Canadian Centre for Policy Alternatives

RESEARCH ANALYSIS SOLUTIONS




CCPA

CANADIAN CENTRE

for POLICY ALTERNATIVES
CENTRE CANADIEN

de POLITIQUES ALTERNATIVES

ISBN 978-1-77125-064-1

This report is available free of charge at www.
policyalternatives.ca. Printed copies may be or-
dered through the CCPA National Office for a $10 fee.

PLEASE MAKE A DONATION...
Help us to continue to offer our
publications free online.

With your support we can continue to produce high
quality research —and make sure it gets into the hands
of citizens, journalists, policy makers and progres-
sive organizations. Visit www.policyalternatives.ca
or call 613-563-1341 for more information.

THE UNIVERSITY OF BRITISH COLUMBIA

Bl SESEnSNEn™ ettt  Canadd
H vancouver
Vancity foundati
oundation

This paper is part of the Climate Justice Project, a
five-year research project led by the CCPA-BC and
the University of BC. The Climate Justice Project
studies the social and economic impacts of climate
change and develops innovative green policy so-
lutions that are both effective and equitable. The
project is supported primarily by a grant from the
Social Sciences and Humanities Research Coun-
cil through its Community-University Research
Alliance program. Thanks also to Vancity and the
Vancouver Foundation for their financial support
of the Climate Justice Project.

The opinions and recommendations in this report,
and any errors, are those of the authors, and do not
necessarily reflect the views of the publishers or
funders of this report.

& 567
OTTAWA

ABOUT THE AUTHORS

Marc Lee is a Senior Economist with the BC Of-
fice of the Canadian Centre for Policy Alternatives,
and the Co-Director of the Climate Justice Project.
Marc is the author of many CCPA and Climate Jus-
tice publications, including Climate Justice, Green
Jobs and Sustainable Production in BC, with Ken-
neth Carlaw (September 2010), Fair and Effective
Carbon Pricing: Lessons from BC (February 2011),
and Enbridge Pipe Dreams and Nightmares: The Eco-
nomic Costs and Benefits of the Proposed North-
ern Gateway Pipeline (March 2012).

Brock Ellis worked as a research assistant for the
Climate Justice Project with the BC office of the Ca-
nadian Centre for Policy Alternatives. He recently
completed a Masters of Public Policy from Simon
Fraser University. Brock’s research for his capstone
project looked at financial market disclosure of cli-
mate change information.

ACKNOWLEDGEMENTS

The authors would like to thank Naomi Klein and
Bill McKibben for their inspiration in developing
this study, and the following for comments on an
earlier draft of the paper: Lynell Anderson, Seth
Klein, and three anonymous reviewers. We also
thank the Carbon Tracker Initiative for their semi-
nal Unburnable Carbon report in 2011. This study
is also shaped by insights from interviews held
with a number of professionals in the financial in-
dustry, including Peter Chapman, Maureen Cure-
ton, Dermot Foley, David Levi, Catherine Ludgate,
and Rudy North.



12
15
20

29

36

42
44
51

Summary
Introduction: Unburnable Carbon
Doing the Math: Implications for Canada

Carbon Liabilities, Stranded Assets
Canada’s Fossil Fuel Investments in Global Context

Pension Funds and Climate Risk
Ignoring Climate Risk
Coming Clean on Dirty Energy

Deflating the Carbon Bubble

Establish a National Carbon Budget

Make Market Prices Tell the Truth About Carbon
Develop Green Bonds

Public Sector Leadership

Mandate Carbon Stress Tests

Conclusion: Getting these Reforms Right
Technical Appendix

Notes







Summary

MOUNTING EVIDENCE OF climate change impacts worldwide will inevit-
ably lead to a new global consensus on climate action. Based on recent re-
search, between two-thirds and four-fifths of known fossil fuel reserves have
been deemed to be unburnable carbon — that cannot safely be combusted.

This is of profound importance to Canada, a nation making fossil fuel
development and expansion the centrepiece of its industrial strategy. This
study looks at the implications of unburnable carbon for the Canadian fos-
sil fuel industry and in particular for financial markets and pension funds.
We argue that Canada is experiencing a carbon bubble that must be stra-
tegically deflated in the move to a clean energy economy.

Doing the Math

A carbon budget is the maximum amount of CO, that can be emitted in the
future, based on scientifically-estimated probabilities of staying below 2°C
of global warming, above which would lead to catastrophic or “runaway”
climate change beyond humanity’s capacity to manage. The world’s carbon
budget is now approximately 500 billion tonnes (Gt) of carbon dioxide, an
amount that would provide an 80% chance at staying under 2°C.

Canada’s share of that global carbon budget would be just under 9 Gt
based on its share of world GDP, and 2.4 Gt based on share of world popu-
lation. An internationally negotiated carbon budget for Canada could go
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up depending on export arrangements with other countries, or down if lar-
ger historical emissions mean disproportionate reductions from rich coun-
tries. A plausible carbon budget for Canada would almost certainly fall be-
tween 2 and 20 Gt.

Canada’s reserves of fossil fuels are significantly larger than Canada’s
fair share of a global carbon budget:

e Canada’s proven reserves of oil, bitumen, gas and coal are equiva-
lent to 91 Gt of CO,, or 18% of the global carbon budget.

¢ Adding in probable reserves boosts this figure to 174 Gt, or 35% of
the global carbon budget.

e A final, more speculative category including all possible reserves is
1,192 Gt — more than double the world’s carbon budget.

This means that business as usual for the fossil fuel industry is incompat-
ible with action to address climate change that keeps global temperature
increase to 2°C or less. Even at the high end of a 20 Gt carbon budget, this
would imply that 78% of Canada’s proven reserves, and 89% of proven-plus-
probable reserves, would need to remain underground.

Carbon Liabilities, Stranded Assets

The Toronto Stock Exchange (TsX) is highly weighted towards the fossil fuel
sector. At the end of 2011, the TSX had 405 listed oil and gas companies with
a total market capitalization of over $379 billion. When coal producers are
added this number rises further.

To assess the implications of Canada’s carbon bubble, we developed a
database of 114 fossil fuel companies operating in Canada — 103 listed on
the TsX (assets greater than $70M for oil and gas, and $50M for coal), and 11
foreign-owned subsidiaries. For each we compiled financial data on revenue,
assets and market capitalization. Then we added data on fossil fuel reserves
(proven and probable), which we converted into potential CO, emissions.
We develop an estimated range of their carbon liabilities by applying a car-
bon price, representing the estimated damages from emitting a tonne of car-
bon (known as the social cost of carbon, or scc, based on recent literature).

For the Canadian-listed companies:

e Our low estimate considers a $50 per tonne scc applied only to the
proven reserves category, and amounts to $844 billion in carbon lia-
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bilities — more than two and a half times the market capitalization
and nearly double the assets of those companies.

e Our high estimate of $200 per tonne scc applied to their proved-plus-
probable reserves yields a figure just under $5.7 trillion, an amount
17 times larger than market capitalization and 13 times assets.

e For 12 companies in our database included in the s&P/TSX 60 index, total
carbon liabilities are between $o.5 and $3.5 trillion. Even the low esti-
mate of carbon liabilities exceeds both assets and market capitalization.

For foreign companies, the estimated carbon liability of their Canadian fos-
sil fuel reserves is between $0.3 and $1.2 trillion. The latter amount, incred-
ibly, is larger than the full market capitalization of foreign companies, and
81% of their assets, even though market capitalization and assets are based
on global operations.

This situation is exacerbated by the predominance of bitumen and coal
in the reserve mix because these particular fuel types are far more GHG-in-
tensive than other fossil fuel products, and are much more likely to be regu-
lated earlier under a global climate action framework.

¢ Bitumen and coal account for more than three-fifths of both the
proved and proved-plus-probable potential emissions in our database.

e If synthetic oil is added, which is crude oil produced from oil sands
bitumen, the proportions jump to more than four-fifths for both cat-
egories of reserves.

An important consideration is that Canada’s oil and gas sector has a very
high degree of foreign ownership.

e Foreign corporations owned 35% of the sector’s $518 billion in assets
in 2010, and received roughly half of the sector’s revenues and prof-
its in 2010.

¢ US corporations have been the principal foreign investors, although
their share has declined in recent years from 79% in 2001 to 64% in
2010. Recent takeovers of oil and gas assets by China’s cNoocC and
Malaysia’s Pentronas in late 2012 — deals worth $21 billion combined
— have increased the foreign-owned share.

Canada has a unique role in the global economy with regard to fossil fuels.
Some 80% of the world’s oil reserves are held by state-owned companies;

Canada’s Carbon Liabilities
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that is, countries who have made public ownership of this strategic asset
a top priority. Of the remaining global oil reserves, two-thirds are found in
Canada, making the country a top destination for private investments.

As foreign capital flows in, so it may flow out. External drivers such as
international, regional or national rules that shrink Canada’s export mar-
kets for fossil fuels, or successful divestment campaigns in other jurisdic-
tions could have a spillover effect that could trigger a withdrawal of capital
from Canada. This is an additional source of instability or external shock
that could lead to a bursting carbon bubble.

Pension Funds and Climate Risk

The recent experience of high-tech and housing bubbles should serve as a stern
warning to policy makers. In 2008, the collapse of a housing bubble (in particu-
lar, in the United States and Europe) threatened the global financial system as
a whole. The fallout from the housing crash affected a broad segment of soci-
ety because housing is the most important asset for middle-class households.

Next to home ownership, the right to future income through employer
pension plans is the second-most important asset for a wide swath of mid-
dle-class households. Registered pension plans cover more than 6 million
members in Canada, and the total market value of trusteed pension funds
in 2012 was over $1.1 trillion, of which almost one-third was held in stocks.

At a system-wide level, however, it is difficult to ascertain the exposure of
Canadian pension funds and other investment types to the carbon bubble.

e More than half of Canada’s pension system is in the form of employer
pension funds (55%), followed by RRSP assets holdings (35%), and
the Canada Quebec Pension Plans (under 10%).

e In the US, pension funds alone owned almost one-third of oil com-
pany stocks in 2011.

e About one-third of the assets of the Canada Pension Plan are invested
in publicly traded equities, representing $13 billion in Canadian equi-
ties and $43 billion in foreign equities, as of the end of 2012.

Addressing risk is inherent to financial market investment, which routine-
ly must account for risks due to inflation, currency movements, regulatory
changes, political turmoil and general economic conditions. However, there
has been a general failure to account for climate risks, and a tendency to view
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any screening for environmental purposes to be detrimental to financial per-
formance. Our analysis turns this on its head: by not accounting for climate
risk, large amounts of invested capital are vulnerable to the carbon bubble.

There is an important inter-generational equity argument built into the
management of pension funds. While pension funds have to generate max-
imum current return value for existing (and soon-to-be) pensioners, at the
same time they are legally obligated to ensure the long-term sustainabil-
ity of the fund. That is, funds must equally represent the interests of young

workers for their eventual retirements.

Deflating the Carbon Bubble

Pension funds and other institutional investors need to be part of the solu-
tion. Other private savings vehicles, such as RRSPs, and public investments
through the Canada Pension Plan, are also in need of a “managed retreat”
from fossil fuel investments. We recommend the following to green Can-
ada’s financial markets.

e Establish a National Carbon Budget — In order to do their job prop-
erly, and contribute to achieving a zero-carbon Canada (and world),
financial markets need a clear and credible long-run climate ac-
tion commitment that provides investment security and certain-
ty. In addition to credible emission targets, Canada needs to estab-
lish a national carbon budget to manage its fossil fuel resources for
wind-down. A corollary to this is that the federal government must
acknowledge that a large share of proven and potential reserves is
indeed “unburnable carbon.” These reserves should be effectively
taken out of circulation, leaving only Canada’s fair share of the re-
maining global carbon budget.

e Make Market Prices Tell the Truth about Carbon — Shifting the terrain
towards clean or renewable sources of energy from fossil fuels re-
quires policies that make sure the costs of greenhouse gas emissions
are reflected in market prices. Broad framework policies to level the
playing field for clean energy alternatives and internalize costs in-
clude: carbon pricing; removal of subsidies to fossil fuel producers;
regulations and standards; and public investments.

e Develop Green Bonds — Pension funds and other investors divesting
from fossil fuel companies need an alternative place to put their money,

Canada’s Carbon Liabilities
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and one major transitional support could be the development of a
national green bonds program (along with complementary provin-
cial programs). The long-run investment horizons of pension funds
align nicely with long-term bond issues, and the need to invest in
public infrastructure for climate action. While carbon taxes are an
ideal source for funding climate action it will take time for those rev-
enues to ramp up with a rising carbon tax. Green bonds can bridge
this gap by essentially borrowing against future carbon tax revenues.

Public Sector Leadership —The government of Canada should dir-
ect the Canada Pension Plan Investment Board to divest from fossil
fuel companies. If pension plans on behalf of public sector retirees
and employees (or their relevant investment management boards)
join this effort, this would provide a powerful signal to other pension
funds. Outside of pensions, divestment is broadly applicable to other
related investment funds, such as university endowments or invest-
ments held by municipalities and Crown corporations. The federal
government should also make changes to private savings vehicles,
such as Registered Retirement Savings Plans (RRSP) and Tax Free
Savings Accounts (TFSA) by restricting preferential tax treatment
to funds or investments that meet certain green economy criteria.

Mandate Carbon Stress Tests — Canadian financial markets need a
mandatory system of climate stress tests for new financing commit-
ments and for outstanding portfolios. Disclosure of climate change
information must be standardized to provide high-quality and com-
parable information (ideally, internationally comparable) about cli-
mate change policies and assessment of risks. The federal govern-
ment could lead in developing selection criteria to be used in the
screening of investment opportunities, and in requiring ratings agen-
cies to report on climate risk and the implications of unburnable car-
bon in their evaluations. Securities and accounting oversight bodies
should be involved in developing a harmonized Canadian approach
to climate risk.

Our suggested reforms would go a long way to providing the foundation ne-
cessary for taking Canada’s economy towards a cleaner future. A coherent
and credible action plan led by the federal government that includes action
to better regulate financial markets will make it much easier for investors
to account for climate change in their risk-return assessments. Our hope is
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that these actions can steadily reduce the exposure of Canadian pension
funds and other investors, and the Canadian economy as a whole, by de-
flating the carbon bubble.

Until such time as our governments take decisive action, we should right-
ly see an expansion of divestment efforts by civil society groups — on cam-
puses, within churches, by credit unions, and by other community-based
organizations seeking to influence the investment choices of major institu-
tions. Such efforts are encouraging — they signal an early understanding
that a managed retreat is preferable to a financial meltdown.

Canada’s Carbon Liabilities
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Introduction:
Unburnable Carbon

INVESTMENTS IN THE fossil fuel industry have become a hot topic on Amer-
ican university campuses, energized by environmentalist Bill McKibben’s
2012 popular article, “Global Warming’s Terrifying New Math”, in Rolling
Stone magazine. Similar to the South Africa divestment campaigns of the
1980s, students are calling on their administrations to remove coal, oil and
gas stocks from university endowment funds.* Beyond the moral arguments
on university campuses for divestment, pension funds and other institution-
al investors are beginning to question whether owning fossil fuel stocks is
a wise financial move in light of climate change.

The problem is the disconnect that exists between the desire to maxi-
mize investment returns, which has historically involved investing in fossil
fuels, and the need to reduce atmospheric greenhouse gas concentrations.
In McKibben’s words:

We have five times as much oil and coal and gas on the books as climate
scientists think is safe to burn. ... Yes, this coal and gas and oil is still tech-
nically in the soil. But it’s already economically aboveground — it’s figured
into share prices, companies are borrowing money against it, nations are
basing their budgets on the presumed returns from their patrimony. ... The
numbers aren’t exact, of course, but that carbon bubble makes the hous-

ing bubble look small by comparison.?
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This reality of unburnable carbon is of profound importance to Canada,
a nation making fossil fuel development and expansion the centrepiece of
its industrial strategy — in particular with the recent push for new bitumen
and natural gas pipelines, and expansion of coal port facilities on the West
Coast.2 While Canada ostensibly has targets for GHG emission reductions
as part of the 2009 Copenhagen Accord — a 17% reduction in emissions by
2020 relative to 2005 levels — its actions suggest an ever-greater reliance on
fossil fuel extraction with little regard for climate consequences.

We argue that mounting evidence of climate change impacts worldwide
will inevitably lead to a new global consensus that keeps unburnable car-
bon underground. Extreme drought and Hurricane Sandy put climate change
back on the radar for the United States, and impacts around the world are
almost impossible to ignore. Canada may be dragged kicking and scream-
ing into a new global climate treaty — and the longer the delay the more ag-
gressive the terms of that treaty will need to be — but a new treaty is surely
coming. All that remains in doubt is the timing.

In other parts of the world, such as the United Kingdom, there is a grow-
ing awareness that the value of fossil fuel companies is vastly overstated be-
cause of unburnable carbon. In January 2012, a group of finance and pen-
sion organizations wrote to then-Bank of England governor, Mervyn King,
of concerns that “the UK’s exposure to high carbon investments might pose
a systemic risk to our financial system ... [and] the depth and breadth of our
collective financial exposure to high carbon, extractive and environment-
ally unsustainable investments could be come a major problem as we tran-
sition to a low carbon economy.” Oxford University recently announced a
new research program into the potential for climate action to lead to “strand-
ed assets.”s Stranded assets refer to financial assets whose value under cer-
tain circumstances or policy scenarios, such as a reasonable price on car-
bon, have the potential to be reduced significantly.®

In Canada, fossil fuel extraction and production is the second-lar-
gest contributor (after the financial sector itself) to the market capitaliz-
ation of Canada’s stock market, representing approximately 24% of the
total market capitalization of the s&P/TsX 60.” The core business model,
and share prices, of fossil fuel companies are premised on their ability to
convert fossil fuel reserve assets into marketable products and cash-flow.
Yet, these companies, and Canada’s financial sector as a whole, have, to
date, largely ignored the realities of climate change. Global bank, HSBC,
garnered major headlines for its analysis that major oil companies could
lose 40-60% of their value if the world was to meet existing Copenhagen

Canada’s Carbon Liabilities
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Accord targets, with expensive projects like Alberta’s oil sands among the
first to be shelved.?

South of the border, the fossil fuel divestment campaign by 350.org (of
which Bill McKibben is a founder) on university campuses is beginning to
show some early success (4 divestments as of the time of writing, and active
campaigns on more than 300 campuses). The divestment campaign has
spread north, through Fossil Free Canada, targeting Canadian university
endowments. Moreover, divestment concerns are spreading from univer-
sity campuses, drawing on both moral and financial arguments. The Cities
of Seattle and San Francisco are reviewing investments in fossil fuels, in-
cluding pension funds.® US churches are considering similar actions, such
as the United Church of Christ, a 1.2 million-member church, who will be
holding a national vote in June on divestment.°

This report considers Canada’s growing petro-state and reviews the case
for a carbon bubble in Canadian financial markets, with a closer look at the
relative contributions of Canada’s largest fossil fuel companies. This analy-
sis suggests significant potential consequences for Canada’s financial mar-
kets, in particular pension fund assets upon which many middle-class house-
holds are relying for their retirement. The report also looks at how Canada
can implement institutional and policy reforms to transition from carbon-
intensive investments to green investments that transition to a zero-carbon
economy. In concert with a coherent climate policy framework, the capital
of public and private pension funds, university endowments and private
savings vehicles could be levered to accelerate the low-carbon transition.
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Doing the Math:
Implications for Canada

WORLDWIDE, EXTREME WEATHER events from drought and floods to
powerful storms and record-breaking temperatures are making a power-
ful statement that climate change can no longer be denied. Calls for action
to change course are no longer coming solely from climate scientists and
environmental groups. For example, in a landmark November 2012 report
the World Bank concluded we are headed for a 4°C warmer world, “one of
unprecedented heat waves, severe drought, and major floods in many re-
gions, with serious impacts on ecosystems and associated services.”" The
Managing Director of the International Monetary Fund, Christine Lagarde,
was even more frank at the January 2013 meetings of the World Economic
Forum: “Unless we take action on climate change, future generations will
be roasted, toasted, fried and grilled.”*

There is international agreement that global temperature increase
should be kept below 2°C (above pre-industrial levels) in order to avert the
worst climate impacts. Beyond this threshold there is a very high likelihood
of “runaway climate change” that is beyond humanity’s capacity to man-
age. Already, global temperature has risen 0.8°C, and even if greenhouse
gas emissions were cut to zero overnight the inertia of emissions over the
past few decades would still cause additional warming of 0.5 to 1.0°C.B A
number of participating countries in international negotiations, those from
small island states and less developed countries, have called for a lower lim-

Canada’s Carbon Liabilities
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it of 1.5°C, given existing climate impacts and the need for prudence in the
face of uncertainty about where tipping points in the global climate system
may actually lie.

How much space exists for further emissions before climate change be-
comes irreversible is uncertain. Atmospheric carbon dioxide (CO,, the most
significant greenhouse gas) levels were stable at approximately 280 parts
per million (ppm) from the end of the last ice age approximately 10,000
years ago up to the beginning of the industrial revolution.* As of February
2013, atmospheric concentrations of CO, had reached 397 ppm, with annual
emissions growing by approximately 2.1 ppm per year over the past decade
(though this includes the 2008—10 recession).’

Stabilizing emissions at 450 parts per million has been cited as a tar-
get in international negotiations, and would still provide a roughly 50/50
chance of overshooting the 2°C target.* This amounts to about twenty years
of emissions at current levels, less if annual emissions continue to rise. NASA
climate scientist James Hansen’s analysis of previous transitions between
climatic regimes concludes that a CO, level of 450 ppm or larger, if long
maintained, would push Earth towards an ice-free state. Although the pace
of climate change would initially be limited by ocean and ice-sheet inertia,
“such a CO, level likely would cause the passing of climate tipping points
and initiate dynamic responses that could be out of humanity’s control.”*

Hansen and others have supported 350 ppm as a long-term target that
would provide a high probability of not exceeding 2°C. That is, not only
must emissions peak soon and then begin to fall steadily over subsequent
decades — which means phasing out fossil fuels and tackling other sources
of GHG emissions — but the existing stock of atmospheric CO, must be re-
duced in absolute terms through aggressive tree planting and perhaps other
measures to sequester carbon underground.

The concept of a carbon budget — a maximum amount of CO, that can be
emitted in the future — has been developed over the past decade. In 2009,
researchers with the Potsdam Institute conducted a probabilistic analysis
aimed at quantifying emission budgets for the period 2000 to 2050 that would
limit global warming to less than 2°C. Their analysis concludes that a “car-
bon budget” of no more than 886 billion tonnes (gigatonnes, or Gt) of CO,
can be released into the atmosphere if we are to have a 80% chance of stay-
ing under the 2°C limit, and no more than 1,437 Gt CO, for a 50% chance.®®

The “inconvenient truth” of this exercise is that the trajectory of the
world’s emissions is far in excess of this carbon budget. A 2011 report from
the Carbon Tracker Initiative (CTI) was the first to point out that this rep-
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The 3 Ps of Fossil Fuel Reserves

According to the Canadian Oil and Gas Evaluation Handbook, based upon current technology and econom-
ic circumstances:

Proven (P) — “Proved [or proven] reserves are those reserves that can be estimated with a high degree of cer-
tainty to be recoverable. It is likely that the actual remaining quantities recovered will exceed the estimat-
ed proved reserves.”

Proven + Probable (2P) - “Probable reserves are those additional reserves that are less certain to be recovered
than proved reserves. It is equally likely that the actual remaining quantities recovered will be greater or less
than the sum of the estimated proved + probable reserves.”

Proven + Probable + Possible (3P) — “Possible reserves are those additional reserves that are less certain to
be recovered than probable reserves. It is unlikely that the actual remaining quantities recovered will exceed
the sum of the estimated proved + probable + possible reserves.”

resents a carbon bubble. Based on the 886 Gt carbon budget from the Pots-
dam Institute study, cTI estimated the world’s remaining carbon budget of
565 Gt, due to emissions up to the end of 2010. It also calculated the emis-
sions potential of the world’s proven oil and gas and coal reserves at 2,795
Gt CO, — that is, five times the estimated carbon budget. A similar conclu-
sion was reached by the International Energy Agency, although their analy-
sis was based upon the larger carbon budget representing a 50% chance of
staying below 2°C.* Nonetheless, the 1EA concludes: “No more than one-
third of proven reserves of fossil fuels can be consumed prior to 2050 if the
world is to achieve the 2°C goal, unless carbon capture and storage tech-
nology is widely deployed.”*

Approximately 360 Gt CO, of the world’s carbon budget has already been
used up between 2000 and 2012, due to emissions from fossil fuel combus-
tion alone.?? In addition, we must also account for emissions from indus-
trial (non-combustion) emissions, agriculture, waste, and land use chan-
ges. Thus, conservatively, the world’s carbon budget is now closer to 500
Gt for an 80% chance at staying under 2°C of warming, and 1,000 Gt for a
50% chance. Because of the risks associated with the latter carbon budget,
we only consider the 500 Gt carbon budget in the remainder of this paper.

What is perhaps most troubling about these studies is that they only
examined “proven” reserves, those that are already close to development.
Fossil fuel companies also have control over territories with “probable” and
“possible” recoverable reserves, which add considerably to the reserve and
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FIGURE 1 Canada’s Fossil Fuel Reserves vs Global Carbon Budget
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able (2P)” scenario includes amounts from the ultimate potential measure for resources that industry expects to be discovered and developed in the future. (iii) The
“proven+probable+possible (3P)” scenario includes all the volume in-place that has not been extracted; while there is not currently technology or economic incentive to extract
this volume, this scenario measure the emissions effect if we were able to get all of Canada’s fossil fuel resources out of the ground.

Sources All reserve data for 2009, summarized in M Lee and A Card, Peddling GHGs: What is the Carbon Footprint of Canada’s Fossil Fuel Exports?, Behind the Numbers, Nov-
ember 2011, Canadian Centre for Policy Alternatives. Reserve data for crude bitumen: NRC, Canadian Crude Oil, Natural Gas and Petroleum Products: Review of 2009 & Out-
look to 2030, May 2011. Conventional crude: CAPP, Statistical Handbook for Canada’s Upstream Petroleum Industry, Aug 2011. Natural/shale gas: EIA, World Shale Gas Resour-
ces, Apr 2011; NEB, Energy Brief: Understanding Canadian Shale Gas, Nov 2009. Coal: NRC, Canadian Mineral Yearbook 2009.

potential CO, totals (see sidebar).” Of particular relevance for Canada, the
CTI report comments that oil and gas reserve estimates may be artificially
low due to accounting practices for the oil sands and shale gas deposits that
only count reserves when their production is deemed to be “imminent”.*

Converted into potential emissions, Canada’s proven reserves of oil, bitu-
men, gas and coal are equivalent to 91.4 Gt of CO,, an amount that is about
three times global CO, emissions of 30.6 Gt in 2010. Adding in probable re-
serves (2P) boosts this figure to 174.3 Gt CO,, almost six times annual global
emissions. As Figure 1 shows, these reserves amount to 18% and 35% of a
global carbon budget of 500 Gt, respectively. The final category including
possible reserves (3P) is more speculative, based on total estimated volumes
in place, with extraction hinging on more favourable economics and tech-
nology. Nonetheless, it is estimated at a total of 1,192 Gt CO, — more than
double the world’s carbon budget.®
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Yet, Canada’s share of a 500 Gt CO, global carbon budget would be just
under 9 Gt based on share of world GpP,* and 2.4 Gt based on world popu-
lation. An internationally negotiated carbon budget for Canada could go up
depending on export arrangements with other countries, or down if larger
historical emissions mean disproportionate reductions from rich countries.
Still, with a plausible carbon budget almost certainly falling between 2 and
20 Gt, the conclusion is inescapable: business as usual for the fossil fuel
industry is incompatible with action to address climate change that keeps
global temperature increase to 2°C or less. Even at the high end of a 20 Gt
carbon budget, this would imply that 78% of proven reserves, and 89% of
proven-plus-probable reserves, would need to remain underground. When
(if) the necessary policy action is taken to constrain the amount of carbon
dioxide humanity is sending into the atmosphere, those reserves must be-
come stranded assets.

A separate issue is that climate change itself will have adverse econom-
ic impacts for different industries and regions of Canada. These include
costs arising from significant sea level rise, increased likelihood of floods,
droughts and shocks associated with more intense storms.?” Such events
will have significant economic impacts for both Canada and the world. Can-
ada’s National Round Table on the Environment and the Economy (NRTEE)
has modelled the 2°C scenario and indicated that costs to Canada’s econ-
omy would rise from approximately $5 billion per year in 2020 to $21—43 bil-
lion per year by the 2050s, with a 5% chance that the costs could be as high
as $91 billion per year, depending on worldwide emissions pathways and
Canada’s own economic and population growth trajectories.?® While this re-
flects a long-term challenge for different types of infrastructure and indus-
tries, we do not consider the impacts of climate change for financial mar-
kets in the remainder of this paper; instead, we focus on the carbon bubble
arising from the need for international mitigation efforts.

Canada’s Carbon Liabilities
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Carbon Liabilities,
Stranded Assets

THE TORONTO STOCK Exchange (TsX) is highly weighted towards the fossil
fuel sector, and has been called “the world’s leading capital market for nat-
ural resource companies.”® For institutional investors like pension funds, it
is difficult to hold a diversified portfolio constructed from Canadian secur-
ities without holding fossil fuel company stock. At the end of 2011, the TSX
had 4os5 listed oil and gas companies with a total market capitalization of
over $379 billion.>® When coal producers are added this number rises further.

In this section we look at the intersection between Canadian fossil fuel
companies and their vulnerability to becoming stranded assets. A database
of 114 top fossil fuel companies operating in Canada was developed, includ-
ing oil and gas, and coal. Of these, 103 companies are Canadian publicly-
traded corporations, while another 11 are foreign-owned subsidiaries.>* The
minimum asset base for inclusion was $70 million for oil and gas and $55
million for coal. Private companies are not included in our sample, nor are
foreign companies for which we were unable to clearly differentiate Canadian
reserve holdings. The full table of 114 companies is available in the Appen-
dix, along with more detail on how data was gathered and estimates derived.

Financial data was collected on assets, revenues, and market capitaliz-
ation. Canadian-listed companies in the sample had total revenues of $187
billion, assets of $451 billion, and market capitalization of $328 billion. For
foreign-owned companies with subsidiaries holding fossil fuel reserves in
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FIGURE 2 Summary for Canadian-listed Companies
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Notes Figure includes 103 Canadian-listed companies with more than $70 million in assets in the oil and gas industry and more than $55 million for the coal industry.
Carbon liability (low) estimated as CO,-equivalent proven reserves times $50 per tonne social cost of carbon (scc). Carbon liability (high) estimated as CO,-equivalent
proven+probable (2P) reserves times $200 per tonne scc. See Technical Appendix for additional details on methodology.

Sources Authors’ calculations based on 2011 annual financial reports.

Canada, total global revenues were $1.9 trillion, $1.5 trillion in assets and
market capitalization of $1 trillion. To put this information into perspective,
Canada’s GDP was about $1.7 trillion in 2011.

Next, we gathered data from annual financial reports on companies’
fossil fuel reserves (proven and potential) in Canada. Using standard con-
version factors, these reserves were converted into potential emissions of
carbon dioxide. Total potential CO, equivalent emissions attributable to
the proven reserves of the 114 companies in our sample amount to 23 bil-
lion tonnes (23 Gt) — an amount larger than the high end of a plausible car-
bon budget for Canada (see previous section). Adding proven plus probable
reserves, these companies have reserves equivalent to 35 Gt.3? The broader
category of possible reserves was not estimated, as these numbers are not
consistently reported.s

We compare this data on potential emissions to assets and market cap-
italization by estimating the associated “carbon liability” from burning fos-
sil fuel reserves. Carbon emissions are a classic example of external costs
(or “externalities”) that are not captured in market prices, and thus are
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FIGURE 3 Summary for Foreign Companies with Canadian Subsidiaries
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Notes Figure includes data from 11 foreign companies operating in Canada. Revenues, assets and market capitalization are for global operations, while estimated carbon liabil-
ities are based only on fossil fuel reserves in Canada. Carbon liability (low) estimated as CO,-equivalent proven reserves times $50 per tonne social cost of carbon (scc). Car-
bon liability (high) estimated as CO,-equivalent proven+probable (2P) reserves times $200 per tonne scc. See Technical Appendix for additional details on methodology.

Sources Authors’ calculations based on 2011 annual financial reports.

imposed on third parties, in other parts of the world and into the future.
That is, there is a “social cost of carbon” (scc), defined as either the dam-
age done by a tonne of carbon or, conversely, the benefits derived from re-
ducing a tonne of carbon.

Estimates of the social cost of carbon tend to be biased towards costs
that can be measured, and are biased towards impacts on human popula-
tions. They also tend to be conservative, based on cautious modeling of fu-
ture climate impacts. Nonetheless, numerous researchers have calculated
this figure to understand how high carbon prices eventually need to be in or-
der to reduce carbon emissions. Frank Ackerman and Elizabeth Stanton es-
timate a range for the scc, for the year 2010, between $118 and $893.3 Mark
Jaccard and Associates estimate that a 2°C pathway would require a carbon
price of $50 per tonne of CO, in 2010, rising to $200 in 2020.3

We present a range of results to illustrate the relationship between car-
bon liabilities, assets and market capitalization. Our low estimate consid-
ers a $50 per tonne scc applied only to the proven reserves category, and
amounts to $844 billion in carbon liabilities for the Canadian-listed com-
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TABLE 1 Fossil Fuel Companies Featured on the s&P/TsXx 60 Composite Index

Company Name Assets  MarketCap  polVRL propahieserves L (lowy o Ghigh
millions of dollars Mt CO,e millions of dollars
ARC Resources LTD 5,324 6,506 136.6 215.0 6,830 43,004
Canadian Natural Resources Ltd. 47,278 30,287 2,077.9 3,286.4 103,897 657,277
Canadian Oil Sands Ltd 8,620 9,729 386.7 803.5 19,334 160,691
Cenovus Energy Inc. 22,194 25,223 1,042.6 1,423.0 52,132 284,590
Encana Corporation 33,918 15,278 455.9 642.0 22,794 128,408
Enerplus Corporation 5,723 2,637 68 93.1 3,393.1 18,616
Husky Energy Inc. 32,426 25,355 500.7 1,410.4 25,034 282,082
Imperial Qil Limited 25,429 36,311 2,043.7 3,126.4 102,187 625,288
Penn West Petroleum Ltd. 15,584 6,758 205.2 295.8 10,261 59,161
Suncor Energy Inc. 4,777 47,401 1,745.0 3,116.8 87,248 623,363
Talisman Energy Inc. 24,226 12,030 101.5 137.1 5,077 27,430
Teck Resources Limited 34,219 19,312 1,206.3 2,850.0 60,317 570,003
Totals 329,718 236,827 9,970 17,400 498,504 3,479,911

Notes Assets and reserves data are as of December 31, 2011; market capitalization as of July 5, 2012. Nexen was taken over by the China National Offshore Oil Corporation in
February 2013, and is no longer included in the S&P/TsX 60.

Source Authors’ calculations based on 2011 annual financial reports.

panies, a figure more than two and a half times the market capitalization
and nearly double the assets of those companies. The high estimate ap-
plies a $200 scc to the proved plus probable reserves, and yields a figure
just under $5.7 trillion, an amount 17 times larger than market capitaliza-
tion and 13 times assets.

For Canadian subsidiaries of foreign companies, the estimated carbon
liability is between $297 billion and $1.2 trillion. The latter amount, incred-
ibly, is larger than the full market capitalization of foreign companies, and
equal to 81% of their assets, even though market capitalization and assets
are based on global operations.

Table 1 shows more detailed results for fossil fuel companies includ-
ed in the Toronto Stock Exchange’s benchmark index, the s&P/TsX 60 (the
full list of 114 companies is in the Appendix). The index includes 12 of the
companies featured in our database, which together account for a market
capitalization of $237 billion — nearly one-quarter of the index’s total value
(as of July 5, 2012) — and assets of $330 billion. Total carbon liabilities are
between $0.5 and $3.5 trillion for the 12 companies, and account for three-
fifths of the carbon liabilities in our database of Canadian-listed companies.

Canada’s Carbon Liabilities
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TABLE 2 Top 20 Canadian-Listed Companies Ranked by Carbon Liability

Company Name Assets Carbon liability (low) Carbon liability (high)

millions of dollars ratio to assets millions of dollars ratio to assets
Sherritt International Corp. 6,498 137,858 21.2 619,937 95.4
Canadian Natural Resources Ltd. 47,278 103,897 2.2 657,277 13.9
Imperial Qil Limited 25,429 102,187 4.0 625,288 24.6
Suncor Energy Inc. 4,777 87,248 1.2 623,363 8.3
Teck Resources Limited 34,219 60,317 1.8 570,003 16.7
Cenovus Energy Inc. 22,194 52,132 2.3 284,590 12.8
Coalspur Mines Limited 160 51,013 318.8 229,089 1431.4
Husky Energy Inc. 32,426 25,034 0.8 282,082 8.7
Encana Corporation 33,918 22,794 0.7 128,408 3.8
MEG Energy Corp. 6,201 20,264 3.3 235,811 38.0
Canadian Oil Sands Ltd 8,620 19,334 2.2 160,691 18.6
Nexen Inc 20,068 16,236 0.8 175,619 8.8
Cardero Resource Corp. 121 13,875 114.4 55,500 457.4
Fortune Minerals Ltd. 156 12,214 78.3 58,052 372.0
Cline Mining Corporation 251 12,106 48.2 78,996 314.8
Penn West Petroleum Ltd. 15,584 10,261 0.7 59,161 3.8
ARC Resources LTD 5,324 6,830 1.3 43,004 8.1
Erdene Resources Corp. 56 5,874 104.9 93,985 1678.5
Crescent Point Energy Corp 8,734 5,872 0.7 35,386 4.1
Talisman Energy Inc. 24,226 5,077 0.2 27,430 1.1
Top 20 Totals 366,240 770,423 2.1 5,043,669 13.8

Source Authors’ calculations based on 2011 annual financial reports.
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While there is a range of outcomes for different companies, even the low es-
timate of carbon liabilities exceeds both assets and market capitalization.
Table 2 contains a list of the top 20 Canadian-listed companies in our
sample, ranked by carbon liability (low estimate). This sub-group includes
90% of the carbon liabilities in our database of Canadian-listed compan-
ies, and they would be the most vulnerable to carbon budget constraints.
This includes most of the companies in Table 1, but in Table 2 we also con-
sider the ratio between estimated carbon liability and assets. The relation-
ship between assets and carbon liabilities is more relevant to understand-
ing Canada’s carbon bubble, since market capitalization will be a function
of assets as well as holdings of fossil fuel reserves. The table shows some
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Carbon-Intensity of Fossil Fuel Reserves

Bitumen is a thick, sticky form of crude oil that is so heavy and viscous that it will not flow unless it is heat-
ed or diluted with lighter hydrocarbons. At room temperature, bitumen looks much like cold molasses and at
11°C it can be as hard as a hockey puck. It typically contains more sulphur, metals and heavy hydrocarbons
than conventional crude oil.

Synthetic Crude Qil is created by heating the bitumen to extremely high temperatures, which breaks up or
“cracks” the large complex bitumen hydrocarbon molecules into smaller hydrocarbon chains. This material
then goes through a secondary upgrading process where hydrogen is added to stabilize the remaining hydro-
carbon molecules and impurities like sulphur and nitrogen are removed.

extreme outcomes, where carbon liability dramatically exceeds the assets
of the company.

While it is clear that a very large portion of the reserves of Canadian fos-
sil fuel companies would be rendered unburnable as a result of international
climate action, this situation is exacerbated by the predominance of bitumen
and coal in the reserve mix. These particular fuel types are far more GHG-in-
tensive than other fossil fuel products. Figure 4 shows the emissions poten-
tial of proven and probable reserves by fossil fuel type. Together, these two
products account for nearly two-thirds of both the proven (61%) and proved
plus probable (62%) emissions in our sample. If synthetic oil, which is the
crude oil produced from oil sands bitumen, is added, more than four-fifths
(81% of proven and 82% of proven-plus-probable emissions) come from the
fossil fuels that are the dirtiest from a carbon perspective.

The oil sands industry is, on average, three to four times more carbon-in-
tensive than the conventional oil industry when producing a barrel of oil.>”
Even on a lifecycle (or “well-to-wheels”) approach, emissions from fuel pro-
duced from oil sands are 8 to 37% higher than conventional sources. These
estimates do not take into account new findings that a by-product of bitu-
men refining, petroleum coke (or petcoke), if used as a fuel, emits 5-10%
more CO, than coal per unit of energy produced. And it is estimated that the
proved reserves of Canada’s oil sands would yield 5 billion tonnes of petcoke.>®

For Canada’s other main fossil fuel resource, coal, the problem is just
as evident. Coal is generally regarded as being the dirtiest of the fossil
fuels. According to the United Nations Intergovernmental Panel on Cli-
mate Change, coal’s carbon content per unit of energy produced is, on aver-
age, 20 percent higher than crude oil and approximately 40 percent high-
er than natural gas.»
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FIGURE 4 Emissions Potential of Reserves
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Note This figure only includes estimates of reserves from the 114 companies in our database.

Source Authors’ calculations based on 2011 annual reports.
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While unconventional natural gas does not figure prominently into the
carbon liabilities of the companies in our database, we note that extensive
new reserves (beyond those in Figure 1) of shale gas, tight gas and coalbed
methane might also be off-limits in a carbon-constrained world. Recent re-
search has questioned whether gas extraction through hydraulic fracturing,
or fracking, is superior to coal per unit of energy. Field tests in the United
States have shown high methane leakage rates, large enough to offset any
advantage relative to coal. There is a lack of independent research on meth-
ane leaks in fracking operations in Canada. Planned export of liquified nat-
ural gas (LNG) to Asia would require additional energy-intensive pipeline
and gas compression infrastructure.4

This reality places Canada’s energy reserves, and the companies ex-
ploiting them, in conflict with any meaningful international treaty intended
to combat climate change. While our analysis looks only at fossil fuel produ-
cers, this type of analysis would be relevant to pipeline companies like En-
bridge and TransCanada, and to supplier industries, neither of which have
holdings of reserves per se but whose business model is also based on the
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exploitation of unburnable carbon. This type of analysis is also relevant
across the broader economy, particularly for companies whose business
model is heavily reliant on fossil fuels as an input, and for which there are
no or few known alternatives. Technological advances and shifts to renew-
able power sources could mitigate such concerns, depending on the indus-
try. Certain transportation industries, for example, such as air travel would
be hard pressed to move off of fossil fuels, at least in the short- to medium-
term. This type of analysis would be a logical extension of our research but
we do not consider those impacts further in this paper.

Canada’s Fossil Fuel Investments in Global Context

From a purely financial perspective, high market valuations are justified be-
cause the oil and gas industry is the most profitable in the world. The Big 5
global oil and gas companies earned a combined $119 billion in profits in
2012.4 A review of the 50 most profitable Canadian corporations in 2010 found
that finance (12 corporations) and resources (17 corporations) were domin-
ant, with two-thirds of the total profits of the top 50. The top 50 in turn cap-
tured 80% of the total profits of the top 1000 corporations.*

Defence of profit streams has led companies to fund climate change de-
nial, and entrench political influence through extensive lobbying. Yet, as noted
above, a major cost of their operations — greenhouse gas emissions — are not
included in market prices, nor do they form part of their financial statements.
Profits in the industry come at the expense of people living today and into the
future who have not benefitted from consuming or producing fossil fuels but
whose livelihoods are adversely affected by droughts, floods and extreme weath-
er events arising from climate change. These costs are piling up, with one re-
cent estimate of $1.2 trillion per year in global damages from climate change
(impacts such as extreme weather, Us$696 billion), and from a carbon-inten-
sive economy (related environmental disasters and impacts, Us$542 billion).*3

An important consideration is that Canada’s oil and gas sector has a
very high degree of foreign ownership (including both foreign ownership
stakes in Canadian-listed companies and foreign-owned subsidiaries). For-
eign corporations owned 35% of the sector’s $518 billion in assets in 2010,
and received roughly half of the sector’s revenues and profits in 2010.4 US
corporations have been the principal foreign investors, although their share
has declined in recent years from 79% in 2001 to 64% in 2010. Recent take-
overs of oil and gas assets by China’s cNooc and Malaysia’s Pentronas in
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late 2012 — deals worth $21 billion combined — have increased the foreign-
owned share.

Canada has a unique role in the global economy with regard to fossil
fuels. Some 80% of the world’s oil reserves are held by state-owned com-
panies; that is, countries who have made public ownership of this strategic
asset a top priority. Of the remaining global oil reserves, two-thirds are found
in Canada, making the country a top destination for private investments.4®
Indeed, while Canada does not have a state-owned oil company at all, state-
owned companies from other countries are investing in Canadian oil. Tech-
nically speaking, the public owns fossil fuel reserves, which are then leased
to private companies, who only own the resources once extracted and a roy-
alty reflecting public ownership is paid.

As foreign capital flows in, so it may flow out. This is a lesson learned
by many countries, from Thailand to Argentina to Russia to Greece, over the
past couple decades. While those concerns pertain more to flows of short-
term “hot money”, there is an analogue to Canada due to the particularly
large role of oil and gas in the Canadian stock market. Foreign investment
in Canada may not be vulnerable to a “rush for the exits” but external driv-
ers such as international, regional or national rules that shrink Canada’s
export markets for fossil fuels, or successful divestment campaigns in other
jurisdictions could have a spillover effect that could trigger a withdrawal of
capital from Canada. This is an additional source of instability or external
shock that could lead to a bursting carbon bubble.

Canadian Centre for Policy Alternatives



Pension Funds and
Climate Risk

THE RECENT EXPERIENCE of high-tech and housing bubbles should serve
as a stern warning to policy makers. In 2008, the collapse of a housing bub-
ble (in particular, in the United States and Europe) threatened the global
financial system as a whole. Massive bailouts to private banks, near-zero
interest rates from central banks, and large government deficits have been
invoked to prevent a market meltdown and minimize harm from a reces-
sion. The immediate financial crisis has passed, but the lingering effects of
deleveraging and devaluing of assets (also known as “depression econom-
ics”) can be seen in ongoing economic difficulties in key European nations
(compounded by the adoption of austerity policies) and sluggish econom-
ic performance in North America.

Despite warnings about a housing bubble as early as 2004, financial
markets served to inflate it, and as long as everyone was making money, en-
gaging in denial was easy. En route, fund managers and bankers lavished
themselves with billions of dollars in compensation. And after a brief period
of remorse, once bailouts had been made the return to outlandish salaries
and bonuses came all too quickly (in the United States, where impacts were
most severe, this occurred even as, or perhaps because, families lost their
homes and life savings). It also affected pension funds and other financial
investors left holding supposedly AAA-rated mortgage securities that were
proven to be toxic assets. Investment banks helped to inflate the bubble by
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creating and selling mortgage-backed securities, then bet against the buyers
to profit from the bust. Sadly, those who created and profited from the hous-
ing bubble have paid no price for bringing the global economy to its knees.

The fallout from the housing crash affected a broad segment of society
because housing is the most important asset for middle-class households
(and anxiety about not owning property was part of the bubble’s psychol-
ogy). Next to home ownership, the right to future income through employer
pension plans is the second-most important asset for a wide swath of mid-
dle-class households. Registered pension plans in Canada cover more than
6 million members.4” As of 2012, the total market value of trusteed pension
funds in Canada was over $1.1 trillion, of which almost one-third was held
in stocks.“® In most cases, workers have little to say about how these funds
are invested on their behalf. But if pension funds are systemically ignoring
climate risk, a popping carbon bubble could have an adverse impact on the
retirement prospects of millions of workers and their families.

As noted earlier, the collapse of a carbon bubble would be dispropor-
tionately felt in Canada due to our emphasis on fossil fuel development.
For example, public sector pension funds through the BC Investment Man-
agement Corp held $406 million in Enbridge stock as of early 2013, even
as public sentiment in BC is hostile to Enbridge’s proposed Northern Gate-
way Pipeline.” BCIMC represents the pension interests of 500,000 mem-
bers, with over $92 billion in assets. It has billions invested in other oil and
gas companies, leaving public sector workers and existing retirees vulner-
able to the destruction of value that would occur in the event that the car-
bon bubble pops.

At a system-wide level, however, it is difficult to ascertain the exposure
of Canadian pension funds and other investment types. Three key pools of
capital comprise Canada’s pension system: a majority (55%) is in the form
of employer pension funds, another 35% in RRSP assets holdings, and less
than 10% in the Canada Pension Plan (and Quebec Pension Plan) as of
2005.%° In the US, pension funds alone owned almost one-third of oil com-
pany stocks in 2011, according to the American Petroleum Institute; owner-
ship breaks down as 31% pension funds, 21% individual investors, 21% asset
management companies (including mutual funds), 18% I1RAs (US version
of RRSPS), 7% other institutional investors, and 3% corporate management
of oil companies.*

About one-third of the assets of the Canada Pension Plan are invested
in publicly-traded equities, representing $13 billion in Canadian equities
and $43 billion in foreign equities, as of the end of 2012.5 Compared to our
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database, there are 56 companies that are held by the cpp, with a total mar-
ket value of $2.2 billion.5* Another $684 million in market value is held in
energy companies not listed on our database (including pipeline compan-
ies). In addition, the cpP holds stocks of foreign companies, with all but
one of the companies in our dataset in its portfolio, with total market value
of $2.4 billion. Another large portion of cpp holdings are in private equi-
ties, which are more difficult to discern with regard to fossil fuel exposure.

Pension funds in Canada may have a greater share of ownership in oil
and gas, as there are fewer alternative industries in which to buy and hold
assets. Although diversification strategies would include holding foreign
equities, there tends to be a home bias in financial investment. The key
point is that pension plans need to reassess their vulnerability to a burst-
ing carbon bubble, and the risk associated with being left holding strand-
ed financial assets.

Ignoring Climate Risk

Addressing risk is inherent to financial market investment, which routine-
ly must account for risks due to inflation, currency movements, regulatory
changes, political turmoil and general economic conditions. However, there
has been a general failure to account for climate risks of the sort we discuss
above, a remarkable parallel to the failure of financial analysts and rating
agencies to see the housing bubble while it was growing. Some positive first
steps have emerged around “environmental, corporate and social govern-
ance” (ESG) issues and carbon disclosure reporting (more on these below),
but so far these efforts have fallen short of diffusing the carbon bubble.

Research from the United Nations Environment Programme Finance In-
itiative and the World Business Council for Sustainable Development found
that many financial investors only think about climate change in very nar-
row terms; being primarily concerned with how it affects corporate repu-
tation and brand issues or perhaps corporate governance.> Furthermore,
in a survey of asset managers conducted by CERES (a global investor net-
work concerned about sustainability), 71% responded that they did not con-
duct a comprehensive assessment of climate risks as part of their due dili-
gence process.

We argue that there is no longer any excuse for fund managers to plead
ignorance about climate risk. It is well understood that pension fund man-
agers and other institutional investors have a “fiduciary responsibility”
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to work in the long-term best interest of their members or asset owners. A
number of behavioural standards, rules, and constraints have developed
to ensure that fiduciaries “act prudently and not invest in a specific asset
or adopt particular investment styles or preferences if this involves forego-
ing return opportunities on a systematic basis.”> If a fiduciary does not up-
hold this convention of prudent behaviour, they may be liable to the asset
owners for financial losses incurred.>”

Historically, applying any type of non-financial screen or criteria, such
as an environmental performance measure, in the evaluation of the per-
formance of a security has been perceived as preventing optimal diversifi-
cation and the generation of maximum return value.® That is, a fossil fuel
screen would negatively affect the long-run performance of a fund. Herd be-
haviour is also a problem, as investment managers are incented to reduce
their own liability risk by following the behaviour of others. Some 75% of
a typical portfolio’s return comes from general market exposure (this also
signals vulnerability to systemic risk).>

A contributing factor is the short-term nature of the financial industry,
and more broadly the business world, which is set up to report perform-
ance over periods from 3 to 12 months. This means that managers inevit-
ably focus much of their attention on shorter-term rather than longer-term
value drivers.® Reinforcing this trend are compensation schemes that fail
to hold investment managers and corporate executives responsible for their
decisions over the long-term.*

While pension funds have to generate maximum current return value
for existing (and soon-to-be) pensioners, at the same time they are legally
obligated to ensure the long-term sustainability of the fund. That is, funds
must equally represent the interests of young workers for their eventual re-
tirements.® Quantifying and accounting for climate risk is thus necessary
to achieve inter-generational equity.®* Moreover, over a longer time horizon,
pension funds are particularly exposed to the widespread and growing costs
of environmental damage caused by companies. An investor in the fossil fuel
industry may ultimately be undermining the long-term value of assets held
in other sectors, such as forestry, which Canada’s NRTEE has highlighted
as being under particular threat from climate change.®

For investors with long-term interests, this means that climate and eco-
system health and integrity should be of primary importance. If pension
fund managers adopt this precautionary mandate they will also find that
climate change, and the policy environment within which it will take place,
will provide significant investment opportunities. This is particularly the
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case because low-carbon investments, which can be used as a hedge against
emerging liabilities, often have economic lifespans that align nicely with
the long-term perspectives of pension funds. For example, wind and solar
farms have high upfront capital costs, low operating costs, and are gener-
ally able to produce stable long-term revenue streams that are attractive to

lower-risk investors.®

Coming Clean on Dirty Energy

Efforts to date to consider environmental risks have clearly failed to make an
impact on financial investors. The Canadian Securities Administrators (CSA)
have set out five key disclosure requirements regarding environmental risk
management for public companies: environmental risks; trends and uncer-
tainties; environmental liabilities; asset retirement obligations; and, finan-
cial and operational protection requirements.® In theory, these categories
should provide enough information for investors to adequately account for
climate change risks in their valuations. Unfortunately, due to a poor under-
standing of climate change related risks in the financial community, poor
disclosure practices by businesses, lack of enforcement by oversight bodies,
and governments’ failure to create the policy structures that would promote
more sustainable investing practices, this reality has failed to materialize.

The main problem with the current reporting requirements is that they
only require the disclosure of company information that is of “material” in-
terest to investors, whereas environmental, social, and corporate govern-
ance (ESG) issues are perceived to be secondary. But as Goldman Sachs has
pointed out, “some companies do not view ESG impacts as sufficiently ma-
terial to company performance to warrant quantification and public dis-
closure and therefore do not publish (EsG) performance indicators.”® This
criticism has been repeated internationally by numerous non-governmental
organizations, as well as nationally by the Ontario Securities Commission,
all of which found major discrepancies between the EsG information that
investors deemed material and that which was provided by companies.® A
report issued jointly by CERES and the Environmental Defense Fund con-
cluded that there was “an alarming pattern of non-disclosure by corpora-
tions regarding climate risks.”®

In addition to concerns over materiality, the Canadian Institute of Char-
tered Accountants (CICA) reports that there is very little consistency in terms
of units and chart formatting by firms. Even when information is provid-
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ed, investors report concerns regarding the lack of standardized, compar-
able and sector specific metrics that would help with the interpretation of
ESG information.”™

This information gap suggests that the current oversight provided by the
Canadian Securities Administrators and Canada’s professional accounting
associations is inadequate. For example, as part of its governing mandate,
the General Accountants Association of Canada (CGA) requires its members
to “safeguard and advance the interests of society” and indicates that they
“should not be associated with information which the member knows, or
should know, to be false or misleading, whether by statement or omission.””!
To comply with its ethical mandate, the CGA must require of its members a
higher standard of carbon disclosure.

Some progress has been made in Canada regarding sustainable invest-
ment practices. For example:

e Organizations like Ethical Funds have screened for investments in
military and tobacco, and, in November 2012, divested from Enbridge
(based on First Nations opposition). But to date, fossil fuel produ-
cers have not been included in investment screens.

e The Caisse de dépo6t et placement du Québec was the first institu-
tion in Canada to adopt a policy on responsible investment and has
been an advocate for shareholder engagement and integration of ESG
criteria in investment analysis and decision-making. In particular,
the Caisse actively promotes its participation in the Carbon Disclo-
sure Project and the Extractive Industries Transparency Initiative.”

e The Ontario Teacher’s Pension Plan (0TPP) has not made a specific
commitment to green investing but it does consult with research pro-
viders to analyze ESG risks, is a signatory to the Carbon Disclosure
Project, and participates in the Sustainable Forests Initiative.”? With
regard to climate change risks, the OTPP’s 2011 Annual Report indi-
cates that when “it is deemed that a material investment risk exists,
we seek to quantify that risk and to understand management’s plan
for meeting any strategic challenges posed by it.”7

Still, in an economy increasingly wedded to fossil fuel extraction and ex-
port, such initiatives have been marginal at best. Action by governments
is needed to create the context for a transformational shift of investor be-
haviour that is part of the solution not the problem. Some large global in-
stitutional investors have now added their voices to the call for action. In
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November 2012, groups representing large global institutional investors,
representing $22.5 trillion in assets, issued an open letter to governments
of the world calling for climate leadership, including timelines and targets
for GHG emission reductions, and shifts in incentives towards low-carbon
investment. They note:

Current policies are insufficient to avert serious and dangerous impacts from
climate change. Further delay in implementing adequately ambitious cli-
mate and clean energy policy will increase investment risk for institution-
al investors and jeopardise the investments and retirement savings of mil-

lions of citizens.”
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Deflating the
Carbon Bubble

HOW THEN CAN pension funds and other institutional investors be part of
the solution? We have articulated a case that implies divestment is a ration-
al choice, not just for moral reasons, but due to the core financial problem
of unburnable carbon. As we noted above, a major drop in asset values for
fossil fuel stocks could drive an economic downturn in Canada, and is a sys-
temic concern given the large volume of funds workers have invested through
private pension funds. Other private savings vehicles, such as RRSPs, and
public investments through the Canada Pension Plan, are also in need of a
“managed retreat” from fossil fuel investments. Ideally, long-term savings
vehicles in the Canadian economy would be strongly aligned with the need
for climate action and low-carbon economic transition.

Establish a National Carbon Budget

In order to do their job properly, and contribute to achieving a zero-carbon
Canada (and world), financial markets need a clear and credible long-run
climate action commitment that provides investment security and certain-
ty. Canada’s record to date has been to set GHG targets and timelines, and
then fail to meet them. This makes financial market analysts cynical about
climate action, and less willing to consider climate risk in their decision-
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making. In addition to credible emission targets, Canada needs to establish
a national carbon budget to manage its fossil fuel resources for wind-down.

A corollary to this is that the federal government must acknowledge that
a large share of proven and potential reserves is indeed “unburnable car-
bon.” These reserves should be effectively taken out of circulation, leaving
only Canada’s fair share of the remaining global carbon budget. This would
be subject to international negotiation, but, as noted above, Canada’s share
of a 500 Gt global carbon budget would be 9 Gt based on share of world
GDP,’® and just over 2 Gt based on world population. And, while Canada
may have some short-term role in exporting fossil fuels to other jurisdic-
tions, this would not dramatically increase what Canada will realistically
be permitted to extract. Clearly, any realistic budget will be much smaller
than Canada’s available fossil fuel reserves. The key point is that a clear sig-
nal to the financial markets must be sent that vast amounts of known car-
bon reserves are off limits.

Make Market Prices Tell the Truth About Carbon

Shifting the terrain towards clean or renewable sources of energy from fos-
sil fuels requires policies that make sure the costs of greenhouse gas emis-
sions are reflecting in market prices. Broad framework policies advanced
by the Climate Justice Project and many others to level the playing field for
clean energy alternatives and internalize costs include:

e Carbon pricing that increasingly internalizes costs of GHG emissions
into market prices;

e Removal of public subsidies to fossil fuel development;

¢ Regulations and standards that drive up energy efficiency and re-

strict expansion of carbon-intensive modes of economic activity;

¢ A conscious policy decision not to make large new infrastructure in-

vestments that expand the transportation and export of fossil fuels;

¢ Public investments and subsidies to build new infrastructure and
accelerate the transition to a zero-carbon economy; and,

e Commitments to renewable energy supplies that displace fossil fuels.

The United Kingdom has recently established a Green Investment Bank in
November 2012, capitalized by £3 billion ($4.6 billion) in public expenditure.
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The bank will make commercial investments in several priority areas like
offshore wind, waste management, energy efficiency and bioenergy. While
this is a very new initiative, and is arguably a small one given the scope of
change in a country the size of the UK, it is notable that the banks is explicit-
ly targeting market failures, such as the lack of a carbon price, information
gaps, and risks for large renewable energy projects.””

Develop Green Bonds

Pension funds and other investors divesting from fossil fuel companies need
an alternative place to put their money, and one major transitional support
could be the development of a national green bonds program (along with
complementary provincial programs). The long-run investment horizons of
pension funds align nicely with long-term bond issues, and the need to in-
vest in public infrastructure for climate action. While carbon taxes are an
ideal source for funding climate action it will take time for those revenues
to ramp up with a rising carbon tax. Green bonds can bridge this gap by es-
sentially borrowing against future carbon tax revenues.

Pioneered by the European Investment Bank (EI1B), green bonds are a sim-
ple variant of general bonds wherein the issuer guarantees to use the funds
raised through the bond for some specific environmental purpose. Sustain-
able Prosperity reports that narrowly-defined green bonds worldwide were
valued at over $7 billion, but the broader universe of climate-related bonds
was as much as $174 billion.”® While still a drop in the bucket compared to
the us$9s trillion global bond market, this shows significant progress.” In
addition, the UK Treasury has also considered using green bonds to raise
capital for green infrastructure projects and the US House of Representa-
tives is currently evaluating a “Clean Energy Victory Bond” in committee.®

There appears to be widespread support for government-sponsored
green bonds initiatives.®* According to a Nanos Research poll, 82% of Can-
adians support the idea of green bonds and 62% stated that they would pur-
chase them if they had interest rates similar to traditional Canada Savings
Bonds.® Due to their longer timeframe and investment security, the Green
European Foundation reports that green bonds have been quite attractive
to institutional investors. A number of new and innovative green bond de-
signs, such as asset-backed green bonds, have been successful at funding
large infrastructure projects like wind farms and other green projects with
high upfront costs and consistent returns.®
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Public Sector Leadership

Federal and provincial governments can likewise provide leadership on
divestment and transition. The Government of Canada should direct the
Canada Pension Plan Investment Board to divest from fossil fuel compan-
ies. If pension plans on behalf of public sector retirees and employees (or
their relevant investment management boards) join this effort, this would
provide a powerful signal to other pension funds. Outside of pensions, di-
vestment is broadly applicable to other related investment funds, such as
university endowments or investments held by municipalities and Crown
corporations.

The federal government should also make changes to private savings
vehicles, such as Registered Retirement Savings Plans (RRSP) and Tax Free
Savings Accounts (TFSA) by restricting preferential tax treatment to funds
or investments that met certain green economy criteria. Currently, Canada’s
RRSP system amounts to approximately $33 billion per year invested in fi-
nancial markets.® By the end of 2011, total contributions to TFSAs were val-
ued at over $62 billion.®

Some key concepts to shape this transition include:

¢ Green Funds: Green index funds are generally classified as being
thematic indices, best in class indices, or conventional indices that
give companies weights according to their environmental perform-
ance. These options provide investors with different priorities (risk
appetite, environmental performance, economic performance, etc.)
arange of options to meet their specific needs. The main benefits of
indices are that they can provide diversification potential (specific-
ally away from the traditional dirty sectors), screening, and there-
fore quality control based on a number of performance criteria, and
aggregation of small environmentally-friendly investment opportun-

ities into larger ones.%¢

Green Securitisation: Securitization involves the pooling of small
bonds and loans (debt) into a special purpose investment vehicle
(the security) that can be purchased by investors. The principal and
interest on the debt, underlying the security, is then paid back to
investors as investment gains. The Green European Foundation has
indicated that this type of investment vehicle is particularly relevant
for green investing because “many green investments, particularly

those in energy efficiency measures and in local generation, are quite
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small compared to the “normal” market size for transactions.”®” Con-
sequently, bundling investment opportunities in this manner can
dramatically reduce the transaction costs associated with financing
at this scale making them more attractive for institutional investors.

Green Savings Accounts (GSA): The general target for these ac-
counts are individuals and institutions that either do not want their
money to be lent to environmentally unsustainable companies or
projects or that believe there are significant financial gains to be
made in the green sector. A report on Canada’s largest banks, com-
missioned by the Rainforest Action Network, indicated that simply
moving savings from a bank with a high carbon footprint, such as
Scotiabank, to a more climate-friendly financial institution, like Van-
city Credit Union, could significantly reduce the GHG emissions at-
tributable to those savings.®®

Mandate Carbon Stress Tests

Canadian financial markets need a mandatory system of climate stress tests
for new financing commitments and for outstanding portfolios. Disclosure
of climate change information must be standardized to provide high-qual-
ity and comparable information (ideally, internationally comparable) about
climate change policies and assessment of risks.® The federal government
could lead in developing selection criteria to be used in the screening of in-
vestment opportunities, and in requiring ratings agencies to report on cli-
mate risk and the implications of unburnable carbon in their evaluations.
Our estimates of carbon liabilities and the ratio to assets comprise one set
of possible indicators.

To this end, the Canadian Institute of Chartered Accountants has rec-
ommended the Canadian Securities Administrators (CSA) provide strong-
er enforcement, make available better interpretive guidance, and develop
new disclosure requirements. Canada’s accounting standards setting bod-
ies, the c1cA and the cGA, also need to fulfill their ethical responsibilities
to society by ensuring that their professional members understand the real
risks posed by climate change and the necessity to have that information
appear in firms’ financial statements. Of particular importance for financial
investors is ensuring that businesses are reporting Environmental, Social
and Governance material regularly in Annual Reports, Annual Information
Forms, and Management Discussion and Analysis reports.
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In February 2010, after being petitioned by a group of institutional in-
vestors, the US Securities and Exchange Commission became the first regu-
lator in the world to clarify the meaning of “materiality” to account for the
new realities of climate change and offer disclosure guidance to businesses
on climate risks. A common approach that has been suggested is to require
integrated ESG, specifically GHG emissions data, and financial reporting.*°
In their entirety, these new disclosure requirements should unify the dis-
parate sources of ESG information that investors need to properly determine
the risk-return ratios required to appropriately value companies.*

On the investor side, there are also policy improvements that can and
should be made regarding disclosure. In the Spring of 2011, the Ontario gov-
ernment proposed legislation under its Pension Benefits Act that would re-
quire registered pension plans to disclose on their Statements of Investment
Policies and Procedures (S1P&Ps) whether or not their SIP&Ps address ESG
factors. Similar legislation exists in a host of European countries. If this pro-
posed legislation becomes law, Ontario will be the first jurisdiction in Can-
ada to specifically require pension plan managers to disclose this kind of
information.?

In addition to the securities and accounting bodies, the Canadian Pen-
sion Supervisor Authorities (CAPSA) also has a role to play in advancing
the transition to the low-carbon economy. CAPSA’s mandate is to develop
best practice guidelines for pension management and develop harmonized
solutions to address emerging issues.” Consequently, CAPSA should issue
guidance clarifying that trustees have an obligation to take environmental
and social considerations into account when setting and implementing in-
vestment policy and conducting investment analysis. Finally, CAPSA needs
to issue specific guidance for pension trustees on how to address climate
change in investment policy. Both reforms should improve fund governance
processes and transparency.
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Conclusion: Getting
these Reforms Right

THERE IS AN alternative path to what we have laid out above: humanity
continues on a business-as-usual trajectory, ignoring climate change up to
the point where perpetual adaptation is the norm. That course takes us into
uncharted territory, and we have good reason to believe that economic costs
will pile up quickly. For example, Trucost and the UN Principles of Respon-
sible Investment (PRI) association have calculated climate change’s poten-
tial cost to the global economy at Us$21 trillion per year by 2050.%

Alternatively, the Stern review indicates that the worldwide economic
costs of climate change are likely to be between 5 and 20% of GDP per year
depending on the range of risks and impacts that are taken into account.
Moreover, the Stern Review indicates that the “costs of stabilising the cli-
mate are significant but manageable; delay would be dangerous and much
more costly.” If significant steps are taken now, stabilizing emission levels
in the range associated with the 2°C scenario would cost approximately 1%
of global GDP annually.

The author, former World Bank Chief Economist Nicholas Stern, recent-
ly noted his report was too conservative: “Looking back, I underestimated
the risks. The planet and the atmosphere seem to be absorbing less carbon
than we expected, and emissions are rising pretty strongly. Some of the ef-
fects are coming through more quickly than we thought then.” New World
Bank president, Jim Yong Kim, has issued a global call to action on climate
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change, pointing to the severe risk of conflicts over natural resources in a
4°C warmer world: “There will be water and food fights everywhere.”%

We believe that the attention of leading global institutions and grow-
ing evidence of climate change will push the world into a strict new climate
change regime, hopefully sooner rather than later. This will have major im-
pacts on Canada, and companies with claims on Canadian fossil fuel re-
serves. The operational business model of Canada’s fossil fuel exploration
and production sector simply cannot continue. Reserves held by Canadian
fossil fuel and extraction companies, primarily in Alberta’s oil sands, have
high carbon intensities relative to more conventional fuel types, and will be
most challenged by a new carbon regime.

Because public valuation of companies largely ignores big picture cli-
mate realities, there is a systemic risk inherent in the fossil fuel extraction
and production industry. Our analysis finds that Canadian financial mar-
kets have failed to consider climate risk. The shock associated with com-
ing global efforts to manage carbon could leave key sectors such as pension
funds vulnerable. Canada’s carbon bubble has three interrelated drivers:
the historical exclusion of systemic risk factors from investment decision-
making processes; the failure of governments to put a price on carbon and
force the accounting of the liability associated with carbon in the fossil fuel
companies’ financial statements; and, inadequate disclosure processes and
enforcement of existing regulations in the business and financial sectors.

Our suggested reforms would go a long way to providing the foundation
necessary for taking Canada’s economy towards a cleaner future. A coher-
ent and credible action plan led by the federal government that includes ac-
tion to better regulate financial markets will make it much easier for invest-
ors to account for climate change in their risk-return assessments. Our hope
is that these actions can steadily reduce the exposure of Canadian pension
funds and other investors, and the Canadian economy as a whole, by de-
flating the carbon bubble.

Until such time as our governments take decisive action, we should right-
ly see an expansion of divestment efforts by civil society groups — on cam-
puses, within churches, by credit unions, and by other community-based
organizations seeking to influence the investment choices of major institu-
tions. Such efforts are encouraging — they signal an early understanding
that a managed retreat is preferable to a financial meltdown.
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Technical Appendix

TO BE INCLUDED in the study, companies had to be publicly-traded and
have fossil fuel reserve holdings in Canada. In addition, to ensure that the
database being created would be relatively comprehensive without becoming
overly burdensome to generate, it was decided that only companies reach-
ing a certain size, as measured by their total assets, would be included. For
the oil and gas industry, this threshold was set at $70 million. To compen-
sate for the greater emissions potential of coal resources, relative to oil and
gas, the asset threshold for coal companies was set at $55 million.

The list of companies was then constructed by applying the established
criteria to the operational data of the fossil fuel extraction and production
companies listed on www.fpinfomart.ca. The use of this website allowed
the capture of all of the Canadian companies meeting the criteria. In order
to include the Canadian operations of international companies, the mem-
bership lists of the Canadian Association of Petroleum Producers and the
Coal Association of Canada were consulted as well as the Oil Sands Com-
pany and Property Database available at oilsands.infomine.com. The result
of this process was a list of 114 companies.

The specific resource reserve holdings and accompanying financial in-
formation for each company were determined by examining each company’s
2011 year-end financial reports: 2011 Annual Reports, 2011 Annual Informa-
tion Forms, and 2011 oil and gas activity disclosure forms. It must be noted
however that, due to different reporting practices and requirements around
the world, there were some gaps in the data collected. For example, the
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United States Securities and Exchange Committee (SEC) only requires the
explicit disclosure of proven reserves and not probable reserves, therefore
the probable reserves data documented in this report underestimates the
actual potential held by the companies included in this study.

In addition, a few large international companies were excluded from
the database as a result of those companies failing to adequately differen-
tiate their Canadian reserves from those held in other jurisdictions. Finally,
due to their limited ability to affect Canadian investments as well as the in-
accessibility of their operational and financial data, no privately held com-
panies with Canadian operations were included in the dataset. The list of
those excluded includes some of the world’s leading fossil fuel companies
such as Sword Energy, Value Creation Inc, Apache Canada, CNOOC, JACOS,
Laracina, KNOC, JX Oil and Energy, Canadian Dehua International Mines
Group, Centerpoint Resources Inc., Grande Cache Coal, and Statoil. The re-
sult of these exclusions means that the potential CO,e emissions attribut-
able to companies in our dataset are not comprehensive of carbon liabil-
ities associated with Canadian fossil fuel reserves.

Potential CO,e emissions for the companies were calculated based on
the specific products produced, reported in annual securities filings. The
product categories are coal (types of coal were not disaggregated), the con-
ventional oil and gas fuels, which include light and medium oil, heavy oil,
natural gas liquids, and natural gas and the non-conventional oil and gas
fuels which include bitumen, synthetic oil, shale gas, and coal bed meth-
ane.” To determine the specific emissions for each company, the reported
reserves were multiplied by the net calorific values for each of the product
types.®® Potential coal emissions were calculated based on the average cal-
orific value of coal types produced in Canada.® The energy potential was
then multiplied by standard emissions factors as provided by the 2006 1PCC
Guidelines for National Greenhouse Gas Inventories to determine each fu-
el’s CO, emissions and by the 2007 1pcc Global Warming Potentials to de-
termine the CO,e of the other significant greenhouse gases, CH, and N,0,
released during combustion.**°

Our estimates of CO, potential are conservative for a few reasons. Be-
cause the amount of CH, and N,0 produced during combustion is highly
technology dependent, this study utilized the lowest emissions factors avail-
able, those associated with combustion in the energy industry. Potential
coal emissions were calculated based on the average calorific value of coal
types produced in Canada. Finally, our estimates do not account for more
recent research that suggests much higher lifecycle leakage rates for natur-
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al gas produced from hydraulic fracturing, or additional emissions from the
combustion of petroleum coke, a by-product of bitumen processing not typ-
ically counted in estimates of emissions potential from Canada’s oil sands.
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APPENDIX TABLE

Part 1

Proven Proven+ Carbon Carbon

Company Name Revenue Assets  Market Cap reserves Probable liabilit liabilit
reserves (low (high
Millions of Canadian dollars Mt CO,e Millions of Canadian dollars
Advantage Oil Gas Ltd. 302 1,973 562 59.7 95.1 2,987 19,019
Anderson Energy 107 460 59 7.7 12.6 385 2,530
Angle Energy Inc. 150 596 279 12.3 23.9 617 4,782
ARC Resources LTD 1,278 5,324 6,506 136.6 215.0 6,830 43,004
Arcan Resources Ltd. 39 290 195 9.2 17.4 458 3,486
Arsenal Energy Inc. 36 114 78 1.6 2.6 81 515
Artek Exploration Ltd. 23 148 78 4.9 8.0 243 1,598
Athabasca Qil Corporation N/A 2,557 4,750 55.5 478.4 2,777 95,672
AvenEx Energy Corp 1,009 491 165 4.2 6.0 210 1,201
Baytex Energy Trust 1,079 2,417 5,205 63.1 103.7 3,154 20,734
Bellatrix Exploration Ltd 161 580 362 15.3 24.6 763 4,923
Birchcliff Energy Ltd 235 1,225 857 57.9 102.0 2,896 20,393
BlackPearl Resources Inc. 134 607 913 7.5 17.6 376 3,521
Bonavista Energy Trust 888 3,924 2,791 80.6 117.9 4,030 23,589
Bonterra Energy Corp. 145 364 908 11.5 16.7 573 3,345
Canada Energy Partners Inc. N/A 92 14 0.5 2.5 26 502
Canadian Natural Resources Ltd. 13,792 47,278 30,287 2,077.9 3,286.4 103,897 657,277
Canadian Oil Sands Ltd 3,875 8,620 9,729 386.7 803.5 19,334 160,691
Canadian Spirit Resources Inc. N/A 89 28 0.2 0.6 8 130
Cardero Resource Corp. -25 121 83 277.5 277.5 13,875 55,500
Cequence Energy Ltd. 87 491 232 12.7 24.5 637 4,895
Celtic Exploration Ltd. 199 1,080 1,449 27.1 47.3 1,353 9,466
Cenovus Energy Inc. 15,696 22,194 25,223 1,042.6 1,423.0 52,132 284,590
Charger Energy Corp. 31 146 40 1.8 3.2 90 647
Chinook Energy Inc. 211 745 268 9.3 14.4 467 2,882
Cline Mining Corporation N/A 251 134 242.1 395.0 12,106 78,996
Coalspur Mines Limited N/A 160 459 1,020.3 1,145.4 51,013 229,089
Compton Petroleum 131 673 32 18.1 27.0 904 5,408
Condor Petroleum Inc. 3 206 121 0.1 0.2 7 39
Connacher Oil & Gas Ltd. 873 1,606 216 101.0 287.7 5,048 57,550
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APPENDIX TABLE Part2

Proven Proven+ Carbon Carbon

Company Name Revenue Assets  Market Cap reserves Probable liabilit liabilit
reserves (low (high
Millions of Canadian dollars Mt CO,e Millions of Canadian dollars
Corridor Resources Inc. 23 204 65 3.6 6.5 182 1,306
Crescent Point Energy Corp 1,729 8,734 12,505 117.4 176.9 5,872 35,386
Crew Energy Inc. 288 1,843 778 28.0 50.6 1,401 10,129
Crocotta Energy Inc. 30 214 225 6.1 10.3 305 2,069
DeeThree Exploration Ltd. 27 213 239 2.9 3.8 144 758
Delphi Energy 108 447 172 8.7 14.0 437 2,796
Dundee Energy Ltd. 36 187 61 4.8 6.1 240 1,214
Encana Corporation 8,374 33,918 15,278 455.9 642.0 22,794 128,408
Enerplus Corporation 1,091 5,723 2,637 67.9 93.1 3,393 18,616
Epsilon Energy Ltd. 10 129 104 0.02 0.02 1 4
Equal Energy Ltd. 136 467 94 1.7 2.4 84 489
Erdene Resources Corp. 1 56 22 117.5 469.9 5,874 93,985
Exall Energy Corporation 25 95 49 0.9 2.0 44 393
Fairborne Energy Ltd. 185 918 172 15.9 23.0 793 4,598
Fortune Minerals Ltd. N/A 156 73 244.3 290.3 12,214 58,052
Falcon Oil & Gas Ltd N/A 116 90 3.4 5.6 171 1,112
Freehold Royalties Ltd. 154 4,223 1,204 1.5 2.4 73 488
Guide Exploration Ltd 182 671 180 9.2 15.0 459 3,003
Husky Energy Inc. 23,364 32,426 25,355 500.7 1,410.4 25,034 282,082
Imperial Oil Limited 30,474 25,429 36,311 2,043.7 3,126.4 102,187 625,288
Insignia Energy Ltd 44 161 40 2.7 5.6 134 1,114
Ivanhoe Energy Inc. 37 414 206 100.5 20,108
Legacy Oil + Gas Inc. 301 2,301 856 20.9 35.5 1,043 7,102
Lone Pine Resources Inc. 191 992 230 25.3 43.4 1,266 8,683
Marquee Energy Ltd. 4 111 55 2.0 4.2 98 832
MEG Energy Corp. 1,033 6,201 7,231 405.3 1,179.1 20,264 235,811
NAL Energy Corporation 442 1,561 997 25.1 39.4 1,256 7,890
Nexen Inc 6,341 20,068 9,230 324.7 878.1 16,236 175,619
Novus Energy Inc. 17 134 128 3.7 6.2 187 1,230
NuVista Energy Ltd 305 1,374 427 25.3 39.8 1,267 7,955
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APPENDIX TABLE Part3

Proven Proven+ Carbon Carbon
Company Name Revenue Assets  Market Cap reserves Probable liabilit liabilit
reserves (low (high
Millions of Canadian dollars Mt CO,e Millions of Canadian dollars
Open Range Energy Corp. 41 351 103 5.1 9.1 256 1,826
Pace Oil and Gas Ltd. 194 739 151 17.9 27.8 895 5,558
Painted Pony Petroleum Ltd. 51 234 558 11.3 48.5 564 9,695
Pan Orient®* 73 371 219
Paramount Resources Ltd. 218 1,726 2,139 11.7 17.5 583 3,508
Pengrowth Energy Corporation 1,136 5,665 2,409 91.8 128.8 4,590 25,767
Penn West Petroleum Ltd. 2,951 15,584 6,758 205.2 295.8 10,261 59,161
Perpetual Energy Inc 230 1,018 151 14.1 29.1 703 5,830
Petrobakken Energy Ltd 1,017 6,477 2,172 49.4 83.9 2,472 16,784
Petrobank Energy and Resources!® 1,017 6,918 1,205 49.4 137.5 2,472 27,509
Peyto Exploration Corp. 383 1,800 2,777 76.9 110.4 3,843 22,089
Pinecrest Energy Inc. 2 185 418 2.3 3.6 115 726
Progress Energy Resources Corp. 408 2,646 4,712 66.9 114.5 3,345 22,904
Questerre Energy Corporation 17 258 171 0.7 1.1 37 223
Renegade Petroleum Ltd. 24 204 248 3.6 5.5 182 1,095
RMP Energy Inc. 45 198 162 5.5 8.8 276 1,765
Rock Energy Inc. 55 189 39 3.9 8.2 194 1,647
Second Wave Petroleum Inc. 22 167 85 2.8 4.7 140 937
Sherritt International Corp. 1,978 6,498 1,493 2,757.2 3,099.7 137,858 619,937
Skope Energy Inc 15 145 2 3.5 4.2 173 834
Sonde Resources Corp. 35 187 110 2.3 3.5 115 709
Southern Pacific Resource Corp. 79 871 444 68.4 102.6 3,422 20,510
Spartan Qil Corp. 15 126 300 6.1 8.8 305 1,769
Sprott Resource Corp. 86 529 444 2.3} 12.3 116 2,466
Storm Resources Ltd. 6 109 104 1.4 3.0 68 602
Strategic Oil & Gas Limited 19 118 118 1.4 2.2 68 445
Suncor Energy Inc. 39,619 4,777 47,401 1,745.0 3,116.8 87,248 623,363
Sure Energy Inc. 23 81 32 1.6 2.4 81 488
Surge Energy Inc. 50 378 524 8.2 12.9 412 2,575
Talisman Energy Inc. 8,104 24,226 12,030 101.5 137.1 5,077 27,430
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APPENDIX TABLE Part 4

Proven Proven+ Carbon Carbon
Company Name Revenue Assets  Market Cap reserves Probable liabilit liabilit
reserves (low (high
Millions of Canadian dollars Mt CO,e Millions of Canadian dollars
Teck Resources Limited 11,514 34,219 19,312 1,206.3 2,850.0 60,317 570,003
Terra Energy Corp. 62 296 38 6.2 12.1 312 2,424
Tourmaline Oil Corp. 340 2,711 4,355 53.3 96.5 2,665 19,294
TriOil Resources Ltd 17 196 54 2:3) 4.0 114 804
Triology Energy 336 1,260 2,736 22.8 31.9 1,141 6,375
Twin Butte Energy Ltd. 85 338 460 8.4 14.8 420 2,963
Vermilion Energy Inc 977 2,735 4,506 14.9 24.9 743 4,989
Vero Energy Inc. 112 385 87 1.8 3.6 91 713
Waldron Energy Corporation 22 92 19 2.0 3.9 102 780
Westfire Energy Ltd 121 666 365 10.9 16.6 546 3,319
Whitecap Resources Inc. 21 207 889 10.6 15.9 529 3,183
Yoho Resources Inc. 27 140 77 2.7 4.8 133 961
Zargon Oil & Gas Ltd. 154 471 251 7.8 13.3 390 2,653
Canadian-listed Total 187,111 450,799 327,660 16,882.0 28,295.5 844,101 5,659,101
Canadian-listed average 1,949 4,377 3,181 163.9 274.7 8,195 54,943
Subsidiaries of foreign companies
Anglo American 31,100 73,674 44,112 288.1 316.2 14,406 63,249
BP PLC 381,901 298,050 127,735 106.0 106.0 5,299 21,196
ConocoPhillips Canada 248,975 155,835 70,407 988.0 988.0 49,398 197,591
Devon Energy 11,649 41,816 23,544 300.7 300.7 15,034 60,135
Exxon Mobil 474,968 336,680 403,281 2,172.8 2,172.8 108,640 434,561
Marathon Oil 14,912 31,904 17,899 284.1 284.1 14,204 56,816
Murphy 0il Company Ltd. 28,217 14,378 9,916 114.1 114.1 5,703 22,814
Royal Dutch Shell 478,164 351,126 216,296 930.4 930.4 46,521 186,082
Sunshine Oilsands Ltd N/A 379 1,699 1.2 239.1 59 47,812
Total SA 231,838 228,356 102,219 563.1 563.1 28,156 112,623
Walter Energy Inc. 2,562 6,812 3,016 197.4 205.2 9,871 41,034
Foreign subsidiaries total 1,904,286 1,539,011 1,020,123 5,945.8 6,219.6 297,290 1,243,913
Foreign subsidiaries average 190,429 139,910 92,738 540.5 565.4 27,026 113,083
Totals 2,091,397 1,989,810 1,347,783 22,828 34,515 1,141,392 6,903,014
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