total

Total
Undisturbed
Habitat (%)

710,105

0.5

57

58

42

Disturbed Habitat (%)

Amount of Critical Habitat
Existing habitat that would
contribute to at least 65%
undisturbed over time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Taiga Plain

See Appendix H
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Critical Habitat Identification: Calendar Range (BC2)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-5. Key map of the general location
of the range.

Figure J-6. The geographic boundary within
which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)
496,393

Disturbed Habitat (%)
Fire

Anthropogenic

8

58

Total
61

Total
Undisturbed
Habitat (%)
39

Amount of Critical
Habitat
Existing habitat that
would contribute to at
least 65% undisturbed
over time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Taiga Plain

See Appendix H
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Critical Habitat Identification: Snake-Sahtahneh Range (BC3)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-7. Key map of the general location
of the range.

Figure J-8. The geographic boundary within
which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)

1,198,752

Disturbed Habitat (%)
Fire

6

Anthropogenic

86

Total

87

Total
Undisturbed
Habitat (%)

Amount of Critical
Habitat

13

Existing habitat that
would contribute to
at least 65%
undisturbed over
time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Taiga Plain

See Appendix H
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Critical Habitat Identification: Parker Range (BC4)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-9. Key map of the general location
of the range.

Figure J-10. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)

75,222

Disturbed Habitat (%)
Fire

1

Anthropogenic

57

Total

58

Total
Undisturbed
Habitat (%)

Amount of Critical
Habitat

42

Existing habitat that
would contribute to
at least 65%
undisturbed over
time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Taiga Plain

See Appendix H
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Critical Habitat Identification: Prophet Range (BC5)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-11. Key map of the general
location of the range.

Figure J-12. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)

119,396

Disturbed Habitat (%)
Fire

1

Anthropogenic

77

Total

77

Total
Undisturbed
Habitat (%)
23

Amount of Critical
Habitat
Existing habitat that
would contribute to
at least 65%
undisturbed over
time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Taiga Plain

See Appendix H
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CRITICAL HABITAT FACTSHEETS: ALBERTA
Critical Habitat Identification: Chinchaga Range (incl. BC portion)
(AB1)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-13. Key map of the general
location of the range.

Figure J-14. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)

Fire

Anthropogenic

Total

Total
Undisturbed
Habitat (%)

3,162,612

8

74

76

24

Disturbed Habitat (%)

Amount of Critical
Habitat
Existing habitat that would
contribute to at least 65%
undisturbed over time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Taiga Plain
Boreal Plain

See Appendix H
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Critical Habitat Identification: Bistcho Range (AB2)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-15. Key map of the general
location of the range.

Figure J-16. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)

1,436,555

Disturbed Habitat (%)
Fire

20

Anthropogenic

61

Total

71

Total
Undisturbed
Habitat (%)
29

Amount of Critical
Habitat
Existing habitat that
would contribute to at
least 65%
undisturbed over
time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Taiga Plain

See Appendix H
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Critical Habitat Identification: Yates Range (AB3)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-17. Key map of the general
location of the range.

Figure J-18. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)

523,094

Disturbed Habitat (%)
Fire

43

Anthropogenic

Total

21

61

Total
Undisturbed
Habitat (%)
39

Amount of Critical
Habitat
Existing habitat that
would contribute to
at least 65%
undisturbed over
time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Taiga Plain

See Appendix H
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Critical Habitat Identification: Caribou Mountains Range (AB4)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-19. Key map of the general
location of the range.

Figure J-20. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)

2,069,000

Disturbed Habitat (%)
Fire

44

Anthropogenic

23

Total

57

Total
Undisturbed
Habitat (%)
43

Amount of Critical
Habitat
Existing habitat that
would contribute to at
least 65%
undisturbed over
time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Taiga Plain
Boreal Plain

See Appendix H
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Critical Habitat Identification: Little Smoky Range (AB5)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-21. Key map of the general
location of the range.

Figure J-22. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)
308,606

Disturbed Habitat (%)
Fire

Anthropogenic

Total

0.2

95

95

Total
Undisturbed
Habitat (%)
5

Amount of Critical Habitat
Existing habitat that would
contribute to at least 65%
undisturbed over time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Montane Cordillera
Boreal Plain

See Appendix H

98

2192

Critical Habitat Identification: Red Earth Range (AB6)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-23. Key map of the general
location of the range.

Figure J-24. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)

2,473,729

Disturbed Habitat (%)
Fire

30

Anthropogenic

Total

44

62

Total
Undisturbed
Habitat (%)
38

Amount of Critical
Habitat
Existing habitat that
would contribute to at
least 65%
undisturbed over
time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Boreal Plain

See Appendix H
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Critical Habitat Identification: West Side Athabasca River Range (AB7)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-25. Key map of the general
location of the range.

Figure J-26. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)

1,572,652

Disturbed Habitat (%)
Fire

4

Anthropogenic

Total

68

69

Total
Undisturbed
Habitat (%)
31

Amount of Critical
Habitat
Existing habitat that
would contribute to at
least 65%
undisturbed over
time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Boreal Plain

See Appendix H
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Critical Habitat Identification: Richardson Range (AB8)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-27. Key map of the general
location of the range.

Figure J-28. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)

Fire

Anthropogenic

Total

Total
Undisturbed
Habitat (%)

707,350

67

22

82

18

Disturbed Habitat (%)

Amount of Critical
Habitat
Existing habitat that would
contribute to at least 65%
undisturbed over time.

iii) Type: Biophysical attributes of critical habitat.
Boreal Shield

1

Ecozone(s) :

Boreal Plain
1

Ecoregion(s) :
1

Boreal Shield (West)

See Appendix H

101

2195

Critical Habitat Identification: East Side Athabasca River Range (AB9)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-29. Key map of the general
location of the range.

Figure J-30. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)
1,315,980

Disturbed Habitat (%)
Fire

Anthropogenic

26

77

Total
81

Total
Undisturbed
Habitat (%)
19

Amount of Critical
Habitat
Existing habitat that
would contribute to at
least 65% undisturbed
over time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Boreal Plain

See Appendix H
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Critical Habitat Identification: Cold Lake Range (AB10)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-31. Key map of the general
location of the range.

Figure J-32. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)

672,422

Disturbed Habitat (%)
Fire

32

Anthropogenic

72

Total

85

Total
Undisturbed
Habitat (%)
15

Amount of Critical
Habitat
Existing habitat that
would contribute to at
least 65%
undisturbed over
time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Boreal Plain

See Appendix H
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Critical Habitat Identification: Nipisi Range (AB11)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-33. Key map of the general
location of the range.

Figure J-34. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)

210,771

Disturbed Habitat (%)
Fire

6

Anthropogenic

Total

66

68

Total
Undisturbed
Habitat (%)
32

Amount of Critical
Habitat
Existing habitat that
would contribute to
at least 65%
undisturbed over
time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Boreal Plain

See Appendix H
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Critical Habitat Identification: Slave Lake Range (AB12)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-35. Key map of the general
location of the range.

Figure J-36. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)

151,904

Disturbed Habitat (%)
Fire

37

Anthropogenic

63

Total

80

Total
Undisturbed
Habitat (%)
20

Amount of Critical
Habitat
Existing habitat that
would contribute to at
least 65%
undisturbed over
time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Boreal Plain

See Appendix H
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CRITICAL HABITAT FACTSHEETS: SASKATCHEWAN
Critical Habitat Identification: Boreal Shield Range (SK1)
A schedule of studies is required under SARA where available information is inadequate to
identify critical habitat. The schedule of studies outlines the essential studies required to identify
the critical habitat necessary to meet the population and distribution objectives for boreal caribou
set in this recovery strategy.
There is evidence suggesting that fire does cause stress on boreal caribou populations when the
proportion of the range disturbed by fire is high and precaution around the additional effects of
anthropogenic disturbance in boreal caribou ranges with high fire is necessary. However,
additional population trend data is required to understand the relationship between disturbance
and boreal caribou survival in ranges with high fire and very low anthropogenic disturbance.
The following schedule of studies is required to complete the identification of critical habitat in
the Boreal Shield Range in northern Saskatchewan.
Table J-1: Schedule of studies required to complete the identification of critical habitat in
the Boreal Shield range (SK1) in northern Saskatchewan
Description of
Activity
Collect population
information (size, trend,
etc.) for a minimum of 2
years in SK1 where
population condition is
unknown.

Rationale

Timeline

The effect of a high fire and very low
anthropogenic disturbance habitat condition on
the SK1 local population is unknown. These
activities will provide the necessary information
to identify critical habitat.

Population data collected
and critical habitat
identified for SK1 by end
of 2016.

Update disturbance
model in Environment
Canada
fic
Assessment (2011b) by
including population
information for SK1 to
incorporate situations of
high fire and very low
anthropogenic
disturbance.
Identification of critical
habitat in SK1.
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Critical Habitat Identification: Boreal Plain Range (SK2)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-37. Key map of the general
location of the range.

Figure J-38. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)

10,592,463

Disturbed Habitat (%)
Fire

26

Anthropogenic

20

Total

42

Total
Undisturbed
Habitat (%)
58

Amount of Critical
Habitat
Existing habitat that
would contribute to at
least 65%
undisturbed over
time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Boreal Plain

See Appendix H
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CRITICAL HABITAT FACTSHEETS: MANITOBA
Critical Habitat Identification: The Bog Range (MB1)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-39. Key map of the general
location of the range.

Figure J-40. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)
446,383

Disturbed Habitat (%)
Fire

Anthropogenic

Total

4

12

16

Total
Undisturbed
Habitat (%)
84

Amount of Critical
Habitat
At least 65%
undisturbed habitat

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Boreal Plain

See Appendix H
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Critical Habitat Identification: Kississing Range (MB2)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-41. Key map of the general
location of the range.

Figure J-42. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.

Fire

Anthropogenic

Total

Total
Undisturbed
Habitat (%)

39

13

51

49

Disturbed Habitat (%)

Total Range
Area (ha)
317,029

Amount of Critical Habitat
Existing habitat that would
contribute to at least 65%
undisturbed over time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :

Boreal Shield
1

Ecoregion(s) :
1

Boreal Shield (West)

See Appendix H
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Critical Habitat Identification: Naosap Range (MB3)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-43. Key map of the general
location of the range.

Figure J-44. The geographic boundary
within which critical habitat is located

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)

Fire

456,977

Anthropogenic

28

26

Total

50

Total
Undisturbed
Habitat (%)
50

Amount of Critical
Habitat
Existing habitat that
would contribute to at
least 65%
undisturbed over
time.

iii) Type: Biophysical attributes of critical habitat.
Boreal Shield

1

Ecozone(s) :

Boreal Plain
1

Ecoregion(s) :
1

Boreal Shield (West)

See Appendix H
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Critical Habitat Identification: Reed Range (MB4)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-45. Key map of the general
location of the range.

Figure J-46. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)
357, 425

Fire

Anthropogenic

Total

7

20

26

Total
Undisturbed
Habitat (%)
74

Amount of Critical
Habitat

At least 65%
undisturbed habitat

iii) Type: Biophysical attributes of critical habitat.
Boreal Shield

1

Ecozone(s) :

Boreal Plain
1

Ecoregion(s) :
1

Boreal Shield (West)

See Appendix H
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Critical Habitat Identification: North Interlake Range (MB5)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-47. Key map of the general
location of the range.

Figure J-48. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)
489,680

Disturbed Habitat (%)
Fire

Anthropogenic

Total

4

14

17

Total
Undisturbed
Habitat (%)
83

Critical Habitat
Undisturbed
At least 65%
undisturbed habitat

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Boreal Plain

See Appendix H
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Critical Habitat Identification: William Lake Range (MB6)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-49. Key map of the general
location of the range.

Figure J-50. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)
488,219

Disturbed Habitat (%)
Fire

Anthropogenic

Total

24

10

31

Total
Undisturbed
Habitat (%)
69

Amount of Critical
Habitat
At least 65%
undisturbed habitat

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :
1

Boreal Plain

See Appendix H
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Critical Habitat Identification: Wabowden Range (MB7)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-51. Key map of the general
location of the range.

Figure J-52. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)
628,938

Fire

Anthropogenic

Total

10

19

28

Total
Undisturbed
Habitat (%)
72

Amount of Critical
Habitat

At least 65%
undisturbed habitat

iii) Type: Biophysical attributes of critical habitat.
1

Ecozones(s) :
1

Ecoregion(s) :
1

Boreal Shield
Boreal Plain
Boreal Shield (West)

See Appendix H
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Critical Habitat Identification: Wapisu Range (MB8)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-53. Key map of the general
location of the range.

Figure J-54. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)
565,044

Fire

Anthropogenic

Total

10

14

24

Total
Undisturbed
Habitat (%)
76

Amount of Critical
Habitat
At least 65%
undisturbed habitat

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :

Boreal Shield
1

Ecoregion(s) :
1

Boreal Shield (West)

See Appendix H
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Critical Habitat Identification: Manitoba North Range (MB9)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-55. Key map of the general
location of the range.

Figure J-56. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)

Fire

6,205,520

Anthropogenic

23

16

Total

37

Total
Undisturbed
Habitat (%)
63

Amount of Critical
Habitat
Existing habitat that
would contribute to at
least 65%
undisturbed over
time.

iii) Type: Biophysical attributes of critical habitat.
Boreal Shield

1

Ecozone(s) :
1

Ecoregion(s) :
1

Boreal Plain
Boreal Shield (West)

See Appendix H
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Critical Habitat Identification: Manitoba South Range (MB10) 1
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-57. Key map of the general
location of the range.

Figure J-58. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)
1,867,255

Disturbed Habitat (%)
Fire

Anthropogenic

Total

4

13

17

Total
Undisturbed
Habitat (%)
83

Amount of Critical
Habitat
At least 65%
undisturbed habitat

iii) Type: Biophysical attributes of critical habitat.
2

Ecozone(s) :

Boreal Plain

1

The Government of Manitoba is in the process of updating their range boundaries. This will result in an update to
current range delineations, as well as a revision of their self-sustainability status following integrated risk
assessment of any new range boundaries.
2

See Appendix H
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Critical Habitat Identification: Manitoba East Range (MB11)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-59. Key map of the general
location of the range.

Figure J-60. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)
6,612,782

Fire

Anthropogenic

Total

26

3

29

Total
Undisturbed
Habitat (%)
71

Amount of Critical
Habitat
At least 65%
undisturbed habitat

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :

Boreal Shield
1

Ecoregion(s) :

Boreal Shield (West)
Boreal Shield (West Central)

1

See Appendix H
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Critical Habitat Identification: Atikaki-Berens Range (MB12)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-61. Key map of the general
location of the range.

Figure J-62. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)
2,387,665

Fire

Anthropogenic

Total

31

6

35

Total
Undisturbed
Habitat (%)
65

Amount of Critical
Habitat
At least 65%
undisturbed habitat

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :

Boreal Shield
1

Ecoregion(s) :
1

Boreal Shield (West Central)

See Appendix H
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Critical Habitat Identification: Owl-Flinstone Range (MB13)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-63. Key map of the general
location of the range.

Figure J-64. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)

Fire

363,570

25

Anthropogenic

Total

18

39

Total
Undisturbed
Habitat (%)
61

Amount of Critical
Habitat
Existing habitat that
would contribute to
at least 65%
undisturbed over
time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :

Boreal Shield
1

Ecoregion(s) :
1

Boreal Shield (West Central)

See Appendix H
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CRITICAL HABITAT FACTSHEETS: ONTARIO
Critical Habitat Identification: Sydney Range (ON1)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-65. Key map of the general
location of the range.

Figure J-66. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)

Fire

Anthropogenic

Total

Total
Undisturbed
Habitat (%)

753,001

28

33

58

42

Disturbed Habitat (%)

Amount of Critical
Habitat
Existing habitat that would
contribute to at least 65%
undisturbed over time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :

Boreal Shield
1

Ecoregion(s) :
1

Boreal Shield (West Central)

See Appendix H

121

2215

Critical Habitat Identification: Berens Range (ON2)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-67. Key map of the general
location of the range.

Figure J-68. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)

Fire

2,794,835

34

Anthropogenic

7

Total

39

Total
Undisturbed
Habitat (%)
61

Amount of Critical
Habitat
Existing habitat that
would contribute to
at least 65%
undisturbed over
time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :

Boreal Shield
1

Ecoregion(s) :
1

Boreal Shield (West Central)

See Appendix H
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2216

Critical Habitat Identification: Churchill Range (ON3)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-69. Key map of the general
location of the range.

Figure J-70. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)
2,150,490

Fire

Anthropogenic

Total

6

28

31

Total
Undisturbed
Habitat (%)
69

Amount of Critical
Habitat
At least 65%
undisturbed habitat

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :

Boreal Shield
1

Ecoregion(s) :
1

Boreal Shield (West Central)

See Appendix H
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2217

Critical Habitat Identification: Brightsand Range (ON4)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-71. Key map of the general
location of the range.

Figure J-72. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)

Fire

2,220,921

18

Anthropogenic
28

Total
42

Total
Undisturbed
Habitat (%)
58

Amount of Critical
Habitat
Existing habitat that
would contribute to at
least 65% undisturbed
over time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :

Boreal Shield
1

Ecoregion(s) :
1

Boreal Shield (West Central)

See Appendix H
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2218

Critical Habitat Identification: Nipigon Range (ON5)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-73. Key map of the general
location of the range.

Figure J-74. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)
3,885,026

Fire

Anthropogenic

Total

7

25

31

Total
Undisturbed
Habitat (%)
69

Amount of Critical
Habitat
At least 65%
undisturbed habitat

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :

Boreal Shield
1

Ecoregion(s) :

Boreal Shield (West)
Boreal Shield (West Central)

1

See Appendix H
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2219

Critical Habitat Identification: Coastal Range (ON6)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-75. Key map of the general
location of the range.

Figure J-76. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)
376,598

Fire

Anthropogenic

Total

0

16

16

Total
Undisturbed
Habitat (%)
84

Amount of Critical
Habitat
At least 65%
undisturbed habitat

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :

Boreal Shield
1

Ecoregion(s) :
1

Boreal Shield (Central)

See Appendix H
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2220

Critical Habitat Identification: Pagwachuan Range (ON7)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-77. Key map of the general
location of the range.

Figure J-78. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)

Fire

Anthropogenic

Total

4,542,918

0.9

26

27

Total
Undisturbed
Habitat (%)
73

Amount of Critical
Habitat

At least 65%
undisturbed habitat

iii) Type: Biophysical attributes of critical habitat.
Hudson Plain

1

Ecozone(s) :

Boreal Shield
1

Ecoregion(s) :
1

Boreal Shield (Central)

See Appendix H
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2221

Critical Habitat Identification: Kesagami Range (ON8)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-79. Key map of the general
location of the range.

Figure J-80. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)

Fire

4,766,463

Anthropogenic

3

36

Total
38

Total
Undisturbed
Habitat (%)
62

Amount of Critical
Habitat
Existing habitat that
would contribute to at
least 65% undisturbed
over time.

iii) Type: Biophysical attributes of critical habitat.
Hudson Plain

1

Ecozone(s) :

Boreal Shield
1

Ecoregion(s) :
1

Boreal Shield (Central)

See Appendix H
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2222

Critical Habitat Identification: Far North Range (ON9) 1
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-81. Key map of the general
location of the range.

Figure J-82. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)
28,265,143

Fire

Anthropogenic

Total

14

1

15

Total
Undisturbed
Habitat (%)
85

Amount of Critical
Habitat
At least 65%
undisturbed habitat

iii) Type: Biophysical attributes of critical habitat.
2

Ecozone(s) :
2

Ecoregion(s) :

Hudson Plain
Boreal Shield
Boreal Shield (West)
Boreal Shield (Southeast)
Boreal Shield (Central)

1

The range is likely made up of several populations for which the self-sustainability status may vary. New data is
currently being collected by the provincial jurisdiction for this range. This may result in an update to the range
delineation and/or the identification of new ranges, as well as a revision of their self-sustainability status following
integrated risk assessment of new ranges or new range boundaries.
2

See Appendix H
129

2223

CRITICAL HABITAT FACTSHEETS: QUEBEC

The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-83. Key map of the general
location of the range.

Figure J-84. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Total Range
Area (ha)

Fire

Anthropogenic

Total

Total
Undisturbed
Habitat (%)

346,861

0.1

60

60

40

Disturbed Habitat (%)

Amount of Critical Habitat
Existing habitat that would
contribute to at least 65%
undisturbed over time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :

Boreal Shield
1

Ecoregion(s) :
1

Boreal Shield (Southeast)

See Appendix H
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2224

Critical Habitat Identification: Charlevoix Range (QC2)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-85. Key map of the general
location of the range.

Figure J-86. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)

Fire

312,803

Anthropogenic

4

77

Total
80

Total
Undisturbed
Habitat (%)
20

Amount of Critical
Habitat
Existing habitat that
would contribute to at
least 65% undisturbed
over time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :

Boreal Shield
1

Ecoregion(s) :
1

Boreal Shield (Southeast)

See Appendix H
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2225

Critical Habitat Identification: Pipmuacan Range (QC3)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-87. Key map of the general
location of the range.

Figure J-88. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)

Fire

1,376,899

Anthropogenic

11

51

Total

59

Total
Undisturbed
Habitat (%)
41

Amount of Critical
Habitat
Existing habitat that
would contribute to
at least 65%
undisturbed over
time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :

Boreal Shield
1

Ecoregion(s) :
1

Boreal Shield (East)

See Appendix H
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2226

Critical Habitat Identification: Manouane Range (QC4)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-89. Key map of the general
location of the range.

Figure J-90. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)

Fire

2,716,449

Anthropogenic

18

23

Total

39

Total
Undisturbed
Habitat (%)
61

Amount of Critical
Habitat
Existing habitat that
would contribute to at
least 65%
undisturbed over
time.

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :

Boreal Shield
1

Ecoregion(s) :
1

Boreal Shield (East)

See Appendix H
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2227

Critical Habitat Identification: Manicouagan Range (QC5)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-91. Key map of the general
location of the range.

Figure J-92. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.

Fire

Anthropogenic

Total

Total
Undisturbed
Habitat (%)

3

32

33

67

Disturbed Habitat (%)

Total Range
Area (ha)
1,134,129

Amount of Critical
Habitat
At least 65%
undisturbed habitat

iii) Type: Biophysical attributes of critical habitat.
1

Ecozone(s) :

Boreal Shield
1

Ecoregion(s) :
1

Boreal Shield (East)

See Appendix H
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2228

Critical Habitat Identification: Quebec Range (QC6) 1
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-93. Key map of the general
location of the range.

Figure J-94. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)
62,156,186

Fire

Anthropogenic

Total

20

12

30

Total
Undisturbed
Habitat (%)
70

Amount of Critical
Habitat

At least 65%
undisturbed habitat

iii) Type: Biophysical attributes of critical habitat.
2

Ecozone(s) :

Boreal Shield
2

Ecoregion(s) :

Boreal Shield (Central)
Boreal Shield (East)

1

The range is likely made up of several populations for which the self-sustainability status may vary. New data is
currently being collected by the provincial jurisdiction for this range. This may result in an update to the range
delineation and/or the identification of new ranges, as well as a revision of their self-sustainability status following
integrated risk assessment of new ranges or new range boundaries.
2

See Appendix H
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2229

CRITICAL HABITAT FACTSHEETS: NEWFOUNDLAND AND
LABRADOR
Critical Habitat Identification: Lac Joseph Range (NL1)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-95. Key map of the general
location of the range.

Figure J-96. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)
5,802,491

Fire

Anthropogenic

Total

7

1

8

Total
Undisturbed
Habitat (%)
92

Amount of Critical
Habitat
At least 65%
undisturbed habitat

iii) Type: Biophysical attributes of critical habitat.
Taiga Shield
Boreal Shield

1

Ecozone(s) :
1

Ecoregion(s) :
1

Boreal Shield (East)

See Appendix H
136

2230

Critical Habitat Identification: Red Wine Mountain Range (NL2)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-97. Key map of the general
location of the range.

Figure J-98. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)
5,838,594

Fire

Anthropogenic

Total

5

3

8

Total
Undisturbed
Habitat (%)
92

Amount of Critical
Habitat
At least 65%
undisturbed habitat

iii) Type: Biophysical attributes of critical habitat.
Taiga Shield

1

Ecozone(s) :

Boreal Shield
1

Ecoregion(s) :
1

Boreal Shield (East)

See Appendix H
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2231

Critical Habitat Identification: Mealy Mountain Range (NL3)
The identification of critical habitat for boreal caribou is described by three components
for each range: i) Location of habitat; ii) Amount of habitat; and iii) Type of habitat.
i) Location: Where critical habitat is found.

Figure J-99. Key map of the general
location of the range.

Figure J-100. The geographic boundary
within which critical habitat is located.

ii) Amount: Quantity of critical habitat.
Disturbed Habitat (%)

Total Range
Area (ha)
3,948,463

Fire

Anthropogenic

Total

0.4

1

2

Total
Undisturbed
Habitat (%)
98

Amount of Critical
Habitat
At least 65%
undisturbed habitat

iii) Type: Biophysical attributes of critical habitat.
Taiga Shield

1

Ecozone(s) :

Boreal Shield
1

Ecoregion(s) :
1

Boreal Shield (East)

See Appendix H
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