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• 2-Degree Scenario: The phrase “2-degree scenario” refers to a scenario in which global warming is maintained
below 2 degrees Celsius. The International Energy Agency has adopted a “450” scenario which estimates the
parameters and conditions necessary to maintain global warming below 2 degrees.I

• Break-even cost: The oil price at which an oil company’s returns equal or exceed its full cycle cost of production.

• Cash cost: The oil price a company must receive to meet or exceed costs of production operations.

• Conventional oil: Crude oil produced by a well drilled into a geologic formation in which the reservoir and fluid
characteristics permit the oil to readily flow to the wellbore. (From U.S. Energy Information glossary).II

• Debt: Total company debt reported on U.S. financial statements. Total debt includes both the short-term and
long-term debt, and may be in the form of bonds, loans, and other financial instruments.

• End cash: The remaining value of a company’s assets that are cash or can be converted into cash immediately 
at the end of the fiscal year.

• Independent oil companies: Small- to medium-cap oil exploration and production companies. These firms 
are often investor-owned, and are not typically vertically integrated.

• Mb/d: “Million barrels per day” is a common measure for oil production. For an example of scale, global
consumption of oil and other liquids was 90.7Mb/d in 2013.III

• National Oil Companies (NOCs): Oil and gas companies controlled by governments. NOCs include, among
others, Gazprom (Russia), Statoil (Norway), Saudi Aramco (Saudi Arabia), Petrobas (Brazil), Iraq National Oil
Company (Iraq), Pemex (Mexico), PDVSA (Venezuela), National Iranian Oil Company (Iran), Sinopec (China), etc.
NOCs may be partially owned by private investors.

• Oil majors: Large-cap investor-owned oil companies. In this report, “oil majors” collectively refers to ExxonMobil,
BP, Chevron, Shell, Total, and ConocoPhillips. Analysts may differ in which companies are considered majors;
some consider Eni to be a major, others may no longer consider ConocoPhillips a major because it divested 
its downstream business. The oil majors are also known as “supermajors,” or simply “majors,” terms that will 
be used interchangeably hereafter.

• Organization for Economic Cooperation & Development (OECD): The organization, whose mission is to
promote policies to improve the economic and social well-being of people around the world, includes 34
countries, including most European nations, Mexico, Japan, Korea, New Zealand, Australia, U.S., and Canada.IV

• Organization of the Petroleum Exporting Countries (OPEC): An intergovernmental organization of 13 oil
exporting developing nations that coordinates and unifies the petroleum policies of its member countries.
Members include Algeria, Angola, Ecuador, Indonesia, Iran, Iraq, Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, 
UAE, and Venezuela.

• Scenarios: A group of parameters energy agencies and oil companies use to create projections of various 
market conditions that typically address demand, supply, market changes, etc. International Energy Agency (IEA)
and Energy Information Agency (EIA) scenarios are sometimes referred to by their scenario title only, for example, 
the “IEA 450 Scenario.”

• Unconventional oil: This phrase typically refers to oil that: (a) requires more complex and, in some cases, 
more costly technology to extract; (b) requires additional processing and refinement; and/or (c) is located in 
remote or extreme locations. Unconventional oil extraction is generally, though not always, characterized by 
higher costs than conventional oil. Examples of unconventional resources include:

• oil resources that occur at great oceanic depths, requiring “deepwater” drilling;

• oil resources located at remote locations such as the Arctic, i.e., “Arctic” drilling; and

• oil resources in difficult-to-access geological formations. This includes tight oil in shale deposits that require
hydraulic fracturing, acidizing, and other extraction methods, as well as tar sands located in bitumen deposits. 
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July 13, 2016
With each passing quarterly report from the coal, oil and gas industries, the news gets
worse, strengthening the call for a reconsideration of the vast role fossil fuel investment
plays in the global economy.

Low prices, technological change, political instability, regulatory action and public 
sentiment are combining to create ever more fragile conditions, opening markets up 
to new opportunities for competitors.

The rapid decline of the coal industry is a good example, propelled by competition from
technology-driven alternatives that include wind, solar, energy efficiency and innovations 

in the production of natural gas. The coal industry is a good instance, too, of deep-seated resistance to change. 
Coal producers continue to mine too much coal for a shrinking consumer base, creating needless and massive 
value destruction for investors. Meantime in the U.S., where the coal industry has declined especially far and fast, 
a fundamental decoupling is under way as the overall economy gains jobs and the stock market rises.

The recent persistence of low oil prices is eroding the oil and gas industry’s market power as well. Over the past 
30 years or so, the oil industry has gone from dominating global capital markets with strong returns to becoming 
a significantly diminished—though still profitable—player. Ten years ago, the industry, bolstered by dramatic spikes 
in prices, planned a future based on developing high-cost oil sands and hydraulic fracking of natural gas and
conventional oil reserves. When prices collapsed, the inherent risks in these initiatives were exposed. The prolonged
outlook now for low oil prices throws into question the ability of oil companies to achieve return targets, replenish
reserves, pay down debt, build cash reserves and maintain dividend commitments.

This year, global markets saw oil prices drop to $28 per barrel and today we look at $50 per barrel oil as a sign 
of “recovering” oil prices—down from what used to be seen as a norm of $85 per barrel. However, $50 per barrel 
oil will not return the industry to profitability. It will simply add to greater short-term stock speculation and volatility.
Fundamentally, the capital-expenditure budgets of oil producers are also now being reduced to reflect a
reconsideration of oil’s long-term investment prospects. The dynamics of the oil industry have changed. Even if 
prices do rise due to renewed cooperation among producers, oil price spikes—which normally provide the industry
with capital for new investment—are likely to be ever smaller going forward than in the past, and the up cycles will 
be of shorter duration.

Competitors, in the meantime, have a greater capacity to mobilize than ever, and will benefit from experience and 
a stronger institutional footing. Low-carbon technological alternatives in the transportation and electric power sector
are moving from new-stage development into a period of greater efficiency that allows for expanded market share.
Even with this progress, however, financial, technological and political impediments continue to create barriers to
greater market penetration of alternatives to fossil fuels. The need for greater investment and political mobilization 
to combat these risks is urgent.

Turbulence in global and national political institutions today is challenging many of the fossil fuel industry’s claims to
legitimacy. The geopolitics of oil production is no longer based on a consensus of its leaders but by fragmented
competition between producer nations. Greater levels of state-owned reserves are competing with private-oil muscle.
State-owned actors are using revenue strategies, market position and political spheres of power and influence to
create new rules. Political volatility contributes to oversupply, keeping world oil prices low.

Organized public opposition to coal, oil and gas stems in large measure from the impact of fossil fuels on climate 
and pollution across the globe. But opposition stems as well from those whose concerns are also tied to currency,
fiscal and economic risks. Both forms of opposition create material risks of a political and regulatory nature.

Opposition to fossil fuels based on environmental impacts is growing dramatically and is now a global, permanent
and skilled presence. Such opposition inspires action that can incur costly delays, and requires legal and political
accountability on the basis of public health and welfare standards. Financial objections to fossil fuel projects are
generally also based on rising consumer prices or taxation schemes to pay for fossil fuel subsidies.
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The fossil fuel industry has also lost face on the innovation front, where the renewable-energy and clean-transportation
sectors are beginning to carry the day. This loss erodes public confidence in fossil fuel industries, and tugs at the
legitimacy of national governments that support the status quo. How governments respond sets the tone and tenor
of global and local political discourse, and provides the backdrop for global investors. China’s unacceptable levels 
of air pollution from coal-fired power plants, for example, has forced a realignment of priorities at the highest of levels
of its governing party.

Perhaps the single greatest area of realignment is in the field of science. Science increasingly shows how fossil fuels
are a risk to the environment and to public health, and advancements in climate science have documented the
gradual warming of the earth and have led to calls for curtailing carbon-dioxide emissions. Fossil fuel companies 
have responded largely by promoting confusion about the science and have provided highly questionable, conflicting
information to investors, regulators and business partners (suppliers, labor, insurance, transport and consumers).

Short-term revenue erosion for oil companies is becoming a long-term weakness as these financial, political, 
and environmental risks converge. This paper details how that weakness moves onto oil-company balance sheets 
as tighter margins, weakened dividends, capital-expenditure cutbacks, project cancellations and delays, distressed
sales and increased scrutiny of liquidity assertions.

Fiduciaries for institutional funds have a choice to make. They can ignore the downside and weak outlook of fossil
fuels and thwart the world-wide search for alternatives (which is what happened when coal markets began to turn 
five years ago). Or they can act responsibly, directing their money managers and professional staff to construct
investment plans that are increasingly fossil free.

Such plans are the blueprints that fiduciaries need if they are to act prudently and meet the challenges of the energy
transition. And when money managers and investment banks resist making these changes, fiduciaries must provide
firm and constant direction. Retirees, taxpayers, non-profit grantees, faith and university communities all depend 
on sound investment policies.

Implicit in a new fossil free portfolio is the need for fund managers to construct an asset allocation strategy that 
meets financial targets. Asset allocation studies are consistent with the specific philosophy and history of a fund, 
and take into account its appetite for change and risk. A solid plan presents options, benchmarks and opportunities
along the way to adjust investment strategy as conditions change.

Some institutional investors have shrugged off the financial impact of billions of dollars in coal industry losses over the
past several years because coal has never been a sizable contributor to investment portfolios and the stock market
grew as coal collapsed. Oil and gas investments, however, like oil and gas use, are different. Their size and historic
contribution to investment funds is material. Red flags missed here are far more perilous than those missed for coal.

As You Sow released a report in 2011, which I co-authored, cataloguing the risks to investors in the coal sector. 
The cumulative risks we presented then have now materialized into a perfect storm of financial distress and structural
decline in the coal sector. The portrait of the oil industry in this study is appropriately more complex, but similar alarms
are nevertheless clear. A storm is threatening.

Tom Sanzillo

Unconventional Risks: The Growing Uncertainty of Oil Investments 7



In 2011, near the height of U.S. coal consumption, As You Sow published a report highlighting the growing financial
risks to the U.S. coal industry, the Financial Risks of Investments in Coal, which predicted the structural basis
for what has become a permanent decline of the industry. The paper argued, correctly, that some of the most
profitable companies in the U.S. at the time would soon be weakened by changing market fundamentals.

This paper considers current structural changes in the oil market that have the potential to contribute to a weakening
of the oil industry. While the coal and oil markets differ in certain aspects, similarities include higher capital costs (in the
case of oil, higher costs associated with finding and producing new reserves); increased competition; global demand
constraints due to climate and other air pollution-related regulations; alternative and substitute technologies; and
increased social activism focused on industry.

Higher Cost Reserves & Supply Competition — One of the most significant challenges for oil in a carbon
constrained economy — in which demand for oil is slowing or falling — is competition for remaining market share.
Today, the majority of low cost reserves are owned by nationally controlled oil companies (NOCs). As oil majors’
current supplies of conventional reserves are depleted, they must find new reserves, generally at greater cost.
Independent oil companies, including the majors, are thus becoming the world’s high cost producers, making them
less competitive. This trend has been broadly masked by the past decade’s record high oil prices.

This trend has recently had major repercussions for the profitability of the majors, which are competitive with lower-
cost NOCs only to the extent they have similarly low cost oil, or to the degree oil prices are high enough to cover their
costs of reserve exploration and development. At prices of $30 and even $40-plus dollars per barrel, most oil majors
are not competitive. Yet, so long as oil price is high enough to ensure the profitability of the majors over the long term,
for example $80 per barrel or more, high oil prices simultaneously create market conditions that accelerate long-term
demand destruction, ironically reducing the frequency and extent of oil price rebounds in the future.

Financial Indicators of Structural Risk — As a result of these trends, the financial fundamentals of oil majors
have been declining over the past decade with balance sheets marked by falling cash positions, rising debt levels,
declining profits, and flat or marginally increasing production, all of which began before, and was exacerbated by, the
2014 oil price drop.

• Increasing Capital Expenditure: Between 2000 and 2014, total capital expenditures of the oil majors grew
308%, from $41 billion to $166 billion.1 Despite these increases in capital investment, the total oil equivalent
production from the oil majors decreased 1.7% in the same period,2 reflecting in part, the rising costs of replacing
reserves. Reduced access to conventional supplies of crude has required most independent oil companies,
including the oil majors, to develop unconventional, higher cost resources (e.g., deep water, Arctic, and tar sands),
which are often in extreme and remote locations and require complicated extraction processes, increasing costs of
production. As a result, the cost of producing the marginal barrel of oil is increasing.3

• Declining Profit Margins: From 2011-2013, oil prices were at the highest levels in history. Yet, due to spiraling
costs of finding and developing new resources, among others, oil majors’ profit margins have declined. The majors’
average return on equity has been declining since it peaked in 2005, reflecting decreasing profitability over the last
decade.4

• Mounting Debt: From mid-2000 to 2014, debt among oil majors has more than tripled as the oil majors took on
debt at unprecedented rates.5 Debt appears to have supported capex, operations, share buybacks, and/or

Unconventional Risks: The Growing Uncertainty of Oil Investments 8
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1 As You Sow Analysis, using financial data sourced from 10k and/or 20F statements, for years 2000-2015, for the following companies: BP (ticker: BP); ExxonMobil
(ticker: XOM); Chevron (ticker: CVX); ConocoPhilips (ticker: COP); Royal Dutch Shell (ticker: RDS); Total (ticker: TOT). Subsequent analysis using this dataset is
hereinafter cited as “As You Sow Analysis.” Note: some statistics cited in subsequent analysis address and/or compare only some years of this data as set forth in
associated text.

2 Id.

3 See “Carbon Supply Cost Curves: Evaluating Financial Risk to Oil Capital Expenditures,” Carbon Tracker Initiative, May 2014, p. 11,
http://www.carbontracker.org/wp-content/uploads/2014/09/CTI-Oil-Report-Oil-May-2014-13-05.pdf.

4 As You Sow Analysis; see also “Declining Profit Margins” section below for additional detail on this analysis.

5 As You Sow Analysis; see also “Mounting Debt and Credit Downgrades” section below for detail on this analysis.

http://www.asyousow.org/ays_report/white-paper-financial-risks-of-investments-in-coal/


dividends, as profit margins declined. Whether this increasing indebtedness is reflective of historically low interest
rates, or was necessary to fund the increasing costs of reserve replacement and dividends, the oil majors’ debt
positions are structurally distinct from what they were 15 years ago. Recent credit rating downgrades show that
rating agencies are starting to take notice.

• Decreasing Cash: Also from 2000-2014, several of the oil majors had significant decreases in cash reserves,
resulting from increased spending, lower profit margins, maintenance of dividends and/or share repurchases, and
debt servicing. In particular, Exxon’s cash reserves have plummeted since 2008, ConocoPhilips’ cash peaked in
2010, and Chevron’s cash peaked in 2012.6 An eroding end cash position and a weak revenue outlook heightens
the potential for credit access and repayment problems.

• Oil Price Collapse Exacerbates Financial Situation: The oil majors’ decade-long trend of financial stress
has been exacerbated by oil prices collapsing in mid-2014. It is unclear how long the oil majors can weather the
low price market, even with 2015 reductions in capital expenditures and a focus on low cost projects. The majors’
balance sheets also face increased pressure as the companies continue to support high dividends to assure
investors of the companies’ financial strength, even when doing so requires companies to cannibalize earnings and
potentially take on more debt.

Demand Constraints & Mounting Social Pressures — Compounding changing market and financial
conditions, an array of technological, environmental, political, and social factors currently render the scale of future oil
demand growth uncertain. The potential for peaking or even declining demand should raise significant concern for oil
majors and investors.

• 2015 Paris Accord & other regulations. The 2015 COP21 Paris Accord solidified global policy and resulted in
a multilateral commitment to maintain global warming below 2-degrees Celsius — a goal requiring dramatic
greenhouse gas emission reductions. At the same time, an array of laws across the world are being enacted to
respond to climate change. Critically, the majors’ oil demand projections do not comport with a 2-degree scenario.

• Energy emissions decoupling from economic growth. In 2014, the world saw the first modern example of
economic growth decoupling from energy emissions on a global scale, undermining the long held assumption that
fossil fuels are required for economic growth.

• Competitive technologies. The majors’ own reporting recognizes the significant power that fuel efficiency and
other technologies, including electric vehicles, have to markedly reduce oil consumption. These technologies are
rapidly penetrating the regions from which the majors expect most future oil demand increases to emerge.

As the world moves to address climate change,7 and as new regulations and technology slow or reduce demand for
oil and other fossil fuels, risk to oil and gas companies escalates. Already, demand for oil has stabilized and even fallen
in OECD countries, despite rising gross domestic product, due primarily to the success of fuel efficiency standards
and technology innovations. In an increasingly low carbon economy marked by declining oil demand, marginal
oversupply can sufficiently decrease price so that higher cost producers become unprofitable. This market positioning
has created permanent vulnerability for oil majors.

This paper does not argue that any future is foretold for oil majors or the larger community of independent oil
producers — only that acknowledging signs of change and planning appropriate action is imperative. While each
company must forge its own path, shareholders must be confident that oil majors are sufficiently proactive in remaining
competitive; there is tremendous opportunity cost in delaying responsive action.

New policies, such as carbon pricing, could help send the market signals necessary to help ease this transition.
Similarly, dramatic cost reductions, including substantial technology innovations, would help reduce some aspects of
investor concern. Other potential strategies include:
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6 As You Sow Analysis; see also “Decreasing Cash” section below for detail on this analysis.

7 For an example of global regulatory action on climate change, see “Historic Paris Agreement on Climate Change: 195 Nations Set Path to Keep Temperature Rise
Well Below 2-Degrees Celsius,” UN Climate Change Newsroom, December 12, 2015, http://newsroom.unfccc.int/unfccc-newsroom/finale-cop21/.
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1. Shrink to grow. Majors have the option of divesting areas of their business that are not profitable at low oil
prices, and operating as leaner, stronger companies. This is the strategy recently adopted by ConocoPhilips and
discussed in depth by a recent Carbon Tracker analysis.8

2. Yield companies, Master Limited Partnerships,
Royalty Trusts. Yield companies, Master Limited
Partnerships (MLPs), and Royalty Trusts offer tools for oil
companies to create stand-alone business units out of their
riskiest divisions or assets, protecting the stable and value
generating elements of their companies, reducing capital
costs for their primary company, and helping to resolve
mounting threats to liquidity.

3. Legacy production. Rather than pursuing
unconventional resources, the majors could continue to
produce their remaining conventional reserves, which are
substantial. This strategy is likely be more successful in
combination with diversification, including diversification into
renewable energy resources.

4. Diversify into growing areas of the energy
sector. It is becoming evident that investment in
sustainable technology is now more likely than oil to have a
place in the emerging low carbon economy. Total provides
an example of an oil and gas company successfully
diversifying into low carbon technology.

5. Consulting. Like Xerox and IBM, which successfully shifted from hardware into services in the face of market and
technology changes, the majors have specialized expertise they can offer oil markets. Indeed, the majors already do
provide significant consulting services to NOCs, an area which could feasibly grow.

History is replete with companies that failed to recognize the inevitability of change in their markets. This paper
examines the claim, which is echoed to some degree by all oil majors, that there is little risk to the companies’ ability
to conduct business as usual. While acknowledging the importance oil has played in the successful economic
development we have experienced over the past century, it is incumbent on investors, markets, and the oil
companies themselves, to recognize the growing markers of change that will affect their future. Once dominant
players in world markets, oil majors now share problems found at many risky companies, including increasing cost
structures, deteriorating financial fundamentals, changing demand for their product, and management that has failed
to address key areas of risk. This report considers oil majors’ present and future prospects, and the market forces
that, over the next three decades, will reshape them.9

8 McNulty, Sheila, “Shrink-to-Grow Strategy at Heart of Conoco Break Up,” Financial Times, July 14, 2011, http://www.ft.com/cms/s/0/cae109f4-ae33-11e0-
8752-00144feabdc0.html#axzz49v1dQSR7; see “Sense and Sensitivity: Maximising Value with a 2D Portfolio,” Carbon Tracker Initiative, May 2016, p. 7,
http://www.carbontracker.org/wp-content/uploads/2016/05/Sense-Sensitivity_Full-report2_28042016.pdf; see also “Future of Oil & Gas,” 
Global Agenda Council on the Future of Oil & Gas, World Economic Forum, p.4, April 2016, (“Companies will also have to consider when it no longer 
makes sense to continue exploration for new resources in high cost, long lead time environments.”).
http://www3.weforum.org/docs/GACFutureofOilandGas_Executive_Summary.pdf.

9 Even though smaller, investor-owned exploration and production companies, or “E&P” companies, are likely more acutely vulnerable to changing market
fundamentals than oil majors — because they are generally smaller, not integrated, and do not have equivalent capital resources — we do not specifically 
address them in this paper. This report focuses on oil majors because these large cap companies are often perceived by both analysts and investors as strong 
and relatively invulnerable investments. Because oil majors represent billions of dollars of value, their growing risk is significant to investors and to the economy 
and therefore worth specific analysis. According to Chatham House’s recent report, International Oil Companies: The Death of the Old Business Model: 
“Together [the majors, excluding ConocoPhilips, which had a market capitalization of approximately $55 billion in June 2016 (Yahoo Finance)] have a market 
value of $994.5 billion, which is larger than the 2012 GDP of the Netherlands and New Zealand combined. The [majors] are also a core concern for pension 
funds . . . pension funds and individual retirement accounts make up 47 per cent of the share ownership of U.S. oil companies in the S&P 500 index.” 
See Stevens, Paul, “International Oil Companies: The Death of the Old Business Model,” Chatham House, May 2016, p.30,
https://www.chathamhouse.org/sites/files/chathamhouse/publications/research/2016-05-05-international-oil-companies-stevens.pdf. 
For more information on E&P risk, see “Oil and Gas Exploration and Production,” Markets, The New York Times,
http://markets.on.nytimes.com/research/markets/usmarkets/industry.asp?industryStartRow=1.

[T]o continue to attract
investors and capital, the oil and gas
industry as a whole must develop 

a value proposition that is consistent
with its core production not growing
as overall production growth may 

not be possible for all players.....   ....
–World Economic Forum, Davos 2016
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Financial indicators of structural risk in the oil industry have become more pronounced over the last decade. As
outlined below, 2000-2015 was characterized by key trends which, when considered in combination, culminate in
growing risk for oil majors, which neither the market nor the oil majors appear to have internalized. [See Appendix for
company specific graphs on these key trends.] Indeed, with some exceptions the majors have generally trailed the
S&P since 2012. Only in the face of the 2014 price drop, however, have global energy and financial markets begun
recognizing fundamental weaknesses in oil company investment profiles. For the most part, oil majors have not yet
faced significant liquidity hurdles, nor have markets penalized them proportionately for long term declining
performance and disadvantageous forward looking prospects. These outcomes are likely unless oil majors’ business
plans begin to reflect changing markets.

Oil Majors’ Financial Stress Pre-dates the 2014 
Oil Price Downturn
Oil majors’ balance sheets shared red flags prior to the current low-price environment. Growing financial distress was
evident before 2014, as the majors undertook investments assuming a long-term, high-price environment, and
continued domination of financial and energy markets. The current low price environment has exposed many of those
risks, and companies are now scrambling to manage declining revenues, record levels of debt, and a weak long-term
demand outlook.

Many analysts believe that the 2014 downturn in oil prices is cyclical, representative of volatility typical of the oil
industry, geopolitics, and temporary adverse market conditions. While oil prices can and likely will rebound to some
degree, the 2014 downturn lays bare the majors’ vulnerability to competition from low-cost producers seeking to
increase market share, downward demand pressure from regulatory curbs on carbon, and competition from new
technologies. Supermajor financial distress is not only a consequence of these changes, but may not be recoverable
without strategic and responsive action that adapts company business models to evolving energy markets. By
delaying adaptation to changing market circumstances, the majors run the risk that assets still on balance sheets,
including certain reserves and downstream refining facilities, will lose their value over time.

Declining Market Dominance
The erosion of oil majors’ dominance of the S&P 500, as shown in the Figure 2, reflects the majors’ declining
importance to financial markets generally.1 From the 1970s through the mid-1980s, oil was a primary driver of returns
in the United States and global financial markets, but in the mid-1980s, tech companies like Apple and Microsoft
began to eclipse oil companies. Now, the majors are significantly underperforming the S&P. [See Figure 1 above.]

I. FINANCIAL INDICATORS OF STRUCTURAL RISKS
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April 2011 to April 2016
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Increasing Capital Expenditures
In the past decade, oil majors’ total capital expenditures rose substantially, even while production and reserves
remained stable or declined. Capital expenditures have increased in large part due to the substantial escalation in
exploration and production costs associated with finding and developing new sources of crude oil, a problem that
was masked by high oil prices until 2014.2

As analysts have noted, conventional oil discoveries peaked in the 1960s and new oil resources are harder to find 
and access.3 PricewaterhouseCoopers notes that “[a]s exploration becomes more difficult and competitive, larger
companies are relying more heavily on acquisitions and unconventional sources such as oil sands and shale
formations to bolster reserves.”4 Developing unconventional reserves can be significantly more costly than developing
conventional reserves due to a variety of factors; they tend to require unconventional extraction methods (shale and
oil sands); are found in remote locations (Arctic); are located in countries that are politically volatile; and/or are often 
of lower quality, requiring more processing.5

Between 2000 and 2014, the oil majors’ total capital
expenditures grew by 308% to $166 billion in 2014.6

[See Figure 1.] To give a sense of the outsized spending,
from 2010 to 2014 the supermajors spent a total of 
$766 billion on capital expenditures, which exceeded 
their collective net income by $195 billion.7 In comparison,
from 2000 to 2009, the oil majors’ collective net income 
was $109 billion larger than their capital expenditures.

Although prices were rising, since 2008 the rate of the
majors’ capital expenditures growth exceeded the rate of 
oil price increase, demonstrating a widening gulf between 
oil price and capital expenditure growth. [See Figure 3.] 
In 2015, capital expenditures were aggressively cut to
respond to the 2014 drop in oil price; however, capital
reduction opportunities are limited to the extent oil majors
attempt to consistently replace their reserves and maintain
steady production levels.8
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Figure 2: Top Ten Companies of S&P 500 1980-2016
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Declining Production Levels
Despite escalating capital expenditures, the total oil equivalent production of the oil majors has declined 
11.6% between 2005 and 2014.9 [See Figure 4 below.] Similarly, high capital expenditures have not substantially
benefited oil majors’ production, which decreased 1.5% annually on average from 2009 to 2014 while capital
expenditures rose 41%.10

Oil majors’ increased capital expenditures, in the face of marginally declining production, highlights a quandary:
diminishing return on investment over the last decade. From 2011 to 2013, Goldman Sachs estimates that, on
average, no major new oil project came online with production costs below $70 per barrel, with most projects
requiring $80-100 oil costs to break even.11 Expensive projects require high oil prices for profitability, raising the
majors’ risk of stranded, unprofitable assets if prices do not rise substantially and stay high into the future. The high oil
price required for majors to break-even makes them especially vulnerable to the production choices of NOCs (which,
as discussed below, control the vast majority of the world’s remaining low-cost conventional crude reserves) and to
declining demand, which will increasingly be a factor as the world moves to decarbonize energy systems. Oil majors
have responded to the post-2014 oil price drop by reducing capital expenditures by an average of 18% by Q2
2015.12 While capital expenditures on new oil reserves remain substantial, the declining expenditures will likely
decrease future production while creating opportunities to ramp up investment in new business models, including
renewable energy projects.

Declining Profit Margins
Oil prices annually averaging over $100 per barrel until early 2014, should have boosted oil major profit margins. In
fact, oil prices reached highs above $120 per barrel between 2011 and 2013. Yet, instead of increased profit margins,
the total net incomes of the oil majors’ declined 47% from 2011 to 2014 due to increased spending; as oil prices
collapsed into 2015, the oil majors’ total net income fell another 79% through Q2 2015.13

Similarly, the majors’ average return on equity (ROE) peaked in 2005. In 2014, the majors’ average ROE was
approximately 33% of what it was in 2005, suggesting a 10-year trend of decreasing profitability. In 2015, the average
ROE was practically zero, at 0.2%. Consequently it is no surprise that the majors have been missing earnings targets
since 2013.14
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Mounting Debt and Credit Downgrades
Oil majors’ current level of debt, which has notably escalated over the last decade, presents additional concerns.15

Between the years of 2000 and 2015, Exxon’s debt increased 179%; Chevron’s 147%; BP’s 148%; ConocoPhillips’
261%; Total’s 289%; and Shell’s a noteworthy 686%. While various reasons exist as to why oil majors may raise debt
capital — such as a favorable lending environment, low-cost money, promising investment opportunities, or financing
balance sheet growth through merger and acquisition activities — the increasing debt taken on by the oil majors can
also be a sign of structural stress. Starting in mid-2011, the oil industry’s cash spending (including dividends, capital
expenditures, and stock repurchases) began to outpace cash from operations, and the companies appear to have
increased debt to compensate.16

Oil majors’ debt increase has grown disproportionately to total assets. From 2005 to 2014, oil majors’ average debt
to assets ratio grew 9.5% to 15.7%, a 65% increase. In the same period, Exxon, Shell, ConocoPhillips, and BP’s 
debt ratios all more than doubled. Significantly, unless oil prices rebound, the oil majors’ debt situation appears
increasingly problematic. Further, several majors have recently issued debt. For example, in 2015, Chevron issued 
$6 billion in bonds, 2016 brought a €2 billion issuance from BP, as well as Exxon’s second largest debt issuance ever,
at $12 billion.17
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Liquidity may become a problem for the majors with Q1 2016’s landmark credit downgrades. In February 2016, S&P
cut Chevron’s credit rating for the first time in 30 years and, a day later, cut Shell’s rating to its lowest since 1990. At
the same time, S&P noted expectations that Total and Exxon could be next.18 ConocoPhillips is also under review for
downgrading, along with most of the shale gas industry. In cutting or threatening to downgrade credit ratings, S&P
noted that slashing drilling budgets and other cost-cutting “are insufficient to stem the meaningful deterioration
expected in credit measures over the next few years.”19 Indeed in April 2016, following Exxon’s failure to replace its
reserves, S&P downgraded Exxon’s credit for the first time in 86 years, noting, amongst other issues, its concern that
“[i]n our view, the company’s greatest business challenge is replacing its ongoing production.”20 Moody’s credit
agency also advised investors it is reviewing oil majors’ credit ratings for potential downgrades.21 Not long after
Moody’s cut Exxon’s credit rating, it lent a powerful endorsement to the Paris Accord by stating that, in assessing the
credit implications of carbon transition risk for its baseline credit rating analysis, it would use a central scenario based
on the national commitments put forward as part of the Paris Accord.22

Credit downgrades can result in higher capital costs, which can have serious implications for capital-driven industries
like oil; downgrades also damage market confidence, which is currently one of the majors’ most important assets.
Generally weak price outlooks, and the increasing amount of capital expenditures necessary to replace reserves,
suggest that existing debt levels may become unsustainable.

Decreasing Cash
Oil majors’ increasing costs, reduced income, and mounting debt is escalated by their weakening cash positions.
ExxonMobil’s cash peaked in 2007 at $34 billion, and its net income through Q2 2015 is just a tenth of what it was in
2007, at $3.7 billion.23 ConocoPhillips’ cash peaked at $9.5 billion in 2010, but fell to $2.4 billion by 2015.24 Chevron’s
cash peaked in 2012, falling from $21 billion to $11 billion in 2015.25 The European oil majors have managed their
cash more effectively, though their debt is proportionally higher than the U.S. majors’, potentially masking a cash
shortfall. Further, both BP’s and Total’s cash has declined.26 With less cash available than in prior years, oil majors are
financing dividends from debt, despite increasing credit risk.27

Risky Dividend Policies
Under typical business conditions, a company will issue dividends when its operations have generated excess net
income or when profitable investments have been exhausted. Dividends, being an optional expense, are usually one
of the first cuts made in response to falling net income. Yet, despite depressed net incomes, the majors are
continuing to pay and even increase dividends, raising the possibility dividends are being financed by debt.

Oil majors maintain investor loyalty by delivering
value in the form of regular, substantial dividend
payments.28 Because consistent dividend
payments are crucial in maintaining investor
confidence, some companies have “declared
their dividends untouchable.”29 As recently as
November 2015, Total’s CEO, Patrick Pouyanné,
“stated that it would be a ‘terrible mistake’ to
remove dividends and signal that ‘we aren’t
good at our business.’”30 Shell’s CEO, Ben van
Beurden, stated that he was “pulling out all the
stops” to protect the dividend.31 A former White
House economist, Philip Verleger, told press that
“[i]f [oil majors] cut the dividend, their share
prices would plummet,” noting that these
companies are no longer viewed as growth
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companies, but as sources of income to pension funds and retirees.32 As a result of these pressures, between 2006
and 2014, oil majors’ annual dividend payment per share increased approximately 65% on average, even while net
income dropped 40% and total debt more than doubled.33

The 2014 oil price collapse further strained oil majors’ ability to issue dividends, at a time investors were anxious to
see dividends maintained. During the first nine months of 2015, Shell, ExxonMobil, Chevron, and BP’s earnings fell by
more than 70%, yet these companies endorsed dividend increases collectively averaging 10% above the previous
years.34 In 2016, ExxonMobil and Chevron announced their 33rd and 28th straight year of dividend growth,
respectively.35 As of Q1 2016, the only oil majors to decrease their dividends have been Total and ConocoPhillips.

Oil majors’ focus on dividend payments placates shareholders in the short-term but ultimately increases enterprise
risk in the long-term, raising the question of whether investments in these companies are sustainable.

Stock Repurchasing
Stock repurchasing is another area that raises questions about oil majors’ financial management. Some oil majors
have substantially increased stock buybacks in the last two decades. Company repurchasing of its own stock on the
open market, known as stock buybacks, removes stock from circulation and reduces the total number of shares. 
This process can decrease volume to inflate stock prices and key financial ratios that are measured per share, such
as earning per share, price to earnings ratio, price to book value, cash flow per share, and dividend growth. While
buybacks can help management achieve earnings per share compensation targets and may boost short-term
shareholder value, this value creation should not be confused with value created by improved operational
performance.36

Over the last decade, oil majors have prioritized stock buybacks, repurchasing $364 billion of stock between 2005
and 2014.37 Before the 2008 recession, oil majors were on a repurchasing spree, buying back $223 billion of their
own shares, while issuing just $156 billion in dividends.38 As the recession moved into full effect, and much of the gain
from recent share buybacks vanished due to declining oil majors stock prices, buybacks were reduced at BP, Total,
and Chevron, while modestly cut back at ExxonMobil, ConocoPhillips, and Shell.

Aggressive share repurchasing can mask balance sheet weakness, and can make a company’s dividend payment
appear larger than the total money spent on dividends by decreasing the number of outstanding shares [as seen in
Figures 10, 11 below].39 For instance, between 2005 and 2014, ExxonMobil’s dividend grew 142%, but the total
capital spent for dividends grew only 58%.40 Further, 51% of ExxonMobil’s earnings per share from 2003 to 2013
resulted from stock buybacks, not organic earnings growth.41
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Stock repurchasing also provides benefit to
executives whose pay hinges in large part on stock
price and stock options. “By artificially increasing the
value of shares, stock buybacks inflate the equity-
based pay that goes to top fossil fuel executives,
further insulating these business leaders from
pressure they might otherwise feel to shift to more
sustainable . . . business models.”42

Oil major executives that use large scale stock
repurchasing programs prevent capital from being
invested in the productive and competitive
capabilities of the company, including investments in
technology that can help the company diversify in
response to decarbonizing energy markets.

Oil Price Collapse Exacerbates Financial Situation
Collapsing oil prices beginning in 2014 only exacerbated oil majors’ long-term financial performance problems. While
oil majors have cut as many costs as currently feasible and reduced capital expenditures, it appears questionable
whether, as higher cost producers, they have sufficient financial strength to weather long-term commodity price
challenges from NOCs.

Driven by periods of growth and recent price spikes in excess of $100 per barrel, the oil majors were planning to
commit billions of dollars to higher-cost, higher-carbon unconventional projects. The Carbon Tracker Initiative
estimated in May 2014 that oil majors had a total of $321 billion of capital expenditure planned through 2025 for
projects that require over $80 per barrel crude oil price to break even.43 This included $22.3 billion in Arctic drilling,
$76 billion in oil sands projects, $102 billion in ultra-deepwater, and a variety of other high-cost project types.44 During
this time, supermajor investing strategy and decision-making appear to have been based primarily on optimistic oil
price and demand forecasts, with little consideration for the potential that new market realities could dampen demand
and oil prices in the near to midterm.

Such optimism is not supported by underlying market conditions. Weak and worsening financials; higher costs of
exploration and production; increasing competition from renewables and disruptive technologies; impending climate
change regulatory risk; productivity gains in fuel efficiency technologies; and competition from NOCs that can produce
at significantly lower cost than oil majors, comprise a set of structural changes that do not yet appear to be fully
incorporated into the majors’ decision making. Further, oil prices are a “double-edged sword” for the oil industry. Low
oil prices make it impossible to recover costs; high oil prices allow competitive technologies to gain a foothold, leading
to irrevocably depressed long term demand, oversupply, and lower price.

Inadequate Risk Assessment from Wall Street
Though supermajors are facing noteworthy balance sheet distress, and have been for years, many investors remain
bullish on oil majors, as evidenced by recently oversubscribed debt offerings from the majors.45 Investor faith in the
majors, despite contradictory balance sheet red flags, exists partly because sell-side analysis frequently fails to
sufficiently account for unmanageable downside risks that could impact oil majors’ future profitability. For example,
most analysts seem to believe that while the downturn in the oil sector is serious, it is attributable to normal
commodity market imbalances, rather than more fundamental structural changes to the oil market.46
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In particular, the financial sector often fails to account for the growing likelihood that, even as price volatility smooths in
the near term, climate change regulation creates serious long-term, and potentially near-term, challenges for the
majors. This report reviewed several equity analyses by major financial institutions which, together, advise thousands
of clients. None of these analyses discussed the implications of climate change.47 Indeed, none of the reports
reviewed use the words “climate change.” While regulatory news is covered sporadically in sell side equity analysis,
the accelerating global shift away from carbon-intense resources, and its potential for demand destruction, has yet to
be meaningfully acknowledged across a significant portion of analysts and investors.48 While some analysts have
priced in these risks, much of the current oil sector analysis is focused on the projected outcomes of the next quarter;
near-term price estimates; oil majors’ investments in infrastructure; and near-term risk factors. Even where central
banks, especially European banks, have done important research on the financial implications of climate change and
carbon asset risk, these reports appear to be siloed. Aggravating factors, such as falling demand in OECD countries
and growing global energy efficiency, are also generally not recognized.

Overinvesting is a foreseeable consequence of ignoring risk, as is the correction that follows when markets eventually
recognize risk. Indeed, this has been played out before, as recently as the 2008 recession, when banks, investors,
and consumers largely failed to recognize the toxicity of the assets in which they were investing.

The size, scale, and role of oil majors in global oil markets is widely misunderstood. Even the words “supermajor” or
“oil major” may lead investors to believe that oil majors have a much larger role in global oil markets than they
currently do. In fact, oil majors represent a small slice of global oil production, and an even smaller proportion of global
conventional (i.e., lower cost) oil reserves.

Supply Transition from Oil Majors to 
National Oil Companies
Fundamental changes in the control of global conventional oil supply has radically altered the market in which oil
majors operate. In the 1950s, companies referred to as the Seven Sisters (Esso, Mobil, BP, Royal Dutch Shell, Gulf
Oil, Chevron, and Texaco) owned or controlled 85% of global oil reserves.49 In the 1970s, oil producing countries
began asserting greater dominance over their national oil reserves, evicting private oil companies or pushing them into
contractor or minor partnership roles. That transition is complete, and today, 90% of proved reserves are controlled
by NOCs, while the oil majors now control just 2.2% of global proved reserves.50 Other integrated international oil
companies and wholly upstream companies account for the rest.51

As a result of these changes, and contrary to popular perception, the largest energy companies by reserves are now
controlled by governments.52 Saudi Aramco, Gazprom (Russia), China National Petroleum Corp., National Iranian Oil
Co., Petróleos de Venezuela, Petrobras (Brazil), and Petronas (Malaysia) are all larger than ExxonMobil, the largest of
the oil majors by reserves.53 The figure below compares oil majors’ proved reserves to the proved reserves of large
NOCs.

II. ESCALATING SUPPLY COMPETITION



Oil Majors Are Becoming Higher Cost Producers
As a result of this transition, a majority of low cost oil reserves are now controlled by countries and associated
NOCs.59 The countries that can produce oil at an average cost of $25 per barrel or less, namely Saudi Arabia, Russia,
Iran, Iraq, UAE, Algeria, Kuwait, Venezuela, and Libya, have national oil companies that dominate production in those
regions.60 Indeed, these nine countries alone, which are only a subset of the NOCs and can produce for only $25 per
barrel, could meet 112% of oil demand through 2050 in a 2-degree emissions scenario, leaving little room for global
competition.61

In contrast, oil majors’ exploration and production costs have risen as their access to conventional crude has
declined. Bain & Company notes that “new conventional finds — oil that is relatively easy to access on land or in
shallow water — are fewer and smaller.”62 Although majors currently have low cost reserves in their portfolios (below
$60 per barrel), they are estimated at approximately a quarter of the low-cost reserves possessed by NOCs.63 As these

Unconventional Risks: The Growing Uncertainty of Oil Investments 19

      

0.00% 8.00% 16.00%4.00% 12.00%

15.22%
8.08%

6.79%
5.97%

5.80%
5.39%

2.40%
2.11%

0.88 %
0.70%
0.65%

0.54%
0.43%
0.37%
0.32%
0.31%
0.23%

Saudi Aramco
National Iranian Oil Corporation

Iraq National Oil Corporation
Pemex

Petróleos de Venezuela
Abu Dhabi National Oil Company

National Oil Corporation (Libya)
Nigerian National Petroleum Corporation

Qatar Petroleum
Sonatrach

Petro China
BP

ExxonMobil
Chevron

Conoco Phillips
Total
Shell

Major
NOC

% of Global Proven Reserves

Figure 12: Percent of Global Oil Reserves: National Oil Companies vs. Oil Majors

14.0%

0.0%

     

2.0%
4.0%
6.0%
8.0%

10.0%
12.0%

Sau
di A

rab
ia

Ru
ssia

China

Unite
d Arab

Em
irat

es Ira
n

Ira
q

Bra
zil

Mexi
co

Ku
wait

Ve
nezu

ela

Exx
onMobil BP

Chev
ero

n
Sh

ell
To

tal

Conoco
Ph

illip
s

%
 o

f G
lo

ba
l P

ro
du

ct
io

n

MajorNOC
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The supermajors’ declining role and market power in global oil markets is also reflected in production.54 In 2010,
state-controlled oil companies collectively controlled 75% of production.55 From 2005 to 2014, oil majors’ market
share of global oil production dropped from 13.4% to 9.7%.56 As shown below in Figure 13, each of the majors have
lower production than Saudi Arabia, Russia, China, UAE, and Iran, respectively.57 However, in terms of potential
production through 2035, the private sector is as significant as the NOCs, depending on oil price.58
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conventional reserves decline, they must be replaced with higher cost sources. Since 2008, oil majors’ conventional
proven reserves dropped by almost five billion barrels.64 As an example, in 2014, ExxonMobil’s resource base, which
includes proved reserves and other reserves likely to be developed, is reported at approximately 20% for conventional
oil and gas.65 The rest of its oil resources are unconventional, including shale, oil sands, Arctic projects, etc.66

The average break-even point for unconventional oil methods, as estimated by Rystad Energy, are $53 per barrel for
deepwater, $62 per barrel for North American shale, $74 per barrel for oil sands, and $78 per barrel for Arctic, while
onshore Middle East break-even costs average $29 per barrel or lower.67 [See Figure 14 below.]

In some of the least expensive countries to produce oil, including Saudi Arabia, Iran, and Kuwait, foreign companies
are not allowed to develop or explore for oil other than through a production-sharing contract or as a subcontractor or
vendor of technical services.68 Majors have contracts (joint ventures, production sharing agreements, etc.) with oil
producing countries for various services, but among the 20 countries with the largest oil reserves, foreign companies
only have unfettered access to four—Canada, United States, Brazil, and Norway.69 An understanding of oil majors’
limited access to oil producing countries’ reserves helps explain the majors’ pursuit of high-cost and high-carbon
reserves.

Supply Transitions and Factors Leading to the Mid-2014 
Oil Price Collapse
While not widely understood, relatively small changes in oil supply or demand can create dramatic effects on the 
price of oil. In the past 10 years, oil surplus or deficits have occurred due to imbalances within the range of 2-4 mb/d,
or only 3-4% of global supply.70 These relatively small surpluses and deficits have considerable oil price impact. For
example, during the 2014 oil price collapse, a 2 mb/d surplus existed — about 2% of global supply — inciting an
average price collapse of $60 per barrel between June 2014 and December 2015. [See Figure 15.]71 The fact that
relatively small deficits or surpluses in oil supply can significantly shift global prices suggests the power large oil
producers potentially wield over global oil markets. For instance, the U.S., Saudi Arabia, and Russia all produce over
10 mb/d, and the 2015 supply surplus represents only 15-20% of these countries’ respective production levels.72
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The dramatic growth of U.S. tight oil production from shale deposits was one of the primary factors leading to the
2014 oversupply of oil and subsequent price collapse. Between 2009 and 2013, this supply increased 2 mb/d.73 This
new resource provided U.S. oil production with its first major upturn since oil production in the lower 48 states peaked
in the 1970s,74 making the U.S. the largest oil producing nation in the world in 2014, overtaking both Saudi Arabia
and Russia.75

The “shale revolution” relied on unconventional oil production methods, such as hydraulic fracturing.76 The break-even
price of shale oil differs by play, by producer, and even by well, with the lowest 2014 average breakeven cost at 
$42 per barrel in the Eagle Ford and the highest at $80 per barrel in the Wolfbone play.77 From 2011 to 2015, the
breakeven costs of producing shale oil dropped by approximately 50%, depending on play, for a variety of reasons,
including improved drilling techniques.78 Yet, in 2015, cost ranges for shale oil production were still projected to be
near $50 per barrel in four out of five major plays, remaining vulnerable to underpricing by NOCs with lower
production costs.79 This higher cost is due, in part, to the fact that continued investment and drilling is necessary to
maintain output of shale wells due to their rapid decline rates.80

In 2014, the U.S.’ cost vulnerability was exposed as Saudi Arabia and other producers within the OPEC not only
failed to constrain production to maintain high oil prices, but increased production levels.81 Historically, Saudi Arabia
has exerted a stabilizing force in world oil markets, constraining production where necessary to maintain high oil
prices; but in late 2014, Saudi Arabia declined to continue playing this role. With approximately 34.2% of global
market production and 73% of the world’s proven reserves represented in OPEC’s membership, OPEC countries
currently have the ability to determine global oil market price dynamics.82

As described in greater detail below, in addition to excessive oil production from the U.S. and OPEC members, oil
prices were also affected by weaker than expected demand from China and OECD countries, increased efficiency,
and growing fuel substitution.

Increased National Oil Company Production Post-2014 
Oil Price Collapse
Since the 2014 oil price collapse, some of the largest NOCs have added production, compounding the oversupply
and low oil price situation. From 2014 to 2015, several oil exporting countries have sustained or increased production
levels, including Iraq, which increased its oil production 16%, adding slightly over 1 mb/d of oil to the global market.83

In 2015, Iran stated an intent to raise oil production “at any cost” to defend the country’s market share, which it has
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since executed, facilitated by the recent end of United Nations’ economic sanctions against it.84 In total, OPEC crude
oil production has grown over 1 mb/d from May 2014 to December 2015.85 Due to this continuing oversupply, prices
have remained relatively low, despite U.S. oil production’s slow decline since March 2015.86

Saudi Arabia’s Role in Global Oil Markets
As one of the largest oil producing countries, Saudi Arabia plays a crucial role in the global oil market. In December
2015, it is estimated that Saudi Arabia produced 10.1 mb/d, which accounts for approximately 10.6% of global
supply, and 31% of OPEC’s production.87

Many traditional motives have been assigned to Saudi Arabia’s failure to cut production in the face of oversupply
caused by the U.S. shale boom. One popular theory is that Saudi Arabia has geopolitical objectives, including
undermining Russia and Iran, which derive much of their profits from oil revenue and build federal budgets around high
cost oil.88 Another theory is that Saudi Arabia is seeking to retain market share by producing below the cost of North
American shale oil producers.89 If either or both are motives, the desired goal is being achieved. Russia and Iran’s
economies are being negatively impacted by low-priced oil.90 Similarly, many U.S. producers have, temporarily at least,
shut down wells and cut back oil production and capital expenditures.91

Yet, despite these changes, Saudi Arabia has yet to cut production.92 This maintenance comes at a high price. Saudi
Arabia and other nations with government budgets built on expectations of high oil prices are experiencing severe

impacts by continuing to produce at levels that reduce
oil prices.93 For example, Saudi Arabia issued a
substantial amount of its first-ever sovereign debt, and
made first-ever cuts to its famous subsidies and welfare
benefits system, which includes free healthcare and
education for residents.94

What, then, is the motivation for continuing production at
levels that cause such hardship? There may be an
additional goal served either directly or indirectly by
Saudi Arabia maintaining production during a period of
low prices. Given the increasing impacts of climate
change, and the recognized need to decarbonize energy
systems, Saudi Arabia’s leadership may be seeking to
monetize the country’s oil assets to the greatest extent
possible before they become stranded.95 As the former
oil minister, Sheikh Ahmed Zaki Yamani, said, “Thirty
years from now there will be a huge amount of oil — and
no buyers. Oil will be left in the ground. The Stone Age
came to an end, not because we had a lack of stones,
and the oil age will come to an end not because we
have a lack of oil.96”

Recently, Saudi Arabia announced its intention to transition to a post-oil economy, and released Vision 2030, an extensive
roadmap for this transition, including a suite of policy changes to diversify the nation’s economy away from oil.97 For
example, Deputy Crown Prince Mohammed bin Salman has recently laid out plans to sell stock of Saudi Aramco to start
a $2 trillion Public Investment Fund, with the purpose of diversifying the kingdom’s income sources beyond oil.98

For perspective, at Saudi Arabia’s 2015 production levels, its proved reserves, if accurate, could last up to 70 years, or
until approximately 2085.99 In a 2-degree scenario, at its 2015 market share level, Saudi Arabia would only be able to
monetize 39% of its reserves.100 Maintaining high production levels even in a low-price environment not only allows
Saudi Arabia to gain market share, but also reduces the long-term risk of stranded assets by selling more of its oil,
more quickly.

Thirty years from now there
will be a huge amount of oil – and no
buyers. Oil will be left in the ground.
The Stone Age came to an end, not
because we had a lack of stones, and
the oil age will come to an end not
because we have a lack of oil. 
–Sheikh Ahmed Zaki Yamani, 
former Oil Minister



Moving into the future, oil demand remains uncertain. Currently, energy agencies and oil industry outlooks, outside of
the IEA’s 450 ppm case (which corresponds to a 2-degree Celsius scenario), predict that global oil demand will
continue to rise until 2040, growing between 10-30% [See Figure 16 below.]104 These outlooks and the oil majors’
demand expectations rely significantly on increasing liquid fuel demand in developing countries, with relatively modest
decreases or slight increases in OECD oil demand. While demand for liquid fuels is likely to increase in developing
countries as industrialization occurs, the amount of demand remains in substantial question. A range of factors suggest
that oil and gas may not play as large a role in those markets as it has historically in developed nations. Already,
regulations and technology disruptions are in play, which could reduce demand more than expected in these outlooks.
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Regardless of why Saudi Arabia has not curbed its production, oil majors face systemic long-term risk from NOCs.101

OPEC’s refusal to reduce production despite the resulting low oil price may suggest a pivotal shift in oil markets.
Where supply is no longer managed for high prices, but to gain market share or liquidate reserves, low-cost
producers have the least amount of risk, while high-cost producers are more heavily exposed to commodity price risk.

Oil majors today face a historically unique set of market challenges in which they hold diminishing influence over
market share, must seek increasingly high cost reserves, face a global move away from fossil-fuel based energy, and,
at least for now, must compete in a world without OPEC price controls. The Saudi Arabia oil minister recently noted
that,

Efficient markets will determine where on the cost curve the marginal barrel resides. The producers of those high-
cost barrels must find a way to lower their costs, borrow cash or liquidate. It sounds harsh, and unfortunately it is,
but it is the most efficient way to rebalance markets. Cutting low-cost production to subsidize higher cost supplies
only delays an inevitable reckoning.102

This sentiment underscores the need for oil majors and investors alike to recognize and respond to changing market
realities. Responsive steps may include stress testing, a 2-degree business plan, curbing development of high-cost,
high-carbon projects, and diversifying their energy portfolios.103

III. ENERGY TRANSITIONS AND OIL DEMAND 
DESTRUCTION

130

110

120

90

80

100

70
2010 2015 2025 20352020 2030 2040

   

M
M
Bo
e/
d

EIA High Oil Price Outlook 
EIA Reference Outlook 

EIA Low Oil Price Outlook

BP Energy Outlook

ExxonMobil’s Outlook
OPEC WOO Reference

IEA Current Policies

IEA New Policies 
IEA 450 Scenario

Figure 16: Demand Outlooks



Unconventional Risks: The Growing Uncertainty of Oil Investments 24

Bullish demand projections are often used to justify oil exploration and production investment but, as described
below, long-term historical outlooks have not accurately forecast energy demand and changing energy markets,
missing important trends. The oil industry is currently vulnerable to multiple factors that can corrode long-term global
oil demand — leaving the future uncertain for oil majors and their shareholders. As the recent extreme changes in the
U.S. coal market demonstrate, a combination of competition, technology disruption, increasing energy efficiency, and
air quality protections can lead to decreased demand.

Energy Transitions
The lessons of history are clear: no energy product is safe forever. Oil has not always been the primary energy
resource. Big Oil had predecessors in the form of Big Timber, Big Whale Oil, and Big Coal, and dramatic energy
transitions occurred in each of these areas. According to research from Boston University, “Energy consumption in
the U.S. shifted from 70% wood in 1870, to 70% coal in 1900, to 70% oil and gas in 1960.”105 These shifts occurred
within a space of 50 to 100 years or less, or occurred simultaneously, underscoring how quickly economies can
adapt to a new, more convenient, affordable, or otherwise advantageous energy source or technology.

Energy transitions are often incited by disruptive technology. From the 1700s through the mid-1800s, wood was the
controlling fuel source in the U.S.106 Wood was eventually wholly replaced by the burning of coal for power.107 A few
decades later, whale-based energy began and then it too was rendered obsolete. Disruptive technologies emerged in
new refining techniques to extract kerosene from crude oil, as well as by less expensive, less risky, and more
convenient alternatives, such as coal.108 These transitions share important market conditions with those occurring in
current oil markets, including cost increases, energy options with improved functionality (low carbon), and competition
from new market entrants.

Consumers worldwide have demonstrated extreme aptitude for adopting and accelerating rapid technology shifts.
The most relevant example is the “digital revolution” in which consumers globally transitioned from analog, to digital,
to mobile technology. Both phones and cameras were established technologies for over 100 years when the digital
revolution caused these products to rapidly shift to digital formats. This process took down some of the U.S.’ most
established brands and companies that either decided not to make a shift in the face of changing circumstances or
took action too late.109

One of the most iconic examples of the failure to adapt to quickly shifting consumer preferences and changes in
technology is Polaroid.110 With $3 billion in revenue in the early 1990s, Polaroid was a leading Fortune 100 company
and famous U.S. technology brand.111 Fifteen years later, a company that had ruled photography in the U.S. and,
much of the world, for 70 years was bankrupt and its primary product became a cultural symbol of nostalgia. Polaroid
failed to adapt to digital technology and its demise took just five years.112 Just prior to the company’s fall to digital
cameras, Polaroid’s CEO told the press, “[a]nyone who says instant photography is dying has his head in the
sand.”113

Another form of technology transition is “leapfrogging,” in which developing countries readily adopt cost-effective,
advanced technologies, a process facilitated by the fact that these countries are less encumbered by entrenched
prior technologies, infrastructure, and sunk costs. The most iconic and relevant example of leapfrogging is found in
the telecom industry, where developing nations effectively leapfrogged cost-prohibitive, fiber-optic-line infrastructure
by adopting wireless communication technologies.114 Mobile phones had an astounding annual growth rate of 60% in
Africa.115 As of “2005, the fastest growing mobile phone markets, China and India, added 1.3 million mobile phone
subscribers every week and 1.77 million subscribers every month respectively.”116

As was the case with mobile phones, the costs of building centralized energy transmission systems can now, in large
part, be avoided by instead adopting increasingly cheap and effective low-carbon alternatives already being deployed
in OECD countries, including distributed renewable electric power. Renewable energy is particularly well-suited to
lower income countries where, once installed, the energy resource itself is not only free, but pollution free. This
cheaper energy source threatens to also destroy demand for more costly liquid fuels and liquid fuel infrastructure.
Electric vehicles can be charged from solar infrastructure, especially as battery technology matures and becomes



significantly cheaper. In turn battery technologies are likely to reach economies of scale more quickly due to
widespread adoption of renewables used in conjunction with storage.117 Significantly, then, developing nations do not
need to leapfrog cars, transportation, or electricity to develop successfully; they only need centralized power plants
and internal combustion.

There are several lessons one should take away from such energy and technology transitions. Consumers and
societies are happy to rapidly substitute products that help consumers meet their needs faster, more cheaply, or more
conveniently. Changing market fundamentals can eliminate once-leading companies unpredictably; maladaptive firms
may not be able to withstand even the first five years of what is ultimately a decade’s long transition to new energy
technology norms. Time and again, companies in the crosshairs of history fail to recognize the precariousness of their
situation and the need to appropriately, and often times, quickly adapt and diversify their product or business model.

Inaccuracy in Predicting Energy Transitions
Like other industries that failed to adapt in a timely way, part of the reason may have been a “demand misread.”118

Research and projections from the EIA and the IEA are often used by the financial sector to justify significant
investment in particular energy sources. Oil companies also use selected agency scenarios in their analysis of
demand. These agencies have been bullish on oil demand, bearish on disruptive technology and, significantly, have
not adequately addressed climate change in their reference scenarios. While these agencies’ short-term forecasts are
generally fairly reliable on the scale of months, they often make significant errors in projections of multi-year trends.119

Renewables
The IEA’s reference case scenario significantly underestimated the actual, exponential increase in deployment of wind
and solar. For example, in 2006, the IEA predicted that it would take 24 years to reach 87 gigawatts (GW) of global
solar capacity, but this capacity was surpassed by 2012, four times faster than the IEA predicted.120 From 2004 to
2015, the IEA’s reference case projection of 2030 global solar deployment increased 857% from its original forecast of
only 76 GW.121 Wind projections followed a similar trend, with the IEA’s projections for 2030 global wind capacity
increasing more than three-fold (328 GW to 1,046 GW) from 2004 to 2015.122 In contrast, the entity that most
accurately predicted the actual growth of solar markets was the nongovernmental organization Greenpeace.
Greenpeace’s 2004 solar deployment projections, while bold at the time, matched historical outcomes more
accurately than the IEA’s.123
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Coal
Another significant energy transition not recognized in a timely manner was the rapid decline of U.S. coal-fired
electricity generation. In 2007, the peak of U.S. coal use, the EIA’s Annual Energy Outlook reference case projected
that U.S. coal consumption would increase 50% by 2030.124 In reality, coal consumption significantly declined in most
states between 2007 and 2015, marking the beginning of a permanent electric power transition away from coal.125

In contrast, in 2010, As You Sow foretold, in its Financial Risk of Investing in Coal report, the near-term decline
of the U.S. coal industry based on clear and publicly available indicators, including the falling price of substitute
resources, growing public concern over coal’s negative environmental impacts, and increasing regulatory risk, among
others.126 As show in Figure 19, the value of the coal industry fell precipitously following the report’s publication
suggesting such an outcome was possible.

OECD Oil Demand Decline
The EIA and IEA also inaccurately projected oil demand. For example, as shown in Figure 20, oil demand in OECD
nations peaked in 2000, but the EIA’s IEO reference case continued to project a rise in demand until its 2011
International Energy Outlook release, thereby not recognizing OECD’s declining demand for 11 years. Similarly, the
IEA generally overestimated oil consumption over the last 15 years, including missing predictions of peaking OECD oil
demand.127
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Projections must be recognized for what they are, forecasts of possible future outcomes based on current
information. Investors should note the uncertainty and difficulty of accurate projections of energy market performance,
even at the most sophisticated energy agencies in the world. The retrospective record of inaccuracy in some of the
EIA and IEA’s projections underscore the complexity involved in forecasting the scale of disruptive energy sector
trends, the growth and uptake of new technologies, or even to forecast energy demand in the mid- to long-term. This
is a cautionary tale that investors should take into account when assessing oil majors’ bullish predictions about oil
demand, the likelihood of success of potential substitutes, and the majors’ risk analysis going forward.

GDP Decoupling from Energy Emissions
For decades, fossil fuel consumption and GDP growth had an established relationship of correlated growth.128 The
financial sector has historically relied on GDP growth estimates to inform estimates of fossil fuel use, including oil.
GDP projections also form the basis for equity analysis. Given the historical relationship between growth in GDP and
energy demand, it is unsurprising that supermajors and financial analysts would trust that historical trends would
continue into the future. Yet, in 2014, global GDP grew, but carbon emissions from energy remained stable.129 This
was the first modern example of economic growth decoupling from energy emissions on a global scale, undermining
the automatic assumption of a fossil fuels-GDP relationship. This trend held true in 2015, when data confirmed that
2015’s energy-related emissions again stalled while global GDP increased.130

There is no dispute that energy demand is rising in some regions, but whether this new energy demand will be met by
fossil fuels, including oil, is no longer a foregone assumption. An array of factors, including increasing energy efficiency
and substitute technology developments, have come together to contribute to a decoupling that, after two years of
this pattern, appears likely to be the “new normal.”

This trend is also being seen in large regional markets. As an example, China’s National Bureau of Statistics reported
that “industrial production from January [2016] through May [2016] was up 5.9%, while electricity demand rose only
0.9% — suggesting that the decoupling of electricity demand from economic activity that began in 2014 is
continuing.”131

This decoupling is significant. Oil majors often base their demand projections on assumptions that growth in oil use is
required for economic growth, especially in developing countries. The decoupling of energy emissions from economic
growth, however, demonstrates that economic growth in conjunction with declining or stable fossil fuel use is now not
only a goal, but a trend that is likely to continue into the foreseeable future.
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Increased Fuel Efficiency Could Peak Demand
Another key factor to be considered in demand projections is that fuel efficiency improvements in vehicles could
significantly reduce global oil demand. Since 2005, OECD oil demand has peaked, largely due to efficiency gains.132

In the IEA, EIA, and oil majors’ reference scenarios, OECD oil demand will decline modestly moving forward, driven
primarily by government policies on fuel efficiency.133 The prospects for global oil demand growth, therefore, rely
primarily on increased oil demand from developing countries.

Fuel efficiency, however, can play a crucial role in mitigating and potentially peaking oil growth not only in developed
countries, but also in developing nations. Assuming a scenario of continued economic growth, fuel efficiency provides
a means by which countries can increase mobility, while reducing environmental impacts, including air pollution and
global warming—stated goals of many developing nations. Even some of the majors recognize that fuel efficiency is
expected to peak global light-duty vehicle oil demand. For example, ExxonMobil’s 2015 Outlook recognizes that the
global fleet of personal vehicles will nearly double by 2040 due to a growing middle class in developing countries.134

However, increases in fuel efficiency will result in little change to total fuel demand, causing a peak of light-duty vehicle
oil demand by 2020.135 In fact, fuel efficiency could outpace oil industry projections as new technologies are
developed.

Light-Duty Vehicles
Ultra-strong, light-weight materials can decrease car weight by 10-60%, resulting in significantly increased fuel
efficiency.136 Other technologies, such as turbocharged engines, can increase fuel efficiency 20-40%.137 Further,
increasing hybrid and electric vehicle penetration can significantly increase the average fuel economy of the global
vehicle fleet without requiring replacement of existing vehicles. China and India have enacted other significant fuel
efficiency policies to combat air pollution, including limiting car owners to driving only every other day in parts of
China.138

Heavy-Duty Transport
Oil majors predict that heavy-duty transport will be the largest growth area driving global oil demand. The potential for
high demand growth in the sector, however, may be overestimated. Heavy-duty transport demand peaked in OECD

nations prior to 2010.139 The U.S. is moving forward with its first heavy-duty fuel efficiency standards.140 Multiple
efficiency options, such as light weighting, improved aerodynamics, and gains in engine thermal efficiency, are
predicted to create significant efficiencies in U.S. heavy-duty vehicle fuel consumption.141 These technology
developments can be applied to heavy-duty vehicle fleets across the world and in developing countries. In fact,
companies are incentivized to adopt such technologies to reduce fuel costs. The growth in heavy-duty vehicle use
that the majors predict in developing countries is also subject to increasing regulation for air quality improvements,
which has become a major social issue in China and India, among others.142

Other Modalities
There are numerous other fuel efficiency technologies that have the potential to increase fuel efficiencies across all
transportation sub-sectors, including airplanes and marine freights.143 New information technologies can save fuel
across all sectors through advances, such as satellite connected trip planners to minimize traffic; other cloud-based
optimization technologies have already resulted in savings of 10-20% of aviation fuel use.144 Increased urbanization
and smarter public transportation systems can also reduce oil consumption in cities.145

The potential for peaking of global oil demand through fuel efficiency is realistic and underscored in the IEA’s report,
Policy Pathways: Improving the Fuel Economy of Road Vehicles—A Policy package, which outlines policy
recommendations that could peak global transportation energy use by 2020.146 The U.N. Environmental Program,
and other key international organizations, have established the Global Fuel Economy Initiative (GFEI) to enact
efficiency goals to double vehicle efficiency by 2050 and reach goals associated with keeping global temperature rise
under 2-degree Celsius, a scenario in which oil demand peaks in 2020.147 Additionally, a Stanford study found that in
a high fuel efficiency technology scenario, oil demand peaks by 2025.148 In comparison, the majors do not forecast an
oil peak before 2040.



Fuel Substitution by Electric Vehicles
Electric vehicles (EVs) can also significantly and permanently reduce oil demand. Currently, hybrid and electric vehicle
deployment exceeds oil industry outlooks and, assuming current growth rates continue, is on track to meet the IEA’s
2-degree scenario forecast of 80 million electric vehicles on the road by 2025.149 From 2011 to 2014, global EV stock
has more than tripled, and annual sales increased over 600%.150 Bloomberg New Energy Finance predicts that EVs
can displace enough oil demand by 2023 to cause similar oil oversupply conditions as triggered by the 2014 price
collapse; it also projects that electric vehicles will cost less than $22,000 by 2040.151 Hybrids and plug-in hybrids have
even greater potential to disrupt oil demand quickly as they do not require new infrastructure.

Automobile industry leaders are beginning to seriously commit to electric vehicle production. In recent years, major
car brands including Ford, General Motors, Nissan, BMW, KIA, and Toyota have increased hybrids and electric vehicle
offerings.152

Oil majors expect a significant amount of oil demand growth to stem from China and India. However, both countries
have instituted electrified vehicle programs, which will have the effect of deflating oil growth projections. China has
instituted a variety of policies, and has a rigorous fuel efficiency standard, which promotes electric vehicles with the
stretch goal of having five million electric vehicles on the road by 2020.153 EV sales have increased since the inception
of the program, with the first nine months of 2015 seeing double the amount of electric vehicle sales compared to the
previous year.154 China is also home to the world’s largest electric vehicle manufacturer, BYD.155 BYD has had strong
EV sales despite low oil prices, and EVs now account for half of BYD’s profits.156 BYD is also electrifying public
transportation, taxis, and trucking, producing electric buses and light trucks in China and abroad.157 Though new,
initial indicators are good. Orders have included delivery company DHL, Transport for London, and U.S.
transportation organizations.158 As a result of these changes, Deutsche Bank suggests China’s oil demand could be
halved by 2024.159

India has also instituted programs to begin electrifying transportation, and adopted a goal of deploying five to seven
million electric and hybrid vehicles by 2020.160 The government has deployed a program called Faster Adoption and
Manufacturing of Electric Vehicles (FAME). This plan incentivizes EV deployment across vehicle segments in
metropolitan regions of India by financing technology development, demand creation, charging infrastructure, pilot
programs, and research and development.161 India also waives taxes and fees for electric vehicles.162 Though still very
modest, in 2015 Indian electric vehicle sales rose 25%.163 Similar to China, India houses another of the world’s largest
car companies, Tata Motors. Tata Motors is moving toward EV and hybrid production.164 Like BYD, Tata recently won
an important contract to produce electric buses.165 Though the Indian EV market is nascent, it is stirring and
compounds the uncertainty of the majors’ demand projections.

Tata has cited battery cost as a barrier to cost effective production.166 Battery cost, which is a large factor in total EV
cost, is also falling rapidly. From 2007 to 2014, battery costs fell by 14% annually, and are expected to fall another
60% by 2020.167 New advances in manufacturing can reduce battery costs. For example, material-science professor
from MIT, Yet-Ming Chaing, has recently gone public with a new technology that is expected to cut the cost of an
entry-level battery plant by 90%, leading to 30% reductions in total battery cost.168 Similarly, Tesla Motors, one of the
market leaders in cost effective batteries and electric vehicles, is building a battery factory, “the Gigafactory,” to
achieve economies of scale in battery production that have the potential of lowering battery cost by 70%. This
significant price reduction could lead to much higher mass market electric vehicle penetration given the potential for
affordable 200-300 mile range vehicles in coming years.169

Advances in electric vehicles are occurring synergistically with advances in renewable energy. Tremendous research
and investment is going into batteries and other energy storage methods, which will enable widespread renewable
energy generation and reduce the carbon intensity of the power sector. Residential renewable energy systems can be
used to charge electric vehicles, and also act as energy storage, which mitigates power demand peaks that
otherwise strain utility grids. This renewable energy/EV synergy, is enabled through inexpensive, more efficient
batteries, and can provide developing countries opportunities to offset costs of an electric grid and avoid the need for
gasoline infrastructure; leapfrogging directly to new technologies.
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China and India Moving Toward Low Carbon Development
One of the oil majors’ key investment theses is that developing nations, particularly China and India, will grow and be
a source of significant oil demand into the future. India and China will certainly grow, but how much oil is required for
that growth is unclear. China appears to be reducing coal and increasing renewables at scale, suggesting the
beginning of a societal shift toward sustainability. India also has multiple programs in place to reduce use of coal and
increase renewables. If these countries follow trends similar to OECD nations, they are likely to also target
transportation for decarbonization and efficiency.

China’s intended nationally determined contribution (INDC)170 includes agreements to reduce its carbon intensity by
60% from 2005 levels and peak its emissions by 2030.171 China, in an effort to deflate its credit bubble, is enacting
economic policies to shift towards services while also reducing coal use.172 As part of these reforms, China
announced cuts in national coal and steel production, resulting in millions of layoffs in China’s coal industry.173 China’s
coal industry correction suggests a structural move away from coal, with the country’s coal use peaking in 2013, and
coal imports down 30% in 2015.174 At the same time, China is building its renewable portfolio. In the release of its
most recent five year plan, China announced a goal of 20% renewable energy generation by 2030, additions of 58
gigawatts of solar by 2020, and a swath of policies to accelerate distributed solar deployment.175 Currently, China is
the world’s largest wind producer and accounted for 40% of new global solar energy capacity in 2015.176 By the end
of 2014, China had 114 gigawatts of installed wind and added another 32 gigawatts in 2015.177 Further, China has
put in place rigorous carbon intensity targets, with the goal of cutting energy-related carbon intensity by 40-45% by
2020 from 2005 levels.178 China’s coal reduction and renewable energy adoption has resulted, in part, from social
unrest related to its extreme urban air pollution.

India’s pollution problems dwarf China’s.179 Though India has made significant commitments to coal, doubts are being
raised as to whether these coal projects will be built due to solar’s increasing cost competitiveness.180 Branded the
“next solar superpower,” India is planning to add 175 gigawatts of renewables by 2022.181 This solar growth could
make the forecasted coal expansion redundant given that unsubsidized solar is already at or near grid parity with coal
power in India.182 By 2020, Indian solar power prices could be 10% lower than coal prices.183 Where efforts to bring
private capital into India’s coal market have been thwarted by India’s Supreme Court, India raised $100 billion for
renewables projects in 2015 alone.184 The same bidders on India’s coal projects are now also bidding on India’s solar
projects, signaling an interest in India’s energy market generally, rather than coal specifically.185 In an instance that may
be representative of wider trends, land earmarked for a coal plant will now be developed into utility solar.186

Thus, while renewable energy does not yet compete directly with oil, investors should note that India and China are
beginning a path toward decarbonization. The majors’ projections for oil demand in these nations may not account
for demand destruction being put in motion by national decarbonization actions and commitments, or for the
potential that these investments may facilitate the development of competitive technologies, such as solar facilitating
greater electric vehicle use.



Increasing Carbon Regulation Emerging in Response 
to Climate Change
Oil majors — and the financial community — commonly downplay or disregard regulatory risk and its potential
consequences to oil majors. For example, in 2014, ExxonMobil told investors that it does “…not believe a scenario
consistent with reducing GHG emissions by 80 percent by 2050 [the level required to keep warming below 2-degrees
and avoid the worst effects of climate change], lies within the ‘reasonably likely to occur’ range of planning
assumptions, since we consider the scenario highly unlikely.”187 ExxonMobil further opined that “an artificial capping of
carbon-based fuels to levels in the ‘low carbon scenario’ [such as IEA 450ppm] is highly unlikely….”188

And yet, at COP21 in Paris in December 2015, international negotiations resulted in a historic agreement by 195
nations to address climate change and to keep global warming below 2-degrees Celsius. The Paris Accord is
underpinned by action plans called Intended Nationally Determined Contributions (INDCs), which are documents that
outline how nations plan to implement the carbon reduction targets they committed to delivering.189 In most countries,
INDCs have political momentum and will form the basis
for future actions on climate change.190 When
implemented, current INDCs will limit global warming
from climate change to 2.7 degrees Celsius.191 Further,
parties also agreed to transparency on their
implementation of INDCs, with a five-year ratcheting
mechanism to move countries toward the 2-degree
goal. More significantly, world leaders agreed to work to
limit warming to 1.5 degrees Celsius in the future.192 With
INDCs in place, uncertainty regarding whether a 2-
degree target will be reached is reduced.

Even the growth of existing laws to address climate
change have generally not been fully accounted for by
industry or analysts. A study reviewing legislation from
the 99 countries responsible for 93% of global emissions
found that climate change legislation has doubled every
five years since 1997.193 At the end of 2014, there were
804 climate change laws in effect globally.194 In the countries studied, 80% have renewable energy targets and 90%
have low-carbon energy targets.195 Climate legislation can regulate carbon dioxide directly, such as a carbon tax, or
the commodities that produce greenhouse gases, such as a gas tax.

Climate change legislation is growing globally and in many cases faster in non-OECD nations, which are often more
vulnerable to negative impacts from climate change.196 For instance, China is on the cusp of deploying a carbon
market, which appears likely to be one of the world’s largest and most sophisticated.197 Meanwhile, India plans to
double its coal tax.198 Increasing regulation of carbon-intense commodities in the countries oil majors are relying on for
demand growth should give investors pause.

Environmental laws that have indirect climate benefits can also powerfully affect oil and gas demand prospects.
Indirect climate laws such as those to protect public health can have the effect of reducing carbon emissions and
fossil fuel use. An example of indirect climate legislation is the increasing restrictions and bans on gasoline powered
car sales. Norway, for instance, seems likely to ban the sale of gasoline cars after 2025, and a similar bill has been
proposed in Denmark.199 Additionally, cities including Paris, Madrid, Dublin, Copenhagen, Milan, Chengdu, Helsinki,
Hamburg, and Oslo are significantly expanding “car free” zones, which, while not a total ban, could have serious
effects on the use of light-duty vehicles in these cities.200 Other megacities such as Sao Paolo and Mexico City have
permanent restrictions on car use based on congestion.201 In this way, indirect environmental regulation can have
noteworthy effects on fossil fuel demand and can set precedent for, and help create the infrastructure that supports,
further fossil fuel demand reductions going forward.
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IV. SOCIAL MOVEMENTS AND REGULATORY RISK

COP21 was definitely 
a watershed. There will

be a ‘before’ and 
‘after’ COP21........

–Patrick Pouyanne,
Total Chairman and CEO
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Carbon asset risk is increased by regulatory risk. Carbon asset risk refers to the risk that fossil fuel reserves may
become stranded and unsaleable in the future. Stranding can occur due to market forces, as we are seeing with the
oil price drop, but can also occur due to government prohibitions limiting use of a carbon-based commodity. The
amount of fossil fuels that can be burned before runaway climate change occurs is limited; nearly two-thirds of known
reserves cannot be burned without severe climate repercussions.202 Barclays predicts that in a 2-degree world, the oil
industry is posed to lose $22 trillion of potential revenue, which gives a sense of the enormous magnitude of
regulatory risk facing the oil industry.203 Additionally, the projected lost revenue from oil is the most exposed of all fossil
fuels and is much larger than the expected revenue losses from coal (which has already lost significant value) at $5.8
trillion, and natural gas, at $5.5 trillion.204

Social Movements Driving Regulatory Changes
Perhaps more important than the laws currently on the books is the growing, sustained, global social movement to
address climate change. This global movement, made up of a broad and diverse array of civil society groups across
the world, was formed in response to the longstanding failure of government to act in the face of devastating and
escalating climate risk. The coming together of millions of people to demand climate action at December 2015’s
COP21 meeting was an undeniable force in world governments’ decision to act to curb greenhouse gas emissions.205

These groups continue to demand immediate action to address climate change by governments, corporations, and
even the markets that finance them.

In the U.S. alone, a wide range of movements are occurring simultaneously and converging. This includes work by
sophisticated NGOs, such as the Sierra Club’s “Beyond Coal” Campaign, which is often credited with successfully
helping to stop the licensing of 170 U.S. coal projects.206 The Beyond Coal campaign helped to phase out nearly 
40% of U.S. coal fired power plants which, together with low gas prices and increasingly competitive renewables,
undermined the U.S. coal industry, and stranded billions of dollars of coal assets.207 Peabody (the largest coal
company in the U.S.) noted that fossil fuel divestment advocacy might adversely affect demand for, and the price of,
its stock, and limit its access to capital and financial markets, disclosing this as a material risk in its annual report.208

Peabody, Arch Coal, and Alpha Natural Resources — some of the largest coal companies in the world — filed for
bankruptcy in 2015 and 2016.209 It is worth nothing that the bankruptcies of Peabody, Arch Coal, and Alpha Natural
Resources were preceded by the bankruptcy of dozens of smaller coal companies; a trend of bankruptcies of smaller
companies has recently occurred in the oil industry.210

In many ways, the social opposition faced by coal is a litmus test for the oil industry. Anti-Keystone XL pipeline
activism helped prevent Keystone XL, once a $2.9 billion project, from being built, which led to other pipeline
cancellations.211 Similarly, social activism targeting hydraulic fracturing (fracking) projects presents risks to oil majors’
extraction of tight oil. Fracking has faced serious opposition over water contamination, environmental damage, and
negative community impacts. In the U.S., there have been dozens of local resolutions against fracking, with a number
of categorical fracking bans, including the state of New York.212 Internationally, France has banned fracking and
Germany’s moratorium has hindered tight oil production in the region.213 Fracking bans have the potential to affect
future oil supply, as tight oil is the primary growth area in U.S. oil production and many new international fields are tight
oil shale deposits.

A broad range of indigenous peoples worldwide have established a strong “Keep it in the Ground” campaign to
prevent fossil fuels from being extracted. At the same time, movements have developed to oppose U.S. federal oil
leasing, privatization of federal real estate for oil and gas development, and to oppose local and regional oil and gas
infrastructure, including actions against expansion of existing pipelines, new compression stations, and oil and coal
trains based on the grounds of climate, health, safety, and property rights.214

Also of potential relevance is the fossil fuel divestment movement, which asks individuals and groups to divest fossil
fuel holdings in their investment portfolios. A growing group of foundations, cities, university endowments, faith-based
groups, health-based organizations, individuals, and pension funds with a combined $3.4 trillion of assets under
management, have agreed to undertake a spectrum of fossil fuel divestment commitments; with many groups
excluding from their portfolio the top 200 companies with the largest fossil fuel reserves.215 This movement, once



dismissed by the oil industry, has attracted the attention and participation of major institutional investors.216 The
movement has been effective in focusing worldwide attention on the link between climate change and fossil fuels, has
gained tremendous media attention, and continues to grow affiliates across the world. Even the former Chairman of
Shell, Sir Mark Moody-Stuart, noted that fossil fuel divestment is a ‘rational’ response to the oil industry’s lack of
action on climate change.217

Conflicts between civil society and the fossil fuel industry can often introduce unforeseen costs, such as increased
staff time, fines, litigation, opportunity costs, design modification costs, discontinued operations, and others.218 It is
estimated that public campaigns against tar sands cost the oil industry $17.1 billion.219 Activism and litigation against
Shell’s Arctic drilling led to both restricted permits and a narrow drilling window, which was then narrowed further
when activists physically blocked the transportation of drilling rigs.220 This, combined with falling oil prices, led to
Shell’s ending the Arctic drilling effort — a decision which cost the company’s shareholders $7 billion.221

Other social action includes focused media stories. ExxonMobil is being called to account for the fact that, beginning
in the 1970s, its scientist and engineers had made early accurate forecasts about the potential harm of climate
change, yet the company was alleged to have spent millions in corporate funds to obfuscate the existence of climate
change.222 What was initially a media-story has now expanded to allegations of fraud to shareholders by various
attorneys general.

Social risk is not generally priced into or accounted for by the majors or the financial community.

Oil Majors’ Demand Forecasts on a “Collision Course” 
with Climate Change
The most obvious problem with oil majors’ demand projections is what happens to the climate if they are accurate. If
oil majors’ demand projections are actualized, without immediate, equivalent, cost effective, and successful long term
carbon capture and storage, the result will be a rise in global temperature somewhere between 3.6 to 5.5 degrees
Celsius.223 Such temperature rise ensures cataclysmic climate change and global impacts across all nations and
societies, making it difficult to maintain a functioning economy.

Every degree of warming brings about damage at a massive scale, which can escalate unpredictably and
exponentially. At 2-degrees, intense weather events, including wildfires, heat waves, and storms — which have
already begun devastating people and the economy worldwide — would be more intense, with hurricanes exceeding
category five, weather patterns dominated by Super El-Nino’s, and unprecedented heat.224 At 3-degrees, global
economies would see “massive disruptions,” including unstable food supply, resource wars, and large movements of
climate refugees due to rising sea levels inundating many of the world’s coastal megacities.225 At 3-degrees,
substantial global glacial loss will likely have occurred, and the Amazon may have desiccated into grasslands.226

Anders Levermann, professor at the Potsdam Institute, told press that “[i]n short, beyond 2-degrees of warming we
are leaving the world as we know it.”227

The world in a 4-degree scenario has been described as “a different planet.”228 Humans and animal life may not be
capable of surviving four degrees. At 4-degrees, the loss of forests, topsoil, and ocean life (such as corals, plankton,
and algae) further compounds global warming, by both releasing otherwise stored carbon dioxide, and by failing to
produce oxygen.229 Atmospheric oxygen levels could drop inverse to rising carbon levels, leading to “mass mortality”
in humans and animals.230 Feedback loops, such as methane releases from defrosted permafrost that intensify global
warming, may be irrevocable.231 These devastating impacts only get worse at 5 to 6 degrees Celsius, which would
likely lead to large scale extinction of plants and animals and overwhelm society.

The majors’ failure to recognize the globally catastrophic results of achieving their demand projections should alarm
investors. If global governments fall short of maintaining global warming at or below 2-degrees Celsius, it is unclear
whether societies will exist as they do today, and whether markets will exist in which to sell oil.
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V. CONCLUSION
Transitions occur with regularity across the economic landscape. While change can be perceived as catastrophic, or
as progress, the inevitability of change is clear. Already this decade we have seen energy segments transformed. Coal
is foundering — not just in the U.S, but in what were recently seen as sure footholds across the globe — and new
energy sources and technologies are beginning to thrive.

While still not widely recognized, the oil industry is also within the crosshairs of change. Many of the companies that
brought this transformative energy to the world are coming under increasing pressure across a range of issues, from
competitive economics, to the fast approaching impact of climate change and the global strategic response to it.
Investors may be incredulous that the financial stability of oil majors, which have been anchors in the worldwide
economy for nearly a century, is in question. However, even large, important companies can eventually become
unprofitable.

Oil majors’ financial performance is already declining, a slide which began in a period experiencing some of the
highest oil prices in history. While the market remains bullish on oil, expecting a price rebound, it is becoming
increasingly clear that the past is not an indicator of the future for this market, and that no rebound can fully protect oil
against the economic realities of an increasingly costly product, growing competition from new technologies, and a
need to quickly reduce use of fossil fuels. In fact, the high oil prices that would sustain oil companies will, at the same
time, ensure that substitutes and alternatives become increasingly cost-effective, accelerating the replacement of
oil.232

The sheer size of the oil majors is no guarantee against decline. At the time of its collapse, Lehman Brothers was an
150 year old company with $600 billion in assets, nearly twice BP’s current asset base.233 Lehman Brothers had
never posted a loss until June 2008, yet the Company declared Chapter 11 Bankruptcy by September.234 As recently
as weeks before its bankruptcy, Lehman Brothers was still raising capital and “investors renewed hopes that the
troubled investment bank was moving closer to raising capital to buffer it against a deteriorating economic
environment.”235

This paper does not argue that any future is foretold for oil majors or the larger community of independent oil
producers — only that acknowledging signs of change and planning appropriate action is imperative. Oil majors have
options to respond to coming changes if they begin to act now; however there is tremendous opportunity cost in
delaying responsive action. New policies, such as carbon pricing, which Exxon has recently begun vocally supporting,
could help send the market signals necessary to help the majors transition. Similarly, dramatic cost reductions,
including substantial technology innovations, would help reduce some aspects of investor concern. Other potential
options include:

1. Shrink to grow. Majors have the option of divesting areas of their business that are not profitable at low oil
prices, and operating as leaner, stronger companies. This is the strategy recently adopted by Conoco Philips.236

Carbon Tracker argues that the majors can maintain profitable business operations through an aggressive adoption of
“shrink to grow” policy exercising the capital discipline to decline projects that require a high oil price. To accomplish
this successfully, the majors would need to accept a demand forecast which comports with a 2-degree limit on global
warming.237 If the majors do not rapidly unwind high-oil cost projects and plan for a 2-degree compliant demand
scenario, if they carry on with business as usual, investors remain at risk.

2. Diversify into growing areas of the energy sector. Exxon, Chevron, and BP, each invested and then
divested renewable energy divisions between 2000 and 2008. Since then, the majors’ have not made significant new
investments in sustainable technology, which is more likely than oil to have a place in the low carbon economy. While
at that time, the market may not have been sufficiently responsive to such innovative investments, it is becoming
evident that significant new investment in sustainable technology is now more likely than oil to have a place in the
emerging low carbon economy. Total provides an example of an oil and gas company successfully diversifying into
low carbon technology, with a majority stake in Sunpower, the world’s largest solar panel producer, and a planned
purchase of French battery maker Saft Groups SA. While each company must forge its own path, shareholders must
be confident oil majors are sufficiently responsive to changing energy markets, including intensifying climate
imperatives, and are proactive in remaining competitive.



3. Yield companies, Master Limited Partnerships, Royalty Trusts. Yield companies, Master Limited
Partnerships (MLPs), and Royalty Trusts offer tools for oil companies to create stand-alone business units out of their
riskiest divisions or assets, protecting the stable and value generating elements of their companies, reducing capital
costs for their primary company, and helping to resolve mounting threats to liquidity. These vehicles are being used
more widely across the energy sector and are available as three of the many options the majors can take advantage
of if they decide to minimize their — and their investors’ — exposure to unprofitable, high risk portions of their
business.

4. Legacy production. Rather than pursuing unconventional resources, the majors could continue to produce their
remaining conventional reserves, which are substantial. However, given the market penalty Exxon suffered for not
maintaining market expectations on reserves, it is unclear how successful this strategy will be without changes to
reserve reporting requirements and broad market re-education. This strategy is likely be more successful in
combination with diversification, including diversification into renewable energy resources.

5. Consulting. Like Xerox and IBM, which successfully shifted from hardware into services in the face of market and
technology changes, the majors have specialized expertise they can offer oil markets. Indeed, the majors already do
provide significant consulting services to NOCs, an area which could feasibly grow.

6. Disclosures. Transparency and disclosure to shareholders about risks associated with changing energy markets,
and the company’s plans for addressing those risks — including risks associated with the Paris Agreement to
maintain global warming below 2-degrees Celsius — are critically important to shareholders in assessing the
company’s competitiveness and value. As demonstrated over the past three years by shareholder engagements and
resolutions asking energy companies to address carbon asset risk and the 2-degree scenario, among other similar
issues, shareholders are actively seeking such disclosure.

As outlined in this paper, it is becoming increasingly clear that the oil industry is faced with an array of forces that are
acting simultaneously to bring about permanent oil demand destruction and unrelenting competition to market share.
Whether demand destruction occurs in the short or mid-term, future demand is unlikely to match the current
optimistic projections of oil majors. As demand declines, oil majors will have to compete with lower cost NOCs for the
remaining market share.

Most oil majors do not yet appear to be sufficiently responsive to these shifts. Oil majors are operating within a closing
window in which they still have the financial strength and investor confidence to act responsively to ensure their
businesses thrive into the future. Those steps could mean assuming a 2-degree scenario and modifying their
businesses accordingly; rapidly diversifying into generalized energy companies; growing their consulting businesses;
and more. However, until the majors take forward steps, investors are increasingly at risk.

Successful investors will be those who recognize this transitional moment in energy markets, and unflinchingly assess
the financial condition and future potential of oil companies, including the majors. This assessment must be based on
the market's trajectory, rather than on the company’s history, which is likely to differ substantially from its future. As is
so commonly stated — but often little heeded — past performance does not predict future results.
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APPENDIX: FINANCIAL CHARTS OF OIL MAJORS

50 2.00

40
1.50

30
1.00

20

0.50
10

0 0.00

2000 2002 2004 2006 2008 2010 2012 2014

    

Net Inc. ($Bill)
Total Debt ($Bill)

CapEx ($Bill)
Brent Oil Price (Ratio)

End Cash ($Bill)
Production (Ratio)

$ 
in

 B
illi

on
s

O
il P

ro
du

ct
io

n 
& 

O
il P

ric
e 

Ra
tio

ExxonMobil: Key Financials 2000-2015

50 2.00

40
1.50

30
1.00

20

0.50
10

0 0.00

2000 2002 2004 2006 2008 2010 2012 2014

    

$ 
in

 B
illi

on
s

O
il P

ro
du

ct
io

n 
& 

O
il P

ric
e 

Ra
tio

Net Inc. ($Bill)
Total Debt ($Bill)

CapEx ($Bill)
Brent Oil Price (Ratio)

End Cash ($Bill)
Production (Ratio)

Chevron: Key Financials 2000-2015

40 2.00

30
1.50

20

10 1.00

0
0.50

-10

-20 0.00

2000 2002 2004 2006 2008 2010 2012 2014

    

$ 
in

 B
illi

on
s

O
il P

ro
du

ct
io

n 
& 

O
il P

ric
e 

Ra
tio

Net Inc. ($Bill)
Total Debt ($Bill)

CapEx ($Bill)
Brent Oil Price (Ratio)

End Cash ($Bill)
Production (Ratio)

ConocoPhillips: Key Financials 2000-2015



Unconventional Risks: The Growing Uncertainty of Oil Investments 37

70 2.00

40

1.5050

60

30
1.00

20 0.50

10

0 0.00

2000 2002 2004 2006 2008 2010 2012 2014

    
$ 

in
 B

illi
on

s

O
il P

ro
du

ct
io

n 
& 

O
il P

ric
e 

Ra
tio

Net Inc. ($Bill)
Total Debt ($Bill)

CapEx ($Bill)
Brent Oil Price (Ratio)

End Cash ($Bill)
Production (Ratio)

Shell: Key Financials 2000-2015

60 2.00

50

40

30

1.50

20
1.00

10 0.50

0

-10 0.00

2000 2002 2004 2006 2008 2010 2012 2014

    

$ 
in

 B
illi

on
s

O
il P

ro
du

ct
io

n 
& 

O
il P

ric
e 

Ra
tio

Net Inc. ($Bill)
Total Debt ($Bill)

CapEx ($Bill)
Brent Oil Price (Ratio)

End Cash ($Bill)
Production (Ratio)

BP: Key Financials 2000-2015

60 2.00

50

40
1.50

30 1.00

20
0.50

10

0 0.00

2000 2002 2004 2006 2008 2010 2012 2014

    

$ 
in

 B
illi

on
s

O
il P

ro
du

ct
io

n 
& 

O
il P

ric
e 

Ra
tio

Net Inc. ($Bill)
Total Debt ($Bill)

CapEx ($Bill)
Brent Oil Price (Ratio)

End Cash ($Bill)
Production (Ratio)

Total: Key Financials 2000-2015



Unconventional Risks: The Growing Uncertainty of Oil Investments 38

I The International Panel on Climate Change has concluded that 2-degrees Celsius of global warming is an upper limit beyond which the risks of grave damage to
ecosystems, and of non-linear responses, are expected to increase rapidly. “1.2.2. What is Dangerous Interference with the Climate System,” IPCC Fourth
Assessment Report: Climate Change 2007, Intergovernmental Panel on Climate Change, https://www.ipcc.ch/publications_and_data/ar4/wg3/en/ch1s1-2-
2.html; “450 Scenario: Methodology and Policy Framework,” International Energy Agency, 2011,
https://www.iea.org/media/weowebsite/energymodel/Methodology_450_Scenario.pdf. 

II “Glossary,” U.S. Energy Information Service, http://www.eia.gov/tools/glossary/index.cfm?id=C. 

III “Annual Energy Outlook 2015 with projections to 2040,” U.S. Energy Information Administration, April 2015, p. A-39, Table A21-International petroleum and other
liquids supply, disposition, and prices (Global Petroleum and Other Liquids), http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf. 

IV “Members and partners”, OECD, http://www.oecd.org/about/membersandpartners/. 

1 For more detail on oil stocks’ decreasing weight in the S&P index, see Eisen, Ben, “One Reason Oil May Not Stay in the S&P 500′s Driver’s Seat”, March 14,
2016, The Wall Street Journal, http://blogs.wsj.com/moneybeat/2016/03/14/one-reason-oil-may-not-stay-in-the-sp-500s-drivers-seat/. 

2 Leaton, James, et al., “Carbon Supply Cost Curves: Evaluating Financial Risk to Oil Capital Expenditures,” Carbon Tracker Initiative, May 2014, p. 2,
http://www.carbontracker.org/wp-content/uploads/2014/09/CTI-Oil-Report-Oil-May-2014-13-05.pdf.

3 Leis, Jorge, et al., “National Oil Companies Reshape the Playing Field,” Bain & Company Insights, October 10, 2012,
http://www.bain.com/publications/articles/national-oil-companies-reshape-thse-playing-field.aspx.

4 Click, Christopher, et al., “Rediscovering the Art of Exploration: Practical Steps to Establishing a High-Performance Exploration Organization,”
PricewaterhouseCoopers, 2013, p. 5, http://www.strategyand.pwc.com/media/file/Strategyand_Rediscovering-the-Art-of-Exploration.pdf.

5 “The Global Oil Industry: Supermajordämmerung, the day of the huge integrated international oil company is drawing to a close,” The Economist, August 3, 2013,
http://www.economist.com/news/briefing/21582522-day-huge-integrated-international-oil-company-drawing. 

6 As You Sow Analysis.

7 Id.

8 Stevens, Jason, et al., “Capital Inefficiency: The Majors’ Quest to Improve Returns and Why It’s Likely to Fail,” Morningstar Energy Observer, October 2014; 
see also Schaps, Karolin and Bousso, Ron, “Big Oil to Cut Investment Again in 2016,” Reuters, January 3, 2016, 
http://www.reuters.com/article/us-oil-companies-investments-idUSKBN0UH0AB20160103.

9 As You Sow Analysis.

10 As You Sow Analysis.   

11 Capalino, Reid, et al., “From Capex Growth to Capital Discipline? Cost, Risk, and Return Trends in the Upstream Oil Industry,” Carbon Tracker Initiative & Energy
Transition Advisors, May 8, 2014, p. 9, http://www.carbontracker.org/wp-content/uploads/2014/05/Chapter2ETAcapexfinal1.pdf.  

12 As You Sow Analysis. 

13 As You Sow Analysis.

14 Gilbert, Daniel and Fowler, Tom, “Exxon and Chevron Miss Out on U.S. Oil Boom: The Country Is Producing More Oil and Gas, but Output at Big Oil Companies
Has Sagged,” The Wall Street Journal, July 31, 2013, http://www.wsj.com/articles/SB10001424127887324170004578638481375666200; Holton, Kate,
“Shell Warns of 'Significant' Profit Miss,” Reuters, January 17, 2014, http://www.reuters.com/article/us-shell-warning-idUSBREA0G0B220140117; 
Boyle, Catherine, “BP Warns on Oil Price After Announcing $6.3B Loss,” CNBC, July 28, 2015, http://www.cnbc.com/2015/07/28/bp-swings-to-2q-loss-of-
63-billion-as-oil-price-falls-bite.html.

15 Adams, Christopher, “Oil Majors Pile on Record Debt to Plug Cash Shortfalls,” Financial Times, March 22, 2015, 
http://www.ft.com/intl/cms/s/2/fc15b520-cf2b-11e4-9949-00144feab7de.html#axzz42Djkx0H7; Bousso, Ron, “Top Oil Companies Raise More Debt
Than Ever in 2015,” Reuters, March 20, 2015, http://www.reuters.com/article/us-oil-debt-idUSKBN0MG22B20150320; Ailworth, Erin, et al., 
“Deep Debt Keeps Oil Firms Pumping: Producers Have Increased Their Borrowings by 55% Since 2010,” The Wall Street Journal, January 6, 2015,
http://www.wsj.com/articles/deep-debt-keeps-oil-firms-pumping-1420594436. 

16 Barron, Jeff, “As Cash Flow Flattens, Major Energy Companies Increase Debt, Sell Assets,” U.S. Energy Information Administration, July 29, 2014,
http://www.eia.gov/todayinenergy/detail.cfm?id=17311. 

17 Eddings, Cordell and Stam, Elliott, “Chevron Raises $6 Billion from Bond Deal Repaying Borrowings,” Bloomberg, February 24, 2015,
http://www.bloomberg.com/news/articles/2015-02-24/chevron-said-to-plan-bond-sale-in-second-deal-since-oil-plunge; Cherney, Mike, 
“Exxon Offers $12 Billion Bond Issue,” The Wall Street Journal, February 29, 2016, http://www.wsj.com/articles/exxon-offers-12-billion-bond-issue-
1456781873; Jackson, Gavin, “Corporate Bond Markets Thaw for Spring,” Financial Times, March 7, 2016,
http://www.ft.com/intl/cms/s/0/40d7b82c-e211-11e5-8d9b-e88a2a889797.html#axzz42Djkx0H7. 

18 Carroll, Joe, “Exxon Faces First Downgrade Since Depression as Oil Rout Worsens,” Bloomberg, February 2, 2016,
http://www.bloomberg.com/news/articles/2016-02-02/chevron-hess-join-ranks-of-downgraded-crude-oil-explorers. See also Kent, Sarah and
Olson, Bradley, “Big Oil Opts for Payouts Over Debt Rating: As Cheap Oil Siphons Cash, Companies Borrow to Pay Dividends, Threatening Credit Standing,” 
The Wall Street Journal, February 4, 2016, http://www.wsj.com/articles/big-oil-opts-for-payouts-over-debt-rating-1454612770. 

19 Id.

20 Carroll, Joe and Loder, Asjylyn, “ExxonMobil Loses Top Credit Rating It Held Since Depression,” Bloomberg, April 26, 2016,
http://www.bloomberg.com/news/articles/2016-04-26/exxon-mobil-loses-top-credit-rating-it-held-since-depression.  

21 “ExxonMobil Loses Top Credit Rating it has Held Since the Depression,” The Business Times, April 27, 2016, http://www.businesstimes.com.sg/energy-
commodities/exxon-mobil-loses-top-credit-rating-it-held-since-depression-0. See also Holter, Mikael and Katakey, Rakteem, “Oil Rout Prompts Moody’s
to Consider Shell, Total for Downgrade,” Bloomberg, January 22, 2016, http://www.bloomberg.com/news/articles/2016-01-22/oil-rout-prompts-moody-
s-to-consider-shell-total-for-downgrade; Carroll, Joe, “Exxon’s Downgrade Threats Mount as Oil Rebound Prospects Dim,” Bloomberg, February 25, 2016,
http://www.bloomberg.com/news/articles/2016-02-25/exxon-has-aaa-rating-affirmed-by-moody-s-with-negative-outlook; Olson, Bradley, “Exxon
Fails to Replace Oil, Gas Production for First Time in 22 Years,” The Wall Street Journal, February 21, 2016, http://www.wsj.com/articles/exxon-fails-to-
replace-oil-gas-production-for-first-time-in-22-years-1455926914. 

22 “Moody’s to use greenhuse gas emission reduction scenario consistent with Paris Agreement to analyze carbon transition risk”, Moody’s Investor Service, June 28,
2016, https://www.moodys.com/research/Moodys-to-use-greenhouse-gas-emission-reduction-scenario-consistent-with--PR_351269.

23 As You Sow Analysis.  

24 As You Sow Analysis.

25 As You Sow Analysis.

26 “Annual Report and Form 20-F 2015,” British Petroleum, http://www.bp.com/content/dam/bp/pdf/investors/bp-annual-report-and-form-20f-2015.pdf;
“2015 Edition: Form 20-F,” Total Energy, http://www.total.com/sites/default/files/atoms/files/form_20-f_2015_web_version.pdf. 

27 Kent, Sarah and Olson, Bradley, “Big Oil Opts for Payouts Over Debt Rating: As Cheap Oil Siphons Cash, Companies Borrow to Pay Dividends, Threatening
Credit Standing,” The Wall Street Journal, February 4, 2016, http://www.wsj.com/articles/big-oil-opts-for-payouts-over-debt-rating-1454612770.  

ENDNOTES



28 Kent, Sarah, “Oil Majors’ Dividends Survive Plunge in Oil Prices,” The Wall Street Journal, November 15, 2015, 
http://www.wsj.com/articles/oil-majors-dividends-survive-plunge-in-oil-prices-1447634165.  

29 Kent, Sarah and Scheck, Justin, “Cash Crunch Clouds Future for Oil Firms: Spending on New Projects, Share Buybacks and Dividends Outstrips Cash Flow,” 
The Wall Street Journal, October 25, 2015, http://www.wsj.com/articles/cash-crunch-clouds-future-for-oil-firms-
1445816429?cb=logged0.7202514705713838. Most oil companies do not offer investors compelling growth prospects as they focus on replacing reserves
pumped every year; thus, any reduction in dividend would likely result in a decrease in share price. See Kent, Sarah, “Oil Majors’ Dividends Survive Plunge in Oil
Prices,” The Wall Street Journal, November 15, 2015, http://www.wsj.com/articles/oil-majors-dividends-survive-plunge-in-oil-prices-1447634165.  

30 Kent, Sarah, “Oil Majors’ Dividends Survive Plunge in Oil Prices,” The Wall Street Journal, November 15, 2015, 
http://www.wsj.com/articles/oil-majors-dividends-survive-plunge-in-oil-prices-1447634165.  

31 Kent, Sarah and Scheck, Justin, “Cash Crunch Clouds Future for Oil Firms: Spending on New Projects, Share Buybacks and Dividends Outstrips Cash Flow,” 
The Wall Street Journal, October 25, 2015, http://www.wsj.com/articles/cash-crunch-clouds-future-for-oil-firms-
1445816429?cb=logged0.7202514705713838. 

32 Carroll, Joe and Loder, Asjylyn, “Oil Companies Curtail Spending on Everything—Except Dividends,” Bloomberg, October 28, 2015,
http://www.bloomberg.com/news/articles/2015-10-28/exxon-raises-annual-dividend-payout-for-33rd-consecutive-year. 

33 As You Sow Analysis; Annual (closing price) dividend payments for Chevron, Total, BP, Shell, Total, ExxonMobil, and Conoco-Philips can be found at “Dividend
History,” Nasdaq, http://www.nasdaq.com/quotes/dividend-history.aspx. 

34 Kent, Sarah, “Oil Majors’ Dividends Survive Plunge in Oil Prices: Even as Earnings Fell, Pay Out to Investors Rose in the First Nine Months of this Year,” 
The Wall Street Journal, November 15, 2015, http://www.wsj.com/articles/oil-majors-dividends-survive-plunge-in-oil-prices-1447634165.  

35 Carroll, Joe and Loder, Asjylyn, “Oil Companies Curtail Spending on Everything—Except Dividends,” Bloomberg, October 28, 2015,
http://www.bloomberg.com/news/articles/2015-10-28/exxon-raises-annual-dividend-payout-for-33rd-consecutive-year.   

36 See Lazonick, William, “Profits Without Prosperity,” Harvard Business Review, September 2014, https://hbr.org/2014/09/profits-without-prosperity; 
Dobbs, Richard and Rehm, Werner, “The Value of Share Buybacks,” McKinsey&Company, August 2005,
http://www.mckinsey.com/insights/corporate_finance/the_value_of_share_buybacks. 

37 As You Sow Analysis.

38 As You Sow Analysis.

39 As You Sow Analysis.

40 As You Sow Analysis. 

41 Anderson, Sarah, et al., “Money to Burn: How CEO Pay is Accelerating Climate Change,” Institute for Policy Studies, September 2, 2015, p. 4, 
http://www.ips-dc.org/wp-content/uploads/2015/09/EE2015-Money-To-Burn-Upd.pdf. 

42 Id. at p. 9.

43 Leaton, James, et al. “Carbon Supply Cost Curves: Evaluating Financial Risk to Oil Capital Expenditures,” Carbon Tracker Initiative, May 2014, p. 20,
http://www.carbontracker.org/wp-content/uploads/2014/09/CTI-Oil-Report-Oil-May-2014-13-05.pdf. 

44 Id. At p. 17-18.

45 Id. at p. 22-23.

46 Miller, Leanne, “Oil About to Get Bullish, but Stocks Another Story: Analyst,” CNBC, January 17, 2016, http://www.cnbc.com/2016/01/15/oil-about-to-get-
bullish-but-stocks-another-story-analyst.html; Sharples, Ben, “Oil Rebound Has Citigroup Seeing Worst Over for Commodities,” Bloomberg, May 23, 2016,
http://www.bloomberg.com/news/articles/2016-05-24/oil-s-rebound-has-citigroup-seeing-worst-over-for-commodities; Bird, Mike, “BARCLAYS: 
Oil Prices Will Come Surging Back Much Faster than the Market Expects,” Business Insider, October 15, 2015, http://www.businessinsider.com/barclays-
researchers-forecast-a-major-oil-price-rebound-in-2016-2015-10?r=UK&IR=T. Through Q1 2016, some banks and analysts have defected 
from the idea of a near-term rebound. See Kingsbury, Kevin, “J.P. Morgan: This Oil Slump is Different,” The Wall Street Journal, March 9, 2016,
http://blogs.wsj.com/moneybeat/2016/03/09/j-p-morgan-this-oil-slump-is-different/; Mandagolathur, Raghu, “Drop in Oil Price is Structural 
Not Cyclical Says Fereidun Fesharaki,” CFA Institute, February 16, 2015, https://meic.cfainstitute.org/2015/02/16/drop-in-oil-price-is-structural-not-
cyclical-says-fereidun-fesharaki/; Smith, Grant, “Oil’s Recovery Looks Fragile to Goldman Sachs as Supplies Return,” Bloomberg, June 15, 2016,
http://www.bloomberg.com/news/articles/2016-06-15/oil-s-recovery-looks-fragile-to-goldman-sachs-as-supplies-return.

47 Note that one analyst can provide much of the equity analysis for a given sector or industry within a financial institution, as demonstrated here, thereby tending to
necessarily reduce the diversity of opinion regarding a company’s prospects. Reports reviewed include the following: (2015 reports) Neoh, Jia “BP”, S&P Capital
IQ, Standard & Poor’s, October 31, 2015; Glickman, Stewart, “Chevron”, S&P Capital IQ, Standard & Poor’s, October 31, 2015; Glickman, Stewart,
“ConocoPhillips”, S&P Capital IQ,  Standard & Poor’s, October 31, 2015; Glickman, Stewart, “Royal Dutch Shell Plc”, S&P Capital IQ, Standard & Poor’s, 
October 31, 2015; Glickman, Stewart, “ExxonMobil Corp”, S&P Capital IQ, Standard & Poor’s, October 31, 2015; King, William, and Glickman, Stewart, 
“ Total”, S&P Capital IQ, Standard & Poor’s, October 31, 2015; Westlake, Edward and Combs, Ben, “Chevron Corp”, Equity Research, Credit Suisse, 
November 2, 2015; Westlake, Edward and Combs, Ben, “ExxonMobil”, Equity Research, Credit Suisse, November 2, 2015; Burke, Michael, “Royal Dutch Shell”
Analyst’s Notes, Argus, October 14, 2015. Morningstar equity research for: Simko, Stephen, “BP”, July 28, 2015; Good, Allen, “ExxonMobil”, August 5, 2015;
Good, Allen, “ConocoPhillips” July 29, 2015; Simko, Stephen, “Total”, July 30, 2015; Simko, Stephen, “Shell”, July 31, 2015. Also, June 14, 2015 Morningstar
“Quicktake” Reports for ExxonMobil (June 14, 2015), Shell (June 14, 2015), Total (June 14, 2015), BP (June 14, 2015), Chevron (June 7, 2015), 
ConocoPhillips (June 14, 2015). Additionally “Resilience in a Time of Volatility; Oil Prices and the Energy Industry”, Ernst and Young 2015,
http://www.ey.com/Publication/vwLUAssets/ey-resilience-in-a-time-of-volatility/$FILE/ey-resilience-in-a-time-of-volatility.pdf; “Oil and Gas Reality
Check”, Deloitte, 2015, https://www2.deloitte.com/content/dam/Deloitte/global/Documents/Energy-and-Resources/gx-er-oil-and-gas-reality-
check-2015.pdf; (2016 reports) Glickman, Stewart, “BP”, S&P Capital IQ, Standard & Poor’s, March 5, 2016; Glickman, Stewart, “Chevron”, S&P Capital IQ,
Standard & Poor’s, March 5, 2016; Glickman, Stewart, “ConocoPhillips”, S&P Capital IQ, Standard & Poor’s, March 5, 2016; Glickman, Stewart, “ExxonMobil”,
S&P Capital IQ, Standard & Poor’s, March 5, 2016; Glickman, Stewart, “Royal Dutch Shell”, S&P Capital IQ, Standard & Poor’s, March 5, 2016. Bill Selesky,
“ConocoPhillips”, Analyst’s Notes, Argus February 22, 2016; Bill Selesky, “BP”, Analyst’s Notes, Argus February 23, 2016.

48 Id.

49 “The Global Oil Industry: Supermajordämmerung, The day of the huge integrated international oil company is drawing to a close,” The Economist, August 3, 2013,
http://www.economist.com/news/briefing/21582522-day-huge-integrated-international-oil-company-drawing.  

50 Id. As You Sow Analysis includes the majors’ proportion of global production, as well as IEA World Energy Outlook 2014’s estimate of 2013 Proved Reserves of
1,699 billion barrels. “World Energy Outlook 2014,” International Energy Agency, November 13, 2014, p. 111, http://dx.doi.org/10.1787/weo-2014-5-en;
Cassin, Harry, “Top Ten Largest Oil Companies by Reserves,” Petro Global News, October 8, 2013, p. 11, http://petroglobalnews.com/2013/10/top-ten-
largest-oil-companies-by-reserves/. Accounting for production sharing contracts may increase the amount of oil to which the majors have access.

51 Stevens, Paul, “International Oil Companies: The Death of the Old Business Model,” Chatham House, May 2016, p. 4,
https://www.chathamhouse.org/sites/files/chathamhouse/publications/research/2016-05-05-international-oil-companies-stevens.pdf.

Unconventional Risks: The Growing Uncertainty of Oil Investments 39



Unconventional Risks: The Growing Uncertainty of Oil Investments 40

52 Bremmer, Ian, “The Long Shadow of the Visible Hand: Government-Owned Firms Control Most of the World’s Oil Reserves. Why the Power of the State is Back,”
The Wall Street Journal, May 22, 2010, http://www.wsj.com/articles/SB10001424052748704852004575258541875590852. However, as of June 2016,
some NOCs are comparable to some oil majors in terms of certain financial metrics, such as revenue.

53 Id.

54 The NOCs’ significance in the oil market does not negate the majors’ contribution to climate change or relieve the obligation to reduce and minimize their impacts.    

55 Bremmer, Ian, “The Long Shadow of the Visible Hand: Government-Owned Firms Control Most of the World’s Oil Reserves. Why the Power of the State is Back,”
The Wall Street Journal, May 22, 2010, http://www.wsj.com/articles/SB10001424052748704852004575258541875590852.  

56 As You Sow Analysis on the majors’ production compared to “International Energy Statistics: Petroleum Production,” U.S. Energy Information Administration:
https://www.eia.gov/cfapps/ipdbproject/iedindex3.cfm?tid=5&pid=53&aid=1&cid=ww,&syid=2010&eyid=2014&unit=TBPD. 

57 Id.

58 Leaton, James, et al., “Carbon Supply Cost Curves: Evaluating Financial Risk to Oil Capital Expenditures,” Carbon Tracker Initiative, May 2014, p. 12,
http://www.carbontracker.org/wp-content/uploads/2014/09/CTI-Oil-Report-Oil-May-2014-13-05.pdf; 
Leaton, James, et al., “$2 trillion stranded assets danger zone: How fossil fuel firms risk destroying investor returns”, Carbon Tracker Initiative, November 2015, p.
21, http://www.carbontracker.org/wp-content/uploads/2015/11/CAR3817_Synthesis_Report_24.11.15_WEB2.pdf.

59 See Stevens, Paul, “International Oil Companies: The Death of the Old Business Model,” Chatham House, May 2016, p. 4,
https://www.chathamhouse.org/sites/files/chathamhouse/publications/research/2016-05-05-international-oil-companies-stevens.pdf. 

60 See Petroff, Alanna and Yellin, Tal, “What it Costs to Produce Oil,” CNN Money, http://money.cnn.com/interactive/economy/the-cost-to-produce-a-barrel-
of-oil/index.html?iid=EL (citing data from UCube by Rystad Energy published November 23, 2015). While low cost oil provides a competitive advantage for
these countries, those that finance national budgets through crude oil sales are subject to serious revenue shortfalls in periods where oil prices are lower than the
price projected in the budget. “Oil and Gas Reality Check 2015: A Look at the Top Issues Facing the Oil and Gas Sector,” Deloitte,
https://www2.deloitte.com/content/dam/Deloitte/global/Documents/Energy-and-Resources/gx-er-oil-and-gas-reality-check-2015.pdf. 

61 See Petroff, Alanna and Yellin, Tal, “What it Costs to Produce Oil,” CNN Money, http://money.cnn.com/interactive/economy/the-cost-to-produce-a-barrel-
of-oil/index.html?iid=EL (citing data from UCube by Rystad Energy published November 23, 2015) for oil price production cost; 
“Crude Oil Proved Reserves (Billion Barrels);” International Energy Statistics: Petroleum Reserves, Energy Information Administration, 2014,
https://www.eia.gov/cfapps/ipdbproject/iedindex3.cfm?tid=5&pid=57&aid=6&cid=regions&syid=2014&eyid=2014&unit=BB (providing a chart 
with the crude oil proved reserves in barrels by country); and McGlade, Christophe and Ekins, Paul, “The Geographical Distribution of Fossil Fuels Unused When
Limiting Global Warming to 2 °C,” Nature, January 7, 2015, http://www.nature.com/nature/journal/v517/n7533/full/nature14016.html (discussing 2-degree
emissions scenario).

62 Leis, Jorge, et al., “National Oil Companies Reshape the Playing Field,” Bain & Company Insights, October 10, 2012,
http://www.bain.com/publications/articles/national-oil-companies-reshape-the-playing-field.aspx.  

63 Leaton, James, et al., “Carbon Supply Cost Curves: Evaluating Financial Risk to Oil Capital Expenditures,” Carbon Tracker Initiative, May 2014, p. 12,
http://www.carbontracker.org/wp-content/uploads/2014/09/CTI-Oil-Report-Oil-May-2014-13-05.pdf.

64 Click, Christopher, et al., “Rediscovering the Art of Exploration: Practical Steps to Establishing a High-Performance Exploration Organization,”
PricewaterhouseCoopers, 2013, p. 6, http://www.strategyand.pwc.com/media/file/Strategyand_Rediscovering-the-Art-of-Exploration.pdf. 

65 “Financial & Operating Review 2014,” ExxonMobil, March, 2015, p. 23, 
http://cdn.exxonmobil.com/~/media/Global/Files/Financial-Review/2014_ExxonMobil_Financial_and_Operating_Review.pdf. 

66 Id.

67 Press Release, “Global Liquids Cost Curve: Shale is Pushing out Oil Sands and Arctic, Offshore is Still in the Race,” Rystad Energy, June 12, 2014,
http://www.rystadenergy.com/NewsEvents/PressReleases/global-liquids-cost-curve.  

68 See “World Energy Outlook 2008,” International Energy Agency, 2008, p. 335, https://www.iea.org/media/weowebsite/2008-1994/WEO2008.pdf
(“In Saudi Arabia, Kuwait, and Mexico, no foreign company is allowed to explore for or develop oil other than as a subcontractor or supplier of technical oilfield
services to the national companies or other local firms.”). 

69 Id.

70 Berman, Art, “A Year of Lower Oil Prices: Crossing A Boundary,” The Petroleum Truth Report, June 28, 2015, 
http://www.artberman.com/a-year-of-lower-oil-prices-crossing-a-boundary/. 

71 As You Sow Analysis.

72 “International: Total Petroleum and Other Liquids Production - 2014,” U.S. Energy Information Administration: http://www.eia.gov/beta/international/.  

73 Fawzi, Aloulou, et al., “Tight Oil Production Pushes U.S. Crude Supply to Over 10% of World Total,” U.S. Energy Information Administration, March 26, 2014,
https://www.eia.gov/todayinenergy/detail.cfm?id=15571.  

74 “Petroleum & Other Liquids: U.S. Field Production of Crude Oil,” U.S. Energy Information Administration,
http://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=MCRFPUS2&f=A; “Drilling Productivity Report,” U.S. Energy Information Administration,
December 8, 2014, https://www.eia.gov/petroleum/drilling/archive/2014/12/. 

75 Katakey, Rakteem, “U.S. Ousts Russia as Top World Oil, Gas Producer in BP Data,” Bloomberg, June 10, 2015,
http://www.bloomberg.com/news/articles/2015-06-10/u-s-ousts-russia-as-world-s-top-oil-gas-producer-in-bp-report.  

76 Id.

77 “The Oil Price is Falling but so is the Breakeven Price for Shale,” U.S. Shale Newsletter Vol. 2, No. 1, Rystad Energy, January 2015,
http://www.rystadenergy.com/AboutUs/NewsCenter/Newsletters/UsArchive/us-q1-2015. 

78 Nysveen, Magnus and Wei, Leslie, Press Release, “Cost Deflation and the Effect on 2015 Breakeven Prices,” Rystad Energy, July 30, 2015,
http://www.rystadenergy.com/NewsEvents/PressReleases/cost-deflation-and-the-effect-on-2015-breakeven-prices.  

79 Id. The best areas within those four plays were projected to have lower costs, and the fifth play was projected to have higher costs.

80 See Tully, Shawn, “The Shale Oil Revolution if in Danger,” Fortune, January 9, 2015, http://fortune.com/2015/01/09/oil-prices-shale-fracking/
(explaining the need for oil companies to keep drilling in order to cover upfront investments).

81 OPEC consists of many – but not all – large oil-producing nations, including Saudi Arabia, Venezuela, Iraq, and Nigeria. Historically, and with varying degrees of
success, OPEC members set production quotas amongst themselves to maintain a set oil price. Chmaytelli, Maher, “OPEC’s Family Feud: Members Squabble
with One Another, but No One Wants to Leave,” Bloomberg, September 24, 2015, http://www.bloomberg.com/news/articles/2015-09-24/opec-saudi-oil-
production-upsets-venezuela-but-cartel-endures; Egan, Matt, “Oil Crash Sparks OPEC Revolt against Saudis,” CNN Money, November 23, 2015,
http://money.cnn.com/2015/11/23/investing/saudi-arabia-opec-revolt-oil-prices/; E.L., “Why the Oil Price is Falling,” The Economist, December 8, 2014,
http://www.economist.com/blogs/economist-explains/2014/12/economist-explains-4. 



82 For production and reserves estimates, see “International Energy Statistics: Crude Oil Proved Reserves,” U.S. Energy Information Administration:
http://www.eia.gov/cfapps/ipdbproject/iedindex3.cfm?tid=5&pid=57&aid=6 and “OPEC Monthly Oil Market Report,” OPEC, June 13, 2016, p. 58,
http://www.opec.org/opec_web/static_files_project/media/downloads/publications/MOMR%20June%202016.pdf.

83 “OPEC Monthly Oil Market Report,” OPEC, January 18, 2016, p. 69,
http://www.opec.org/opec_web/static_files_project/media/downloads/publications/MOMR%20January%202016.pdf; 
Razzouk, Nayla, “Iraq’s Oil Output Climbs to Record as South Escapes Fighting,” Bloomberg, August 12, 2015,
http://www.bloomberg.com/news/articles/2015-08-12/iraq-boosts-oil-output-to-all-time-high-in-july-iea-says.  

84 DiPaola, Anthony and Kalantari, Hashem, “Iran Plans ‘Any Cost’ Oil Output Rise to Defend Market Share,” Bloomberg, August 23, 2015,
http://www.bloomberg.com/news/articles/2015-08-23/iran-favors-holding-emergency-opec-meeting-zanganeh; Kottasova, Ivana, “Iran Sanctions
Lifted: Brace for Oil Shakeup,” CNN Money, January 16, 2016, http://money.cnn.com/2016/01/16/investing/iran-sanctions-lift-oil/; Gladstone, Rick,
“Embargo Lifted, Iranian Oil Reaches Europe,” The New York Times, March 7, 2016, http://www.nytimes.com/2016/03/08/world/middleeast/embargo-
lifted-iranian-oil-reaches-europe.html?_r=1. 

85 “OPEC Monthly Oil Market Report,” OPEC, January 18, 2016, p. 69,
http://www.opec.org/opec_web/static_files_project/media/downloads/publications/MOMR%20January%202016.pdf; “OPEC Monthly Oil Market
Report,” OPEC, June 12, 2014, p. 56, http://www.opec.org/opec_web/static_files_project/media/downloads/publications/MOMR_June_2014.pdf. 

86 “Petroleum & Other Liquids: U.S. Field Production of Crude Oil,” U.S. Energy Information Administration:
https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=MCRFPUS1&f=M.  

87 “OPEC Monthly Oil Market Report,” OPEC, January 18, 2016, pp. 68-69, (Tables 5.7, 5.8),
http://www.opec.org/opec_web/static_files_project/media/downloads/publications/MOMR%20January%202016.pdf. 

88 Bazzi, Mohamad, “Saudi Arabia is Using Oil as a Weapon to Punish Russia and Iran,” Hurriyet Daily News, December 22, 2014,
http://www.hurriyetdailynews.com/saudi-arabia-is-using-oil-as-a-weapon-to-punish-russia-and-iran.aspx?pageID=449&nID=75897&NewsCatID=396.

89 Sheffield, Hazel, “Why Saudi Arabia Keeps Pumping Oil When Low Prices are Hurting its Economy,” Independent, December 29, 2015,
http://www.independent.co.uk/news/business/news/saudi-arabia-is-paying-the-price-for-its-war-on-us-shale-oil-a6789931.html. 

90 See Tully, Andy, “Sanctions And Low Oil Prices Deepen Russian Recession,” Oil Price, January 26, 2016, http://oilprice.com/Latest-Energy-News/World-
News/Sanctions-And-Low-Oil-Prices-Deepen-Russian-Recession.html; Bowler, Tim, “Falling oil prices: Who are the winners and losers?,” BBC News,
Jan. 2015, http://www.bbc.com/news/business-29643612; Walker, Shaun, et al., “Recession, Retrenchment, Revolution? Impact of Low Crude Prices on Oil
Powers,” The Guardian, December 30, 2015, http://www.theguardian.com/business/2015/dec/30/oil-iran-saudi-arabia-russia-venezuela-nigeria-libya.  

91 The U.S. crude oil rig count has dropped 46% from October 2014 to March 2015 and 67 U.S. oil and gas companies went bankrupt in 2015, a 379% jump from
2014. “U.S. oil bankruptcies spike 379%,” CNN Money, Feb. 2016, http://money.cnn.com/2016/02/11/investing/oil-prices-bankruptcies-spike/. In April
2015, U.S. oil production reached a peak in production, after steadily rising since 2007. Cunningham, Nick, “EIA Confirms: Oil Production Peaked,” Oil Price.com,
July 2015, http://oilprice.com/Energy/Energy-General/EIA-Confirms-Oil-Production-Peaked.html. Capital expenditures have also fallen at oil majors,
assuring they will have fewer future reserves and production capacity with which to compete. See Gopinath, Swetha and Gayathri, Amrutha, “Prolonged oil slump
sparks second wave of cuts to 2016 budgets,” Reuters, Feb 7, 2016, http://www.reuters.com/article/us-oilprice-capex-usa-idUSKCN0VG0ZA. 
The oil price shock has taken its toll on high-cost producers and Deloitte estimates that nearly 35% of pure-play E&P companies are at high risk of bankruptcy.
See “Crude Downturn for Exploration and Production Companies,” Deloitte, 2016, p. 4,
https://www2.deloitte.com/content/dam/Deloitte/ro/Documents/energy-resources/us-er-crude-downturn-2016.pdf. 

92 Sergie, Mohammad, et al., “Saudi Arabia, Russia to Freeze Oil Output Near Record Levels,” Bloomberg, February 16, 2016,
http://www.bloomberg.com/news/articles/2016-02-16/saudi-arabia-and-russia-agree-oil-output-freeze-in-qatar-talks. See also Reed, Stanley, 
“Saudi Oil Chief Khalid al-Falih Tells OPEC Changes are Coming,” The New York Times, June 2, 2016,
http://www.nytimes.com/2016/06/03/business/energy-environment/opec-meeting-oil-production-saudi-arabia.html?_r=0.  

93 Omran, Ahmed Al and Said, Summer, “Saudi Arabia Cuts Spending, Raises Domestic Fuel Prices: Cheap Oil Forces Kingdom to Run Record Budget Deficit,” 
The Wall Street Journal, December 28, 2015, http://www.wsj.com/articles/saudi-arabia-announces-2016-budget-1451312691; Tully, Andy, “Sanctions
and Low Oil Prices Deepen Russian Recession,” Oil Price, January 26, 2016, http://oilprice.com/Latest-Energy-News/World-News/Sanctions-And-Low-
Oil-Prices-Deepen-Russian-Recession.html; http://www.ft.com/fastft/2015/11/02/venezuela-midst-of-worst-recession-over-70-years/.

94 Omran, Ahmed Al and Said, Summer, “Saudi Arabia Cuts Spending, Raises Domestic Fuel Prices: Cheap Oil Forces Kingdom to Run Record Budget Deficit,” 
The Wall Street Journal, December 28, 2015, http://www.wsj.com/articles/saudi-arabia-announces-2016-budget-1451312691.

95 Hinckley, Elias, “Historic Moment: Saudi Arabia Sees End of Oil Age Coming and Opens Valves on the Carbon Bubble,” Energy Post, January 22, 2015,
http://www.energypost.eu/historic-moment-saudi-arabia-sees-end-oil-age-coming-opens-valves-carbon-bubble/.

96 Fagan, Mary, “Sheikh Yamani Predicts Price Crash as Age of Oil Ends,” June 25, 2000, 
http://www.telegraph.co.uk/news/uknews/1344832/Sheikh-Yamani-predicts-price-crash-as-age-of-oil-ends.html.  

97 See Saudi Vision 2030, Kingdom of Saudi Arabia 2016, http://vision2030.gov.sa/en. See also: Hubbard, Ben and Krauss, Clifford, “Saudi King Shakes Up
Government as Economic Plan Moves Forward”, New York Times, May 7, 2016, http://www.nytimes.com/2016/05/08/world/middleeast/saudi-arabia-
government-shake-up.html?_r=1, Hubbard, Ben and Reed, Stanley, “Saudis Moving to Reduce Dependence on Oil Money”, New York Times, April 1, 2016,
http://www.nytimes.com/2016/04/02/world/middleeast/saudi-aramco-mohammed-bin-salman-public-fund.html.

98 Micklethwait, John, et al., “Saudi Arabia Plans $2 Trillion Megafund for Post-Oil Era: Deputy Crown Prince,” Bloomberg, April 1, 2016,
http://www.bloomberg.com/news/articles/2016-04-01/saudi-arabia-plans-2-trillion-megafund-to-dwarf-all-its-rivals; Rowe, James, “Saudi Arabia
Simply Sees the Carbon Bubble for What it Is,” Desmog Canada, March 1, 2016, http://desmog.ca/2016/03/01/saudi-arabia-simply-sees-carbon-bubble-
what-it; See also: Jaffe, Amy and van der Veer, Jeroen, “What Happens When Demand for Oil Peaks?,” UC Davis Institute of Transportation Studies:
https://its.ucdavis.edu/blog-post/what-happens-when-demand-for-oil-peaks/.

99 For reserve information, see “World Proved Oil Reserves by Country,” OPEC, December 31, 2013,
http://www.opec.org/library/Annual%20Statistical%20Bulletin/interactive/current/FileZ/XL/T31.HTM; “OPEC Monthly Oil Market Report,” OPEC,
January 18, 2016, p. 69, http://www.opec.org/opec_web/static_files_project/media/downloads/publications/MOMR%20January%202016.pdf.
However, there is some evidence that Saudi Arabia may have overstated the life of its reserves, perhaps significantly. Lister, Tim, “WikiLeaks cable: Saudi oil
estimates may have been exaggerated,” CNN, Feb. 2011, http://www.cnn.com/2011/WORLD/meast/02/09/saudi.arabia.wikileaks/.

100 This assumes only 65% of global oil reserves can be burned. McGlade, Christophe and Ekins, Paul, “The Geographical Distribution of Fossil Fuels Unused When
Limiting Global Warming to 2 °C,” Nature, January 7, 2015, http://www.nature.com/nature/journal/v517/n7533/full/nature14016.html.  

101 Murphy, David J., “The Implications of the Declining Energy Return on Investment of Oil Production,” Philosophical Transactions of the Royal Society A, December
2, 2013, http://rsta.royalsocietypublishing.org/content/372/2006/20130126; See also Leis, Jorge, et al., “National Oil Companies Reshape the Playing
Field,” Bain & Company Insights, October 10, 2012. http://www.bain.com/publications/articles/national-oil-companies-reshape-the-playing-field.aspx.   

102 Blas, Javier and Carroll, Joe, “Saudi Arabia to U.S. Oilmen: Cut Costs or Exit the Business,” Bloomberg, February 23, 2016,
http://www.bloomberg.com/news/articles/2016-02-23/saudi-arabia-to-u-s-oilmen-cut-costs-or-get-out-of-business. 

103 Hayward, Leslie and Piotrowski, Matt, “Saudi Oil Minister Naimi Rules out Possibility of Coordinated Production Cut,” The Fuse, February 23, 2016,
http://energyfuse.org/saudi-oil-minister-coordinated-cut-is-not-going-to-happen/.

Unconventional Risks: The Growing Uncertainty of Oil Investments 41



Unconventional Risks: The Growing Uncertainty of Oil Investments 42

104 “World Energy Outlook 2015,” International Energy Agency, November 10, 2015, p. 583; “BP Energy Outlook to 2035,” BP, 2016, p. 7,
https://www.bp.com/content/dam/bp/pdf/energy-economics/energy-outlook-2016/bp-energy-outlook-2016.pdf; “World Oil Outlook,” OPEC, 2015, 
p.  85, http://www.opec.org/opec_web/static_files_project/media/downloads/publications/WOO%202015.pdf; “The Outlook for Energy: A View to
2040,” ExxonMobil, 2015, http://cdn.exxonmobil.com/~/media/global/files/outlook-for-energy/2016/2016-outlook-for-energy.pdf (stating demand
projections). See also Sussams, Luke, et al., “Lost in Transition: How the Energy Sector is Missing Potential Demand Destruction,” Carbon Tracker Initiative,
October 2015, p. 92, http://www.carbontracker.org/wp-content/uploads/2015/10/Lost-in-transition_Clean_Draft.pdf.  

105 O’Connor, Peter A., “The Pardee Papers: Energy Transitions,” Boston University: The Frederick S. Pardee Center for the Study of the Longer-Range Future,
November 2010, https://www.bu.edu/pardee/files/2010/11/12-PP-Nov2010.pdf. 

106 “Today in Energy: History of Energy Consumption in the United States, 1775–2009,” U.S. Energy Information Administration, February 9, 2011,
https://www.eia.gov/todayinenergy/detail.cfm?id=10. 

107 “Colonial America's Pre-Industrial Age of Wood and Water,” Pennsylvania State University, http://www.engr.psu.edu/mtah/articles/colonial_wood_water.htm.  

108 See Applebome, Peter, “They Used to Say Whale Oil Was Indispensable, Too,” The New York Times, August 3, 2008,
http://www.nytimes.com/2008/08/03/nyregion/03towns.html?_r=0. See also Thompson, Derek, “The Spectacular Rise and Fall of U.S. Whaling: An
Innovation Story,” The Atlantic, February 22, 2012, http://www.theatlantic.com/business/archive/2012/02/the-spectacular-rise-and-fall-of-us-whaling-
an-innovation-story/253355/. 

109 Kodak is a prime example. It invented the first digital camera in 1975, but chose not to actively market the technology, opting instead to protect its existing film
business. Other companies moved forward successfully with the new technology, while Kodak went into bankruptcy. See Dan, Avi, “Kodak Failed by Asking the
Wrong Marketing Question,” Forbes, January 23, 2012, http://www.forbes.com/sites/avidan/2012/01/23/kodak-failed-by-asking-the-wrong-marketing-
question/#3dc447587dd7. 

110 Tripsas, Mary and Gavetti, Giovanni, “Capabilities, Cognition, and Inertia: Evidence from Digital Imaging,” Strategic Management Journal, Harvard Graduate School
of Business, November 2000, http://www.people.hbs.edu/mtripsas/articles/Tripsas&Gavetti2000.pdf. 

111 Catts, Tim, “Clearer Picture of Polaroid's Future May Take a While to Develop,” AOL, April 3, 2009, http://www.aol.com/article/2009/04/03/clearer-picture-
of-polaroids-future-may-take-a-while-to-develop/1507333/?gen=1; “Companies by Year: A Database of 50 years of FORTUNE’s List of America’s Largest
Corporations,” Fortune 500, citing Polaroid years, http://archive.fortune.com/magazines/fortune/fortune500_archive/letters/P.html.  

112 “Chart Shows How Digital Cameras Killed Analog Cameras and How the Selfie Culture (Almost) Killed Digital Cameras,” Mirrorless Rumors, December 15, 2014,
http://www.mirrorlessrumors.com/chart-shows-how-digital-cameras-killed-analog-cameras-and-how-the-selfie-culture-almost-killed-digital-
cameras-after-that/. 

113 Dumaine, Brian, “How Polaroid Flashed Back,” Fortune, February 16, 1987,
http://archive.fortune.com/magazines/fortune/fortune_archive/1987/02/16/68669/index.htm. 

114 See Sauter, Raphael and Watson, Jim, “Technology Leapfrogging: A Review of the Evidence,” Sussex Energy Group, October 3, 2008, p. 21,
https://www.sussex.ac.uk/webteam/gateway/file.php?name=dfid-leapfrogging-reportweb.pdf&site=264.  

115 Id. at p. 20.

116 Id. (citing Kumar and Thomas 2006: 298).

117 For examples of scale see, e.g., Fulton, Mark, et al., “China’s Green Move—Vehicle Electrification Ahead,” Deutsche Bank Group, August 8, 2012,
https://www.db.com/cr/en/docs/China_GreenCars_080712.pdf; Bajad, Kiran, “India to Produce Sufficient Electricity to Drive Vehicle Electrification,” 
Autocar Professional, August 28, 2015, http://www.autocarpro.in/news-national/india-produce-sufficient-electricity-drive-vehicle-electrification-9146. 

118 “Sense and Sensitivity: Maximising Value with a 2D Portfolio,” Carbon Tracker Initiative, May 2016, p. 7, 
http://www.carbontracker.org/wp-content/uploads/2016/05/Sense-Sensitivity_Full-report2_28042016.pdf. 

119 While not all the energy transitions cited in this section directly relate to oil markets, they are used to demonstrate the IEA and EIA’s difficulty in accurately projecting
base case energy-sector trends.

120 “World Energy Outlook 2004,” International Energy Agency, http://www.worldenergyoutlook.org/media/weowebsite/2008-1994/weo2004.pdf; “World
Energy Outlook 2015,” International Energy Agency, p. 493; “Renewable Energy Medium-Term Market Report 2013,” International Energy Agency, 2013, p. 10,
http://www.iea.org/textbase/npsum/mtrenew2013sum.pdf. 

121 “World Energy Outlook 2004,” International Energy Agency, p. 432, http://www.worldenergyoutlook.org/media/weowebsite/2008-1994/weo2004.pdf;
“World Energy Outlook 2015,” International Energy Agency, p. 586 (available by subscription only).

122 Id.

123 Dechert, Sandy, “Greenpeace Aces Renewable Energy Forecasts. Surprised?,” Clean Technica, March 30, 2015,
http://cleantechnica.com/2015/03/30/greenpeace-aces-installed-renewable-forecasts-surprised/. 

124 “International Energy Outlook 2007,” U.S. Energy Information Administration, May 2007, p. 90, http://www.eia.gov/forecasts/archive/ieo07/pdf/0484(2007).pdf. 

125 Lott, Melissa C., “Coal Use Declined in Almost Every State from 2007 to 2015,” Scientific American, April 28, 2016,
http://blogs.scientificamerican.com/plugged-in/coal-use-declined-in-almost-every-state-from-2007-to-2015/. 

126 “White Paper: Financial Risks of Investments in Coal,” As You Sow, June 2011, 
http://www.asyousow.org/ays_report/white-paper-financial-risks-of-investments-in-coal/.  

127 See Cloete, Schalk, “Evaluating Fifteen Years of IEA Energy Forecasts,” The Energy Collective, December 17, 2014,
http://www.theenergycollective.com/schalk-cloete/2172041/evaluating-fifteen-years-iea-energy-forecasts (explaining that there is a substantial
demand over-prediction for oil).

128 See Huang, Bwo-Nung, et al., “Causal Relationship between Energy Consumption and GDP Growth Revisited: A Dynamic Panel Data Approach,” Ecological
Economics, August 15, 2008, http://papers.ssrn.com/sol3/papers.cfm?abstract_id=2484437; see also “Energy and Financial Markets: What Drives Crude
Oil Prices?: Demand: Non-OECD,” U.S. Energy Information Administration: https://www.eia.gov/finance/markets/demand-nonoecd.cfm. 

129 “Global Energy-Related Emissions of Carbon Dioxide Stalled in 2014,” International Energy Agency, March 13, 2015,
http://www.iea.org/newsroomandevents/news/2015/march/global-energy-related-emissions-of-carbon-dioxide-stalled-in-2014.html.

130 “Decoupling of Global Emissions and Economic Growth Confirmed,” International Energy Agency, March 16, 2016,
https://www.iea.org/newsroomandevents/pressreleases/2016/march/decoupling-of-global-emissions-and-economic-growth-confirmed.html;
Clark, Pilita, “Climate Battle Bears Early Fruit as Global Energy Emissions Stall,” Financial Times, March 15, 2016, 
http://www.ft.com/intl/cms/s/0/ad0f58fa-eabe-11e5-bb79-2303682345c8.html#axzz431OvWJyS.    

131 Buckley, Tim, “15.5% Drop in China Coal Production Shows Transition Gaining Speed,“, Institute for Energy Economics & Financial Analysis, June 13, 2016,
http://ieefa.org/ieefa-note-15-5-drop-china-coal-production-shows-transition-gaining-speed/ (citing “May 2016 Above-Scale Industrial Added Value
Increased by 6.0%,” National Bureau of Statistics, June 13, 2016, http://www.stats.gov.cn/tjsj/zxfb/201606/t20160613_1366538.html). 

132 Lawler, Alex, “Oil Demand has Peaked in Developed World: IEA,” Reuters, January 28, 2010, http://www.reuters.com/article/us-iea-oil-
idUSTRE60R5R720100128; “International Energy Statistics: OECD Total Petroleum Consumption,” U.S. Energy Information Administration:
http://www.eia.gov/cfapps/ipdbproject/iedindex3.cfm?tid=5&pid=5&aid=2&cid=CG5,&syid=2000&eyid=2014&unit=TBPD. 



133 See “World Energy Outlook 2015,” International Energy Agency, November 10, 2015, p. 53; “Annual Energy Outlook 2015 with Projections to 2040,” 
U.S. Energy Information Agency, April 2015, p. ES-2, http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf; “2015 World Oil Outlook,” OPEC, October 2015,
p. 44, http://www.opec.org/opec_web/static_files_project/media/downloads/publications/WOO%202015.pdf; see also “The Outlook for Energy: 
A View to 2040,” ExxonMobil, p. 6, http://cdn.exxonmobil.com/~/media/global/files/outlook-for-energy/2016/2016-outlook-for-energy.pdf. 
See also “Oil,” International Energy Agency, 2016, https://www.iea.org/aboutus/faqs/oil/.  

134 “2015 Outlook for Energy: A View to 2040,” ExxonMobil, 2016, p. 18, 
http://cdn.exxonmobil.com/~/media/global/files/outlook-for-energy/2016/2016-outlook-for-energy.pdf.

135 Id.

136 “Vehicle Technologies Office: Lightweight Materials for Cars and Trucks,” Office of Energy Efficiency and Renewable Energy (EERE),
http://energy.gov/eere/vehicles/vehicle-technologies-office-lightweight-materials-cars-and-trucks. 

137 Video, “2014 Global Turbo Growth at a Glance,” Honeywell Transportation Services, 2014, 
https://turbo.honeywell.com/whats-new-in-turbo/video/2014-turbo-forecast/.  

138 “Delhi will restrict cars from Jan 1 to cut pollution, may face challenge,” Hindustan Times, December 29, 2015, http://www.hindustantimes.com/delhi/delhi-
vehicles-with-odd-even-number-plates-to-ply-on-alternate-days/story-Cr9i3ERsnsTJVP8ikdDm6N.html.

139 “2015 Outlook for Energy: A View to 2040,” ExxonMobil, 2016, p. 17, 
http://corporate.exxonmobil.com/en/energy/energy-outlook/charts-2016/commercial-transportation-by-region. 

140 See “Improving the Fuel Efficiency of American Trucks: Bolstering Energy Security, Cutting Carbon Pollution, Saving Money and Supporting Manufacturing
Innovation,” The White House, February 2014, https://www.whitehouse.gov/sites/default/files/docs/finaltrucksreport.pdf.  

141 See “Heavy Truck Efficiency Supply Curve,” Rocky Mountain Institute: http://www.rmi.org/RFGraph-heavy_truck_efficiency.  

142 Gao, George, “As Smog Hangs Over Beijing, Chinese Cite Air Pollution as Major Concern,” Factank, Pew Research Center, December 10, 2015,
http://www.pewresearch.org/fact-tank/2015/12/10/as-smog-hangs-over-beijing-chinese-cite-air-pollution-as-major-concern/; “Cutting Through
India’s Smog,” The New York Times, February 23, 2015, http://www.nytimes.com/2015/02/23/opinion/cutting-through-indias-smog.html?_r=0.  

143 Grose, Thomas K., “Reshaping Flight for Fuel Efficiency: Five Technologies on the Runway,” National Geographic, April 23, 2013,
http://news.nationalgeographic.com/news/energy/2013/04/130423-reshaping-flight-for-fuel-efficiency/; “Marine Shipping,” Center for Climate and
Energy Solutions: http://www.c2es.org/technology/factsheet/MarineShipping.  

144 Myers Jaffe, Amy, “Why the World’s Appetite for Oil Will Peak Soon,” The Wall Street Journal, May 5, 2015, 
http://www.wsj.com/articles/why-the-worlds-appetite-for-oil-will-peak-soon-1430881507.  

145 Id.

146 “Technology Roadmap: Fuel Economy of Road Vehicles,” International Energy Agency, September 2012, p. 15,
https://www.iea.org/publications/freepublications/publication/Fuel_Economy_2012_WEB.pdf. 

147 “Fuel Economy State of the World 2016: Time for Global Action,” Global Fuel Economy Initiative, p. 1,
http://www.globalfueleconomy.org/media/203446/gfei-state-of-the-world-report-2016.pdf. 

148 Brandt, Adam R., et al., “Peak Oil Demand: The Role of Fuel Efficiency and Alternative Fuels in a Global Oil Production Decline,” Environmental Science and
Technology, May 2013, p. 19, http://people.ucsc.edu/~adammb/publications/Brandt_2013_Peak_Demand_preprint.pdf. 

149 Sussams, Luke, et al., “Lost in Transition: How the Energy Sector is Missing Potential Demand Destruction,” Carbon Tracker Initiative, October 2015, p. 99,
http://www.carbontracker.org/wp-content/uploads/2015/10/Lost-in-transition_Clean_Draft.pdf. “Historic growth rates suggest we are on track:
Between 2012 and 2014, the global EV fleet grew by 92% each year on average. To meet the EVI target, a lower percentage growth rate of 76% is required 
each year. To subsequently meet the IEA 450 scenario 2025 target of 80 million vehicles in the global fleet, a 32% CAGR is required from the EVI’s 2020 target.”
Id. at 100. 

150 “EVI Releases the Global EV Outlook 2015,” Clean Energy Ministerial, March 11, 2015, 
http://www.cleanenergyministerial.org/News/evi-releases-the-global-ev-outlook-2015-27091.  

151 Randall, Tom, “Here’s How Electric Cars Will Cause the Next Oil Crisis,” Bloomberg, February 25, 2016, http://www.bloomberg.com/features/2016-ev-oil-crisis/.  

152 Schaal, Eric, “10 Car Companies That Sell the Most Electric Vehicles,” Autos CheatSheet, September 16, 2015, http://www.cheatsheet.com/automobiles/10-
car-companies-that-sell-the-most-electric-vehicles.html/?a=viewall; Coates, Michael, “Top 10 Electric Cars,” Clean Fleet Report, September 7, 2015,
http://www.cleanfleetreport.com/top-electric-cars-2010/. Although, Toyota has been a leader in the development of hybrid electric vehicles, and has a plug-
in hybrid and an electric vehicle on the market, it is putting more development funds into hydrogen vehicles, which it perceives as the technology most likely to
succeed. “Mirai Fuel Cell Vehicle,” Toyota, https://ssl.toyota.com/mirai/#.  

153 Xiaoying, Du, “Electric Cars on the Road to Growth,” China Daily, November 6, 2015, http://www.chinadailyasia.com/chinafocus/2015-
11/06/content_15340974.html. For fuel efficiency policies, see: “The Chinese Automotive Fuel Economy Policy”, United Nations Environment Programme
(UNEP), February 2015, http://www.unep.org/transport/gfei/autotool/case_studies/apacific/china/CHINA%20CASE%20STUDY.pdf. 

154 Ayre, James, “China Electric Car Sales Booming,” Clean Technica, November 19, 2015, http://cleantechnica.com/2015/11/19/china-electric-car-sales-
booming/. See also Buckley, Tim, “15.5% Drop in China Coal Production Shows Transition Gaining Speed”, Institute for Energy Economics and Financial Analysis
(IEEFA), June 13, 2016, http://ieefa.org/ieefa-note-15-5-drop-china-coal-production-shows-transition-gaining-speed/. 

155 Ma, Jie, "China Electric Car Boom Driven by State Buying, Bernstein Says," Bloomberg, February 29, 2016, http://www.bloomberg.com/news/articles/2016-
03-01/china-electric-car-boom-driven-by-state-buying-bernstein-says; Li, Sherry, et al., “The World’s Largest Electric Vehicle Maker Also Has a US
Presence,” Business Wire, December 23, 2015, http://www.businesswire.com/news/home/20151223005656/en/. 

156 Nakamura, Yu, "BYD Net Profit Accelerates 6.5 times on Green-Car Sales,” Nikkei Asian Review, March 1, 2016, 
http://asia.nikkei.com/Business/AC/BYD-net-profit-accelerates-6.5-times-on-green-car-sales; Li, Natasha, 
“Alternative Energy Vehicles Account HALF of BYD’s Profits for the Very First Time in 2015,” Gasgoo Global Auto Sources, March 4, 2016,
http://autonews.gasgoo.com/china-news/alternative-energy-vehicles-account-half-of-byd-s-160304.shtml.

157 Ning, W.E., “BYD T5 Electric Light Truck is Ready to Revolutionize Transport in China,” Car News China, August 11, 2014,
http://www.carnewschina.com/2014/08/11/byd-t5-electric-light-truck-is-ready-to-revolutionize-transport-in-china/ (discussing the light truck);
Nakamura, Yu, “BYD Plans $600m-Plus Electric-Bus Plant in China,” Nikkei Asian Review, March 29, 2016, 
http://asia.nikkei.com/Business/AC/BYD-plans-600m-plus-electric-bus-plant-in-China (discussing electric buses).

158 “DHL: BYD supplies DHL with Electric Distribution Fleet,” BYD, January 15, 2016:
http://www.bydeurope.com/news/news.php?action=readnews&page=1&nid=216; Whitlock, Robin, “BYD Puts Electric Double Deckers 
on to the Streets of London,” Renewable Energy Magazine, March 23, 2016: http://www.renewableenergymagazine.com/article/byd-puts-electric-
double-deckers-on-to-20160323; “BYD projects More U.S. Electric-Bus Orders,” Bloomberg News, April 27, 2015:
http://www.bloomberg.com/news/articles/2015-04-27/china-s-byd-wins-its-biggest-electric-bus-order-in-u-s-; 
McDonald, Joe, “First for U.S., Chinese Electric Bus,” ArkansasOnline, April 21, 2016, http://www.arkansasonline.com/news/2016/apr/21/first-for-u-s-
chinese-electric-bus-2016/?latest.

Unconventional Risks: The Growing Uncertainty of Oil Investments 43



Unconventional Risks: The Growing Uncertainty of Oil Investments 44

159 Kawa, Luke, “Deutsche Bank: China's Oil Demand Growth Could Be Cut in Half by the End of the Decade”, Bloomberg, March 9, 2016,
http://www.bloomberg.com/news/articles/2016-03-09/deutsche-bank-china-s-oil-demand-growth-could-be-cut-in-half-by-the-end-of-the-decade.

160 “Accessing and Accelerating Electric Vehicle Deployment in India,” Clean Energy Ministerial, May 2014,
http://www.cleanenergyministerial.org/Portals/2/pdfs/EVI-LBNL_India_May2014report.pdf.

161 “Anant Geete Launch’s the Scheme for Faster Adoption and Manufacturing of (Hybrid &) Electric Vehicles in India,” Government of India Press Information Bureau,
April 8, 2015, http://pib.nic.in/newsite/mbErel.aspx?relid=118088.   

162 “Maharashtra to Waive Road Tax, Registration for Electric Vehicles Soon: Piyush Goyal,” DNA, January 3, 2016, 
http://www.dnaindia.com/money/report-maharashtra-govt-to-waive-road-taxregistration-for-electric-vehicles-piyush-goyal-2161700.  

163 “Indian Electric Vehicle Sales Grow by 25 Percent,” Business Standard, July 3, 2015, 
http://www.business-standard.com/article/news-ians/indian-electric-vehicle-sales-grow-by-25-percent-115070301233_1.html. 

164 Baggonkar, Swaraj, “Tata Motors Goes for Hybrid, Electric Cars,” Business Standard, December 22, 2015, 
http://www.business-standard.com/article/companies/tata-motors-goes-for-hybrid-electric-cars-115122100779_1.html. 

165 “Tata Motors Gains after Securing an Order for Supply of Electric Buses," Business Standard, March 17, 2016, 
http://www.business-standard.com/article/news-cm/tata-motors-gains-after-securing-an-order-for-supply-of-electric-buses-116031700168_1.html.

166 Baggonkar, Swaraj, “Tata Motors Goes for Hybrid, Electric Cars,” Business Standard, December 22, 2015, 
http://www.business-standard.com/article/companies/tata-motors-goes-for-hybrid-electric-cars-115122100779_1.html. 

167 Nykvist, Björn and Nilsson, Måns, “Rapidly Falling Costs of Battery Packs for Electric Vehicles,” Nature Climate Change, March 23, 2015,
http://www.nature.com/nclimate/journal/v5/n4/full/nclimate2564.html;. 
2020 cost estimate: Russell Hensley, John Newman, and Matt Rogers, “Battery technology charges ahead”, July 2012, McKinsey&Company: 
http://www.mckinsey.com/business-functions/sustainability-and-resource-productivity/our-insights/battery-technology-charges-ahead.

168 LeVine, Steve, “The Story of the Invention that Could Revolutionize Batteries—and Maybe American Manufacturing as Well,” Quartz, June 22, 2015,
http://qz.com/433131/the-story-of-the-invention-that-could-revolutionize-batteries-and-maybe-american-manufacturing-as-well/. 

169 Ayre, James, “Jefferies Analyst: Tesla to Drive Down Battery-Pack-Level Costs By 70% via Economies of Scale, Supply Chain Optimization, etc.,” 
EV Obsession, September 21, 2015, http://evobsession.com/jefferies-analyst-tesla-drive-battery-pack-level-costs-70-via-economies-scale-
supplychain-optimization-etc/. This was demonstrated by Tesla’s record-breaking pre-order sales of its Model 3 electric vehicle which received over 375,000
pre-orders in a few days. Hunt, Tam, “Why Tesla’s Model 3 Could be the New Model T,” GreenTech Media, April 11, 2016,
http://www.greentechmedia.com/articles/read/Why-Teslas-Model-3-Could-Be-The-New-Model-T; see also Hawkins, Andrew, 
“Tesla has received 325,000 preorders for the Model 3, Biggest one-week launch of any product ever”, The Verge, April 7, 2016,
http://www.theverge.com/2016/4/7/11385146/tesla-model-3-preorders-375000-elon-musk.

170 Intended Nationally Determined Contributions, set for purposes of the 2015 Conference of the Parties global agreement to maintain global warming 
below 2 degrees Celsius. See, e.g., “What is an INDC?,” World Resources Institute: http://www.wri.org/indc-definition.

171 “China,” Climate Action Tracker, November 26, 2015, http://climateactiontracker.org/countries/china.html (demonstrating CO2 emission levels and the
target to peak CO2 emissions by 2030). 

172 See Bernanke, Ben S., “China Trilemma—and a Possible Solution,” Brookings Institution, March 9, 2016, http://www.brookings.edu/blogs/ben-
bernanke/posts/2016/03/09-china-trilemma; Huang, Yukon and Bosler, Canyon, “China’s Debt Dilemma: Deleveraging While Generating Growth,” 
Carnegie Endowment for International Peace, September 2014, p. 1, http://carnegieendowment.org/files/china_debt_dilemma.pdf; Areddy, James T. and
Wei, Lingling, “The World Struggles to Adjust to China’s ‘New Normal’,” The Wall Street Journal. August 25, 2015, http://www.wsj.com/articles/the-world-
struggles-to-adjust-to-chinas-new-normal-1440552939; Buckley, Tim, “15.5% Drop in China Coal Production Shows Transition Gaining Speed,” Institute for
Energy Economics and Financial Analysis (IEEFA), June 13, 2016, ieefa.org/ieefa-note-15-5-drop-china-coal-production-shows-transition-gaining-speed/.

173 “China Expects 1.8 Million Coal, Steel Layoffs on Capacity Cuts,” Bloomberg, February 29, 2016, 
http://www.bloomberg.com/news/articles/2016-02-29/china-expects-1-8-million-coal-steel-layoffs-on-capacity-cuts. 

174 Buckley, Tim, and Sanzillo, Tom, “Past Peak Coal in China,” Institute for Energy Economics and Financial Analysis (IEEFA), November 2015, p. 2,
http://ieefa.org/wp-content/uploads/2015/11/IEEFA_Peak-Coal_November-2015.pdf; 
“China Coal Imports Crash as Economy Slows Amid Clean Power Shift,” Bloomberg, January 12, 2016, 
http://www.bloomberg.com/news/articles/2016-01-13/china-coal-imports-crash-as-economy-slows-amid-clean-power-shift. 

175 Lan, Lan, “Renewable Energy Goal Will Remain a Challenge,” China Daily, October 29, 2015,
http://www.chinadaily.com.cn/china/2015cpcplenarysession/2015-10/29/content_22304036.htm; 
Shira, Dezan, “Who Loves the Sun? Investing in China's Solar Energy Market,” China Briefing, February 19, 2016, 
http://www.china-briefing.com/news/2016/02/19/investing-in-chinas-solar-energy-market.html. 

176 China’s wind data: Daniel Cusick “China Blows Past the U.S. in Wind Power,” ClimateWire, Scientific American, February  2016,
http://www.scientificamerican.com/article/china-blows-past-the-u-s-in-wind-power/; 
China solar data: Feifei Shen, “China to More Than Triple Solar Power Capacity in Five Years”, Bloomberg News, March 21, 2016,
http://www.bloomberg.com/news/articles/2016-03-21/china-to-more-than-triple-solar-power-capacity-in-five-years.

177 Buckley, Tim, "China Delivers Global Record Wind and Solar Installs While National Coal Consumption Drops", Institute for Energy Economics Financial Analysis
(IEEFA), February 29, 2016, http://ieefa.org/china-delivers-global-record-win-and-solar-installs-while-national-consumption-drops-3-7-percent-in-
2015/ (discussing installing solar in China); Nitkoski, Matthew, “Renewables’ Remarkable Rise: China Seeks to Turn its Potential Wind and Solar Power into a
Reality,” China Economic Review, June 25, 2015, http://www.chinaeconomicreview.com/china-seeks-turn-its-potential-wind-solar-power-reality
(discussing wind power in China).

178 Seligsohn, Deborah and Levin, Kelly, “China’s Carbon Intensity Goal: A Guide for the Perplexed,” ChinaFAQS, April 12, 2010,
http://www.chinafaqs.org/library/chinafaqs-chinas-carbon-intensity-goal-guide-perplexed#sthash.hyjyMhGj.dpuf.  

179 “Urban Pollution in India: Particular about Particulates,” The Economist, January 14, 2016, 
http://www.economist.com/news/asia/21688447-bold-experiment-has-improved-delhis-air-indians-want-more-particular-about-particulates. 

180 Burton, Bob and Fernandes, Ashish, “India’s Growing Coal Glut Stalls Mines,” RE New Economy, March 10, 2016, 
http://reneweconomy.com.au/2016/indias-growing-coal-glut-stalls-mines-35406; Justice, Adam, “India Looks to Double Coal Output by 2020,”
International Business Times, November 21, 2015, http://www.ibtimes.co.uk/india-looks-double-coal-output-by-2020-1529856.  

181 Nagarajan, Ganesh, “India to Quadruple Renewable Capacity to 175 Gigawatts by 2022,” Bloomberg, February 28, 2015,
http://www.bloomberg.com/news/articles/2015-02-28/india-to-quadruple-renewable-capacity-to-175-gigawatts-by-2022; Buckley, Tim and Sharda,
Jai, “India’s Electricity Sector Transformation: Global Capacity Building,” Institute for Energy Economics and Financial Analysis (IEEFA), November 2015, p. 1,
http://ieefa.org/wp-content/uploads/2015/11/IEEFA-India-Electricity-Sector-Transformation_Global-Capacity-Building_11112015.pdf.



182 “The Rising Sun: Disruption on the Horizon,” KPMG, November 2015, p. 9-14,
https://www.kpmg.com/IN/en/IssuesAndInsights/ArticlesPublications/Documents/ENRich2015.pdf; Shreya, Jai, “India's Solar Power Rates at Historic
Low,” Business Standard, November 5, 2015, http://www.business-standard.com/article/economy-policy/india-s-solar-power-rates-at-historic-low-
115110401119_1.html; Anand, Kunal, “For The First Time in Modern India’s History, Solar Energy Is Cheaper Than Coal,” India Times, January 27, 2016,
www.indiatimes.com/news/india/for-the-first-time-in-modern-india-s-history-solar-energy-is-cheaper-than-coal-249907.html. 

183 KPMG at p.3; Maverick, Tim, “India: The Next Solar Superpower,” Wall Street Daily, February 22, 2016, 
http://www.wallstreetdaily.com/2016/02/22/india-solar-power.

184 Bagri, Neha Thirani, “India’s Top Court Revokes Coal Leases,” The New York Times, September 24, 2014,
http://www.nytimes.com/2014/09/25/business/international/indias-supreme-court-revokes-hundreds-of-coal-concessions.html?_r=0; (discussing
how India’s Supreme Court revoked coal leases because the process lacked accountability);  Buckley, Tim, “India’s Fast-Moving Energy Transition: $100 Billion in
Renewables Investments So Far This Year,” Institute for Energy Economics and Financial Analysis (IEEFA), November 11, 2015, http://ieefa.org/indias-energy-
transition-100-billion-in-renewable-investments-so-far-this-year/ (discussing the $100 billion investments in renewables in 2015 in India).

185 Mallet, Victor, “Investors Look to India as the Next Solar Power,” Finance Times, January 4, 2016, 
https://next.ft.com/content/5956cf62-a4b5-11e5-a91e-162b86790c58.

186 Kenning, Tom, “RattanIndia Turning Coal Supply Debacle into 200MW Punjab Solar Prospect,” PV Tech, February 1, 2016, 
http://www.pv-tech.org/news/rattanindia-turning-coal-supply-debacle-into-200mw-punjab-solar-prospect.

187 “Energy and Carbon—Managing the Risks,” ExxonMobil, p. 16: 
http://cdn.exxonmobil.com/~/media/global/files/energy-and-environment/report---energy-and-carbon---managing-the-risks.pdf. 

188 Id. at 19.

189 Davenport, Coral, “Nations Approve Landmark Climate Accord in Paris,” The New York Times, December 12, 2015,
http://www.nytimes.com/2015/12/13/world/europe/climate-change-accord-paris.html?_r=0.

190 Press Release, “Global Response to Climate Change Keeps Door Open to 2 Degree C Temperature Limit: 
New UN Report Synthesizes National Climate Plans from 146 Countries,” United Nations Framework Convention on Climate Change, October 30, 2015,
http://newsroom.unfccc.int/unfccc-newsroom/indc-synthesis-report-press-release/.

191 Id.

192 Biello, David, “World's First Global Deal to Combat Climate Change Adopted in Paris,” Scientific American, December 12, 2015,
http://www.scientificamerican.com/article/world-s-first-global-deal-to-combat-climate-change-adopted-in-paris1/. 

193 Nachmany, Michal, et al., “The 2015 Global Climate Legislation Study: A Review of Climate Change Legislation in 99 Countries Summary for Policy-makers,”
Grantham Research Institute on Climate Change and the Environment, 2015, p. 12, 
http://www.lse.ac.uk/GranthamInstitute/wp-content/uploads/2015/05/Global_climate_legislation_study_20151.pdf. 

194 Id.

195 Id. at 13.

196 See “The Global Climate Legislation Database,” London School of Economics and Political Science & Grantham Research Institute:
http://www.lse.ac.uk/GranthamInstitute/legislation/the-global-climate-legislation-database/.  

197 See “Environomist China Carbon Market Research Report 2016,” South Pole Group & International Finance Corporation, April 21, 2016, p. 42,
http://www.thesouthpolegroup.com/uploads/media/20160223210650-79.pdf. Further, China’s carbon markets are already operational in 7 provinces. 
See Davis, Julie and Davenport, Coral, “China to Announce Cap and Trade Program to Limit Emissions”, New York Times, September 24, 2015,
http://www.nytimes.com/2015/09/25/world/asia/xi-jinping-china-president-obama-summit.html.

198 King, Ed, “India to Double Coal Tax under 2016-17 Budget,” Climate Home, February, 29, 2016, 
http://www.climatechangenews.com/2016/02/29/india-to-double-coal-tax-under-2016-17-budget/. 

199 Wolff-Mann, Ethan, “Norway Will Likely Ban Gas-Powered Cars, and Elon Musk is Stoked”, June 6, 2016, Time, http://time.com/money/4358250/norway-
ban-gas-cars-elon-musk-tesla-happy/?xid=time_socialflow_twitter; Ronan Glon, “Dutch politicians want to make gasoline and diesel-powered cars illegal
in 2025,” Digital Trends, March 31, 2016, http://www.digitaltrends.com/cars/holland-wants-to-ban-gas-cars-by-2025-news-report/. 

200 Peters, Adele, “7 Cities That Are Starting To Go Car-Free,” Co.Exist, January 3, 2015, http://www.fastcoexist.com/3040634/7-cities-that-are-starting-to-
go-car-free; Oslo: “Oslo Aims to Make City Center Car-free within Four Years,” Yahoo, October 19, 2015,
https://www.yahoo.com/news/oslo-aims-city-center-car-free-within-four-124930728.html?ref=gs. 

201 O’Sullivan, Feargus, “Central Madrid Rolls Out a Tough-Love Plan to Limit Cars,” Citylab, Sep 23, 201: 
http://www.citylab.com/commute/2014/09/central-madrid-rolls-out-a-tough-love-plan-to-limit-cars/380642/.

202 “World Energy Outlook 2012: Executive Summary,” International Energy Agency, 2012, p. 3,
https://www.iea.org/publications/freepublications/publication/english.pdf. 

203 Hayward, Leslie, “Barclays: $22 Trillion in Oil Revenue at Risk From COP-21 Negotiations,” The Fuse, December 10, 2015, 
http://energyfuse.org/barclays-22-tillion-in-oil-revenue-at-risk-from-cop-21-negotiations/. 

204 Id.

205 Biello, David, “World’s First Global Deal to Combat Climate Change Adopted in Paris,” Scientific American, December 12, 2015,
http://www.scientificamerican.com/article/world-s-first-global-deal-to-combat-climate-change-adopted-in-paris1/.

206 Grunwald, Michael, “Inside the War on Coal,” Politico, May 26, 2015, http://www.politico.com/agenda/story/2015/05/inside-war-on-coal-000002; 
Hitt, Mary Anne, “Beyond Coal Milestone - Coal Plant #200 Announced to Retire,” Sierra Club, July 15, 2015,
http://www.sierraclub.org/compass/2015/07/beyond-coal-milestone-coal-plant-200-announced-retire. 

207 “Beyond Coal,” Sierra Club, March 16, 2016, http://content.sierraclub.org/coal/200. 

208 “2014 Form 10-K,” Peabody Energy Corporation, p. 30, http://www.sec.gov/Archives/edgar/data/1064728/000106472815000021/btu-20141231x10k.htm.

209 Joyce, Stephanie, “Nation’s Largest Coal Mining Company Files for Bankruptcy Protection,” KQED, April 13, 2016,
http://www.pbs.org/newshour/rundown/nations-largest-coal-mining-company-files-for-bankruptcy-protection/. 

210 See Sussams, Luke and Grant, Andrew, “The U.S. Coal Crash: Evidence for Structural Change,” Carbon Tracker Initiative, March 2015, p. 18,
http://www.carbontracker.org/wp-content/uploads/2015/03/US-coal-designed-Web.pdf.  

211 Colby, Carl, “What the Keystone XL Pipeline Says about the Politics of Energy,” Fortune, February 24, 2016, 
http://fortune.com/2016/02/24/keystone-xl-pipeline-oil-transcanada/. 

212 Grant, Mary, “Local Resolutions Against Fracking,” Food and Water Watch, September 11, 2013, 
http://www.foodandwaterwatch.org/insight/local-resolutions-against-fracking; 
“List of Bans Worldwide,” Food and Water Watch: Keep Tap Water Safe, http://keeptapwatersafe.org/global-bans-on-fracking/.

Unconventional Risks: The Growing Uncertainty of Oil Investments 45



Unconventional Risks: The Growing Uncertainty of Oil Investments 46

213 Jolly, David, “France Upholds Ban on Hydraulic Fracturing,” The New York Times, October 11, 2013,
http://www.nytimes.com/2013/10/12/business/international/france-upholds-fracking-ban.html?_r=0 (discussing France’s ban on hydraulic fracturing);
Phillips, Ari, “With First Nationwide Fracking Law, Germany Approaches a Ban,” Think Progress, April 2, 2015,
http://thinkprogress.org/climate/2015/04/02/3641790/german-fracking-law-close-to-ban/; “Gas in Germany—The Current Status,” SHIP Shale Gas
Information Platform, April, 2015. http://www.shale-gas-information-platform.org/areas/the-debate/shale-gas-in-germany-the-current-status.html.

214 Schwartz, John, “Environmental Activists Take to Local Protests for Global Results,” The New York Times, March 19, 2016,
http://www.nytimes.com/2016/03/20/science/earth/environmental-activists-take-to-local-protests-for-global-results.html.

215 Nussbaum, Alex, “Fossil-Fuel Divestment Tops $3.4 Trillion Mark, Activists Say,” Bloomberg, December 2, 2015,
http://www.bloomberg.com/news/articles/2015-12-02/fossil-fuel-divestment-tops-3-4-trillion-mark-activists-say; 
“The Carbon Underground 2015,” Fossil Free Indexes, http://fossilfreeindexes.com/research/the-carbon-underground/. 
On an interesting note, without announcement and despite public statements objecting to fossil fuel divestment, the Gates Foundation divested its investments 
in both Exxon and BP, approximately a billion dollars in assets, in 2016, see Kennedy, Charles, “Gates Foundation Sells Full $186M Stake in BP,” Oilprice.com,
May 12, 2016, http://oilprice.com/Latest-Energy-News/World-News/Gates-Foundation-Sells-Full-186M-Stake-in-BP.html.

216 Cohen, Ken, “Some Thoughts on Divestment,” ExxonMobil Perspectives, October 10, 2014, 
http://www.exxonmobilperspectives.com/2014/10/10/some-thoughts-on-divestment/.

217 Carrington, Damian, “Fossil Fuel Divestment is Rational, Says Former Shall Chairman,” The Guardian, June 4, 2015,
https://www.theguardian.com/environment/2015/jun/04/former-shell-chairman-advocates-fossil-fuel-divestment. 

218 Davis, Rachel and Franks, Daniel, “Costs of Company-Community Conflict in the Extractive Sector,” Harvard Kennedy School, 2014, p. 15,
http://www.hks.harvard.edu/m-rcbg/CSRI/research/Costs%20of%20Conflict_Davis%20%20Franks.pdf. 

219 “Material Risks: How Public Accountability is Slowing Tar Sands Development,” Oil Change International & Institute for Energy Economics & Financial Analysis,
October 2014, p. 4, http://priceofoil.org/content/uploads/2014/10/IEEFA.OCI_.Material-Risks-FINweb2-1.pdf.

220 Juhasz, Antonia, “Shell is Reeling After Pulling Out of the Arctic,” Newsweek, October 13, 2015, 
http://www.newsweek.com/2015/10/23/shell-reeling-after-pulling-out-arctic-382551.html.

221 Krauss, Clifford and Reed, Stanley, “Shell Exits Arctic as Slump in Oil Prices Forces Industry to Retrench,” The New York Times, September 28, 2015,
http://www.nytimes.com/2015/09/29/business/international/royal-dutch-shell-alaska-oil-exploration-halt.html?_r=0. 

222 Hall, Shannon, “Exxon Knew about Climate Change Almost 40 Years Ago,” Scientific American, October 26, 2015,
http://www.scientificamerican.com/article/exxon-knew-about-climate-change-almost-40-years-ago/. 

223 Sussams, Luke, et al., “Lost in Transition: How the Energy Sector is Missing Potential Demand Destruction,” Carbon Tracker Initiative, October 2015, p. 93,
http://www.carbontracker.org/wp-content/uploads/2015/10/Lost-in-transition_Clean_Draft.pdf.

224 Lewis, Renee, “As UN Says World to Warm by 3 Degrees, Scientists Explain What That Means,” Aljazeera America, September 23, 2015,
http://america.aljazeera.com/articles/2015/9/23/climate-change-effects-from-a-3-c-world.html; 
Adams, Sophie, et al., “Turn Down The Heat: Confronting the New Climate Normal,” World Bank Group, November 23, 2014, p. 44-53, 
http://documents.worldbank.org/curated/en/2014/11/20404287/turn-down-heat-confronting-new-climate-normal-vol-2-2-main-report.

225 Lewis, Renee, “As UN Says World to Warm by 3 Degrees, Scientists Explain What That Means,” Aljazeera America, September 23, 2015,
http://america.aljazeera.com/articles/2015/9/23/climate-change-effects-from-a-3-c-world.html. For more on this, see Hsiang, Solomon, Burke,
Marshall, and Miguel, Edward, “Quantifying the Influence of Climate on Human Conflict”, Science, Vol. 341, September 13, 2013,
http://web.stanford.edu/~mburke/papers/Hsiang_Burke_Miguel_2013.pdf.

226 See Spratt, David and Sutton, Phillip, “3 Degrees of Warming,” Global Greenhouse Warming, 2008, 
http://www.global-greenhouse-warming.com/3-degrees.html. 

227 Pidcock, Roz, “What Happens If We Overshoot the Two Degree Target for Limiting Global Warming?,” Carbon Brief, December 10, 2014,
http://www.carbonbrief.org/what-happens-if-we-overshoot-the-two-degree-target-for-limiting-global-warming.

228 Spratt, David, “What Would 3 Degrees Mean?” Climate Code Red, September 1, 2010, 
http://www.climatecodered.org/2010/09/what-would-3-degrees-mean.html. 

229 “Global Warming Could Cause Fall in Oxygen on Earth: Study,” NDTV, December 2, 2015, 
http://www.ndtv.com/world-news/global-warming-could-cause-fall-in-oxygen-on-earth-study-1250141; 
“Failing Phytoplankton, Failing Oxygen: Global Warming Disaster Could Suffocate Life on Planet Earth,” Science Daily, December 1, 2015,
http://www.sciencedaily.com/releases/2015/12/151201094120.htm.

230 Id.

231 Dickens, Gerald R., “A Methane Trigger for Rapid Warming?”, Science, February 14, 2003, http://science.sciencemag.org/content/299/5609/1017.1.short.  

232 For example, when oil prices exceed $4 a gallon (approximately $100 or more per barrel), a 2015 model EV has a three-year payback; the same vehicle 
has a twelve year payback period at $1.90 a gallon (approximately $25 per barrel). Ge, Yanbo, “Are Low Gas Prices Killing the Electric Car?”, 
Sustainable Transportation Lab, February 16, 2016, http://faculty.washington.edu/dwhm/2016/02/16/are-low-gas-prices-killing-the-electric-car/. 

233 Mamudi, Sam, “Lehman Folds with Record $613 Billion Debt,” MarketWatch, September 15, 2008, 
http://www.marketwatch.com/story/lehman-folds-with-record-613-billion-debt?siteid=rss. 

234 “The Lehman Brothers Bankruptcy: An Overview”, Yale School of Management, 2014, 
http://som.yale.edu/sites/default/files/files/001-2014-3A-V1-LehmanBrothers-A-REVA.pdf.

235 Anderson, Jenny, and Thomas, Landon, “Lehman’s Shares Gain on Signs of Raising Capital,” The New York Times, August 22, 2008,
http://www.nytimes.com/2008/08/23/business/worldbusiness/23lehman.html. 

236 McNulty, Sheila, “Shrink-to-Grow Strategy at Heart of Conoco Break Up,” Financial Times, July 14, 2011, 
http://www.ft.com/cms/s/0/cae109f4-ae33-11e0-8752-00144feabdc0.html#axzz49v1dQSR7. 

237 See Leaton, James, et al., “Sense and Sensitivity: Maximising Value with a 2D Portfolio,” Carbon Tracker Initiative, May 2016, p. 7,
http://www.carbontracker.org/wp-content/uploads/2016/05/Sense-Sensitivity_Full-report2_28042016.pdf. 





©2016  • 1611 Telegraph Ave. Suite 1450  • Oakland, CA 94612


