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ABSTRACT
National and global mitigation scenarios consistent with 1.5°C require an early phase-
out of coal in major coal-dependent countries, compared to standard technical and
economic lifetimes. This appears particularly apparent in the light of recent massive
investments in coal power capacity, the significant pipeline of coal power capacity
coming online, as well as upstream supporting infrastructure. This article analyses
the existing and planned capital stock in the coal power sector in the light of
scenarios consistent with 1.5°C. The article analyses the political economy and
labour aspects of this abrupt and significant transition, in the light of domestic
equity and development objectives. Firstly, the article examines employment issues
and reviews the existing literature and practice with support schemes for regional
and sectoral structural adjustment for the reduction of coal sector activity.
Secondly, the paper surveys the domestic political economy of coal sector
transition in major coal using countries, namely Australia, South Africa, China and
India. A final section provides conclusions and policy recommendations.

Key policy insights
. Achieving mitigation pathways in line with limiting warming to 1.5°C, or even well-

below 2°C, would require the early retirement of coal sector assets in production
and consumption.

. Historically, coal sector transition has often been associated with prolonged socio-
economic dislocation in affected regions.

. Policies to accompany affected regions are thus a crucial part of policy mixes to
limit warming to 1.5°C and even 2°C.

. Such policies should be anticipatory and long-term, as opposed to reactive policies
focused on short-term measures to smooth the transition.

. A survey of major coal using countries shows that each is a long way from putting
in place a long-term framework to transition the coal sector.
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1. Introduction

Ambitious mitigation scenarios to limit warming to less than 2°C require a large-scale and rapid transition in the
global coal sector. This is even more so for scenarios limiting warming to 1.5°C. Historically, however, policy
efforts to transition away from coal have come up against a number of challenges.

When considering coal transition, we can distinguish between demand-side and supply-side challenges (see
Table 1). To date, much research has focused on policy efforts to address demand-side aspects of coal sector

© 2017 Informa UK Limited, trading as Taylor & Francis Group

CONTACT Thomas Spencer thomas.spencer@iddri.org, spencer.thomas885@gmail.com Institute for Sustainable Development and
International Relations, 41 Rue du Four, 75006, Paris, France

CLIMATE POLICY, 2018
VOL. 18, NO. 3, 335–351
https://doi.org/10.1080/14693062.2017.1386540

http://crossmark.crossref.org/dialog/?doi=10.1080/14693062.2017.1386540&domain=pdf
http://orcid.org/0000-0003-0371-1142
mailto:thomas.spencer@iddri.org
mailto:spencer.thomas885@gmail.com
http://www.tandfonline.com


transition. This includes policies to promote alternatives to coal in the electricity sector such as renewables, and
increasingly to retire existing coal-fired power plants (Agora Energiewende, 2016; Jotzo & Mazouz, 2015); to use
coal assets strategically in the management of electricity systems with higher shares of the renewables (Agora
Energiewende, 2017), or to the risks of stranded assets in the coal power sector (Caldecott & Mitchell, 2014; Cal-
decott, Dericks, et al., 2017; Johnson et al., 2015).

Exceptions to this demand-side focus in the literature include Lazarus, Erickson, and Tempest (2015) and a
limited number of other studies (Mendelevitch, 2016; Richter, Mendelevitch, & Jotzo, 2016) that consider
supply-side issues. In this vein, Caldecott et al. (2016) conducted a multi-risk review of the most globally signifi-
cant coal miners. One important set of supply-side challenges relates to the importance of the coal mining
sector as a source of employment and value-added, particularly in regional economies. It should be noted
that coal extraction is not a large employer in aggregate, although the employment effects are frequently
used to justify opposition to mine closures or limit the transition away from coal. For example, in 2016 coal
mining accounted for just under 66,000 jobs in the US compared to a total employment of 153 million, but
these jobs are concentrated in a small number of regions (BLS, 2017; EIA, 2016). Even in India, coal mining
accounted for around 358,500 thousand direct jobs in 2012, out of a work force in the order of 490 million
(MOSPI, 2016). However, coal is still a very important employer in certain regions in both these countries. A
further set of supply-side challenges pertains to the potential loss of export revenues for coal exporting
countries. For example, gross coal exports accounted for 15% of Australia’s gross merchandise exports 2015,
and 6% of South Africa’s (UNCTAD, 2017).

A number of historical examples demonstrate that significant transition in the coal extraction sector has been
accompanied by large, persistent and painful social dislocation, for example in the UK coal mining regions in the
1980s (Baeten, Swyngedouw, & Albrechts, 1999; Caldecott, 2017; Del Rio, 2017; Fothergill, 2017; Gales & Höls-
gens, 2017; Harfst, 2015; Jonek Kowalska, 2015; Kok, 2017; Rečková, Rečka, & Ščasný, 2017; Szpor, 2017).
Mindful of such historical examples, a central starting point of this article is that policies to drive coal transition
from the demand side (such as carbon pricing and recycling of revenues, or power plant closure schemes) may
be very challenging from a political economy perspective, unless effectively accompanied by policies to manage
the supply side transition.

In addition to this distinction between supply and demand-side factors in coal sector transition, we can also
distinguish between policies designed with strictly climate-change-related objectives in mind, and broader
social, labour market, fiscal or regional development policies intended to smooth the political economy of tran-
sition (transition policies). All four aspects of coal transition (demand–supply; climate policy–transition policy)
are important; however, this article focuses mainly on transition policies on the supply-side (although the
national case studies in Section 4 do touch on other aspects).

Thus, in view of the very rapid coal sector transition that would be required to limit warming to 1.5°C, this
article provides an overview and assessment of policies to manage the supply side transition in the coal
sector. It is structured as follows: Section 2 reviews the scenario literature to draw out the implications of 1.5°
C scenarios for the coal sector. Section 3 provides a typology and assessment of policy options to manage
the supply side aspects of transition. Section 4 analyses these current policy efforts in the specific country
context of four major coal-using economies. These case study countries also have a diversity of circumstances,
with major producers and exporters, major consumers and importers, developed and developing countries
among them. Together, they covered 64% of global coal production, and 64% of global coal demand in
2016 (Enerdata, 2017). Section 5 concludes.

Table 1. Framework of policy challenges related to coal transition.

Policy challenge Example policy approach

Supply side Importance of the coal sector as a (regional) employer and
generator of value-added

Regional diversification plans or coal sector restructuring
plans

Importance of export revenues from coal export Economic diversification strategies
Demand
side

Economic and technological aspects of substitution away from
coal

Payments for closure of coal plants; carbon pricing;
renewables support schemes

Source: authors.
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2. Coal and 1.5°C mitigation scenarios

Limiting warming to 1.5°C would require an extremely rapid transition in the coal sector. In order to illustrate
this, this article draws on scenarios consistent with limiting warming to 1.5°C. Although the literature has exam-
ined some scenarios of energy system characteristics consistent with 1.5°C (Rogelj et al., 2015), there has been
only a limited focus on the supply-side and more specifically on the coal sector. The Prospective Outlook on
Long-term Energy Systems model (POLES) world energy model 1.5°C scenario does, however, include results
on primary consumption of coal (Luderer et al., 2016).

The POLES world energy model is calibrated to meet a net carbon budget of 400 Gt CO2 between 2011 and
2100. The scenario assumes a continuation of current trends until 2020, and then from 2020 the abrupt
implementation of policies consistent with the carbon budget, approximated in the model by a carbon price.
Rogelj et al. (2015) report a range of cumulative emissions between 200–415 GtCO2 over the period 2011–
2100 for scenarios meeting the 1.5°C limit. Thus, the POLES scenario presented here falls in the upper end of
1.5°C budget.

Tables 2 and 3 display the main results of the POLES 1.5°C scenario as they pertain to coal. The decline in
world primary consumption of coal is precipitous, averaging −7% per year in the period 2020 to 2050. Such
a rapid transition requires either the stranding of existing coal assets on the production and consumption
side, or massive retrofitting of carbon capture and storage (CCS), or a combination of both. This result is consist-
ent with the results in Davis and Socolow (2014) which find that ‘committed emissions’1 from existing coal
power plant stock as of 2012 was 206 Gt CO2. Using the commitment factor in Davis and Socolow (2014),2

one can update committed emissions from global net coal capacity additions built between 2012 and 2016 (Glo-
balData, 2017), which add an estimated 39 Gt CO2 to global committed emissions from coal. Thus the total com-
mitted emissions from coal electricity capacity amount to 245 Gt CO2 in 2016, which compares with a global
carbon budget from the electricity sector consistent with 1.5°C of 118 Gt CO2 and 332 Gt CO2 for 2°C (both
at 50% probability) (Pfeiffer, Millar, Hepburn, & Beinhocker, 2016). Therefore, the current coal power capital
stock implies committed emissions that are already more than double the electricity sector carbon budget
for 1.5°C.

Given the slow uptake of CCS globally, and associated challenges with the technology, coal consumption in
the electricity sector will need to fall even faster than the tables above suggest to meet a 1.5 degree target –
even as new plants are planned and under construction (IEA, 2016). Indeed, as shown by Johnson et al.
(2015) analysis for 2°C, unabated coal power must be phased out by 2050. Thus, mitigating climate change
to 1.5°C is not possible without either the stranding of coal assets or massive retrofitting of CCS or both, as
indeed is required in the scenario described in Tables 2 and 3.

By extension, 1.5°C pathways also imply the stranding of upstream coal reserves/resources and capital
beyond that required for 2°C, where 80% of coal reserves cannot be burned (McGlade & Ekins, 2015). OCI
(2016) found potential emissions of 425 Gt CO2 contained within existing coal mining areas, highlighting
that production from developed reserves (existing mines and mining areas) already exceeds a 1.5°C budget.
CTI (2015) showed that limited investment was needed to 2035 in coal extraction in order to meet demand
under a 2 degree scenario, and CTI (2014) that there are already high risks of wasted capital – up to USD
268bn for new coal mines. Alongside the costs of stranded reserves are stranded investments in supporting

Table 2. Primary consumption of coal, 1.5°C scenario (Mtoe).

2010 2030 2050 % change yoy, 2000–20 % change yoy, 2020–50

WORLD 3725 1878 570 3 −7
Germany 77 30 32 −1 −2
Poland 55 22 2 −1 −10
China 1842 988 273 7 −7
India 291 170 47 5 −7
Australia, NZ & RJAN 52 13 1 −1 −11
South Africa 101 53 23 0 −4
Source: Authors, based on POLES scenario (Luderer et al., 2016).

CLIMATE POLICY 337



infrastructure that also ‘lock-in’ or commit emissions and contribute to the value of assets that will be stranded
(Lazarus et al., 2015). However, coal mining is less capital intensive than coal or gas production, with capital
expenditure costs (CAPEX) representing sometimes less than 15% of the cost of coal (IEA & IRENA, 2017).
This means that even if mines are closed before their depletion under a 1.5°C scenario, the low share of
CAPEX in the production cost of coal limits the magnitude of physical stranded assets. Thus, stranded physical
asset issues are of less concern in the coal mining sector than elsewhere in the energy system. On the other
hand, stranded financial assets may be more significant, as the market capitalization of a firm is a function of
its discounted future cash flows, which would be impacted by climate policy and market changes under a strin-
gent mitigation scenario. For example, the average stock market decline from the five-year peak for major global
coal market companies has been about 75% (Roberts, 2016).3

However, since coal mining regions often have limited other industry, the stranded asset risk may be less
significant than the risk to labour and communities at the microeconomic scale. In this regard, historically,
coal sector transition has often led to significant and sustained social dislocation in affected regions, due in
part to the lack of anticipatory policy to accompany transition. It is important, however, to put the impact of
a climate-policy driven transition into perspective. Between 1960 and 2015, the labour productivity of UK
coal mining grew about 4.9% per year, and 7.2% per year in India between 2000 and 2012 (MOSPI, 2016). Simi-
larly, South Africa’s labour productivity doubled between 1995 and 2001, which was coupled with an 18%
reduction in employment in the coal mining sector. Thus, even the baseline implies significant labour pro-
ductivity improvements, and a decreasing trend in the sector’s employment even without demand reduction
(although increasing labour productivity should mean higher wages, all other things being equal). However,
there is no doubt that a climate-policy induced transition, combined with endogenous labour productivity
improvements and other market changes, could have significant regional employment impacts, which
should be anticipated by policy, for example the judicious use of carbon tax revenues to smooth the political
economy of transition. This is the topic of the next section.

3. Transition policies in the coal mining sector

3.1. An analytical framework

In a 1.5°C transition pathway, the coal mining sector will experience financial and job losses as a result of a com-
bination of climate policy and endogenous changes such as the productivity improvements highlighted above.
Governments at all relevant levels will be called upon to mitigate those losses in some way. This part of the
article develops a framework for considering transitional policy options in the coal mining sector.

In the context of climate change, a transition policy can be defined as a government policy concerning:

. the nature, scope and magnitude of transitional assistance to be provided to those made worse-off as a result
of a structural change in the economy associated with climate change mitigation policy (substantive
component);

. the nature, scope and magnitude of consultation engaged in by the relevant government with affected
agents in respect of the content of proposed climate policies and the associated substantive component
of transition policies (procedural component) (Green, 2017).

Table 3. Installed electric power capacity from coal, 1.5C scenario, including CCS (GW).

2010 2030 2050 % change yoy, 2000–20 % change yoy, 2020–50

WORLD 1692 2059 604 4 −4
Germany 53 40 23 0 −3
Poland 29 22 7 0 −5
China 707 1110 348 8 −4
India 118 194 70 5 −3
Australia, NZ & RJAN 31 16 2 0 −8
South Africa 38 31 27 1 −2
Source: Authors, based on POLES scenario (Luderer et al., 2016). N.B. includes CCS capacity.
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One key substantive decision governments must make iswho, if anyone, is to be given transitional assistance.
The main classes of persons likely to be made worse-off as a result of structural change in the coalmining
sector are:4

. Workers currently employed in the coalmining sector;

. Strongly indirectly affected persons, businesses or groups, such as communities or regions in which coalmin-
ing accounts for a large share of economic activity;

. Owners of coal sector-specific assets, such as coalmining companies and diversified mining companies with
significant coalmining operations.

A more complex question is what the content of transition policy should be.5 Here a combination of (i) ethical/
distributive, (ii) economic (efficiency) and (iii) political (or ‘political economy’) considerations bear on the choice
of transition policy strategy and instrument(s) for particular kinds of beneficiaries. A wide variety of academic
literatures, spanning multiple disciplines, has addressed issues relevant to transition policy from at least one
of these three perspectives. Of greatest relevance are the various literatures that address structural transitions
at the regional or sectoral level, including: the ‘regional resource curse’ literature (Fleming, Measham, & Paredes,
2015; Freeman, 2009; Iacono, 2016; Xu, Xu, Chen, & Che, 2016); the regional studies literature on the socio-econ-
omic challenges faced by so-called ‘old industrial regions’ (Boschma & Lambooy, 1999; Cooke, 1995; Eckart,
Kowalke, & Mazeland, 2003; Hudson, 2005), which includes some case studies of coal mining regions (Baeten
et al., 1999; Harfst, 2015; Harfst & Wirth, 2011; Jonek Kowalska, 2015; Wirth, 2012); the literature on mine
closure and its impacts (Laurence, 2006; Neil, Tykkyläinen, & Bradbury, 1992); recent work examining the
growth and innovation prospects of old industrial regions, which integrates insights from evolutionary econ-
omic geography and transition studies (Coenen, Moodysson, & Martin, 2015; Truffer & Coenen, 2012); and
literature on the political economy of transition policies (Trebilcock, 2014). Taken together, these literatures
provide a useful foundation for the design of transitional policy responses, especially at the community/regional
level.

To the authors’ knowledge, however, there is no comprehensive, policy-focused literature concerned primar-
ily with the comparison of transition policy strategies and instruments, either within the field of climate policy,6

or policy responses concerning structural change more generally. The ‘missing’ literature that is envisaged
would be analogous to the literature on climate policy instrument choice (Goulder & Parry, 2008), insofar as
it would develop theoretical and empirical insights into the benefits and drawbacks of transition policies
with reference to their distributional/ethical, economic efficiency and political effects. Such a literature would
provide much-needed theoretical and evidentiary guidance to inform the rapidly growing demand from policy-
makers and civil society for transition policy advice (Green, in press), not least within the coal sector.

The typology of transition policies presented below in Table 4, and elaborated further in Green (2017), pro-
vides a first step toward the development of such a literature. Transition policies are classified by their object
(agent-type) and by a broad ‘transition policy type’, which has been inductively developed based on the
authors’ review of the above-mentioned literatures and the coal sector case studies discussed below in
Section 3.2.

Category 2 transitional assistance is ‘backward-looking’ in the sense that it is primarily concerned to maintain
the status quo, i.e. the position the agent would have been in but for the structural change, or to fulfil company
obligations owed to workers with respect to existing entitlements. Category 3 is ‘forward-looking’ in the sense
that it is primarily concerned to facilitate the agent’s adaptation to new economic and policy circumstances.
Category 4 has both a backward- and a forward-looking component, and encompasses the agent’s adaptation
to the new context in a manner that covers a wider range of well-being-related functionings and capabilities (in
the case of persons) or social, cultural and environmental values (in the case of communities) (Green, 2017). Of
course, a transition policy strategy can, and often does, encompass a range of instruments targeting more than
one ‘agent–type’ combination.

The following section, which discusses examples from past coal transitions, illustrates how the typology can
usefully be applied to classify variation in transition policies, thus providing an analytical basis for explanatory,
evaluative and prescriptive work.
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3.2. Transition policy examples from past coal transitions

A number of countries have already undergone significant transitions away from coalmining, including the
US, UK, Spain, Netherlands, Czech Republic and Poland. Detailed case studies for these countries have
been conducted in the context of the ‘Coal Transitions Project’, from which this article draws (summarized
in Caldecott, Sartor, & Spencer, 2017). Table 5 classifies the policies adopted by countries using the typology
developed in Table 4.

For example, in liberal market economies such as the US and UK, the historical tendency has been to let losses
suffered by workers and firms lie where they fall, albeit supplemented by a mix of ad hoc support to workers and,
in the US case, coal firms. By contrast, in countries whose political economy (in general or at least in the coal
sector) is characterized by greater coordination between government, unions and industry groups, e.g. Spain,
Poland and Czech Republic, policies to phase down coal have tended to be accompanied by high levels of com-
pensatory assistance to workers and firms.

Evaluations of past transition policies can – with appropriate cautions about generalizability – not only ident-
ify the causes of variation in transition policies, but also contribute to normative debates about the desirable
ends, and technical debates about the most effective means, of transitioning away from coal in other countries
(Caldecott, Sartor, et al., 2017).

Analysis of these national case studies allows one to draw a number of general conclusions regarding the
performance of policies deployed to accompany the transition.

Firstly, across the case studies assessed, one sees a distinct lack of anticipation of the speed of coal sector
transition and the scale of the impacts on regional communities. In the case of Poland and the Czech Republic,
coal sector transition was precipitated by the abrupt collapse of the planned and regionally integrated economy
of the USSR. In other cases, notably the US, the rapidity of socio-economic changes to the coal sector resulting in
its loss of economic competitiveness was underestimated by public policy-makers and industry actors. However,

Table 4. Typology of substantive transition policy options.

1. No
support

2. Compensation or
grandfathering (backward-

looking)

3. Structural adjustment
assistance (forward-looking,

narrow) 4. Holistic adaptive support (broad)

Workers No support Compensation for losses, such as
redundancy payments, early
retirement benefits

Cash or in kind assistance to
retrain or relocate; wage
subsidies; targeted
unemployment payments

Workers are given strong support
not only to find new jobs but also
to maintain or develop new
valued attachments (of the kind
that cannot easily be
compensated), e.g. work of a
similar social standing, or in the
same community

Regions/
communities

No support Compensation for losses, such as
resource transfers to lower levels
of government to compensate
for reduced tax revenue

Affected communities/regions are
supported economically to
diversify, e.g. via direct
investment in public goods
such as infrastructure or
innovation; subsidies or tax
incentives to businesses in
growth sectors; technical
assistance.

Affected communities/regions are
given broader social-cultural
assistance, e.g. investment in
social service provision or
community cultural and
recreational facilities.

Coal mining
companies

No support Compensation for lost asset value
or existing assets are
‘grandfathered’ into the new
regulatory regime. State-
subsidization of company
liabilities (e.g. financial liabilities
to employees; site remediation
liabilities) can also be considered
in this category.

Business are provided cash or in-
kind assistance to adapt to the
new policy/context, e.g. tied
grants for technology
upgrading.

-

Source: Green (2017).
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in the case of the Netherlands anticipatory policy was able to ensure the implementation of timely and generous
policy to accompany coal sector transition (Gales & Hölsgens, 2017).

Secondly, accompanying policies, once they were put in place, tended to be ad hoc and piecemeal, rather
than coordinated and comprehensive (Caldecott, Sartor, et al., 2017). Significant public policy support went
notably to short-term compensatory measures for coal sector workers, such as redundancy payments, early
retirement packages, etc. In more neoliberal contexts, such support was often ‘hidden’ in the form of long-
term disability benefits, which also helped to mask long-term structural unemployment in coal mining
regions much higher than national averages (Fothergill, 2017). Although such compensatory policies helped
to smooth the political economy of coal sector transition in the short-term, their effectiveness in the long-
term seems to have been weak.

Finally, overall across the six countries, outcomes in terms of mitigating long-term socio-economic regional
impacts of coal transition seem poor. Three factors appear to explain this. Firstly, there are numerous problems
typical of ‘old industrial regions’: regions of low economic diversity, dependent on mature industries experien-
cing decline and poorly connected to the rest of the economy, have had great difficulty in developing alterna-
tive drivers of economic growth (see Boschma & Lambooy, 1999, 392–395). Secondly, the limits of labour
markets as channels for mitigating regional mine closures seem to have been underappreciated. Workers
have been shown to be less mobile than neoclassical theory suggests, even in countries with flexible labour
markets and low formal internal barriers to migration (such as the US and UK).7 Thirdly, the early exit of
miners from the labour force seems to have led to the longer-term decline of regional human capital, as explicit
and tacit skills and attitudes useful in a changing labour market are not passed onto future generations.

4. National perspective on transition challenges and policy options

4.1. Australia

Australia’s coal reserves rank fourth globally with 9% of the world’s proven reserves of hard coal and 22% of the
world’s proven reserves of lignite. Australia is among the top ten largest coal producers, and accounts for around
7% of global coal production by volume. Australia is the second largest coal exporter by volume, accounting for
a relatively stable share of global coal trade between 27% to 30% from 1995 to 2014. In the last decade, coal
exports have grown by 5% a year with Australia now the largest exporter of metallurgical coal (58% share in
global exports) and second largest exporter of thermal coal. Coal exports were valued at AUD 38 billion for
2014–2015 with metallurgical coal comprising AUD 22 billion of the total, down from a peak of over AUD 60

Table 5. Typology of substantive transition policy options, with country examples.

Compensatory assistance (compensation payments
or grandfathering)

Structural adjustment
assistance (narrow) Holistic adaptive support (broad)

Workers Poland (high, systematic)
Czech Republic (high, systematic)
Spain (high, systematic)
UK (medium, ad hoc)
US (medium, ad hoc)
Netherlands (medium, systematic)

US (moderate, ad hoc)
UK (moderate, ad hoc)

Regions/
Communities

UK (moderate, systematic) Spain (high, systematic)
UK (moderate, systematic)
US (moderate, ad hoc)
UK (moderate, ad hoc)
US (moderate, ad hoc)

Netherlands (moderate to high,
systematic)
Spain (moderate, systematic)

Corporations Poland (high, systematic)
Czech Republic (high, systematic)
Spain (moderate, systematic)

US (moderate, systematic)
Poland (high, systematic)
Czech Republic (high,
systematic)

Source: Authors based on summary in (Caldecott, Sartor, et al., 2017) and individual case studies (Del Rio, 2017; Fothergill, 2017; Gales & Hölsgens,
2017; Kok, 2017; Rečková et al., 2017; Szpor, 2017). Systematic’ means consistent over time and/or supported by legislation or entrenched
policy processes (e.g. as with sectoral agreements/plans in Spain). Ad hoc means inconsistent over time and/or supported merely by budgetary
appropriations or administrative programs.
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billion during the height of the resources boom. Japan, China, South Korea and India are the major export des-
tinations for Australian coal exports (Australian Government, 2017).

Australia’s coal production is dominated by hard coal for steaming (51% by weight in 2014), followed by
coking coal (37%). Almost all hard coal resources are located in two states: New South Wales and Queensland.
Production of hard coal has grown steadily (by around 4% per year from 2000 to 2014). Domestic coal consump-
tion has declined by 1.6% a year on average over the last 10 years, including a decline of 5% in 2013–2014. The
reduction in domestic consumption is mainly due to reduced demand from electricity generation and the iron
and steel sector. The large majority of hard coal production is exported. Lignite (12%) is used for domestic elec-
tricity generation, mostly in the Latrobe Valley in the state of Victoria. Production of lignite has declined by
around 1% per year on average since 2000. Although coal remains the largest source of electricity generation
in Australia (61% in 2013–2014), this share has declined from 79% ten years ago (AER, 2016). The Australian coal
mining sector employed 57,800 people in 2014 (around half of 1% of total Australian employment. Even in the
major hard coal mining states of Queensland and New South Wales, coal mining employed less than 1% of the
workforce in 2016 (ABS, 2016).

A range of Australian policy options enabling a managed transition away from coal have been proposed
including market based policies, regulatory interventions, moratoria on new mines, declining coal mining
quotas, direct mine closure and reverse auction mechanisms (Australian Senate, 2016; Spencer, Senit, &
Drutschinin, 2012). The most significant challenges to rapid implementation of these policies continue to
arise from the difficulty of addressing impacted stakeholders. Coal producers, electricity generators and
owners of energy intensive industries have a clear and immediate interest in maintaining coal production, as
do coal industry workers and communities. Australia’s energy-intensive industries (e.g. steel, aluminium,
cement and chemicals producers) are small in number, capital-intensive, own highly specific assets, and are pol-
itically well-organized. These industries are also skilled in capitalizing on their geographic concentration in par-
ticular regions in which they generate employment and wider economic activity, and in which they hold
significant political influence. In contrast, the contribution of reduced coal production to emissions reduction
and climate outcomes can seem far more long term and abstract.

The views of marginal voters are likely to be strongly influenced by the way in which energy and climate
policies are framed; whether they are embedded in a compelling narrative about links with climate change miti-
gation and the opportunities created by a clean energy economy; and whether the distribution of transition
costs and benefits is perceived to be fair. Evidence from recent Australian carbon price and coal closure
debates, however, suggests that overly complex, poorly framed policies have left an open space for opposing
interests to frame policies in undesirable ways (Chubb, 2014).

4.2. South Africa

South Africa is highly coal and energy-intensive, with an economy characterized by extremely high levels of
poverty and inequality. The coal sector accounts for approximately 88% of electricity production and roughly
25% of liquid fuels consumption. Coal is also considered key to the economy as a large foreign exchange
earner and employer. South Africa produces some 250 Mt saleable tons of coal per annum, of which 25–30%
is exported (historically at about 50% or more of total earnings). Domestic consumption is concentrated in
the state-owned power utility, Eskom (70%), and the coal-to-liquids energy company, Sasol (20%) (Eberhard,
2011). Domestic prices are substantially lower than export prices and have contributed to historically very
low electricity prices.

Although new renewable capacity in South Africa is now cheaper than new coal or gas-fired generation
capacity (CSIR, 2016) and is procured via a world-leading programme, various factors limit the transition
away from coal. The long lifetimes of existing plants, new plants under construction and planned, as well as
complex concerns about energy security in both electricity (there have been several years of supply shortages)
and liquid fuels (Sasol serves an inland market with limited pipeline capacity from the coast) limit the techno-
logical transition. At the same time, the new political elite both within and outside of Eskom view the coal sector
as a mechanism for what they term ‘radical economic transformation’ of the economy, and new political elites
are connected to both existing and emerging mining houses (Burton & Winkler, 2014; Jaglin & Dubresson, 2016).
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Eskom has become a key site where factional battles within the ruling party – around corruption, power and
policy – are played out (Baker, Burton, Godinho, & Trollip, 2015). For the most part, instead of a national
debate around the content of supply side transition policies and the distributive implications thereof, the
debate in South Africa rests on whether or not a transition away from coal should even take place. Transition
costs are used as a political barrier to argue for the continued use of coal, drawing on both economic and
social welfare arguments.

South Africa furthermore faces severe development challenges: extremely high levels of unemployment (offi-
cially at 26.5% in 2016, with an expanded8 unemployment rate of 35.6%), inequality, and a poor schooling
system (SSA, 2016). This makes the rhetoric around employment particularly powerful, especially when
twinned with the rhetoric about broader economic transformation and the transfer of mining capital from apart-
heid-era firms to new black owners.

This is not to discount the very real economic costs of a rapid and unplanned transition, especially on the
supply side. In terms of its economic contribution, coal mining employed 78,000 workers in 2015, of which
56% were semi and unskilled workers with limited employment options (Quantac, 2015). In an economy with
approximately 37% unemployment, however, this is significant, especially since workers tend to support
several dependents - an average of almost three per worker in key mining areas (MTP, 2015). However, increas-
ing ‘casualization’ of coal labour means that many of these workers are not permanent full-time employees (43%
were subcontractors in 2009) (Baartjes, 2011) with minimal union representation and reports of poor working
conditions (Hallowes & Munnik, 2016).

More than 80% of coal mining takes place in Mpumalanga in the Central Basin, where mining is the largest
contributor to gross domestic product (GDP) (TIPS, 2016). Despite (or perhaps because of) its large mineral
wealth, Mpumalanga performs poorly on several economic indicators when compared to the rest of the
country, reporting higher household poverty levels and a lower human development index than the national
average. 47% of households lived below the poverty line in 2009, higher than the national average. And
although mining is a large contributor to provincial GDP, it is a relatively smaller employer: mining as a
whole accounts for only 6.7% of Mpumalanga’s employment (MTP, 2015, p. 11; Stats SA, 2016). Thus, the sub-
stitutability of coal in the energy sector, although technically possible, is constrained by real economic forces on
the supply side. The incumbent utility is opposed to new privately owned renewable energy projects, and new
political elites furthermore capitalize on these economic constraints and the notions of fairness and justice that
they depend on, to protect their own political and economic interests.

Although coal has been a core element in South Africa’s political economy since the 1970s (Burton & Winkler,
2014) it has structurally shifted as more ‘emerging miners’ (the term used for black-owned junior mining firms)
have contracted with Eskom, which has increasingly focused on developing new suppliers as part of a state strat-
egy to expand black-owned coal interests. Coal has been seen as a viable option for new mining interests
because of its relatively low capital intensity compared to other types of mining. Eskom is now able to frame
any shift away from coal as an attack on post-apartheid economic transformation, even as high-profile inci-
dences of corruption in Eskom coal contracting have come to light (Public Protector, 2016). The delay in forma-
lising the supply-side aspects of an energy transition, and continued focus on emerging miners, risks an increase
in compensatory demands when the transition does happen.

Indeed, Eskom’s recent announcements of ‘early’ plant closures (no consistent official closure dates exist)
were accompanied by thousands of striking coal truck drivers, who shut down Pretoria in opposition to renew-
able energy producers allegedly driving the coal plants out of business. At the same time, the Congress of South
African Trade Unions called early Eskom plant closures ‘a hostile act of provocation directed at workers and their
unions’, and called for Eskom and the government to suspend the closures until ‘a just transition-solution is
arrived at by all affected stakeholders’ (Business Daily, 2017). South African climate policy has the notion of a
just transition embedded within it (RSA, 2011), though no detailed sector specific plans for coal companies,
workers or communities exist, and Eskom’s consultation with organized labour is limited.

Although procedural dimensions on demand side policies (energy planning and climate policy) exist, no pro-
cedural dimension related to coal sector restructuring itself has taken place. The policy discussions that do take
place use rhetoric that draws on notions of justice and fairness for the losers of redistributive policies on the
demand side but typically focus on the need for coal to remain an important part of the energy mix. Substantive
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transition policies for workers of the type implemented in other countries (e.g., early retirement, targeted
welfare) have not been on the policy agenda; regional diversification and industrial policy have examined tran-
sitions to a ‘green economy’ but have not grappled meaningfully with how to implement the diversification of a
minerals-extractive economy either at a national or sub-regional level. Opportunities for structural change in
South Africa, namely in incentivising growth in agriculture and agro-processing (Altieri et al., 2015, 2016)
have been shown to be promising from a development and social welfare perspective. However, trade-offs
exist with limited arable land and water at the regional and national level.

4.3. India

Coal is the dominant energy resource in India, contributing 407 Mtoe, that is, over 58% of the total 700 Mtoe
annual energy consumption in 2015–16 (Enerdata, 2017). All coal products combined accounted for 832 Mt
of consumption with about 200 Mt imported.9 Coal consumption has grown at 8.2% per annum during
2005–2015, against 5.5% for the energy sector, 6.2% for power generation, and 5.7% for CO2 emissions. Coal
imports grew at 25% per year during 2010–15, but recorded a decline of 18 Mt in 2015–16. The Government
of India has a stated position to reduce coal imports drastically (MoC, 2016). Power, iron and steel, and
cement are the main sectors using coal. As of February 2017, the coal-based power generation capacity
amounted to 188 GW out of a total of 314 GW (CEA, 2017). Average coal power generation efficiency is only
30% with a plant load factor (PLF) of 62.3% in 2015–2016 (CEA, 2016). There has been a decline in PLF since
2010 from a high of 75%, mainly due to coal shortages.

The total projected additional demand for coal in the power sector with enhanced PLF and additional
capacity could be around 300 Mt/year (cf. CEA, 2016). Annual Indian coal consumption is thus projected to
touch a billion tons within next 3 years. The government owned Coal India Ltd., one of the largest coal
mining companies in the world, produced 538 Mt in 2016 (MoC, 2016) and has been increasing production
by 20–25 Mt/year during the last 4 years. Realistically, it may add another 150 Mt by 2020. Enhanced energy
efficiency by existing large coal consumers, under the ‘Perform Achieve Trade’ policy of the Indian government,
could save 70 Mt/year. The newly auctioned coal-blocks and other captive mines, however, could produce
around 150 Mt by 2020. This would still mean a demand–supply gap of around 100 Mt, which would be met
through imports through CIL and private players. For instance, the Adani group of companies, a $15 billion
group in India, has invested $3.5 billion in coal mining and exporting infrastructure in Australia and $1.5
billion in 20 Mtpa coal import facilities in western India. India is, however, sensitive to promoting efficient
use of coal as a strategy for national energy security and mitigating global climate change. Shearer, Fofrich,
and Davis (2017) have indicated that current coal-based installed capacity (197 GW) and proposed/under con-
struction capacity (243 GW) may be detrimental to India’s resolve for ambitious mitigation, unless concerted
efforts to adopt cleaner policies are implemented.

This highlights two key issues: coal is projected to remain a mainstay of the Indian energy system in the near
to medium-term, and coal imports are most likely to continue around 100 Mt/year.

Coal is a major contributor to India’s emissions, accounting for 1146 Mt of India’s 2479 Mt-CO2 emissions in
2013–2014. Clean coal technologies, including super critical pulverized coal power plants, coal washing, and
enhancing combustion efficiency through renovation and modernization of existing plants could lead to
some mitigation. India has already established 27.5 GW of supercritical units and around 50 GW capacities
are under construction (India’s Biennial Update Report to United Nations Framework Convention on Climate
Change [UNFCCC], Government of India, 2015). The Government of India has already taken several initiatives
to improve the efficiency of coal-based power plants, including plans to shut or complete technology switchover
for 37 GW older coal plant capacity, mandating all new large coal-based generating stations to use highly effi-
cient supercritical technology. Renovation and modernization, and life extension of existing old power stations
is being undertaken in a phased manner. About 144 old thermal stations have been assigned mandatory targets
for improving their energy efficiency. Coal beneficiation10 has been made mandatory. Introduction of ultra-
supercritical technology, as and when it becomes commercially available, is part of future policy plans. In
addition, stringent emission standards being contemplated for thermal plants would significantly reduce emis-
sions. The Indian nationally determined contribution (NDC) under the 2015 Paris Agreement has also identified
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Super Critical Pulverized Combustion, Ultra Super Critical, Pressurized Circulating Fluidized Bed Combustion,
Combined Cycle, Integrated Gasifier Combined Cycle and Fuel Cell as priority clean coal technologies for
India (GOI, 2015). About 50 GW installations using new clean coal technologies at around a 20% improvement
in current efficiency of coal plants could mitigate about 700 Mt-CO2e vis-a-vis traditional coal technologies
during 2015–2030. These indicate large plans for cleaner coal in India. CCS technology could also provide a
way forward to continue using coal in India without associated GHG emissions. Our preliminary estimates indi-
cate that India has a potential to mitigate around 800 Mt-CO2 each year through CCS at below $60 per t-CO2.

The average electricity CO2 emission factor is estimated at 0.732 kg-CO2/kWh (including renewables) in the
year 2015–2016. Our models project that this may reduce to 0.581 kg-CO2/kWh by 2021–2022 and to 0.522kg-
CO2/kWh by 2026–2027. Emission intensity (kg-CO2/GDP) from grid connected power stations is likely to reduce
by 43% by 2021–2022 and by around 50% by 2026–27 from the year 2005 levels. However, crossover prices of
renewables along with disruptive innovation in storage technologies to offset intermittency, may further
strengthen the above claims.

Coal production, transport, usage and ash disposal employ almost one million persons. Income from coal roy-
alties constitute almost 50% of the total earnings of states like Jharkhand and Odisha (Agarwal & Dhritiman,
2015; GoO, 2007), which are some of the least developed large Indian states. Path dependencies of coal use
therefore have strong socio-economic and political linkages, in addition to the huge investments in coal infra-
structure that would have to be managed in the case of an accelerated coal transition in India. On the other
hand, the latest policy of a targeted and simultaneous strong push towards renewable energy in India,
aiming at 100 GW of solar and 60 GW of wind capacity by 2030, is estimated to need additional investment
to the tune of US$ 140 billion (MNRE, 2015).

It is clear that coal, the abundant domestic energy resource, is facing transitions – due to adoption of super
critical technologies for power generation, gradual retiring of old and inefficient sub-critical power plants, and
coal’s declining role under ambitious renewable penetration targets. These transitions have to be supported, to
ensure both energy security for India and climate change mitigation security for the world. Key issues requiring
consideration are the aggravation of energy security concerns for India, along with likely strong resistance from
stakeholders in coal-rich states due to lost earnings and job. In this regard, it is important to consider how the
mainstreaming of alternatives (notably, renewable energy) could help to resolve these issues. For instance, what
would be the role of coal in integrating ambitious renewable targets into the Indian power grid? Could coal fired
base-power plants be transitioned into peaker plants?

How to manage the transfer of investment and finances away from coal, especially towards meeting ambi-
tious renewable energy targets, is another key issue. Coal infrastructure could become a partially stranded econ-
omic asset in such a high mitigation scenario. The coal sector will therefore require technology and management
reforms, supported by facilitative policy. These would include mandatory improvement in coal combustion effi-
ciency in all sectors supported by energy markets, mandatory retirement of inefficient coal plants, retrofitting
base-load coal plants to become peaker plants to the extent possible, bringing the coal supply chain appropri-
ately into the Goods and Services Tax (GST) regime implemented in India in mid-2017,11 creating a domestic
carbon market that would help to internalize environmental externalities, and retraining of personnel working
in coal businesses.

4.4. China

China is both the largest coal consumer and coal producer in the world (Qi, Stern, Wu, Lu, & Green, 2016). In
2015, China produced 3.7 billion tons of coal and consumed 3.97 billion tons, accounting for 47% of global pro-
duction and around 50% of global consumption (Enerdata, 2017). The energy mix in China is also dominated by
coal with a share of 64% in primary energy, much higher than the world average of 28%. The four biggest coal
consuming sectors are power generation, the iron and steel industry, the construction material industry and the
chemical industry. Coal is also the biggest source of air pollutants in China, accounting for 91% of SO2, 69% of
NOx and 52% of primary PM2.5 emissions. Coal consumption has grown very fast in past decades from 1.3 billion
tons in 2000 to 3.5 billion tons in 2013, with an annual growth rate of 6.5% in the period 2000–2016 (Enerdata,
2017). In 2014, for the first time, coal consumption stopped growing and began to decrease by 3% (Qi et al.,
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2016). In 2015 and 2016, coal consumption fell further by 3.4% and 4.7% respectively (Enerdata, 2017; Han, Chen,
Long, & Cui, 2016).

Declining coal consumption in China is a combined effect of the broader slowdown in economic growth and
restructuring known as the ‘new normal’ (Green & Stern, 2017; Grubb et al., 2015), as well as efforts to improve air
quality and mitigate climate change (Qi et al., 2016; Yang & Teng, 2016, 2017). Air quality is a key driver in the
process of coal transition in China. In the report on the global burden of disease by the World Health Organiz-
ation, outdoor particulate matter ranked fourth among overall health burden risk factors of China (Sun, Fang, &
Sun, 2016). Coal related PM2.5 emissions are responsible for about 670,000 premature deaths in 2012, through
chronic obstructive, lung cancer, stroke and ischemic heart disease (Yang & Teng, 2016). The production, trans-
portation and consumption of coal in China also generates wider environmental impacts, such as water scarcity,
soil erosion, vegetation degradation and desertification. These environmental costs associated with coal are not
fully reflected in the coal pricing system of China and are thus a ‘hidden cost’ of coal. There are estimates that the
real damage costs of China’s coal production and consumption are about 260 yuan/ton of coal ($37.65/ton)
(Yang & Teng, 2016). Although parts of China’s coal and electricity pricing mechanisms take these costs into con-
sideration, the extent of environmental taxes is not enough to internalize external costs. China’s current coal
pricing mechanism only imposes 30–50 yuan/ton of coal in environmental taxes, mostly focused on the pro-
duction side, with only 5 yuan/ton in coal pollution fees on the consumption side.

In the thirteenth Five Year Plan (2016–2020), China included for the first time a target to cap coal consumption
at 4.1 billion tons by 2020. The environmental protection chapter of the thirteenth Five Year Plan adds a goal of
reducing the primary energy share of coal to 58% by 2020, from 64% in 2015. Recognizing that air quality is a
regional issue, the Five Year Plan also establishes specific coal consumption reduction targets for specific
regions, such as 10% for the Jing-Jin-Ji region and the Pearl River Delta, and 5% for the Yangtze Delta. Meeting
these regional targets by 2020would result in a reduction of 140million tons of coal of coal consumption by 2020.

Although the need to transition towards a low carbon economy now enjoys political consensus in China,
there remain barriers and challenges. The most important one is how market-based policy instruments can
play a role in the transition. The Chinese Government has traditionally adopted command and control regu-
lations to allocate targets to local governments and then to enterprises (Wang, Nie, Long, Shi, & Zhao, 2016).
However, this top-down approach has triggered problems of data cheating and efficiency losses (Lin &
Wang, 2015). Regional emissions trading schemes have already been introduced, and the national ETS is due
to be rolled out in 2017; such a pricing-based approach to coal sector abatement is expected to bring efficiency
improvements. By developing reasonable environmental taxes on coal production and consumption, it is poss-
ible to internalize the external damage costs generated by coal production and consumption, use price mech-
anisms to efficiently adjust the production and consumption of coal, and achieve adjustment and optimization
of the energy structure.

The second challenge is the coordination with other policy transition processes, especially the liberalization
of the power market. The electricity price in China is still under heavy regulation and not open to competition
(Zhao et al., 2017). In past years, the coal price has decreased substantially due to lower demand, but the elec-
tricity price has failed to adjust accordingly. The mismatch between the coal and electricity price has led to the
unintended competitiveness of coal-based power plants and thereby overinvestment in coal-based generation
capacity. The inconsistency between climate policy and policies of the power sector in China indicates that the
current level of policy coordination is still low. Improved domestic policy coordination is clearly needed, to
increase the probability of a successful low-carbon transition.

The third challenge is the phase out of so called ‘dispersed coal’ in residential heating and cooking and small-
industrial boilers without any end-of-pipe treatment. Although the GHG Control Plan and Environmental Protec-
tion Plan aim to replace these dispersed coal uses by natural gas and electric heating, it should be noted that
most of these coal-dependent facilities are either poor families or small-scale businesses: they either do not have
access to gas, or simply cannot afford gas and electric heating. Fourthly, the issue of social equity poses another
challenge for the coal transition. Coal-rich provinces who have built their revenue system on coal resources will
have to face the problem of job losses and related socio-economic problems. The coal transition policy needs to
be compensated by other policies, e.g. labour policy to facilitate the reemployment of mine workers, and finan-
cial transfer policies to ease the transition in coal-dependent industries and cities.
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5. Conclusions, cross cutting challenges and lessons for policy makers

This article has surveyed the political economy of coal sector transition in the context of the requirements of
ambitious climate mitigation scenarios to limit warming to 1.5°C, or at least well-below 2°C. Several overarching
conclusions can be drawn from the preceding discussion.

Firstly, it is evident that ambitious mitigation scenarios to limit warming to 1.5°C would require the large-scale
stranding of coal production and consumption assets, even if one is confident about the prospects of massive
CCS deployment. This will inevitably pose major political economy challenge at various points of friction in the
value-chain. For the capital-intensive parts, notably coal power plants, owners of capital would be the most
impacted. Coal mining itself is not particularly capital-intensive, but it is often deeply integrated in regional
economies in terms of employment, fiscal revenues and regional value-added, as illustrated by the case-
studies explored above. Although the labour productivity of coal mining is often high (and falling rapidly in
regions where it is still low), regional employment can be highly concentrated. Thus, the coal sector’s ‘entangle-
ment’ in regional economies emerges as a key challenge of coal sector transition, and one that merits further
study. Thus the main challenge of moving to a 1.5°C trajectory in terms of the coal sector is not stranded
assets, thought of in terms of physical or financial capital, but rather ‘stranded regions’ where workers, regional
governments and the regional economy more broadly are dependent on the coal sector.

Secondly, historical examples of large-scale coal sector transitions are not particularly reassuring. Coal sector
transition historically was often poorly anticipated and poorly managed, leading to long-term social dislocation
with persistent below-average social and economic performance in coal regions. Short-term policies focusing on
smoothing sector exit for firms and workers do not mitigate long-term factors by which the shock is perpetu-
ated, in particular the weakness of migration opportunities, the degradation of human capital and the inability
to develop other sources of regional economic activity.

Thirdly, the survey of four national contexts of coal dependent countries reveals that, while marginal policies
are being deployed or mooted, none are actively preparing for large-scale coal sector transition. This is certainly
the case when one keeps in mind the scale and speed of the transition required for limiting warming to 1.5⁰C.
The lack of urgency and anticipation should raise certain alarm bells, given the historical experience of other
countries that have gone through large-scale coal sector transitions. The survey of four major coal using econ-
omies reveals a lack of clarity regarding the long-term trajectory of the sector, which makes bringing actors to
the table to discuss transition policies more difficult. At the same time, transition policies cannot be
implemented without the buy-in and participation of local stakeholders from multiple sectors. The role of
climate policies in more effectively signalling the future of the sector thus appears crucial to break the loop
between the uncertain future of coal and the unwillingness of actors to engage in discussion on transition.
Nonetheless, it is clear from this survey that without major efforts to accelerate the establishment of supply-
side transition policies in coal-mining regions, coal demand will not be curbed at the rate required and the
1.5°C target will quickly be out of reach.

Notes

1. Committed emissions can be defined as the future emissions implied in the running of existing capital stock for its natural
economic lifetime.

2. 6 GWcoal≈ 1 Gt CO2 committed emissions over the lifetime of the plant
3. It should be noted that this is also due to the bursting of the commodity super cycle, not solely climate policy or energy market

effects.
4. Households could also be adversely affected by downstream increases in electricity prices resulting from reduced coal supply,

though such changes are somewhat remote and are likely to be temporary, especially in jurisdictions where alternative energy
sources are cost-competitive with coal-fired power generation. Landowners, where they are not covered by the listed cat-
egories would be a further relevant stakeholder affected by coal mining closures. For simplicity, we leave these classes of
affected agents out of the present analysis.

5. We focus here on the substantive component of transition policy, though the content of the procedural component of tran-
sition policy is also an important question that we leave aside here purely due to space constraints.

6. Some academic work within climate change economics and policy has begun to consider transition policies. Menezes,
Quiggin, and Wagner (2009) considered the normative and efficiency case for various kinds of transitional policy in the
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context of Australia’s carbon pricing scheme. Caldecott and Mitchell (2014) consider the design of compensation for owners of
sub-critical coal-fired power generation assets. González-eguino, Galarraga, and Ansuategi (2012) examine the specific effects
of climate policies on old industrial regions in Europe and offer general transitional policy recommendations. And there is a
voluminous, but more narrowly focused, literature on ‘carbon leakage’, though the rationale for leakage mitigation policies
differs from the potential rationales for transition policy.

7. For a fascinating sociological account of some of the informal barriers to internal migration in former British coalmining
regions, see Strangleman (2001).

8. Which includes people who have stopped looking for work and are hence not included in unemployment rate statistics
9. The Indian domestic coal’s average heat value was 3500 Kcal/Kg in 2013–14 with average ash content of 41%, and 0.51% sulfur

by weight. These parameters for imported coal (taken as average of coal imported from Indonesia, South Africa, USA and Aus-
tralia) were about 6000 Kcal/kg, ash 13% and 1% sulfur by weight.

10. Coal beneficiation is a process by which the quality of raw coal is improved by either reducing the extraneous matter that gets
extracted along with the mined coal or reducing the associated ash or both.

11. Imposing a GST would increase the costs for renewable energy technologies by 10–15% (http://energy.economictimes.
indiatimes.com/news/policy/how-will-gst-impact-indias-energy-sector/53526262), making coal relatively cheaper. On the
other hand, solar power is becoming increasingly attractive and recently touched the lowest mark of INR 2.97/kWh in
reverse auction bidding. In addition, there is and there is a federal clean energy cess of INR 400/ton on coal, which is significant
against an average pre-tax price of INR 1500/ton for power plants.
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