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Deﬁning and Measuring Fossil Fuel Subsidies
DOUG KOPLOW

2.1 Introduction
For many years, policy discussions have focused on strategies to bring down
greenhouse gas emissions using taxes, permits and other regulatory or statutory
limits. Yet fossil fuel markets across the world remain littered with government
programmes subsidising these emissions. The subsidies are large and act as
a negative tax on carbon, slowing the transition to cleaner fuels, weakening the
impact of carbon constraints and absorbing a signiﬁcant portion of government
revenues in many countries.
These factors have increasingly led governments and international organisations
to view fossil fuel subsidy reform as an important carbon mitigation strategy and
ﬁscal lever. The G20 reached an initial agreement in 2009 to ‘phase out and
rationalise over the medium term inefﬁcient fossil fuel subsidies’ (G20 2009),
with members of the Asia-Paciﬁc Economic Cooperation (APEC) group following
suit (APEC 2009). In September 2016, China and the United States – the two
largest greenhouse gas emitters – took that process another step forward by
publicly releasing a voluntary peer-reviewed version of their fossil fuel subsidy
reports (China 2015; G20 Peer Review Team 2016a, 2016b; United States 2015).
While the importance of subsidy reform is clear, widely varying estimates of
subsidy magnitude and continuing battles over subsidy deﬁnitions slow reform
efforts and complicate political consensus building. Differing coverage also affects
reported ﬁgures: some assessments focus on subsidies to the consumption side of
the market, others on producer subsidies and some on both. Global estimates vary
by at least an order of magnitude, with a similar dispersion of country-speciﬁc
estimates.
Beginning with a brief overview of the most common approaches to measure
global subsidies to fossil fuels, this chapter discusses subsidy deﬁnitions, current
global estimates, key causes of estimate variance and measurement gaps. Areas of
common agreement are also presented; these are frequently broader than the
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numerical variance alone would suggest and are critical for successful reforms.
The chapter concludes with several high-leverage opportunities for improving
subsidy transparency going forward.
2.2 Measuring Global Subsidies to Fossil Fuels
Global subsidy estimates have relied on two main strategies: quantifying the value
transferred to market participants from particular government activities (programme-speciﬁc or inventory approach)1 and assessing the variance between the
observed and the ‘free market’ price for an energy commodity (price-gap
approach). Each strategy has strengths and limitations (Table 2.1). To evaluate
the impact of fossil fuel subsidies, data are generally aggregated into metrics of
combined support that encompass many programme types, government institutions, levels of government and countries.
Inventories track individual subsidies, which helps to identify key political and
economic leverage points for reform. However, the inventory approach does not
delineate energy price impacts without signiﬁcant additional analysis. Policy
coverage across inventories may also differ due to deﬁnitional disagreements or
data access problems.
Price-gap estimates do capture price effects. This approach has been used most
prominently in recent years by the International Energy Agency (IEA). Because
the approach requires less data than the inventories, it is useful for evaluating
many countries at the same time, particularly when governments lack the
capability or will to provide data on their market interventions. Price-gap results
highlight countries with large pricing distortions; to develop a subsidy reform
strategy, however, policy-speciﬁc information would be needed (Koplow 2015).
Further, price-gap results provide only a partial picture. The many subsidies that
boost industry proﬁtability or allow marginal competitors to stay aﬂoat – but do
not affect equilibrium prices – are not captured. In addition, where energy
resources are thinly traded, assessing an appropriate market reference price can
be difﬁcult. This is a particular challenge for network energy such as electric
power, as well as fossil fuel–ﬁred steam heat or natural gas delivery systems.
Price-gap estimates should therefore be viewed as a lower bound of subsidy
estimates (Koplow 2009).
Subsidy inventories compile programme-speciﬁc data on individual government
supports to fossil fuels. The programme-level data can then be tallied to enhance
transparency. The Organisation for Economic Co-operation and Development’s
(OECD) total support estimate (TSE), for example, captures both pricing
1

This is also known as a ‘conferred-beneﬁts’ or ‘bottom-up’ approach.
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Total support estimate
Systematic method to aggregate
transfers plus market support to
particular industries.

• Does not address questions of ultimate
incidence or pricing distortions.
• Sensitive to decisions on what programmes to
include.
• Requires programme-level data.
• Differential baselines across political
jurisdictions (particularly regarding taxes) can
complicate aggregation and cross-country
comparisons.

• Captures transfers whether or not they affect
end market prices.
• Can incorporate the value of risk transfers (e.g.
via lending or insurance subsidies) rather than
just the direct government costs.
• Can feed into a variety of evaluative
frameworks and support detailed policy
reviews needed for reform efforts.

Inventory
Quantiﬁes value of speciﬁc government
programmes to particular industries
and then aggregates programmes into
overall level of support.
Transfers include reductions in
mandatory payments (e.g. tax breaks)
and shifting of operating risks to the
public sector, not just cash. Mandated
purchase requirements are often
captured, at least qualitatively.
Price gap
Evaluates positive or negative ‘gaps’
between the domestic price of energy
and the delivered price of comparable
products from abroad.

• Can be estimated with relatively little data;
• Sensitive to assumptions regarding ‘free
very useful for multi-country studies even if
market’ reference prices and transport prices
there is limited access to government
and to frequency and geographical dispersion
documents.
of key data inputs.
• Good indicator of pricing and trade distortions. • Understates full value of support as it ignores
transfers that do not affect end-market prices
and may miss important supports such as
purchase vouchers or cross-subsidies.
• Estimates for non-traded goods (e.g.
electricity) require much more detailed
analysis to generate reference prices.
• Integrates transfers with market supports into • Limited empirical PSE/CSE data for fossil fuel
holistic measurement of support.
markets, although this is improving for OECD
• Separates effects on producer and consumer
countries and a handful of others.
markets.
• Data intensive.

Limitations

Strengths

Approach

Table 2.1 Overview of subsidy measurement approaches
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distortions (net market transfers) and transfers that do not affect end-market prices
(net budgetary transfers) – effectively combining price-gap and inventory estimates. The TSE tracks individual policies on producer (via the producer subsidy
equivalent (PSE)) and consumer (via the consumer subsidy equivalent (CSE))
sides of the market, allowing interactions to be evaluated. Government programmes that support the general structure of a particular fuel market – but not
a speciﬁc producer or consumer – are tracked separately. The OECD’s approach is
data intensive: their 2015 review of government support to fossil fuels included
more than 800 subsidies provided by a diverse array of government agencies in
OECD countries as well as in Brazil, Russia, Indonesia, India, China and South
Africa (OECD 2015a).
Another approach to translate a subsidy inventory into a picture of market
impacts is to simulate investment returns at the energy-asset level with and
without individual subsidies. This technique highlights the degree to which
the subsidies shift unproﬁtable projects into investable ones (Lunden and
Fjærtoft 2014; Erickson et al. 2017). Given the long capital life of most
energy investments and the ability to continue production at lower prices
once project capital has been ‘sunk’, this dynamic can lock society into multiyear carbon emissions. This approach can also quantify the level of subsidy
‘leakage’, where taxpayer money simply boosts the proﬁts of projects that
would have been proﬁtable even without government support. These assessments provide highly granular information on subsidy transfer efﬁciency and
environmental impacts, although they require detailed data on production
sites and production economics that are not available for all fuels or all
parts of the fuel cycle.
2.3 Deﬁning and Identifying Energy Subsidies
As a starting point, most international organisations have adopted a subsidy deﬁnition developed by the World Trade Organization (WTO) under the Agreement on
Subsidies and Countervailing Measures (see Chapter 7). The WTO deﬁnition
captures much of the needed complexity in the range of policies to be tracked,
including credit support, tax breaks and equity infusions (see also Steenblik 2007;
Jones and Steenblik 2010).
In practice, however, there are important differences in coverage across institutions, and the exclusion of particular types of policies from quantitative estimates is
fairly common. Sometimes (as with externalities; see Section 2.4.2), this is due to
methodological disagreements or differing objectives of the analysis. Often, however, resource or data limitations preclude systematic evaluation of more complex
types of interventions.
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Exclusion of entire groups of policies from inventories (credit and insurance support are frequently left out) reduces the reported national and global
subsidy estimates. Even price-gap estimates are likely affected, despite relying on price differentials rather than policy details. For thinly traded commodities, price-gap reference prices rely on estimates of the domestic cost
structure, and missing information on subsidies can generate an artiﬁcially
low reference price.
While deﬁnitional disagreements cannot be resolved in this chapter, understanding key mechanisms of support is useful. A common view of subsidies prevalent in
the general press focuses on cash payments from the government to an individual or
corporation. In reality, a wide array of mechanisms is deployed to transfer value to,
and risks from, particular forms of energy, many of which do not involve cash.
While some subsidies increase the return to a speciﬁc party directly, many work
indirectly by changing the risk and reward proﬁle of a particular activity or
investment. The WTO deﬁnition distinguishes these by referring to the latter set
as ‘support’ rather than ‘subsidies’. However, either approach boosts expected
returns for some individuals, companies or products while worsening the market
position of competitors.
Indeed, a core function of markets is to allocate risks and rewards among
investors, producers and consumers. Many fossil fuel subsidies function by
shifting risks away from energy producers or consumers. Common mechanisms
include tax breaks, subsidised credit or insurance, trade restrictions, price controls and purchase mandates. Although investment, safety, price, geological and
regulatory risks are not consistent across fuels, they are signiﬁcant factors in
energy markets overall. Thus, the same type of subsidy may affect particular fuel
cycles in quite different ways. For example, remote oil ﬁelds or nuclear reactors
are extremely expensive with long and uncertain build times. They are highly
sensitive to the cost of capital as a result. Nuclear ﬁrms thus beneﬁt greatly from
subsidies in the form of loan guarantees and caps on accident risks; liqueﬁed
natural gas facilities would have a similar proﬁle. Fuel costs will be more
signiﬁcant for coal-ﬁred plants than for reactors or for renewable resources
such as wind or solar that have no fuel costs.
While not all subsidy types are relevant to every situation, focusing only on
cash grants greatly understates the complexity and magnitude of subsidy-related
market distortions. Table 2.2 provides a comprehensive overview of the main
types of transfer mechanisms and how well they are captured within current
price-gap and inventory estimates of fossil fuel subsidies. The many categories
underscore both the complexity of markets and the importance of tracking all
transfer mechanisms to ensure an accurate picture of subsidy-related market
distortions for each fuel cycle.
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Table 2.2 Mechanisms of value transfer to the energy sector
Captured in current
global estimates?
Intervention category Description

Inventory

Price gap

Direct transfer of
funds
Direct spending

Yes

Possiblyb

Yes

Possiblyb

Direct budgetary outlays for an energyrelated purpose
Research and
Partial or full government funding for
development
energy-related research and
development
Tax revenue forgonea Special tax levies or exemptions for
energy-related activities, including
production or consumption; includes
acceleration of tax deductions relative
to standard treatment
Other government
revenue forgone
Policies governing the terms of access to
Accessa
domestic onshore and offshore resources
(e.g. leasing auctions, royalties,
production-sharing agreements)
Information
Provision of market-related information
that would otherwise have to be
purchased by private market
participants
Transfer of risk to
government
Lending and credit Below-market provision of loans or loan
guarantees for energy-related activities
Government ownership of all or
Government
a signiﬁcant part of an energy enterprise
ownershipa
or a supporting service organisation;
often includes high-risk or expensive
portions of fuel cycle (oil security or
stockpiling, ice breakers for Arctic
ﬁelds)
Risk
Government-provided insurance or
indemniﬁcation at below-market prices
Induced transfers
Policies that reduce costs to particular
Cross-subsidya
types of customers or regions by
increasing charges to other customers
or regions

As reported Possiblyb

No

Possiblyb

Yes

No

No

No

No

Possiblyb

No

No

Partial

Possiblyb

Downloaded from https://www.cambridge.org/core. IP address: 35.172.201.102, on 10 Dec 2018 at 13:14:49, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781108241946.004

Deﬁning and Measuring Fossil Fuel Subsidies

29

Table 2.2 (cont.)
Captured in current
global estimates?
Intervention category Description

Inventory

Price gap

Restrictions on the free-market ﬂow of
energy products and services between
countries
Direct regulation of wholesale or retail
Price controlsa
energy prices
Required purchase of particular energy
Purchase
commodities, such as domestic coal,
requirementsa
regardless of whether other choices are
more economically attractive
Government regulatory efforts that
Regulationa
substantially alter the rights and
responsibilities of various parties in
energy markets or that exempt certain
parties from those changes; distortions
can arise from weak regulations, weak
enforcement of strong regulations or
over-regulation (i.e. the costs of
compliance greatly exceed the social
beneﬁts)
Costs of externalities Costs of negative externalities associated
with energy production or consumption
that are not accounted for in prices;
examples include greenhouse gas
emissions and pollutant and heat
discharges to water systems

Partial

Yes

Some

Yes

No

Yes

No

No

No

Generally
not

Import or export
restrictionsa

a

Can act either as a subsidy or as a tax depending on programme speciﬁcs and one’s
position in the marketplace.
b
Intervention may be partially captured in price-gap calculations if it affects domestic
prices to end users or if (as with cross-subsidies) the transfers move across fuel types that
are measured independently in the price-gap analysis.
Sources: Koplow 1998; OECD 2011; Kojima and Koplow 2015.

Many policies can act either as a tax or as a subsidy depending on the programme
details and the associated market environment. If programme rules or disbursements change over time, the direction of impact can shift as well. Fees levied on oil
and gas, for example, are often earmarked to support industry-related site inspections and cleanup or to fund infrastructure construction and maintenance. If the fees
exceed these costs, they may partially act as a tax; if they cover only part of the cost,
a residual subsidy will remain. Subsidies to energy consumers can sometimes act as
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a tax on producers, and vice versa. Teasing out these interactions is a signiﬁcant
challenge of subsidy measurement, although the OECD’s TSE approach has been
effective in doing so.
For any speciﬁc company or energy asset, multiple subsidies are often at play, as
beneﬁciaries try to maximise their subsidy ﬂows across programme types and
levels of government. This ‘subsidy stacking’ is sometimes limited by programme
or tax rules but often is not. Subsidy stacking is common in both the private sector
and with state-owned enterprises (SOEs), although in somewhat different forms.
Private ﬁrms actively identify ways to tap into multiple lines of support. For SOEs,
multiple levels of subsidies are often a side effect of their tax-exempt, taxpayersupported operating environment.
Because SOEs are common in the energy sector (many countries even have
a single, state-owned national champion dominating their oil and gas sector),
including them in any subsidy review is critical. Indeed, SOEs play a larger role
in the energy sector than in other parts of the economy. Of industrial sectors with
the largest state-owned share worldwide, ﬁve of the six relate to fossil fuels:
electricity, gas and steam for heat (27 per cent); oil and gas extraction
(34 per cent); coal and lignite extraction (35 per cent); land transport and
pipelines (40 per cent) and mining support activities (43 per cent) (Kowalski
et al. 2013).
Annual budget allocations or bailouts to state ﬁrms are easy to spot. More
complicated are subsidies to SOEs that become evident only when compared
with a free-market baseline. SOEs may borrow money and pay interest, for
example, but not at a market rate. They break even on operations, but this is far
less than needed to generate a reasonable rate of return on billions in invested
taxpayer capital. This lack of a required rate of return on public energy infrastructure can pose a large competitive impediment to innovative private energy
providers who may be able to provide similar energy services in a cleaner or
less-capital-intensive way (OECD 2016). SOEs sometimes pay no taxes, have
inadequate insurance coverage or receive below-market access to publicly
owned minerals. But these same institutions may also be mandated to provide
low-cost energy to selected consumers or even housing for workers. Estimating
the net effects of the subsidies against the cost-increasing social mandates on
SOEs can be complex.
2.4 Current Estimates of Global Fossil Fuel Subsidies
This section reviews the current estimates of global subsidies to fossil fuels, the
main causes of variance and some of the important data gaps and deﬁnitional issues
behind these differing results. The most comprehensive estimates for global fossil
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fuel subsidies are published by the IEA, the OECD and the International Monetary
Fund (IMF). The IEA evaluates government subsidies to fossil fuel consumers on
an annual basis using the price-gap approach. The OECD uses its TSE approach to
produce a biennial inventory of government support to fossil fuel producers, to
consumers and to the general infrastructure that beneﬁts the industry. The IMF
approach blends estimates from both the IEA and OECD, supplements them with
internal estimates for additional countries and generates a ‘pre-tax’ estimate of
subsidy value. The IMF also prepares a ‘post-tax’ estimate, which includes an
imputed national sales tax on fossil fuels for countries where the IMF felt that
current levels were too low and negative externalities associated with fossil fuels
and transport. Some of these adjustments remain controversial with other practitioners (see below).
Other organisations have conducted fossil fuel subsidy assessments over the
years, although less systematically. The World Bank prepared global estimates
during the early 1990s using an approach similar to that used by the IEA (Larsen
and Shah 1992; Larsen 1994), although in recent years the Bank has focused
primarily on country-speciﬁc assessments of energy market structure and functioning (Kojima 2016). Similarly, country-speciﬁc reviews are periodically completed
by national governments or non-governmental organisations and often supplement
the international assessments.
Table 2.3 compiles the most commonly referenced global energy subsidy estimates. Even the lowest ﬁgure amounts to many billions of dollars per year and
a material share of global gross domestic product (GDP) – despite signiﬁcant
remaining coverage gaps in terms of countries, subsidy types, and levels of
government (see Box 2.1). The upper-bound estimate is equal to more than
6 per cent of global GDP, a remarkable ﬁgure given that all global manufacturing
comprised only 16 per cent of global GDP in 2012 (McKinsey 2012: 6).
At this scale, the ﬁscal demands of subsidising fossil fuels can sometimes crowd
out other social objectives. Federal revenues provide a useful proxy for a country’s
‘sustainable budget constraint’, or the amount it can spend without taking on
debt to support current operations. Twenty-two countries (60 per cent) in the IEA
sample spent more than 10 per cent of available revenues on their fuel subsidies.
Indeed, nearly half of those countries spent more to subsidise fossil fuel consumption than they did on public health (Koplow 2014). Subsidy ﬂows are disproportionately captured not by the poor but by the middle and upper classes (Arze del
Granado et al. 2010; Coady et al. 2010).
Distortions across fuels are also relevant, particularly in light of concerns over
climate change. Fossil fuels continue to capture the majority of support. In 2015,
IEA data indicated that despite continued growth in government support to
renewable energy and declines in oil prices (such drops tend to bring down
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Table 2.3 Global energy subsidy estimates
IEA
a

OECD

IMF (pre-tax)

IMF (post-tax)

Data year
Measurement approach

2014
Price
gap

2014
TSE

Number of countries
covered
Fossil fuels
Oil
Natural gas
Coal
Power (fossil)c
Total fossil
Power (nuclear)
Power (renewables)
Biofuels, transport
Total all fuels
% of world GDP

40

40

2009–15 (varies by element)
IEA plus OECD less IMF pre-tax plus tax
tax breaks
breaks plus
externalities
153
151b

274
110
2
120
506
NE
112
23
641
0.8

138
18
4
NE
170
NE
NE
NE
170
0.2

135
93
5
99
333
NE
NE
NE
333
0.4

1,497
510
3,147
148
5,302
NE
NE
NE
5,302
6.5–6.8d

Note: All amounts in 2015 USD; NE = not estimated.
Base year 2014 selected to allow comparison across all sources. IEA (2015) shows lower
fossil fuel subsidy estimates due to drops in the global price of energy.
b
Of these, 123 countries had non-zero values.
c
IEA data on source fuels indicate about half of the subsidy-weighted power capacity is
natural gas ﬁred and one-quarter coal ﬁred. IMF’s estimates for fossil-fuelled electricity
seem to include some non-fossil generation (Kojima and Koplow 2015).
d
Low-end estimate using IMF global GDP data; high-end using World Bank GDP data.
Sources: Tabulation from IEA 2014, 2015; Coady et al. 2015; OECD 2015a; World Bank
2016
a

consumer fuel subsidies by default), the fossil-fuel-to-renewable-subsidy ratio
was still 2:1. This ratio was nearly 4:1 in 2014 and more than 10:1 as recently as
2008 (IEA 2016: 99).
Immediately evident from Table 2.3 is the extremely wide range of estimates,
running from USD 170 billion (OECD) to USD 5.3 trillion per year (IMF). These
differences are the result of three key factors: (1) the types of policies captured,
(2) the valuation approach and (3) the geographical coverage. For example, while
the IEA and OECD both cover roughly 40 countries, the OECD captures primarily advanced economies, while the IEA captures many more developing nations.
The IMF, meanwhile, covers more than 150 countries for some fuels.
The valuation methods also differ, with high estimates dominated by the
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Box 2.1 Common gaps in energy subsidy estimates
Geographical. Subsidies to producers in developing countries are systematically
missing, although coverage of consumer subsidies in these regions is improving.
The OECD includes some sub-national subsidies; worldwide, however, the overall capture
rate of these policies remains low (IEA 2012; Koplow and Lin 2012; OECD 2011, 2015a).
Policy Type. There is growing coverage of grants and many types of tax breaks
(OECD 2015a). Substantial coverage gaps remain for producer support via subsidised
credit or insurance, regulatory oversight and site remediation, energy security
(shipping lanes, stockpiling) and bulk transport costs and tax-exempt corporate forms.
Capture of subsidies through government-owned energy infrastructure or service
organisations also remains low.
Non-Payment. Price-gap metrics capture under-pricing but may not capture power
theft and non-payment. These ‘hidden’ costs of power were larger than under-pricing in
some regions (IEA et al. 2010: 17; Kojima and Koplow 2015).
User Fees. Many countries levy a variety of fees or taxes on fuels that are earmarked
(hypothecated) for speciﬁc uses closely linked to particular fuels – for example,
building and maintaining transit infrastructure or cleaning up oil spills or abandoned
sites. These fees are sometimes improperly deducted from subsidy estimates, or
shortfalls in actuarially based fee collections are not incorporated into subsidy tallies
(Koplow 2009, 2010).

inclusion of wide-ranging externalities and imputed taxes. The policies evaluated
in both the OECD and the IMF pre-tax estimates also affect the results, and
neither captures credit support, insurance subsidies, inadequate user fees, site
reclamation or net support to SOEs in a systematic manner.
These factors sometimes work in opposite directions. The OECD captures
a wider array of subsidy policies than the IEA, which increases its estimate. But
the OECD does not include countries such as Iran, Saudi Arabia and Venezuela,
which in 2014 accounted for USD 180 billion of the total USD 493 billion in fossil
fuel subsidies measured by the IEA (IEA 2015).
Based on Table 2.3, coal subsidies appear extremely small. The one exception, the
IMF’s post-tax value, is driven by large health-related externalities linked to coal (see
also Figure 2.2). Low values for coal in the other estimates are more an indication of
research gaps than a real absence of public support. Support commonly extended to
coal producers includes subsidised transport infrastructure, below-market sales of
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coal lease rights, credit support to mines and coal-ﬁred power plants and inadequate
funding or insurance for regulatory oversight, pit reclamation and black lung disease
among miners. Subsidies throughout Eastern Europe and China to district heating –
often fuelled by coal – are also quite high but not well captured in the current data set.
This is a useful illustration of why a systematic review of all types of supports is
needed to generate accurate data.
2.4.1 The Importance of Risk Subsidies in Energy Markets
Government policies that limit or eliminate key downside risks – such as unpredictable performance or market factors that drive project returns down sharply or
even negative – can be extremely valuable in turning unproﬁtable projects into
proﬁtable, investable ones. Because quantiﬁcation is challenging, this area remains
one of the most signiﬁcant gaps in existing global estimates.
Market participants are particularly concerned about preventing very bad outcomes, and markets often charge a premium for investments with higher downside
risks (Ang et al. 2006). The government providing a hedge against high downside
risks is especially valuable for energy projects with untested technologies or long
and uncertain delivery times. Examples include coal with carbon capture and
storage and high-cost remote oil ﬁelds (which often have high upfront costs,
missing key supporting assets such as ports, and very long breakeven periods).
Indeed, large Russian onshore projects in the Arctic region took 30 years to begin
production (Morgunova and Westphal 2016: 19).
Losses on securities investments are normally limited to the amount of funds
invested. By contrast, many energy-related liabilities can well exceed the investment, such as through accidents or complex site reclamation. Long and uncertain
build times for energy assets generate two major investment risks: high ﬁnance
costs that compound for an extended period of time and increasing obsolescence
risk if market conditions shift dramatically during the long gestation from investment to the start of operations. Government subsidies to these high-risk energy
projects are common, even though lower-risk options often exist. In addition to
credit or insurance programmes, direct state ownership or preferential provision of
high-cost ancillary services (such as access roads, waste management or reclamation) are also used.
Government-provided hedges on these types of risks can boost the expected rate
of return on the investment enough to clear the investors’ minimum rate of return.
When this happens, long-lived, fossil fuel–intensive capital is deployed that otherwise would not have been, and emissions impacts may be felt for years or decades
(OECD 2015a: 14; Erickson et al. 2017).
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Subsidies to operating and accident risks, such as below-market insurance
premiums or liability caps, can have similarly perverse impacts. These programmes do not actually eliminate risks but simply transfer them from the subsidy
beneﬁciary to somebody else – most often taxpayers. Plant neighbours or industries
relying on a common resource (such as a waterway that is damaged by a spill) are at
risk as well.
Subsidised public insurance programmes commonly socialise private risks.
Nuclear accidents, earthquakes, ﬂooding and dam failures are a few examples.
In the fossil fuel sector, there are long-standing caps on oil spill liabilities.
Subsidised insurance is also provided for land subsidence damages from coal
mining and black lung disease among miners. Increasing attempts to transfer
liability from leaks at carbon storage sites to the state (Lupion et al. 2015) would
beneﬁt coal and oil and be detrimental to low-carbon substitutes.
Risk subsidies are common with SOEs in the fossil fuel sector as well. Visibility
is a problem: many SOEs implicitly provide liability coverage for all sorts of
operating and accident risks simply by doing nothing in situations where capital
providers would have forced private ﬁrms to purchase insurance cover. These
exposures may not be formally evaluated or priced as they would be if a private
ﬁrm operated in the same space. As a result, accurate prices on differential risks are
missing when investment decisions across projects or economic sectors are made.
By masking the economic costs of these higher-risk alternatives, insurance subsidies place energy options with lower economic or operational risks at
a competitive disadvantage. Indeed, aggregate risks to society may actually rise.
Decisions on where to drill for oil, where to locate a power plant or how heavily to
fund worker safety training are affected by the observed ﬁnancial costs of risk in
insurance premiums. Many of these decisions relate to the deployment of longlived capital and are largely irreversible once made.
2.4.2 Subsidy ‘Adders’: Imputed Taxes and Externalities
IMF’s post-tax estimate includes two major additions to the ﬁscal subsidy
estimates: ‘missing’ taxes and several large externalities. These adjustments
touch on two signiﬁcant methodological debates within the subsidy area and
dramatically increased the IMF’s estimates.
The concept of ‘missing’ taxes is a logical one: where the general sales tax or
value-added tax on fossil fuels is lower than the prevailing rate on other goods and
services in that state or country, there is a strong case that this discrepancy
constitutes a tax subsidy (and is treated as such in OECD’s inventory). Crosscountry adjustments are much more complicated, particularly when baseline tax
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systems differ. On these, the OECD defers to the country’s baseline system.
By contrast, the IMF imputes a consumption tax even in countries that do not
have such a tax on anything. The valuation impacts are large: IMF ﬁgures (Coady
et al. 2015) show USD 45 billion in imputed taxes for the United States, more than
three times their estimate for all pre-tax ﬁscal supports.
Fossil fuel extraction, transport, processing and consumption can be messy, with
all sorts of emissions to air, water and land. Many of the environmental and health
costs from these emissions are not reﬂected in the market price of the fuels,
dampening the incentive to shift to cleaner alternatives. In an effort to adjust for
these factors, the IMF post-tax subsidy value also includes estimates for two main
groups of externalities: transport and pollution from fossil fuel consumption.
Production impacts – such as spills, ﬂaring of associated gas or ecosystem damage –
are not evaluated.
The IMF approach has raised some methodological issues. First, transportrelated externalities are attributed to fuels primarily because most of the transport
vehicles today burn petroleum. This can be seen in Figures 2.1 and 2.3; although
12 per cent of total estimates for fossil fuel are transport externalities, this jumps to
44 per cent for oil. However, the causal factors of the externalities are not generally
fuel speciﬁc. Road damage is a function of vehicle trips, vehicle weight and the
quality of the roadbed. Congestion and accidents occur regardless of the fuel being
used, and at least part of the external cost of congestion is being internalised by
drivers through lost time.
The case for linking pollution externalities to fossil fuels is much stronger.
The polluter-pays principle and economic efﬁciency both support the idea that
Imputed
consumption tax
13%
Pre-tax
9%

Road Damage
2%

Accidents
18%

Global warming
14%
Local pollution
20%

Congestion
24%

Figure 2.1 Composition of IMF post-tax estimates for oil
(Source: Coady et al. 2015.)
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Figure 2.2 Composition of IMF post-tax estimates for coal
(Source: Coady et al. 2015.)

Imputed
Road damage
consumption tax
0%
6%
Accidents
Pre-tax
5%
6%
Congestion
7%

Global warming
24%

Local pollution
52%

Figure 2.3 Composition of IMF post-tax estimates for all fossil fuels
(Source: Coady et al. 2015.)

external costs should be reﬂected in the prices of the activities that trigger them.
This is not always easy to do. Much of the air pollution damage from fossil fuel–
related activities is local or national rather than global. Accuracy requires many
localised data inputs, something that the IMF (Coady et al. 2015) has worked hard
to build into their more recent estimates.
However, disagreement on which externalities to include, their massive scale
and the variability across estimates have led some experts (Steenblik 2014) to argue
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that externalities should not be lumped in with ﬁscal subsidies but rather tracked as
a separate category. This is a tracking issue, not one of importance: there is nearuniversal agreement that fossil fuel externalities are real and distorting energy
markets. But keeping the values separate from ﬁscal subsidies has merit: externality ﬁgures are much larger than the pre-tax subsidies the IMF tabulated worldwide. Indeed, the IMF’s pre-tax subsidy values comprise less than 10 per cent of the
total for oil, coal and all fossils and less than 20 per cent for natural gas. Yet,
literature reviews of externality magnitudes by fuel cycle indicated large estimate
variance (Kitson et al. 2011; Burtraw et al. 2012). Speciﬁcally, the high estimate for
coal externalities was 155 times higher than the low estimate and for oil more than
400 times higher. Combining the ﬁscal subsidies and externality estimates risks
marginalising the important policy reforms needed on the ﬁscal side. Further, the
uncertainty across research efforts provides a political lever for industry to argue
that nothing should be done without ‘further study’, delaying important structural
transformation in the energy sector.
2.4.3 Intra-Country Variance: The Case of the United States
If subsidy evaluations use different sets of policy interventions in calculating
subsidy value, numerical differences are inevitable. Looking at real data for
a speciﬁc case helps to illustrate this issue more concretely. Figure 2.4 compares
data on US fossil fuel subsidies from ﬁve different sources (from different parts of
the US federal government, non-governmental organisations and industry) that
catalogued intervention-level support. Figure 2.5 breaks estimates down by subsidy type.
The dispersion of US-speciﬁc estimates mirrors the global pattern in
Table 2.3. Oil Change International, a non-governmental organisation, identiﬁed far more subsidies than did the other sources (USD 32.6 billion/year
compared to USD 14.2 billion/year for the OECD and only USD 8.1 billion/
year in the US government’s reporting to the G20). Although the US G20 selfreview generated a much lower estimate than the OECD, it was still more than
double the USD 3.5 billion estimated by the US Energy Information
Administration for the ﬁscal year 2013 (US EIA 2015). This may partly be
the result of different base years, although primarily it is a reminder that
conﬂicts remain even within countries on how to identify and value subsidies.
In the United States, this plays out in part by how the US Congress deﬁnes the
allowable research scope the Energy Information Administration can use when
it tabulates energy subsidies.
The zero value is put forth by Stephen Comstock, director of tax and accounting at the American Petroleum Institute. The institute is the largest trade
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Figure 2.4 Estimated US subsidies to fossil fuels (millions USD/year)
Note: Data years: 2013 (Energy Information Administration, Oil Change
International), 2014 (OECD), average projected 2016–25 (US Treasury).
*
Federal subsidy estimates only; no sub-national data in totals.
ǂ Includes data for oil and gas only.
(Sources: Comstock 2014; Oil Change International 2014; US EIA 2015; OECD
2015a; United States 2015.)
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Figure 2.5 Coverage disparity across subsidy types in the United States
*
Insufﬁcient data to calculate credit subsidies. Face value of commitments to
fossil fuel projects in 2013 was about USD 4.5 billion/year (Oil Change
International 2014).
(Sources: Author’s analysis of Oil Change International 2014; OECD 2015a;
United States 2015.)
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association representing oil and gas interests in the United States. Comstock
(2014) noted that ‘[c]ontrary to what some in politics, the media and most
recently, the president during the State of the Union, have said, the oil and
natural gas industry currently receives not one taxpayer “subsidy”, “loophole”
or “deduction”.’
Although this is a refutable statement and one that runs counter to many
US federal agencies that have assessed US subsidies,2 Comstock is pursuing
a classical political strategy to simply deny that key interventions are subsidies at
all. Often this involves claims that the subsidised treatment of one’s own industry is
part of the baseline tax system rather than a deviation. By introducing doubt, this
approach can deﬂect attention away from subsidy removal, slowing or blocking
reform efforts.
Blank categories in Figure 2.5 indicate research or data limitations rather than
a real absence of subsidies. This issue is a global one: a review of subsidy data
sources in China, Germany, Indonesia and the United States (Koplow et al. 2010)
indicated that data gaps for the more complex subsidy mechanisms were common.
For example, the OECD’s inventory does not yet track credit or insurance subsidies
in its biennial review.
Within the United States, coverage of SOEs was fairly limited, even though
many utilities are publicly owned and also reliant on fossil fuels. These utilities
beneﬁt from a wide array of government support via tax exemptions and subsidised credit and insurance, though often at the municipal rather than the federal
level. Mineral access – which concerns lease competitiveness and reduced
royalties – is not captured by the OECD or the US Treasury and is only partly
captured by Oil Change International. Energy-related user fees are common at
both the state and federal levels in the United States, often funding health and
safety oversight of extraction sites and cleanup of improperly closed wells or
mines or other similar fuel-speciﬁc damages. Credit and risk subsidies arise
through insurance caps, transfer of health or reclamation risks to governments
and subsidised borrowing for government-owned energy infrastructure. None of
these areas are properly captured in the existing data on US fossil fuel subsidies.
Industry-speciﬁc regulatory exemptions are a ﬁnal, though challenging data gap.
These exemptions are both extremely complicated to quantify and fairly common in the United States for oil and gas (Kosnik 2007). While it may be
unrealistic to expect a full subsidy inventory, comparing reporting by category
can highlight the most important gaps to ﬁll.

2

This includes the US Treasury, the Joint Committee on Taxation, the Congressional Budget Ofﬁce, the
Government Accountability Ofﬁce and the Congressional Research Service.
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2.5 Subsidy Measurement: Areas of Agreement
and the Path Forward
Despite a wide range of subsidy valuations, there is an emerging global consensus supporting fossil fuel subsidy reform in multiple areas. Many countries
see important beneﬁts domestically from unilateral reform. Incremental beneﬁts
from multilateral reform require consistent data reporting worldwide; while
those beneﬁts may not always outweigh parochial domestic interests, they help
to overcome them. Even without full agreement on how every type of subsidy
should be measured, there is growing alignment both on the types of policies that
give rise to subsidies and on a signiﬁcant range of valuation issues.
Perfect agreement on subsidy deﬁnition and valuation is unlikely a panacea, as
political interests can still beneﬁt by generating divergent estimates. Because gains
to subsidy recipients tend to be concentrated, while the groups paying for them are
diffuse, recipients can more easily mobilise and fund efforts to create and protect
subsidy programmes (Victor 2009). Part of that strategy may include slowing or
blocking subsidy reporting or frequently challenging the ofﬁcial estimates.
The incremental cost and research needed to value complex subsidy mechanisms
such as risk transfer can extend the advantage of the incumbents.
As subsidy reporting and reform grow, however, the range of policies widely
viewed as subsidies continues to grow with them. Groups harmed by subsidies can
better gauge the beneﬁts of removing distortions and often ﬁnd reform allies in the
ﬁnance ministries of their governments. The following overview highlights areas
of progress and some important residual areas of disagreement.
Direct Transfers and Price Controls. There is broad agreement that direct
transfers to particular industries, as well as policies that allow domestic fossil
fuel purchases to occur below market prices, are important subsidies and fairly
easy to measure. Remaining deﬁnitional disagreements seem to have a large
political component. For example, subsidy supporters have deﬁned some types of
support as not being environmentally harmful when gauging compliance with G20
fossil fuel phase-out commitments. Another argument is that selling below world
prices is not a subsidy as long as a country markets fuels above its production cost,
as some countries of the Organization of Petroleum Exporting Countries have done
(Koplow 2012).
Tax Expenditures. All international organisations working in this area recognise
tax breaks as subsidies. Subsidy inventories have done a good job capturing key tax
breaks at the national level, with some sub-national coverage as well. Recent
requirements by the Government Accounting Standards Board (GASB 2015) in
the United States should make this reporting both more extensive and more
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standardised, even at the state and local levels. Similar requirements in other
countries are needed, as are methods to integrate tax expenditure data across
countries.
Preferential Credit. There is a fairly broad consensus that preferential credit,
often through subsidised loans or government guarantees, provides signiﬁcant
subsidies to beneﬁciaries. While patterns in gross loan commitments may indicate
a bias in favour of particular fuel cycles and are more easily tracked, subsidy
magnitude is driven by the concessional element of ﬁnance packages. Data on loan
terms and project or borrower risk proﬁles are systematically lacking and likely
a key impediment preventing inclusion of credit subsidies in subsidy inventories,
despite a stated intent to do so since at least 2011 (OECD 2011: 25). Although subnational credit support is common and in principle could follow the same reporting
approach as for national supports, consolidation of fragmentary data sources
remains difﬁcult. Valuing credit subsidies remains a challenge. Administrative
costs are sometimes ignored, and countries often calculate interest-rate subsidies
against their treasury’s cost of providing the funds rather than adjusting for the
much higher risk of the enterprise being supported. The Center for Finance and
Policy at the Massachusetts Institute of Technology has been working on more
accurate valuation methods for sovereign credit programmes (e.g. Lucas 2013).
Even if valuation issues could not all be worked out in the short term, including
concessional elements of credit programmes within subsidy inventories would be
a big step forward.
Liability and Operating Risks. Again, there is broad theoretical consensus that
markets should price these types of risks, thereby encouraging selection of lower-risk
energy goods and services. Although country studies may include a smattering of
insurance programmes subsidising particular aspects of a fuel cycle, these reviews
are not systematic and often qualitative rather than quantitative. Coverage is so weak
that simply compiling a full list of programmes that subsidise or cap fuel cycle risks
would be a step forward. As with concessional credit, the OECD fossil fuel subsidy
inventory plans to include risk transfers in future assessments (OECD 2011: 25).
Externalities. There is broad agreement that fossil fuel–related externalities are
large and should be tracked and that corrective policies (such as Pigouvian taxes)
may often be warranted. Areas of disagreement include the boundaries of analysis
(such as whether to treat trafﬁc congestion or vehicle accidents as fuel related) and
narrowing the range of estimated values to support workable policy solutions.
State-Owned Enterprises. Subsidies to SOEs cut across many policy types, but
many are missing from the government tracking and reports that capture
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supports to private-sector players. OECD (2015b, 2016) has developed useful
guidance to benchmark whether SOEs are operating on an equal basis with
private competitors (domestic or international) or whether they are beneﬁtting
from direct or implicit subsidies from the state. Centralising, standardising and
expanding data on fossil fuel subsidies to SOEs is a critical area of needed
improvement. A useful starting point is existing data within the IEA, World
Bank and IMF on the cost structure of core energy assets, which they have
developed in the course of their work for member countries or to support pricegap reference prices for network energy.
2.6 Conclusion
Increasing international commitments to disclose and reform fossil fuel subsidies provide a backdrop against which subsidy reporting can continue to grow.
International agreements are largely voluntary, but progress is rewarded with
ﬁscal savings, economic efﬁciency in energy-intensive sectors and the alignment of ﬁscal policies with environmental goals. Near-term steps to accelerate
the change should include mandating energy subsidy reporting to the OECD in
the same way it is required for agriculture (Whitley and van der Burg 2015),
broadening the peer review process of the G20 and APEC fossil fuel subsidy
reports, expanding the OECD’s research mandate and funding to include
credit subsidies and risk transfers and encouraging the US GASB to extend
sub-national tax expenditure reporting into other types of subsidies and to
international afﬁliates.
Increased coordination across international organisations is also needed to help
streamline and accelerate subsidy transparency and reform. Despite the inevitable
institutional challenges, a standing working group on subsidies including the IMF,
World Bank, IEA and OECD should be established with a technical mission to
identify and resolve key areas of reporting or measurement divergence. Useful
initial areas on which to focus include price-gap calculations for network energy;
the treatment of externalities in parallel with ﬁscal subsidies and ways to narrow the
range of uncertainty on externality estimates; and accelerating and standardising
the inclusion of credit and liability subsidies in existing inventories.
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