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ABSTRACT
This article compiles and categorizes the 
various forms of climate risk facing the 
fossil fuel industry. The type and intensity 
of risk differs greatly among the three forms 
of fossil fuels, as well as between countries 
in the developing and developed world. The 
paper finds heightened risk for the coal 
industry and reduced risk for oil businesses, 
due to its lack of substitutes.
Burning coal, oil, and natural gas is 
the source of two-thirds of the world’s 
emissions of greenhouse gases. Sales of 
these fuels also represent the economic 
underpinning of resource-rich countries 
and the world’s largest firms. As such, 
steps taken to abate emissions undermine 
commercial opportunities to monetize 
fossil fuel reserves. Risks to the industry 
correlate with progress on climate goals. 
This article analyzes recent literature 
on climate action strategy and finds 
that a new or intensified set of risks 
has arisen for the fossil fuel industry. 
These include government policies and 
legislation, financial restrictions among 
lenders and insurers, hostile legal and 

shareholder actions, changes in demand 
and geopolitics, as well as the onset of 
new competitive forces among states and 
technologies.

The exposure of carbon-based 
businesses to these risks and the 
potential for loss is neither distributed 
uniformly across the sector, nor adheres 
to a uniform time scale. Shareholder-
owned firms in the developed world 
will be incentivized to react sooner than 
large state-owned resource owners in 
developing countries. The fates of the 
three fossil fuels also appear likely to play 
out differently. Demand for oil appears 
insulated by its lack of viable substitutes, 
while coal businesses are already 
undergoing climate-related action, pushed 
by decreasing social acceptance and 
constraining fi nancial regulation. At the 
other end of the spectrum, climate action 
has improved the medium-term viability 
of low-carbon natural gas. What appears 
clear is that, as effects of climate change 
grow more pronounced, the industry faces 
a future that is less accepting of current 
practices.
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Introduction
Fossil fuel-producing businesses and governments find 
themselves in an intensifying predicament. Burning 
coal, oil, and natural gas is responsible for two–thirds 
of humanity’s emissions of greenhouse gases or 
GHGs. A growing consensus of research concludes that 
most remaining fossil fuel reserves need to remain 
underground if humanity is to have a reasonable chance 
of weakening the advance of climate change. Rendering 
carbon as “unburnable” endangers business models 
based on carbon extraction. This includes some of the 
world’s largest firms and economies of two dozen nation-
states where exports of coal, oil or gas comprised more 
than 20% of 2014 GDP.1

Relief for the climate reduces commercial opportunity 
for the fossil fuel industry. Given the stakes, it bears 
asking: What, exactly, are the risks? How are they 
manifested and distributed? By Citicorp’s estimate, 
resource abandonment on the scale required to meet 
the 2°C threshold means forgoing $100 trillion in fossil 
fuel revenues by 2050.2 Following through on such a 
scale would constitute a disruptive force in global affairs, 
undermining national budgets and corporate balance 
sheets while exposing beneficiaries – including pension-
holders and ordinary citizens of resource-exporting 
states–to the myriad risks outlined below.

Whether or not the world decarbonizes to the extent 
required3 – and scholars assign a high probability that 
the 2 °C threshold will be surpassed4–6 – climate action 
presents the fossil fuel industry with a new set of risks. 
These range from reduced wealth and influence for fossil 
fuel exporting countries; to stranded reserves of once 
valuable commodities; to various forms of divestment, 
whether on behalf of insurance companies, pension 

funds, or via tools allowing investors to purge portfolios 
of carbon exposure. 

The risk burden is not shared uniformly among the 
three7 fossil fuel types. While much of the focus has 
been on oil companies and countries harboring large 
crude oil reserves, oil’s place in the future energy mix 
appears relatively assured, due to the long-term nature of 
developing viable substitutes in the transportation sector. 
Coal, by contrast, faces a future of decreasing social 
acceptance and intensifying regulation, particularly in 
the developed world. At the other end of the spectrum, 
natural gas’ lower carbon content positions it as a 
medium-term beneficiary of climate action.8

Further, decarbonization risks in the mature OECD 
economies differ from those in the developing world. In 
the OECD, where the fossil fuel trade is dominated by 
publicly traded companies, risks arise from government 
regulation and abatement actions, as well as shareholder 
activism. But shareholder-owned firms such as 
international oil companies (IOCs) also benefit from 
shorter reserves-to-production timeframes and fl exible 
business models. Some are already adjusting operations 
to decrease vulnerability to climate action. 

In the non-OECD countries, where growth in fossil 
fuel demand is high and where the largest pools of 
reserves are held, governments may act in opposite 
fashion, by protecting stateowned energy businesses 
from regulations and international pressure. However, 
the big national oil companies (NOCs) presiding over 
reserves with decades-long depletion horizons may be 
more exposed to declining demand and stranded assets. 
Decarbonization could thus spur geopolitical competition 
among producers, or even creation of opposing blocs of 
states which seek to enforce – or avoid–climate action.

The big national 
oil companies 
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share among producers seeking to monetize reserves 
before they are stranded, and changing relations between 
countries based on decarbonization activity.
There are also physical risks to the industry from 
climate change itself. These include threats of damage 
from storms, rising heat intensity, and sea levels.9 Since 
physical risks can be expected to affect all businesses 
regardless of their carbon intensity, this paper does not 
delve into them.

This paper serves as a compilation of the risk types 
affecting fossil fuels, based on an in-depth study of recent 
literature. Beyond offering basic contextual analysis, I do 
not attempt to quantify risks, their effects on revenue, or 
their impact on accumulation of atmospheric carbon.

Policy risk
Policy risk is a broader category for what is typically 
known as regulatory risk. Governments around the world, 
including at the subnational level, have imposed myriad 
restrictions on fossil fuel use. Policy action probably 
poses the greatest risk of any outlined here, for two 
reasons. First, because many sources examined here – 
with few exceptions10 – argue that economic competition 

Risk types
The taxonomy below outlines five main classes of climate 
risk for the fossil fuel industry:
(i) Policy risk: Government policies, regulations, and 
pledges that reduce carbon emissions; policies that 
support competing technology.
(ii) Demand risk: Decline in global fossil fuel demand due 
to climate factors.
(iii) Financial risk: A broad category consisting of:

(a) Divestment risk: Shareholder or grassroots 
activism that seeks to infl uence producers through 
financial or reputational means.
(b) Portfolio risk: Investor avoidance of fossil fuel 
shares.
(c) I nsurance risk: Antagonism from a business 
sector in which economic interests are aligned with 
climate action.
(d) Lending risk: Reduced availability of investment 
capital.
(e) Stranded asset risk: Commodity reserves or capital 
assets stranded prematurely.

(iv) Legal risk: Lawsuits based on liability for climate 
change.
(v) Geopolitical and Competition risk: Rivalry for market 

Warming projected 
by 2100

*  5%-95% percentile of AR5 WGIII scenarios in concentration category 7, 64% of the baseline scenarios assessed by the IPCC
**  Greater than 66% or equal chance of staying within 20C in 2100. Median and 10th to 90th percentile range. Pathway range excludes   
 delayed action scenarios and any that deviate more than 5% from historic emmisions in 2010.
*** Greater than or equal to 50% chance of staying below 1.50C in 2100. Median and 10th to 90th percentile range. Pathway range excludes   
 delayed action scenarios and any that deviate more than 5% from historic emissions in 2010.
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Figure 1. Forecast of effects of Paris pledges on future CO2 emissions. Source: Climate Action Tracker (used with permission).



alone will not enable noncarbon energy to replace 
fossil fuels. Second, because governments’ options for 
intervention are broad. States can create and enforce laws 
ranging up to and including outright bans of fossil fuels. 
The government of Finland, for example, has proposed a 
complete ban on future use of coal in power generation.11

Policy risk includes government pledges such as the 
Intended Nationally Determined Contributions or INDCs 
from the 2015 Paris Agreement, as well as unrelated 
actions such as carbon taxes, cap-and-trade schemes, 
subsidies for substitute technologies, and regulations 
that hinder fossil fuel extraction, transportation, or 
intensity of use.

For the fossil fuel industry, the Paris climate agreement 
presents a large and uncertain source of policy risk: a 
global consensus on the need to turn away from fossil 
fuels that incentivizes regulation.

Nearly every country on Earth has pledged to reduce 
its emissions in some way. If realized, these national 
pledges would reduce carbon emissions from a business-
as-usual scenario by about 50 gigatons per year by 2050, 
the yearly equivalent of leaving 23 billion tons of coal or 
158 billion barrels of oil unburned. That level of reduction 
would restrict the increase in average temperature in 2100 
to around 3°C rather than 4°C without INDCs.12 ( Fig.1) 
Deeper decarbonization is required to reach the 2°C 
threshold. 

INDCs approach decarbonization through policies 
tailored to local conditions. Former US President Barack 
Obama’s pledge to reduce CO2 emissions by 26–28% 
below 2005 levels by 2025 depends on retiring much 
of the US coal-fired power generation fleet and shifting 
toward natural gas and renewables.13 The Paris INDCs 
are nonbinding, however, and there is no enforceable 
penalty for ignoring them. US President-elect Trump has 
indicated that his administration may ignore the Paris 
pledge. Conflicting priorities between administrations in 
one country suggest the existence of large uncertainties 
around the implementation of decarbonization policies. 
Implementation uncertainty adds complexity to firms’ 
response to climate policy, particularly in countries with 
decentralized systems and multiple veto wielders, or 
frequent changes in government.

Carbon pricing
Other forms of policy risk are embedded in carbon 
reduction policies include emissions trading schemes 
such as the European Union’s Emissions Trading System, 
as well as carbon prices and taxes. For example, British 
Columbia’s carbon tax is credited with a 13% reduction 
in per capita emissions and 16% cut in fossil fuel demand 
between 2008 and 2013.14

Carbon pricing is based on the notion that externalities, 
or social costs, should be included in prices for fuels and 
services. For example, if the costs to public health from 
emissions of sulfur dioxide, nitrogen oxides, and other 
coal pollutants were included in wholesale electricity 
prices, coal might be less attractive than cleaner power 
generation fuels. Carbon pricing levies a cost for GHG 

Figure 2. Global fuel demand in 2040 — Projections.  
Source: Exxon Mobil 2016, used with permission.
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emissions and the associated damage from warming 
temperatures, storms, loss of land and property use, 
and sea level rise. Implementation of carbon pricing is 
increasing in momentum. The World Bank estimates that 
13% of global emission is already subject to a carbon 
price. If promises made at Paris are fully enacted, some 
58% of global GHG emission would be taxed.15

Carbon prices range widely and some appear to have 
had little effect on fossil fuel demand. Demand for 
transportation, inparticular, is highly price-inelastic and 
probably not very sensitive to moderate carbon pricing. 
In the United States, a 25–50% increase in gasoline prices 
is required to reduce travel by 1%, although the effect on 
fuel demand is stronger.16 Prominent forecasts of future 
demand incorporate assumptions for carbon pricing. 

Exxon Mobil’s 2016 Outlook for Energy assumes carbon 
pricing in OECD countries reaches $80/ton by 2040.
Despite the added cost of carbon and improvements in 
vehicle efficiency, Exxon expects oil demand will continue 
growing to 2040, by an average of 0.7% per year.17

Demand for natural gas and particularly coal is more 
sensitive to taxation, since substitute technologies are 
available. The Exxon forecast predicts coal use dropping 
an average of 0.2% per year globally, while natural gas 
demand grows 1.6% per year. Noncarbon substitutes 
become more competitive and grow more quickly under 
carbon taxation, with growth averaging nearly 3%/year for 
nuclear and 5% for renewables (Fig. 2).17

In the future, policy risks for the fossil fuel sector could 
be globalized via the “climate club” scheme conceived by 
economist William Nordhaus. Countries would align carbon 
tax policies and impose border tariffs on “free riding” 
imports from countries where carbon is insufficiently 
regulated.18 Countries that avoid climate action would face 
border taxes on exports to countries in carbon-taxation 
blocs. Governments are thus incentivized to tax carbon so 
their exports receive preferential market access. 

Anticarbon policies also include myriad other 
restrictions. These include bans on extraction 
methods–hydraulic fracturing for oil and gas19 – and 
blocking of infrastructure projects, such as the Obama 
administration’s denial of a permit for the Keystone XL 
pipeline.20 Government policies to encourage competing
nonfossil sources could also thwart demand for fossil 
fuels. One example is the 2016 agreement between the 
governments of the United States, Canada, and Mexico to 
generate half of their electricity from carbon-free sources 
by 2025.21

Carbon pricing is based on the notion that externalities, or  
social costs, should be included in prices for fuels and services.”

Figure 3. Supply, consumption, and CO2 emissions by fuel.  
Source: International Energy Agency, “World energy-related CO2 emissions,”  
IEA Paris (online database) March 2016. Accessed January 31, 2017.
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Demand risk
At some point, demand for fossil fuels will start to decline. 
The notion of “peak demand” is driven by the maturing 
of developing economies, particularly China’s, and 
diversification beyond heavy industry into less energy-
intense services. Demand risk is exacerbated by efforts 
to push economies toward noncarbon energy and higher 
efficiency. 

Few believe that the world will reach peak energy 
demand anytime soon. But as climate policies come 
to the fore, governments will inevitably seek to meet 
some demand through cleaner energy. At the same time, 
noncarbon options are becoming viable replacements 
for retiring capital equipment, particularly in power 
generation. These forces are bound to affect demand for 
coal and, in the longer term, natural gas (Fig. 3).

Global coal consumption may have already peaked. In 
2015, global coal consumption dropped by 100 million 
metric tons, or 1.8%, compared to 2014 levels. China, 
which consumes half of global coal, saw demand decline 
two years in a row, while U.S. coal consumption plunged 
nearly 13% in 2015.22 US coal production is forecast to 
fall another 15% in 2016, reaching its lowest level since 
1978.23

The IEA’s base case for coal demand is a 0.8% 
increase in yearly demand through 2020. But an alternate 
“peak-coal scenario” presents the possibility that global 
coal demand has peaked and will drop by 0.1% per year 
through 2020.24 The IEA sees 610 gigawatts (GW) 
of coal power generation capacity being retired for 
environmental reasons by 2025.25

Natural gas is a different case. Due to its lower carbon 
content, gas is often described as a “bridge fuel” for a 
decarbonizing world. Gas turbine power plants can start 
up quickly and synchronize with intermittent renewables. 
However, when full lifecycle emissions for gas are 
included, gas’ promise in mitigating climate change is 
less assured. 26 The United States and Britain have both 
reduced their carbon footprints by switching from coal 
to gas. In 2015, gas and coal supplied equal 33% shares 
of total US power. By 2016, gas’ share had grown to 34% 
while coal’s slipped to 30% as a result of environmental 
action and a glut of cheap shale gas.27 Since much phased-
out coal capacity will be replaced by gas, few observers 
believe that gas demand will peak anytime soon. Globally, 
gas is expected to surpass coal as a share of primary 
energy around 2030.28

However, gas, like coal, has substitutes, including some 
that emit no carbon: nuclear, hydro, wind, and solar 
energy. Furthermore, the decarbonization that must occur 
to meet the 2°C threshold does not allow gas to fully 
substitute for coal (Fig. 4).

Alternate scenarios are certainly possible. A 2016 
report from Bloomberg New Energy Finance predicts 
that demand for all fossil fuels used in power generation 
will peak by 2025 and fall thereafter, chased out by wind 
and solar power with improved battery storage. By the 
late 2020s, the report argues, it will be cheaper to build 
and operate a new renewable generation plant than to 
simply operate an existing coal or gas-fired plant. The 
crucial element is battery storage, which allows constant 
output from intermittent generators.10 However, other 
costs may reduce opportunities for early retirement of 
fossil fuel generation, including those associated with 
upgrades to electricity grids as well as stranded capital 
equipment.

What about oil? Two-thirds of the world’s oil is 
consumed in transportation. As such, oil has few 
substitutes. Only electric vehicles and biofuels offer a 
reasonable replacement. These suffer from shortcomings, 
either in terms of energy density, cost per mile, range, and 
even carbon content. While electric vehicles and battery 
technologies are improving, so are internal combustion 
engines. The US Department of Energy forecasts that by 
2040, 99% of US transportation vehicles sold will operate 
on internal combustion engines.29 In short, oil is unlikely 
to lose its primacy in transportation without concerted 
government policies that impose heavy penalties on 
emissions or favor alternatives.30 

Perhaps due to such factors, McGlade and Ekins 
forecast that oil reserves are the least exposed of the three 
fuels to abandonment by 2050. Just a third of current 
conventional crude oil reserves would probably be 
abandoned in a successful 2°C scenario, as opposed to 
half of gas and 82% of coal reserves.31

Even without a near-term competitive substitute 
technology, oil demand is still subject to decline. A 2016 
report from Shell predicts that the world could see 
total oil demand reach its zenith as soon as 2021.32 The 
former Saudi oil minister, Ali Naimi, suggested peak oil 

Figure 4. Carbon content of fossil fuels relative to energy output. 
Source: U.S. Energy Information Administration, 2016.
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demand may arrive by 2025.33 The IEA forecasts that 
gasoline demand may be nearing its peak, as efficiency 
gains and electric vehicles compensate for growth in 
the developing world.34 Exxon, meanwhile, sees no peak 
before 2040, due to continued growth in diesel and 
petrochemical demand.35 McKinsey predicts that oil 
demand for transportation will peak by 2025, but its use 
as a petrochemical feedstock will allow overall demand to 
increase slowly until 2050.36 While oil will inevitably peak 
at some point, most forecasts find that demand will tail off 
gradually, requiring companies to continue producing for 
decades.

Regardless, oil companies are under pressure to 
quantify exposure to demand risk and adjust business 
models to accommodate decarbonization. Academics 
have called for valuation methods for IOCs that rely 
on indicators other than booked reserves. 37 Far greater 
exposure to long-term declines in demand confronts 
NOCs, which oversee about 97% of global oil reserves 
and 90% of production.

FINANCIAL RISK
Financial risk is a broad category that covers the 
potential for higher costs or reduced revenues from 
five main sources, which are described below.

Divestment risk
In a 2015 speech, Bank of England Governor Mark 
Carney argued that climate change could precipitate a 

major selloff that could result in collapsed valuations.38 
While that has not yet happened, shares in some fossil 
fuel companies are coming under scrutiny from investors 
worried about carbon intensity of earnings. Investor 
groups such as pension funds, religious organizations,39,40 
insurance companies, and universities41 have shifted 
investments away from coal. A smaller number of 
campaigns have targeted oil and gas firms. Activist 
groups have begun publicizing carbon footprints 
as encouragement for firms to reduce emissions or 
shareholders to divest.

Some divestment is based on ethical concerns related to 
companies profiting while damaging the climate. Some is 
based on financial grounds, particularly on the likelihood 
that successful climate action will undercut commercial 
activity and share values. However, if climate action 
fails, asset risks may actually broaden. The Economist 
Intelligence Unit argues that entire portfolios and national 
economies face weaker returns based on the severity of 
warming.42

Other financial obstacles may compound the risk. 
These include banks’ unwillingness to lend, legal liabilities 
from environmental damages, and capital assets devalued 
by premature shut down. 

Divestment participants are among the largest 
institutional investors in the world, including, ironically, 
funds responsible for investing fossil fuel profits. The 
Norwegian Government Pension Fund, the world’s 
largest hydrocarbon-based sovereign wealth fund with 
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some $900 billion in assets, decided in 2015 to divest 
from companies that received more than 30% of their 
revenues from coal.43 The Rockefeller Brothers Fund, 
based on the Standard Oil fortune, eliminated its holdings 
in coal and Canadian oil sands in 2014.44 In 2016, the 
related Rockefeller Family Fund announced it would 
sell off fossil fuel shares, including holdings of Exxon 
Mobil–once a part of Standard Oil–due to the company’s 
public statements that were at odds with its internal 
understanding of climate change.45 

Divestment has not usually damaged share prices or 
debt of targeted companies, since other investors tend 
to purchase shares that are sold.46 However, widespread 
shunning of coal shares is constraining the availability of 
financing and raising costs. By 2030, divestment could 
reduce coal demand by a modest amount, around 2.5%.47 
In the oil business, divestment risk only poses a problem 
for shareholder-owned IOCs, not stateowned NOCs 
which dominate oil production.

A greater effect of divestment may be “stigmatization” 
that marks firms as targets for hostile regulation or other 
secondary effects.48 Activist groups have publicized 
carbon footprints and climate responsiveness among 
various industry sectors. A report from a group called 
BankTrack exposes lending to coal firms. The Asset 
Owners Disclosure Project ranks investment funds 
on climate criteria. A group called Fossil Free Indexes 
published what it described as the carbon footprint of 
the $300 billion CalPERS state employee retirement 
fund. Had CalPERS directly owned the fossil fuel 
reserves implied by its share holdings, the pension fund 
would have ranked as the 55th largest global oil and 
gas company and the 88th largest coal company, by 
reserves.49 The report argued that CalPERS’ holdings 
exposed California pensioners to climate action risk, while 
also tarnishing CalPERS’ environmental credentials.

Shortly after the report emerged, the California 
legislature passed a law forcing state pension funds 
to liquidate coal-related shares by 2017.50 As a result, 
CalPERS put pressure on companies in which it owned 
shares.51 The French utility giant, GDF Suez–now 
Engie–was threatened with divestment if it did not reduce 
its carbon footprint.52 In 2016, Engie acted, selling its 
ownership in 17 US coal-fired power plants with 9 GW 
of generating capacity, along with others in India and 
Indonesia, reducing its coal portfolio by a fifth, or 13 
GW.53 Chairman Gerard Mestrallet said coal ran counter 
to the company’s climate concerns, and pledged to stop 
building coal-fired power plants. Engie pulled out of 
another 2 GW in coal capacity it was negotiating in South 
Africa and Turkey. The firm is shifting its focus toward 
lower-emission renewables and natural gas projects.54

In the United States, coal has been hobbled by 
competition with cheaper natural gas, as well as declining 
steel production and regulatory uncertainty. Peabody 
Energy, the largest US coal mining firm, declared 
bankruptcy in 2016, preceded similar filings among coal 
producers Arch Coal, Alpha Natural Resources, Patriot 
Coal, and Walter Energy. US coal firms lost a combined 
31,000 jobs and $30 billion in share value since 2010. 
In 2016, half of all US coal was being produced by 
bankrupt companies in the process of being broken 
up.55 Incoming President Donald Trump has declared 
support for a coal revival, but economic factors – and the 
probability of revived post-Trump regulation – subject 
US coal to most risk types outlined in this paper.

Portfolio risk
Stock exchanges and financial regulators have increased 
reporting requirements for firms to declare their carbon 
intensity and exposure to climate risk.56 Disclosures have 
made it easier for investors to avoid fossil fuel shares 
and tilt portfolios toward “green” indexes. In the United 
States, the Securities and Exchange Commission requires 
companies to disclose material risks from climate change 
and climate action in public filings. These include 
impact of legislation and regulation on costs, profits, 
and demand; impact of international accords, including 
indirect effects such as decreased demand for carbon-
intense products.57

MSCI, a company that creates share indexes for 
investment managers, has developed new indexes and 
tools that exclude fossil fuel companies or highlight 
exposure to potential for stranded carbon assets. The 
company assists in rebalancing portfolios by “deliberately 
tilting more aggressively toward companies with 
large and growing renewable capacity”.58 Likewise, 
Bloomberg’s Carbon Risk Valuation Tool allows its clients 
to model the effects of scenarios such as “last ditch 
decarbonization” on their portfolios.59 HSBC provides 
clients with a similar climate risk analysis framework.60

Climate risk has thus led to the creation of “green” 
funds and other products that channel investment into 
firms that compete with fossil fuel companies.

Insurance risk
The global insurance business finds itself on the opposite 
side of the climate equation from fossil fuel firms. 
Insurers face increasing losses from climate change, 
due to the rising frequency of damaging weather events 
and subsequent payouts. The insurance sector is among 
those with the largest financial stake in climate progress. 
In 2016, UN Secretary General Ban Ki-moon urged 
insurers to anticipate and manage risks–including by 



decarbonizing investment portfolios used to pay future 
claims – so that the industry does not contribute to 
climate catastrophes that undermine its business.61

A further insurance risk has not yet materialized, but 
is under discussion. Insurers could refuse to provide 
coverage to coal firms – or the fossil fuel industry at 
large – as a way to hamper a business that is behind rising 
property damage claims.62

Climate risk is already influencing insurance portfolios. 
Climate-focused investor advisory group Ceres has 
tallied fossil fuel holdings worth $459 billion among 
US insurance firms.63 Some are starting to divest. The 
California Insurance Commission has asked insurers 
operating in the state to divest from coal and to report 
holdings in oil and gas firms, including pipeline and 
transport companies.64

The French insurer AXA announced in 2015 that it 
would divest from its last remaining coal mining and 
utility assets, worth $560 million, while shifting into 
“green” investments that have lower or beneficial climate 
impacts. AXA CEO Henri de Castries said climate-
driven events already represented 15 to 20% of the firm’s 
business risk. He said it had become “absolutely clear” 

that warming beyond 2°C would make it “tougher and 
tougher and probably impossible” for insurers to cope 
with property damage.65 German insurer Allianz, with 
nearly $2 trillion in holdings, announced it would reduce 
coal investment in favor of wind power.66

Lending risk
A related source of risk for fossil fuel companies is 
the drying up of financing. In 2013, the US Treasury 
Department announced that the United States would 
no longer support coal investment among multilateral 
institutions, although the US Export–Import Bank 
participates in coal projects in poor countries.67 In 
a similar process to divestment campaigns, activist 
groups have exposed lending to the coal sector68 and 
banks have begun stepping back. Bank of America, 
Citigroup, JP Morgan Chase, and Deutsche Bank have 
enacted climate-driven lending prohibitions on coal 
mining and power plants. Citigroup has mandated 
a “risk review” prior to lending to businesses in 
Canadian oil sands.69 Lending prohibitions shrink 
the pool of willing financiers, possibly forcing coal 
businesses to turn to more expensive sources.70

Figure 5. Top 20 banks and their lending to the global coal industry from 2011–April 2014, as reported by BankTrack. Source: BankTrack 2014.
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Elsewhere, Brazil’s development bank BNDES has 
halted financing for coal- and oil-fired power plants.71 
Japanese banks and export credit agencies, which 
financed big coalfired power plants in Mozambique 
and Vietnam in 2015, have since come under pressure 
to halt coal financing.72 As OECD banks depart the 
sector, Chinese lenders have captured the largest share 
of coal funding opportunities, including the top three 
spots (Fig. 5).73 ,74

Stranded asset risk
If climate action is effective, the OECD believes that 
assets will inevitably be stranded.48 Stranded asset risk 
is not unique to fossil fuels. Any industry might be hurt 
by advances in technology or customer preferences that 
render capital equipment underutilized or abandoned 
prior to the expected investment time horizon. Fossil 
fuel reserves are already routinely stranded, at least 
temporarily, by falling market prices. Climate risk 
is different. Governments, firms, individuals, and 
international organizations are actively pursuing actions 
that damage fossil fuel businesses irrespective of prices or 
availability of substitutes. 

Recent estimates by McGlade and Ekins find that 
roughly 80% of known coal reserves must remain 
unburned if the 2°C target is to be met. The authors find 
that carbon capture and storage technology is of little 

help, given its expense, the unwieldy parasitic load on 
power plants, and a lack of carbon pricing that might 
incentivize its construction. Citicorp estimates that the 
mining and power industries will lose investments worth 
$11.5 trillion over the next 25 years.75 ( Table 1) Further, 
half of global gas reserves need to remain in the ground 
to meet the 2°C target.31

Financial reports outline the potential for enormous 
losses in revenues, the risk of which increases relative 
to concentrations of carbon and the costs of extraction. 
The French bank Kepler Cheuvreux finds that adhering 
to the 2°C carbon threshold would, by 2035, leave the 
fossil fuel industry with $28 trillion in lost revenues from 
stranded reserves.76 As mentioned, Citicorp estimates 
that the value of stranded fossil fuels will surpass 
$100 trillion by 2050. The New York bank believes 
that climate-inspired reductions in earnings should be 
considered when weighing creditworthiness of producer 
companies and countries.75

A similar “stranded assets” predicament is said to 
threaten long-term earnings potential of fossil-fuel based 
utilities. Electricity providers appear to be overbuilding 
generation infrastructure to the extent that capital stock 
will have to be retired prematurely if CO2 emissions 
are to be kept within the bounds of a 2°C temperature 
increase. Complying with the 2°C carbon budget 
requires that no new power generation plants be built 

SCENARIO

WITH CCS

WITHOUT CCS

Value of unburnable Oil 
(in trillion USD)

30

25

22

24

57

62

Value of unburnable Gas
(in trillion USD)

Value of unburnable Coal
(in trillion USD)

Table 1. Dollar values of unburnable fossil fuels in a 20C scenario.

Note Assumes: $70 per barrel of oil, $6.5 per MMBTU of gas and $70 per metric ton of coal. Source: Citi Research, Mcglade and Ekins (2015).



after 2017 unless other infrastructure is retired early, 
underutilized, or retrofitted with carbon capture and 
storage technology.77

By 2035, myriad fossil-fuel assets could become 
“stranded,” or unable to earn a financial return prior to 
the end of their economic lives. The IEA estimates some 
$300 billion in unrecovered investments amid nearly $3 
trillion in yearly energy investment of all types the IEA 
has forecast over a similar period.78

(i)   165 GW of fossil fuel power generation capacity with  
unrecovered sunk costs of $120 billion.

(ii)  Oil and gas exploration costs worth $180 billion.
(iii)  Some $4 billion in unrecovered coal mine 

investment.79

Examined in this light, Japan’s plans to build 49 new 
coalfired power plants with 28 GW of capacity would 
create risk of stranded assets and write-downs worth 
at least $50 bn under various scenarios, because – for 
environmental or cost competitiveness reasons – the 
plants would probably be retired before their 2070 
investment time horizon.80

Should these sorts of forecasts affect share prices of 
publicly traded firms? A number of climate-based activist 
groups such as the Carbon Tracker Initiative and the 
Institutional Investors Group on Climate Change believe 
that they should, and that climate risks have not yet been 
priced into oil company stocks.81

The combined risks to the industry suggest the 
possibility of a “carbon bubble”. This is the contested 
notion that market capitalizations of publicly traded 
companies are exaggerated because the enforcement of 
carbon targets may prevent them from producing the 
reserves they have booked. 

However, climate risks are already priced into coal 
shares and probably into oil company shares. Share prices 
are based on investor assumptions of future earnings 
over a relatively short time horizon. Since climate effects 
accrue gradually and since IOCs hold just five to 15 
years of proved reserves, investors are probably betting 
that production of booked reserves is unlikely to be 
upended by climate concerns. Analysts and oil company 
officials have stated that long-term effects of climate on 
their business models are a different issue than investor 
expectations for short-term earnings.82 The transition 
away from fossil fuels, in particular oil and gas, is a 
gradual process that is being incrementally priced in by 
markets.83 For IOCs, climate risk looks more threatening 
over the long term, possibly affecting the value of future 
reserves.84

For producer countries like Saudi Arabia or Kuwait, 
where reserves can support current production for 
another 50–100 years, successful climate action probably 
will render some underground reserves unburnable. Of 
course, a rapid shift in technology that renders fossil fuels 
obsolete could have the same effect on asset values.

Opposite cases are also possible: energy shares could 
get a boost from a breakthrough that allows carbon-rich 
fuels to be exploited without harming the climate. Fossil 
fuels might also get a reprieve from large-scale adoption 
of geoengineering techniques that intervene in the Earth’s 
climate system to reverse the greenhouse effect.85 And, as 
mentioned above, there is a high likelihood that humanity 
will fail to attain the 2°C carbon budget, which pushes 
climate risk into the future.

LEGAL RISK
Legal scholars have long argued that the fossil fuel 
industry can be held liable for effects of its emissions. 
Basis for claims extends from compensation for weather 
damage to property or rising insurance premiums, to 
broader liability over lost land use, damage to national 
economies and public health.86– 88,90 Expectation of 
intensifying climate regulation in the future increases 
the probability of lawsuits.89 Suits could be brought 
by individuals, class-action groups, businesses, or 
governments; potential targets include single firms, 
industry groups, and governments.92

Improved links between GHG emissions and extreme 
weather events will intensify legal risk. Tort law and public 
nuisance law could be a basis for transferring costs to 
entities that can be shown to have contributed to cause 
the damage.90 Other legal actions could focus on producer 
countries, which could conceivably be sued by victim 
states in international courts. In 2015, a group of US 
citizens sued the US government for exacerbating risks to 
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“life, liberty, and property” by enabling or allowing CO2 
emissions to accumulate in the atmosphere, despite an 
understanding of the risk. 91 A case study of a single US 
coalfired power plant estimated the plant’s liability for 
climate disasters at $368 million.92

Likely litigation targets will be “deep-pocketed 
corporations” that could face class-action suits similar to 
the successful campaign against the tobacco industry. 89 
Legal action could also stem from damage to livelihoods 
of people and businesses in coastal areas threatened by 
rising seas. Scholars disagree about whether establishing 
individual liability would be an obstacle 89 or whether it 
is unnecessary. Allen argues that, in the absence of direct 
evidence, litigation could be based on “mean likelihood-
weighted liability” that an industry’s activity exacerbated 
the damage.93

GEOPOLITICAL AND COMPETITION RISK 
Competition among technologies, companies, and 
producer countries has always been a source of 
risk in the oil and gas industry. Climate change 
intensifies the competitive environment. In general, 
the lower a resource’s cost and carbon content, the 
more competitive it will be in a climate-constrained 
market. Big producers face a signifi cant drop in 
revenues from adherence to a 2°C carbon budget, 
with NOCs most affected. 

Market risk and the green paradox
Climate change could exacerbate competition for market 
share by encouraging price war behavior. If oil producers 
believe climate restrictions might lead to stranded assets, 
they may decide to step up production to reduce risk 
exposure. Sinn has labeled the phenomenon “the green 
paradox”, arguing that environmental policies that restrict 
carbon emissions have the perverse effect of accelerating 
fossil fuel production, thus exacerbating carbon emissions 
and global warming.94

It is possible that the green paradox is already affecting 
energy markets. OPEC members Saudi Arabia, Kuwait, 
and the United Arab Emirates – holders of some of 
the largest and lowest-cost oil reserves – had until 
recently favored long-term depletion strategies that 
limited production and propped up market prices. This 
future-oriented strategy allowed greater participation by 
higher-cost producers outside OPEC. But the cartel’s 
future orientation appears to have diminished. Since 
November 2014, OPEC–led by Saudi Arabia–has 
emphasized retaining a share of the oil market rather 
than sustaining high prices. Despite an OPEC agreement 
to cut production in late 2016, Saudi Arabia continued 
to maintain production at historic highs at the time of 

writing, pushing higher-cost oil from the market. The 
Saudi change in strategy was probably driven by rising 
competition with US shale and other non-OPEC oil.

However, if the Saudis worried that reserves might 
someday be stranded, they might behave the same way, 
increasing current production in hopes of reducing the 
amount of resources abandoned in the future.95

Curtailment of future oil demand would be 
disastrous for Saudi Arabia, Venezuela, and other 
large producer states, few of which have diversified 
economies ready to move beyond oil. By increasing 
production and pushing down market prices, they 
might shift the risk of stranded assets to higher-cost 
players, including shareholder-owned IOCs. The 
same phenomenon could be affecting coal producers. 
For them, selling at a discount is preferable to 
seeing reserves stranded. By encouraging stepped-
up production, the climate threat to fossil fuels can 
perversely lead to cheaper, more attractive fossil fuels. 
Over the long term, cheaper prices could destabilize 
producer economies and trigger social unrest.

Other geopolitical risks
A global transition away from fossil fuels represents a 
major disruptive force in international relations. Declining 
demand for oil could diminish the strategic importance 
of petro-states. In turn, importing countries might find 
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themselves less committed to guaranteeing external 
security and regime survival in exporting countries. One 
potential casualty might be the US Carter Doctrine, 
which declares that the United States will use military 
force to protect oil exporting states in the Persian Gulf. 
If the global economy grows less dependent on energy 
sourced in the Gulf, the United States may feel less 
compelled to spend some $50 to $100 billion per year96 in 
protecting its allies in the region.

State-to-state competition could assume more 
dangerous form. A “green paradox” battle for oil rents 
could evolve into a quest to shut down competing 
resources. Verbruggen and Van de Graaf argue that an 
era of oversupply would incentivize producer states to 
prevent competitors from producing oil. Actions could 
range from embargoes to sponsoring armed intervention 
or terrorism, all of which would be aimed at creating 
chaos in producing countries, so reserves cannot be 
produced.97

Finally, if decarbonization proceeds on a two-speed 
track, with developed countries acting to reduce emissions 
while developed countries engage in carbon-intense 
industrialization, relations between the OECD and non-
OECD could worsen. Developed states could take on a 
quasienforcement role, imposing restrictions on trade and 
multilateral funding. Climate action could thus create a new 
arena for geopolitical competition among opposing blocs.

Conclusion
As climate change effects grow more pronounced, there 
can be little doubt that an industry that produces 68% of 
human GHG emissions will find itself under increasing 
pressure. The risks to the industry correlate with progress 
on climate goals. Unless a technological breakthrough 
can restrict carbon releases, the fortunes of the fossil fuel 
industry and the stability of Earth’s climate will be locked 
in a zero-sum game. Climate’s gain is the industry’s loss 
and vice versa.

For coal, the threats posed by climate action are already 
being felt. Coal’s fortunes now rest with developing 
countries, where decisions to seek China-style, coal-led 
development will be met by increasing international 
pressure to choose an alternate path. Mainstream banking 
has moved away from coal, and new investments are 
falling to banks in China and Japan. These institutions will 
come under similar pressure and can be expected to act 
to avoid reputational damage. 

Climate threats to natural gas demand appear further 
afield, given the fuel’s reduced carbon content. Many 
anticarbon policies that target coal cede market share 
to gas. Longer term, however, gas is vulnerable to 
replacement by lower-carbon substitutes. 

Oil, by contrast, is insulated by its unique role in 
transportation. This does not mean oil firms will be 
unaffected. Expectations of escalating restrictions 



encourage increases in current production. Environmental 
regulation could, through the “green paradox”, lead to 
lower oil prices, increased demand, and gains in market 
share by low-cost producers like Saudi Arabia at the 
expense of higher cost ones like those in North America. 
Since upstream oil investments are typically based on 20- 
or 30-year time horizons, one must accept the possibility 
that financial returns will be affected by climate action. 

Further, competition among producers for market 
share will be complemented by competition between fossil 
fuels and renewables. Divestment and policy risks will 
magnify the challenges. Insurance companies and other 
threatened sectors can be expected to press for stronger 
action. Institutional investors and individuals will reward 
companies based on “future proofing” and penalize those 
deemed too exposed to carbon. 

Despite these pressures, it bears remembering that 
energy transitions play out over many decades.98 As such, 
arguments that IOCs face a near-term “carbon bubble” 
are probably overplayed, particularly if decarbonization 
is left to market forces. Stranding of reserves, particularly 
of crude oil, is most likely to be a factor of government 
policy, risks of which are difficult to forecast. IOCs 
may weather the climate storm more deftly than fossil 
fuel-dependent producer countries by modifying 
business lines. Just as IBM has shifted from computer 
hardware to services, IOCs are altering their strategic 
direction. Shell’s acquisition of BG emphasizes a shift 
from upstream oil toward natural gas. Total has bet on 
renewables and battery storage. Exxon Mobil is moving 
into petrochemicals, a process which locks CO2 inside 
products rather than burning it.99 Arguably, states with 
ingrained political structures based on oil exports will 
have a harder time adapting.100

It is clear that carbon-based businesses and economies 
face increasing impediments to the consumption of their 
products. Whether through taxes, legal restrictions, moral 
arguments, favoritism for competitors, or hampered access 
to financial markets, the industry faces a future that is less 
accepting of current practice. Some businesses and perhaps 
some governments, will not survive. 

Going forward, as climate transformation intensifies, 
intervention can be expected to strengthen. Countries and 
firms that pursue decarbonization strategies reduce their 
exposure to risks outlined above. In many instances, first 
mover advantage has already been taken. Companies and 
states that delay may find fewer opportunities and intensified 
competition.

Summary
The article reviews recent literature on the potential 
effects of climate change action on the fossil fuel industry. 
Categories of climate actions examined include government 
policies and legislation, financial practices and regulations 
including restrictions in lending and insurance, changes 
in demand and geopolitics, as well as the onset of new 
competitive forces. The article concludes that risk exposure 
differs greatly among the three fossil fuel types, as well as 
among opportunities in the developing and developed world. 
It finds heightened risk for coal industry and reduced risk 
for oil businesses, due to its lack of substitutes.
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