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Climate policy consistent with the 2°C target needs to install mechanisms that
leave most current coal reserves unburned. Demand-side policies have been
argued to be prone to adverse carbon leakage and “green paradox” effects. A
growing strain of literature argues in favor of supply-side policies in order to curb
future coal consumption. Various concepts with analogies in other sectors are
currently discussed. Future empirical research on both demand- and supply-side
policy is vital to be able to design efficient and effective policy instruments for
climate change mitigation.
Curbing future coal consumption is essential for climate change mitigation, given
that coal has the highest carbon-intensity of any fossil fuel and is responsible for the
largest share of CO2 emissions from fuel combustion (46 per cent in 2013) (IEA
2015c, 9–10). The role of coal is reinforced by recent work to quantify a carbon
budget that is consistent with the internationally-agreed climate target of avoiding
more than a 2°C temperature increase. Meinshausen et al. (2009) found that, in order
to remain within a carbon budget consistent with the 2°C target, more than half of
all oil, gas and coal reserves must remain unburned during the period to 2050.
McGlade and Ekins (2015) extended this work by assessing the welfare-maximizing
distribution of fossil fuels that must remain unburned, finding that 82 per cent of
global coal reserves must remain unburned during the period to 2050, compared to
33 per cent of oil reserves and 49 per cent of gas reserves. These estimates already
include widespread deployment of technologies such as carbon capture, transport,
and storage (CCTS) and high efficiency boilers, which are thought to play a role in
sustaining coal use while reducing its climate impacts.
Recently coal use has been declining in OECD countries, but a ‘renaissance of coal’
has been observed in non-OECD countries (Steckel, Edenhofer, and Jakob 2015). It is
evident that more effective policies are needed to curb global coal consumption to a
level that is consistent with achieving the 2°C target. Such policies should target
steam coal and lignite (the set of coal types typically combusted to produce
electricity and heat, which represents around 85 per cent of global coal consumption
(IEA 2015b, III.21,III.32,III.34)) above metallurgical coal, which does not have readily
available substitutes.

Demand-side policies
Demand-side policies for reducing emissions, which provide indirect incentives to
reduce coal consumption, have received the most attention in the academic
1

literature and have been most commonly introduced in practice. Carbon pricing
instruments place an explicit price on emissions – either directly, as a carbon tax, or
indirectly, through a cap-and-trade scheme (OECD 2013a). Such instruments have
been implemented (or are scheduled to be implemented) in 39 countries, and at the
jurisdictional level in a further 3 countries (Kossoy et al. 2015, 22). There are many
other policy instruments which generate an implicit carbon price, such as taxing
energy use, imposing emissions standards, or mandating the use of low-emissions
energy sources. Other demand-side policies include measures that promote energy
efficiency and reduced energy consumption. All these types of policy instruments are
used across many countries, and may serve other goals in addition to reducing
emissions (OECD 2013a). The Grantham Research Institute maintains a database of
global climate legislation which details different policies that have been
implemented (Grantham Research Institute 2015).
Under the right conditions, market-based carbon pricing instruments are
theoretically the most efficient policy instruments for reducing emissions (e.g.
Stavins 2003). Practical outcomes appear to support the theory, with cap-and-trade
schemes and carbon taxes found to drive more abatement at lower cost compared to
some other policy instruments (OECD 2013b). However the effectiveness of these
instruments may be undermined by inadequate design and implementation. For
instance, prior to the commencement of the European Emissions Trading Scheme
(EU ETS) it was predicted that its effectiveness would be reduced due to suboptimal
permit allocations (Kemfert, Diekmann, and Ziesing 2004), and this has now
eventuated in practice (Ellerman, Valero, and Zaklan 2015; Neuhoff et al. 2015).
Consequently, the EU ETS and similar economic instruments in place worldwide
have only generated low carbon prices (averaging €5 per tonne of CO2 in 2014 (IEA
2015a, 23)). In contrast, higher carbon prices are needed to drive substitution away
from coal in the power generation sector – for instance, one recent estimate of the
price that would drive coal-to-gas switching in Europe is around €40 (Gray 2015, 49).
Moreover, it is likely that even higher carbon prices are necessary to drive the
closure of old, fully-depreciated, coal-fired generators (IEA 2014, 16).

Carbon leakage and the green paradox
In the absence of full participation in a global climate policy, demand-side policies
are susceptible to carbon leakage: emissions-intensive activities shift to nonparticipating countries, such that emissions reductions in the participating countries
are partly offset by emissions increases in the non-participating countries (see e.g.
Felder and Rutherford 1993; Sinn 2008). Richter (2015) provides an overview of
empirical studies of the carbon leakage effect, which is undisputed in existence, but
controversial in magnitude. Ex-ante, the supply elasticity of coal is found to be
crucial for the magnitude of the effect, with higher elasticity leading to stronger
leakage effects (Burniaux and Oliveira Martins 2012). Using General Equilibrium
frameworks that incorporate the interaction between trade and the environment,
most studies find only moderate rates of leakage (Felder and Rutherford 1993; Paltsev
2001; Di Maria and van der Werf 2008). High rates of carbon leakage are estimated by
Babiker (2005), who criticizes overly simplistic assumptions on market and industry
structure. Employing an integrated assessment framework, Arroyo-Currás et al.
(2015) identify a limited leakage of 15 per cent, if the U.S., the EU and China act as
pioneer regions. In an ex-post empirical study of the effect of the Kyoto Protocol on
GHG emissions, Aichele and Felbermayr (2015) find a change in the production
patterns of emission-intensive goods and thereby evidence for carbon leakage of
about 8 per cent. Combined with earlier findings by Aichele and Felbermayr (2012),
the carbon leakage rate is estimated at roughly 40 per cent.
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A “green paradox” has also been theorized, where the expectation of future demandside policies could induce resource producers to increase their present rates of
extraction in order to maximize net present value (Sinn 2015). While Haftendorn,
Kemfert, and Holz (2012) suggest that in practice the green paradox may not be
relevant to the steam coal market, Bauer et al. (2013) find a short term reduction of
coal prices due to stringent climate policy.

Supply-side policies
Against the background of little progress on the demand-side there is a growing
strain of literature on policies which address the supply of coal. One type of supplyside policy acts to directly remove coal reserves from production – whether to a
partial extent (focusing on high-extraction-cost reserves for economic efficiency)
(Harstad 2012), or to a further extreme, the progressive closure of the entire coal
industry (Collier and Venables 2014). Another type of supply-side policy is a depletion
tax (or alternatively, a depletion quota), which is analogous to the demand-side
policy of a carbon tax (or for a depletion quota, a carbon budget). For instance,
Richter et al. (2015) proposed a tax on the energy content of steam coal, levied by a
coalition of major coal exporters. Their modelling shows that a tax levied by a
coalition of major coal exporters is preferable to a tax levied by a single major coal
exporter, and that a production tax generates better outcomes than an export tax
(though they note a production tax is likely to be politically contentious). A supplyside policy for coal could also take the form of an export-licensing regime adopted
by a coalition of major coal exporters, in analogy to the existing safeguards regime
for uranium exports; based on the reasoning that the regulation of commodity
exports on the basis of their harmful or unethical end use is a widely accepted
principle, and should be extended to coal (A. Martin 2014). Lazarus, Erickson, and
Tempest (2015) provide a comprehensive taxonomy of supply-side climate policies.
Collier and Venables (2014) make the case that, in the absence of full participation in
a global climate policy, a targeted supply-side policy will be more effective in
reducing emissions from coal combustion than a demand-side policy. In particular,
carbon leakage is minimized under a supply-side policy rather than a demand-side
policy if the price elasticity of demand is high relative to the price elasticity of supply
– which is considered to be the case for coal in the long-run (Collier and Venables
2014). The threat of a green paradox is also thought to be eliminated with a properly
designed supply-side policy – in particular, one that targets high-cost coal deposits
for closure (Hoel 2013). Other benefits of supply-side policies are that they achieve
predictable and observable outcomes with low transaction costs (Collier and Venables
2014). It has also been suggested that supply-side climate policies may drive greater
emissions reductions for a given marginal cost, and will limit over-supply of fossil
fuels and associated “carbon lock-in” effects (Lazarus, Erickson, and Tempest 2015).
An important consideration in relation to supply-side policies is whether producers
should be compensated for the loss in profits associated with the coal that is not
produced. A number of studies suggest that under a policy of freely allocated
depletion quotas, enhanced scarcity rents for fossil fuels that are extracted can offset
the loss in profits (Eisenack, Edenhofer, and Kalkuhl 2012; Kalkuhl and Brecha 2013;
Asheim 2013); and similarly for a policy which confiscates fossil fuel reserves (Asheim
2013). These findings indicate that there is no need for overall compensation under
those policies. However there may still be a need for compensation payments
between producers to alleviate internal distributional effects, whereby producers
with low-extraction-cost reserves will benefit at the expense of other producers
(Asheim 2013).
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To date, there has been limited experience with the implementation of supply-side
policies. The concept of preserving fossil fuel reserves has some precedent in the
Yasuni-ITT Initiative, which was a proposal by the Ecuadorian government in 2007
to preserve oil reserves, but ultimately was not carried through (P. L. Martin 2014). A
recent initiative that directly targets future coal supply is the “No New Coal Mines”
campaign. It is supported by the Australia Institute and argues in favor of a global
moratorium on new coal mines that should be debated at the 2015 Paris Climate
Conference (Denniss 2015).

Conclusion
It is clear that reducing emissions from coal consumption is necessary for meeting
the 2°C target. This may be achieved through policies that act to reduce the demand
for coal, or emerging policies that act to limit the supply of coal. The optimal choice
of policies for different countries will need to be tailored to national circumstances,
and will also depend on feasibility of implementation. In theory, supply-side policies
appear to be an effective alternative or complement to demand-side policies,
particularly in the absence of full participation in a global climate policy. To back up
the theoretical arguments on both demand- and supply-side climate policies, future
empirical research is vital to be able to design efficient and effective policy
instruments for climate change mitigation.
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