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Although coal has long been viewed as the cheapest 

way to power the global economy, this is no longer the 

case. New renewable energy is now cheaper than new 

coal plants virtually everywhere, even before considering 

coal’s dire health, climate, and environmental impacts. 

The cost of renewables has fallen so far that it is already 

cheaper to build new renewable energy capacity, 

including battery storage, than to continue operating 39 

percent of the world’s existing coal capacity.i Based on 

a new global analysis—by Rocky Mountain Institute, the 

Carbon Tracker Initiative, and the Sierra Club—of nearly 

2,500 coal plants, the share of uncompetitive coal plants 

worldwide will increase rapidly to 56 percent in 2022 and 

to 78 percent in 2025.

The total cost of phasing out the global coal fleet 

through efficiently structured financial solutions 

is already surprisingly small and shrinking quickly. 

Replacing uncompetitive coal with clean energy could 

already save electricity customers around the world 

$33 billion in 2020, and these annual savings rise 

quickly to $73 billion in 2022 and $136 billion in 2025. 

Phasing out and replacing the remaining competitive 

share of the global coal fleet would require $161 billion 

in subsidies in 2020,ii with this figure dropping rapidly 

to $84 billion in 2022 and $29 billion in 2025 (see 

Exhibit ES1). In other words, the theoretical net cost to 

society of completing the coal-to-clean transition in 

2020 would be $128 billion, but this figure drops close 

to zero by 2022 and generates net financial savings 

of over $107 billion by 2025.iii Those savings—which 

already exist for many geographies—can be captured 

and recycled to support a just transition for workers 

and communities. These figures do not even account 

for the social and environmental benefits of reducing 

carbon dioxide and other coal pollutants.

Executive Summary

i  This analysis defines a coal asset as “uncompetitive” if it costs more to continue to operate than the levelized cost to build and 

operate onshore wind or solar with four-hour storage rated at half the renewable capacity. The storage was included as a simple 

way to account for replacement of the capacity as well as the energy provided by a marginal existing coal plant at moderately 

high penetrations of variable resources. The coal costs are inclusive of any applicable carbon or emissions permits or taxes, but 

not of any unpriced health or environmental costs, while the renewable and storage costs include clean energy incentives.

ii  “Phaseout” and “retirement” are used as general terms that encompass different strategies that lead to elimination of expected 

coal use in the operation of a plant, including transitioning to standby/backup service with little or no (at most, seasonal) expected 

operation, as well as retirement and decommissioning. 

iii The cost to replace in a given year is the annual additional cost to customers that would result from replacement of all 

competitive coal assets with renewable energy and storage in that year. The total net cost in a given year is calculated by 

subtracting the annual cost savings from the cost to replace. For additional definitions, see the box on page 13.
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However, coal phaseout hasn’t kept pace with eroding 

economics, and the slow pace of transition is costing 

consumers and taxpayers money while posing a 

significant threat to the climate, public health, and the 

environment. To keep the Paris Climate Agreement’s 

temperature targets within reach, global coal use must 

decline by 80 percent below 2010 levels by 2030, 

requiring rapid transition in Organisation for Economic 

Co-operation and Development (OECD) countries over 

the next decade and phaseout in the rest of the world 

by 2040. Instead, according to the International Energy 

Agency, global coal use has continued to increase 

in recent years. Meanwhile, consumers are stuck 

paying for expensive and dirty coal generation, the 

public bears the health and environmental burdens of 

increased air and water pollution, and taxpayers bear 

the expense of redressing these costly environmental 

and health impacts.

 

A key barrier to accelerating phaseout is that the vast 

majority (93 percent) of global coal plants are insulated 

from competition from renewables by long-term 

contracts and noncompetitive tariffs. Customers are 

locked into paying for dirty and expensive coal power 

for years or even decades into the future, with limited 

options to alter these arrangements without facing 

penalties and costs or protracted legal and political 

battles. The Paris Agreement timeline necessitates 

switching from coal to clean long before most long-

term coal power contracts expire or before coal plant 

investors have been fully repaid.

In many cases, a more rapid phaseout could be 

unlocked by aligning the incentives of customers 

and taxpayers, coal plant investors, and workers 

and communities with moving on from these legacy 

contracts and noncompetitive tariffs. An approach 

to dealing with legacy contracts and noncompetitive 

tariff structures that can align incentives would 

simultaneously achieve the following goals: Customers 

would save money on day one, while taxpayers and 

the general public would benefit from improved health 

and reduced climate-related risks. Coal plant owners 

and investors would have the opportunity to replace 

coal returns with clean returns by reinvesting capital 

into clean resources. Workers and host communities 

could access resources to preserve livelihoods, protect 

benefits, and ensure that they can continue to thrive. 

Governments and public finance institutions can 

accelerate coal phaseout for assets with legacy 

contracts or tariffs through an integrated three-part 

approach: (1) refinancing to fund the coal transition and 

save customers money on day one, (2) reinvesting in 

clean energy, and (3) providing transition financing for 

workers and communities.

Where clean energy already outcompetes existing 

coal, it may be possible to achieve all three parts 

as a package without additional public funds. As 

demonstrated by phaseout deals struck recently in the 

United States, funding packages can turn the value 

remaining in legacy contracts and noncompetitive 

tariffs into an engine for transition by:

• Refinancing to free up capital to help fund coal 

transition while lowering customer costs (e.g., asset-

backed securitization, ratepayer-backed bond 

securitization, and green bonds) 

• Using the new low-cost capital in part to reinvest 

in clean energy to allow owners to phase out coal 

plants and reduce customer costs further, while 

replacing returns from coal plants with returns from 

clean energy

• Utilizing a portion of the new capital raised through 

refinancing to provide transition financing to coal 

workers and communities, offering immediate 

resources to preserve livelihoods, protect benefits, and 

ensure that host communities can continue to thrive
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In circumstances where coal remains competitive 

(ignoring its unpriced health and environmental 

costs), this three-part approach may require additional 

public resources in the short term. We propose 

two concessional finance tools that can be used in 

conjunction with the refinancing, reinvestment, and 

transition financing mechanisms to achieve these 

objectives. First, governments or public financiers 

could offer “carbon bonuses” to better reflect the 

unpriced benefits of transitioning from coal to clean 

energy, making the economics of coal phaseout more 

attractive. These concessional payments for each ton 

of emissions abated are intended to reduce the cost 

of coal phaseout for customers while continuing to 

deliver the same electricity services and providing 

for a fair workforce transition. Second, instead of 

providing subsidies for emissions reductions through 

direct payments, the concession could be provided 

through debt forgiveness. For both mechanisms, public 

resources should be allocated through transparent 

and competitive processes. We propose using reverse 

auctions to maximize the emissions reductions achieved 

and limit the risks of excess subsidies. OECD countries 

should finance these mechanisms domestically and 

fund them in poorer countries as part of their climate 

and development assistance. However, one point 

bears repeating: with the share of uncompetitive coal 

plants increasing quickly, this kind of financing would be 

needed mostly in the short term to accelerate action. 

 

Whether they require concessional funding or not, 

financial approaches to accelerating coal phaseout 

offer several advantages and are especially relevant to 

COVID-19-related stimulus spending. First, they can be 

structured as voluntary programs for both governments 

and asset owners. For example, a reverse auction to 

acquire outstanding debt on coal plants in exchange 

for closure does not mandate participation—but it 

can serve as a powerful mechanism to reveal the true 

appetite for accelerated phaseout on which subsequent 

policies can be built. Second, these approaches can 

help stakeholders find agreement on an acceptable 

allocation of savings and benefits, thus allowing 

nontraditional allies to find common ground. Third, these 

financial approaches can work in conjunction with local 

regulatory structures and market conditions. Fourth, the 

need to allocate stimulus spending as part of COVID-19 

economic recovery presents a special opportunity to 

accelerate the coal-to-clean transition.

The United States could help customers save up to 

$10 billion annually using the three-part approach to 

phase out the 79 percent of the 236 gigawatt (GW) 

coal fleet that is uncompetitive today. More than 

three-quarters of the US coal capacity is in markets 

where customers are locked into paying utilities based 

on a cost-of-service tariff. As a result, in this time of 

national economic distress, customers are paying 

more for electricity from expensive coal just when 

they can least afford to. Refinancing customers’ tariff 

obligations to phase out uncompetitive coal can bring 

down customer costs and fund transition assistance to 

support a fair and more robust recovery. 

Beyond the United States, the opportunity is ripe to 

accelerate the coal-to-clean transition using financial 

approaches that save customers money.

• In the European Union: 81 percent of the 140 GW 

coal fleet is uncompetitive in 2020, and that will 

rise to 99 percent in 2022 and 100 percent in 2025. 

Phasing out and replacing uncompetitive coal plants 

with renewable energy plus storage would generate 

savings of $10 billion in 2020, $16 billion in 2022, 

and $21 billion in 2025.

• In China: 42 percent of the 1,142 GW coal fleet 

is uncompetitive in 2020, and that will rise to 66 

percent in 2022 and 94 percent in 2025. Phasing 

out and replacing uncompetitive coal plants with 

renewable energy plus storage would generate 

savings of $12 billion in 2020, $40 billion in 2022, 

and $86 billion in 2025. 

• In India: 17 percent of the 283 GW coal fleet is 

uncompetitive in 2020, and that will rise to 50 
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percent in 2022 and 85 percent in 2025. Phasing 

out and replacing uncompetitive coal plants with 

renewable energy plus storage would generate 

savings of $2 billion in 2020, $8 billion in 2022, and 

$17 billion in 2025.

We plan to undertake further analysis on other regions 

in a second edition of this paper, but the preliminary 

data for these regions is also striking. For instance, 

for a group of other developing economies with 

aggregate coal capacity similar to that of the United 

States,iv replacement of the entire fleet would cost 

$38 billion in 2020. By 2026, continuing to operate 51 

percent of this fleet will become uncompetitive relative 

to building new renewables plus battery storage. 

Given the long lead times for electricity system 

planning and decision-making, as well as the size of 

the opportunity, now is the time to start structuring 

accelerated coal phaseout in all regions.

Who should take the lead in exploring and 

implementing these approaches at the intersection 

of finance and policy? We make the case that public 

finance institutions—green banks, multilateral and 

national development banks, and development finance 

institutions—have the mandate, capital, and expertise 

to create programs to deploy these innovative financial 

tools and help countries capture the economic 

opportunity of transitioning away from coal. For the 

past decade, these institutions have been under 

pressure to end financing for new coal plants, and they 

have largely done so. In the next 10 years, they should 

help take the lead in accelerating phaseout of the 

existing coal fleet. In so doing, they can simultaneously 

address multiple development challenges at low or 

negative cost, reducing carbon pollution, alleviating 

severe public health impacts, improving standards of 

living, reducing mortality and illness, and enhancing 

economic productivity.

This report describes the coal phaseout and 

transition opportunity in five sections. Section 1 

presents new data on the collapsing competitiveness 

of coal with respect to renewables. Section 2 

addresses how coal phaseout can be accelerated 

using a three-part approach consisting of refinancing 

to save customers money, reinvesting in clean energy, 

and supporting a just transition for workers. Section 3 

describes financing options for accelerating this three-

part transition. Section 4 provides specific examples 

of how these tools could be applied in the United 

States. Section 5 considers their application in other 

jurisdictions around the world.

iv  This group consists of Bangladesh, Indonesia, Malaysia, Pakistan, the Philippines, South Africa, Turkey, Ukraine, and Vietnam. 
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The Economic Case  
for Phasing Out Coal

Coal is no longer the cheapest power source for 

the global economy. New renewable energy has 

already become cheaper than new coal in nearly all 

geographies, even before considering coal’s dire health, 

climate, and environmental impacts.1 More importantly, 

the cost of renewables has fallen so far that building 

new onshore wind and utility-scale solar photovoltaic 

(PV), including battery storage, is now cheaper than 

continuing operation of 39 percent of the world’s existing 

coal capacity. By 2025, that number will increase to 78 

percent. This milestone marks a new opportunity to close 

existing plants while capturing savings that can be used 

to support the build-out of additional renewable capacity.

This report presents the results of a major new analysis 

by Rocky Mountain Institute, the Carbon Tracker 

Initiative (CTI), and the Sierra Club on the economic 

viability of 2,472 coal plants around the world. CTI’s 

Global Coal Power Economics Model combines data 

from the Global Energy Monitor, the Global Coal Plant 

Tracker, the Platts World Electric Power Plants database, 

and national and regional sources on coal plant 

economics. It also considers the costs of renewable 

generation and storage. This data set allows us to 

assess the economic competitiveness of coal plants 

in 37 countries, covering 95 percent of the total global 

capacity. It also enables us to estimate the savings from 

replacing uncompetitive coal with renewables plus 

storage, as well as the cost to replace coal assets that 

remain competitive (ignoring their unpriced health and 

environmental costs).

The total cost of phasing out the global coal fleet is 

already surprisingly small and decreasing quickly. 

Replacing uncompetitive coal with clean energy could 

already save electricity customers around the world $33 

billion in 2020, and these annual savings rise quickly to 

$73 billion in 2022 and $136 billion in 2025. Phasing out 

and replacing the remaining competitive share of the 

global coal fleet would require $161 billion in subsidies 

in 2020,v with this figure dropping rapidly to $84 billion 

in 2022 and $29 billion in 2025 (see Exhibit 1). In other 

words, the theoretical net cost to society of completing 

the coal-to-clean transition in 2020 would be $128 billion. 

However, this figure drops to 11 billion by 2022 and 

generates net financial savings of over $100 billion by 

2025.vi These figures do not even account for the social 

and environmental benefits of reducing carbon dioxide 

and other coal pollutants.

Our analysis identifies economic opportunities on an 

asset-by-asset basis across the globe to phase out 

and replace coal capacity with new wind or solar with 

battery storage. We assess the competitiveness of a 

coal asset in any given year by comparing the long-run 

cost to operate a coal plant (including any implemented 

carbon-pricing regime, but not any unpriced health or 

environmental costs) with the total cost to build and 

operate a replacement resource (including any clean 

energy incentives reflecting otherwise unpriced clean 

energy benefits). In technical terms, competitiveness 

compares the long-run marginal cost for coal assets with 

the levelized cost of energy for renewables and storage. 

This analysis uses a simplified overnight clean energy 

replacement scenario with sufficient capacity to replace 

annual coal generation from the plant by combining 

either onshore wind or solar power with a four-hour 

battery storage system rated at half the total capacity of 

the wind or solar system. For example, a 1 gigawatt (GW) 

coal plant with an 80 percent capacity factor would be 

replaced with 4 GW of solar or wind with an average 20 

percent capacity factor, along with a 2 GW/8 gigawatt-

v   “Phaseout” and “retirement” are used as general terms that encompass different strategies that lead to elimination of 

expected coal use in the operation of a plant, including transitioning to standby/backup service with little or no (at most, 

seasonal) expected operation, as well as retirement and decommissioning. 

vi   The cost to replace in a given year is the annual additional cost to customers that would result from replacement of all 

competitive coal assets with renewable energy and storage in that year. The total net cost in a given year is calculated by 

subtracting the annual cost savings from the cost to replace. For additional definitions, see the box on page 13.

http://impacts.iv
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hour (GWh) battery storage system. Replacing coal with 

renewables and storage hybrid systems also addresses 

capacity concerns that might arise from replacement 

with only variable wind or solar power. The cost 

competitiveness of coal varies by region and is projected 

to shift significantly over the next five years as both 

renewable generation and storage technologies become 

less expensive.

Understanding Various Metrics of Competitiveness, Savings, and Cost

Recognizing that different metrics are useful for 

different audiences, this report offers several 

metrics to describe the cost competitiveness of 

coal with respect to renewables plus storage. For 

example, some audiences may be interested in 

the savings potential from replacing uncompetitive 

coal with renewables, whereas others may be 

interested in the net cost to replace the coal fleet. 

Rather than presenting only a selection of the data, 

we include the complete results of our modeling 

across various measures of competitiveness, 

savings, and cost.

Uncompetitive coal describes assets for which 

the long-run cost to operate the plant exceeds 

the levelized cost to build and operate new solar 

or onshore wind plus storage. The coal costs are 

inclusive of any applicable carbon or emissions 

permits or taxes, but not of any unpriced health 

or environmental costs, while the renewable and 

storage costs include clean energy incentives. 

For each region, we present uncompetitive coal 

in terms of both aggregate capacity as well as a 

percentage of total capacity.

Annual cost savings describes the value that 

could be realized in a given year by replacing the 

electricity generated by uncompetitive coal assets 

with electricity generated by new renewables with 

storage. These annual figures describe the cost 

savings opportunities for a single year only; so, 

although the annual cost savings will generally 

increase over time as renewables costs decline, 

waiting until later years to phase out uncompetitive 

assets will still result in foregone annual savings.

Cost to replace describes the annual additional cost 

to customers that would result from replacement of 

all competitive coal assets with renewable energy 

and storage in a given year. This metric may be of 

particular interest to policymakers and public finance 

institutions seeking to accelerate the phaseout and 

replacement of coal in line with climate targets.

Total net cost to replace coal is calculated by 

subtracting the annual cost savings from the cost 

to replace. This metric describes the net cost to 

society of retiring and replacing the entire coal fleet.

Finally, we present a set of metrics relating to the 

carbon bonus, a concession per ton of carbon 

dioxide abated that would make it more economic 

to replace a coal asset with renewables plus storage 

than to continue operating coal. We present the 

carbon bonus required to enable phaseout and 

replacement of 90 percent of the coal fleet, while 

calculating the cost savings to the customer that 

would result from the implementation of a carbon 

bonus program as well as the cost to public finance 

institutions. Finally, we calculate the net cost of 

the carbon bonus program by subtracting the cost 

savings to customers from the cost to public  

finance institutions.
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In the United States today, 79 percent of the 

236 GW coal fleet is uncompetitive relative to 

replacement by renewable energy with storage, 

and this number will rise to 80 percent by 2022. 

Phaseout and replacement of these plants could 

help customers save $10 billion annually today. As 

of mid-2019, 102 GW of capacity have already been 

retired or committed to retire since 2010.2 By 2025, 

83% of the remaining coal fleet will be uncompetitive. 

At the same time, technology improvements and 

economies of scale are driving down renewable costs, 

such that solar costs of $20/megawatt-hour (MWh) to 

$30/MWh are likely to be the norm by 2026, when 

federal tax incentives expire. Declining costs will 

therefore continue to drive coal power plants out of 

the market before their technical life ends. According 

to the latest Federal Energy Regulatory Commission 

(FERC) capacity estimates,3 there is not a single new 

coal plant in the United States being considered by 

investors in the next three years, whereas there are 

almost 50 GW of wind and solar projects slated as 

highly probable.

Outside the United States, other geographies 

present a similar opportunity for rapid coal 

phaseout. In the European Union, 81 percent of 

the coal fleet is uncompetitive as of 2020, with this 

figure rising to 100 percent by 2025. Replacement of 

the uncompetitive portion of the EU coal fleet would 

result in savings of $10 billion annually in 2020 and 

$21 billion in 2025. In China, 42 percent of the fleet is 

uncompetitive as of 2020, with this figure increasing to 

94 percent in 2025. Replacing uncompetitive coal with 

renewables with storage would yield annual savings 

of $12 billion in 2020 and $86 billion in 2025. In India, 

17 percent of the coal fleet is uncompetitive with 

renewables and storage today, and this number will 

rise to 85 percent by 2025. Replacing uncompetitive 

coal in India could bring $2 billion in annual savings; by 

2025, that number will rise to $17 billion per year.
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Although 39 percent of global coal capacity is 

already uncompetitive relative to renewables with 

storage today, this number jumps to 78 percent in 

five years—and far more would be uncompetitive 

if the full environmental and social benefits of coal 

phaseout were considered. The climate benefits of 

phasing out coal and switching to clean energy are not 

reflected in the relative prices paid by consumers in 

most regions, nor are the avoided costs of sickness, 

premature deaths, and lost productivity from air 

pollution, the losses in agricultural yields, or the 

degradation of waterways and natural ecosystems. 

According to US Environmental Protection Agency 

estimates, the price of coal-powered electricity in 

the United States could rise by at least 50 percent 

if the public health costs were properly accounted 

for.4 Globally, a rapid coal phaseout would deliver 

similar local public health and environmental benefits. 

A recent study found that when these impacts are 

considered, the economic benefits of phasing out 

coal exceed the costs virtually everywhere.5 Finally, a 

complete accounting of the public benefits of transition 

would also include the elimination of public subsidies, 

greater energy security, reduced macroeconomic 

risk exposure, and other technology and innovation 

spillover benefits.

http://everywhere.ix


A Three-Part Approach to Finance 
Coal-to-Clean

2



18 | Rocky Mountain Institute 

A Three-Part Approach to Finance 
Coal-to-Clean

Accelerating the transition from coal to clean energy 

can provide enormous long-term benefits for both 

consumers and the broader public. Consumers could 

save money by switching to cheaper renewables. 

The public can reap the benefits of improved health, 

cleaner air and water, and a more stable climate. And 

taxpayers can benefit by being relieved of the burden 

of paying for costly environmental and health impacts.

However, the eroding economics of coal haven’t 

translated into action—coal use has actually begun 

to increase again in recent years, according to 

the International Energy Agency (IEA), leaving 

consumers and the public bearing increasing costs 

and risks.6 The collapsing competitiveness of coal-

fired power, coupled with its considerable externalized 

costs, has led to a global increase in coal retirements. 

The majority of these retirements have occurred 

in Organisation for Economic Co-operation and 

Development (OECD) countries, where coal power 

capacity has been falling since 2011.7 In the United 

States, for example, more than half of the existing 

coal plants have retired or committed to retire since 

2010. In the EU, 74 GW of coal-fired capacity has 

been retired since 2010, with another 93 GW slated 

for retirement under national phaseout commitments, 

leaving only 50 GW.8 Outside of the OECD, where 

more than 75 percent of the global coal fleet is 

located, the pace of retirement has been slower. 

In some markets, coal remains a priority industry, 

and new plants are still being commissioned—and 

policymakers have been more concerned with 

expanding electricity production to meet growing 

demand than with capturing the social benefits from 

closing dirty and uneconomic coal plants.

The slow pace of coal phaseout and replacement 

by portfolios of clean energy resources poses a 

significant threat to the climate. The current pace of 

coal phaseout needs to be dramatically accelerated 

everywhere to meet Paris Climate Agreement targets. 

To achieve the agreement’s 1.5°C temperature goal, 

global coal-fired power generation must be reduced 

80 percent below 2010 levels by 2030, requiring rapid 

transition in OECD countries over the next decade 

and phaseout in the rest of the world by 2040 (see 

Exhibit 2).9 This amounts to reducing coal use by one 

coal unit every day until 2040,10 and requires replacing 

the power with portfolios of clean energy resources.vii 

Meanwhile, consumers are stuck paying for expensive 

and dirty coal generation, the public bears the health 

and environmental burdens of increased air and 

water pollution, and taxpayers bear the expense of 

redressing these costly environmental and health 

impacts. The critical challenge, then, is to understand 

why progress has been slow and to identify how to 

accelerate phaseout in the context of the political, 

industrial, regulatory, and financial frameworks and 

priorities of each country.

vii  Replacement of this generation with gas will not achieve the necessary reductions, and as the costs of renewables fall below 

the cost of gas, this risks replacing one uncompetitive energy source with another. See, e.g., Lazard’s Levelized Cost of Energy 

Analysis—Version 13.0 (New York: Lazard, 2019), https://www.lazard.com/media/451086/lazards-levelized-cost-of-energy-

version-130-vf.pdf.

http://resources.xv
https://www.lazard.com/media/451086/lazards-levelized-cost-of-energy-version-130-vf.pdf
https://www.lazard.com/media/451086/lazards-levelized-cost-of-energy-version-130-vf.pdf
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Exhibit 2

World’s Coal-Based Power Generation  

Incompatible with Paris Agreement Benchmarks

Source: Chart taken, with permission, from Paola A. Yanguas Parra, Gaurav Ganti, Robert Brecha, 

Bill Hare, Michiel Schaeffer, and Ursula Fuentes, Global and Regional Coal Phase-out Requirements 

of the Paris Agreement: Insights from the IPCC Special Report on 1.5°C (Berlin, Germany: Climate 

Analytics, 2019), https://climateanalytics.org/media/report_coal_phase_out_2019.pdf. Their 

underlying data comes from the Global Coal Plant Tracker (Global Energy Monitor) and the IAMC 

1.5°C Scenario Explorer hosted by the International Institute for Applied Systems Analysis.
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Impediments to Rapid Coal Phaseout

A key reason for the slow pace of coal phaseout 

is that the vast majority of coal plants globally 

are insulated from competitive forces by legacy 

contracts or tariff structures. Globally, 93 percent 

of the operating coal fleet is located in regulated or 

semiregulated markets,11 meaning most coal assets 

operate under (1) long-term agreements that offer 

a guaranteed stream of payments through power 

purchase agreements (PPAs), (2) a regulated rate of 

return to the asset owner, or (3) a government mandate 

to a state-owned enterprise (SOE). Because these 

plants are insulated from market forces, they can be 

profitable even when the cost of coal exceeds that of 

renewables. Coal power customers face the risk of 

penalties and costs if they attempt to break or alter 

these arrangements—as well as legal and political 

challenges from coal plant owners, workers, and 

communities that benefit financially from the status quo. 

As a result, coal plants often continue operating long 

after they have ceased to be cost-competitive, which 

can be up to 30 years in the case of long-term PPAs.12

In addition, coal assets often benefit from public 

subsidies that bolster their competitiveness and 

the lack of technical, regulatory, financial, or policy 

infrastructure for development or integration of 

renewable or storage alternatives. One recent 

study found that in 2016–17, G20 countries provided 

over $47 billion per year in public finance, fiscal 

support, and SOE investment directly to coal-fired 

power production, and an additional $13.4 billion to 

coal production and consumption.13 Governments 

continue to support fossil fuel generation through 

consumption subsidies or subsidies that lower the 

price of fossil fuels for the end-consumer.14 Further, 

competition can also be stifled through the absence 

of active government engagement to put in place the 

necessary technical, regulatory, financial, or policy 

framework or infrastructure needed to develop clean 

energy alternatives.

As a result, various stakeholders—owners, consumers, 

and workers—may not find it in their short-term 

interest to support an accelerated transition. Coal plant 

owners can often continue to profit from uncompetitive 

assets due to regulatory frameworks or contractual 

obligations. In those cases, consumers may be on the 

hook to compensate owners for early plant retirements, 

making accelerated phaseout and replacement much 

less attractive over the short term. And coal workers 

and host communities may not see a concrete pathway 

toward transition.
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A Three-Part Approach to Accelerating Coal Phaseout

Rapid coal phaseout could be unlocked by aligning 

key stakeholder interests around more efficient long-

term electricity market structures and outcomes. 

A more rapid transition could be achieved with an 

approach that simultaneously (1) saves customers 

money on day one, (2) provides coal investors with 

an opportunity to turn coal returns into clean returns, 

and (3) shares the benefits of the transition with coal 

workers and communities, who could benefit from 

dedicated resources to preserve livelihoods, protect 

benefits, and ensure that host communities continue to 

thrive. Meeting these conditions would give each key 

stakeholder group a reason to support the transition, 

while leading to broad taxpayer and public benefits 

through reduced health and climate-related risks and 

costs.

Governments and public finance institutions can 

accelerate coal phaseout through an integrated 

three-part approach: (1) refinancing to help fund 

coal transition and save customers money on 

day one, (2) reinvesting in clean energy, and (3) 

providing transition financing for workers and 

communities. These approaches work by turning 

the value remaining in the legacy contracts or tariffs 

into an engine for transition. The existing contracts 

or tariffs generally provide sufficient revenue to both 

operate the coal plant and pay financing costs to coal 

investors. The three-part approach uses financial tools 

to repurpose these two revenue streams to align key 

stakeholders—including consumers, current coal asset 

owners, and coal workers and communities—with 

more rapid transition.

Whether they require concessional funding or not, 

financial approaches to accelerating coal phaseout 

offer several advantages. First, they can be structured 

as voluntary programs for both governments and 

asset owners. For example, a reverse auction to 

acquire outstanding debt on coal plants in exchange 

for closure does not mandate participation—but it 

can serve as a powerful mechanism to reveal the 

true appetite for accelerated phaseout on which 

subsequent policies can be built. Second, these 

financial approaches can work in conjunction with 

local regulatory structures and market conditions. 

Third, these approaches can help stakeholders find 

agreement on an acceptable allocation of savings 

and benefits, thus allowing nontraditional allies to find 

common ground.

Financial approaches to accelerating coal phaseout 

can also complement long-term solutions to 

accelerate the transition, such as restructuring 

electricity markets, eliminating public subsidies, 

and reflecting the relative benefits of clean energy 

in prices. These solutions often face barriers to rapid 

implementation due to the misalignment of near-term 

incentives. However, financing approaches that align 

stakeholder interests can help overcome transition 

challenges, thus smoothing the path for long-term 

market and policy reform. 
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Exhibit 3

The Three-Part Approach to Accelerating Coal Phaseout

 Source: RMI
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Part I: Refinancing to Free Up Capital for 
Phaseout and Lower Customer Costs

Refinancing provides low-cost capital to help fund 

coal transitions and pass on savings to customers 

immediately. Long-term contracts and tariffs are 

helpful for financing and building new coal plants, but 

they can lock customers into these high-carbon, high-

cost assets. Unwinding the obligations that sustain 

this status quo requires targeting the contracts and 

tariffs themselves. Refinancing agreements that modify 

contracts and tariffs tied to existing coal plants can 

raise new, lower-cost capital that can be used to pay 

off banks and other investors whose returns currently 

depend on the coal plant continuing to operate. Under 

the right circumstances, this frees up the utility to 

invest in clean generation assets instead and reduces 

ratepayer costs directly, because tariffs incorporate 

financing costs. We propose several mechanisms 

for refinancing coal assets, including asset-backed 

securitization, ratepayer-backed bond securitization, 

and green bonds. These are described in Section 3.

But refinancing agreements are not likely to be viable 

without reinvestments in clean energy and support 

for a just transition. Most power contracts include 

early termination penalties or take-or-pay clauses that 

make payoff very unattractive to customers. And early 

return of capital in most cost-of-service tariffs would 

result in coal asset owners losing future earnings, 

resulting in reinvestment risk. As a result, refinancing 

agreements that pass through financing cost savings to 

customers usually require the parts II and III below to 

align stakeholder interests.

Part II: Reinvesting in Clean Energy

In both emerging and developed economies, clean 

energy represents a significant growth opportunity 

for investment and job creation in the electricity 

sector. Energy demand is expected to continue 

growing in emerging economies, due to economic 

growth. In developed countries, energy demand 

has largely been flat but is expected to rise, due to 

increased electrification. Although private-sector 

investments in clean energy have exploded over the 

past 15 years, they must be significantly expanded and 

coupled with storage to cover both growing demand 

and lost capacity from retired coal.15 

Providing current coal plant owners the opportunity 

to reinvest capital in clean energy projects can 

further reduce customer costs while making 

refinancing agreements more feasible. Refinancing 

requires an agreement between current asset owners 

and customers to modify current contracts or tariffs 

to pass through financing cost savings to customers. 

This requires that a coal asset owner have an incentive 

to renegotiate an existing long-term contract or, in 

the case of a cost-of-service tariff, some opportunity 

to replace expected future returns from coal assets 

that mitigates reinvestment risk. The opportunity for 

reinvestment in cheaper, clean energy while phasing 

out an existing, more expensive coal asset can 

provide just such an incentive in both cases, allowing 

coal asset owners to replace dirty profits with the 

opportunity to grow clean profits. And if the coal is 

uneconomic, the agreement can allow customers 

to save even more money by replacing the costs to 

operate the coal plant in current tariffs or contracts 

with the lower total cost of the clean capacity.

http://coal.xx


24 | Rocky Mountain Institute 

A Three-Part Approach to Finance Coal-to-Clean

Part III: Transition Financing for Coal 
Workers and Communities

Although coal phaseout offers broad economic and 

public health benefits, the costs and benefits of 

the transition will not be shared equally. Coal plant 

and mine workers and ancillary businesses may be 

particularly hard hit, as may the communities that host 

them. Closure plans must therefore address the critical 

needs of affected workers and communities, including 

the need to preserve jobs and incomes, protect 

workers’ healthcare and retirement benefits, and 

ensure that host communities can continue to provide 

critical social services. Approaches that benefit 

plant or mine owners while leaving communities and 

workers to bear the full weight of their losses are 

unlikely to be politically viable.

A strong social consensus on the goals and pathways 

of the coal transition is critical to reaching fair and 

successful outcomes.16 This kind of consensus can 

be achieved only through an informed dialogue that 

brings the various stakeholders to the table early in 

the decision-making process and allows workers and 

communities to help create their own economic future.

A portion of the new capital raised through refinancing 

can be used to provide transition financing to coal 

workers and communities. By both increasing the tariff 

or contract price paid by customers and the size of the 

refinancing facility, additional capital can be raised to 

make immediate resources available for coal workers 

and communities to preserve livelihoods, protect 

benefits, and ensure that host communities can continue 

to thrive.

Addition of Concessional Financing

Where clean energy already outcompetes existing 

coal, it may be possible to achieve all three parts of 

the coal phaseout approach without additional public 

funds. Coal phaseout deals struck recently in the 

United States have demonstrated that these elements 

can be achieved in the absence of explicit government 

funding. For example, the Energy Transition Act of 

2019 in New Mexico17—which authorized the use 

of securitization to finance utility cost recovery for 

the retirement of San Juan Generating Station, 

transition financing for coal communities, and utility 

reinvestment in clean energy—demonstrates how 

financing packages can turn the value remaining in 

noncompetitive tariffs into an engine for transition 

without public funds.

When coal remains competitive (ignoring its health 

and environmental costs), public resources may 

need to augment this three-part approach in the 

short term. In Section 3, we discuss two concessional 

finance tools that can be used in conjunction with the 

refinancing, reinvestment, and transition financing 

mechanisms to achieve these objectives: carbon 

financing and debt forgiveness via reverse auctions. 

OECD countries should finance these mechanisms 

domestically and fund them in poorer countries as part 

of their climate and development assistance. But one 

point bears repeating: with the share of uncompetitive 

coal increasing quickly, this kind of financing would be 

needed mostly in the short term to accelerate action.
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Given the political nature of decisions to phase 

out coal, it is reasonable to ask whether public 

money should ever be given to coal plant owners. 

After all, shouldn’t the “polluter pays” principle 

apply? And, as a matter of fairness, wouldn’t public 

money be better spent ensuring a just transition 

for hard-hit workers and communities than paying 

off investors? These questions have confounded 

previous closure efforts but can largely be 

resolved with innovative financing tools and well-

structured, inclusive decision-making processes.

There are a few reasons why public finance 

should—in some cases—be made available to 

support coal phaseout:

First, ratepayers, not coal plant investors, are 

the primary beneficiaries of the tools proposed 

in this report. Where rates are regulated or 

determined by long-term PPAs, refinancing and 

debt forgiveness programs relieve customers of 

the obligation to continue to buy expensive power 

from uneconomic coal assets. Similarly, payments 

for reduced emissions under a carbon bonus 

would be passed on to customers in the form of 

cheaper electricity, not retained by owners as 

windfall profits.

Second, in regulated markets, owners may assert 

a legal right to recover their invested capital and to 

earn a fair return on any unrecovered costs. These 

claims can take years to resolve, needlessly delaying 

the necessary transition. In these circumstances, 

it is better to allow plant owners to recoup their 

investments by closing than by continuing to 

operate. The best way to do this is to allow them 

to recycle the capital from closing coal plants into 

replacement renewables and to earn their returns 

on the new investments.

Smart program design and sound management 

practices can ensure that plant owners do not 

realize excess profits. Where concessional funding 

is used, it should be allocated via competitive 

processes, such as reverse auctions, to minimize 

costs. And in all cases, proposed financing 

packages and the underlying plant economics 

should be publicly disclosed to enable public 

oversight and accountability.

Most importantly, inclusive social dialogues should 

be used to reach agreement on overarching 

priorities and ensure that financing is not allocated 

to plant owners at the expense of hard-hit workers 

and communities. The financing tools described 

in this brief can facilitate such agreements by 

providing stakeholders the tools needed to 

flexibly allocate costs and benefits among owners, 

workers, communities, taxpayers, and ratepayers.

Finally, although social dialogue should mainly 

determine where public resources are spent, there 

may be certain circumstances in which granting 

public funds to utility owners would be a priori 

inappropriate. For example, compensating owners 

for closing plants that are destined to close in the 

near term anyway is an unwise use of public funds.
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Financing has a key role to play in accelerating 

the phaseout of coal assets and reinvestment in 

renewable energy while ensuring a just transition 

for workers and communities. Financing mechanisms 

can align the interests of asset owners, ratepayers, 

and coal workers and communities by unlocking 

the residual value in legacy contracts to facilitate 

a transition to renewable energy that maintains or 

improves the well-being of each party.

This section describes in greater detail specific 

refinancing and concessional financing mechanisms 

that can help accelerate coal phaseout. The 

four refinancing mechanisms described below—

single-asset refinancing, ratepayer-backed bond 

securitization, asset portfolio securitization, and green 

bonds—provide a menu of financing options that 

can be packaged with reinvestment and transition 

financing to address the specific circumstances of coal 

phaseout in many regions. These packages can help 

align the interests of asset owners, ratepayers, and 

coal workers and communities with rapid transition of 

the 93 percent of coal insulated from market forces by 

long-term contracts or tariffs. The two concessional 

financing mechanisms—carbon bonus and debt 

forgiveness with reverse auctions—can complement 

the three-part approach and accelerate phaseout 

for the 60 percent of coal assets operating globally 

in regions where the relative costs to customers of 

coal and clean energy do not currently reflect the full 

benefits of transition.viii

These instruments are proposed in their simplest 

form and intended as a starting point for further 

discussion, adaptation, and modeling. Exhibits 4–8 

depict how each instrument is intended to facilitate 

the move away from business as usual by replacing 

higher-cost capital, facilitating reinvestment by coal 

asset owners, lowering payments and providing 

cleaner energy for ratepayers, and facilitating a just 

transition for coal workers and communities.

1. Refinancing
Refinancing offers coal asset owners and customers 

the ability to unlock lower-cost capital to fund 

the phaseout and replacement of coal assets.ix 

Refinancing instruments rely on a regular, contracted 

stream of payments from either customers or a 

government entity. These payments are typically 

contracted through a PPA or via regulatory approval 

for charging ratepayers the cost of service. Because 

of this reliability, refinancing instruments should be 

attractive to investors from a risk perspective and 

have the potential to offer a commercial return without 

significant subsidies. However, some concessionary 

finance may be needed in less developed markets 

or for new instrument structures to (1) prove the 

concept, (2) structure the instrument, (3) mitigate some 

country or off-taker risk (e.g., political risk, currency 

convertibility), and (4) fund additional just transition 

costs. Some examples of refinancing instruments 

include the following:

Financial Instruments to Speed 
Coal-to-Clean

viii  Note that the concessional financing mechanisms can be deployed with or without the three-part approach—with the latter 

relevant for the fraction of the 7 percent of global coal that is subject to market competition and that remains competitive 

(ignoring health and environmental costs).

ix  Total debt capital available will depend on anticipated cash available for debt service from the new renewable assets and 

the required debt service coverage ratios. The instrument structures show a single actor (the asset owner) responsible for both 

the phaseout and replacement of the coal assets. This could be done by a large energy company with an existing renewable 

energy business, through acquisition, or through some form of partnership between energy companies and/or a public entity.
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Single-asset refinancing: Under single-asset 

refinancing, a coal plant owner borrows money to pay 

down any remaining debt on the existing plant, buy 

out any fuel supply agreements, and fund the new 

renewable energy facility.x The owner then reinvests 

capital to finance and build the new facility and obtains 

a new PPA or mandate for the new renewable facility (or 

swaps the existing PPA or regulatory mandate from coal 

to renewables once it reaches commercial operation). 

The covenants of the refinancing loan could explicitly 

stipulate proportionate funds that could be used toward 

replacement energy versus funds for a just transition.

x Total capital available for developing the replacement facility will depend on the remaining debt principal on the coal asset, the 

cost to buy out the fuel supply agreement, the cost of the replacement facility (or facilities), and the expected cash flows for debt 

service from the replacement PPA.
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Single-Asset Refinancing

 Source: RMI
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Ratepayer-backed securitization: A ratepayer-backed 

securitization allows ratepayers to directly raise 

low-cost debt on the basis of a pledge of the future 

revenues from a dedicated surcharge on their bills. 

The proceeds from the debt issuance can then be 

used to finance near-term ratepayer obligations or 

needs. For example, a rate-regulated tariff on a coal 

plant is generally sized to allow for both recovery of 

investments in the plant made by its owner, along with 

an administratively set return on that investment over 

the life of the plant. If the plant becomes uneconomic 

to run, then barring any utility malfeasance, the 

owner is generally able to continue to recover 

historic investments and a return on unrecovered 

capital through tariffs, even if the plant is factored 

down or retired. Much like refinancing a mortgage, 

securitization allows ratepayers to refinance that 

obligation to reduce their financing costs from a higher 

return on utility capital (often including higher-cost 

equity as well as debt) to lower-cost securitized debt.

Business as Usual Ratepayer-Backed Bond Securitization
with Capital Recycling
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Asset portfolio securitization: This mechanism is 

similar to ratepayer-backed securitization and can also 

be applied toward an independent power producer 

(IPP) with a portfolio of coal PPAs. In this case, 

instead of raising debt to be repaid by a surcharge 

on customer bills, debt is raised to be repaid from 

expected revenues from the portfolio of renewable 

PPAs. This financing could then be used by the IPP 

to raise the capital it needs to shut down its existing 

assets and replace them with lower-cost clean energy 

options. In this case, the sale requires that the IPP and 

the off-takers pre-agree that the coal PPAs could be 

replaced with renewable PPAs to allow for a seamless 

stream of payments to secure the instrument.

Business as Usual Asset Portfolio Securitization
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Green bonds: Green bonds—fixed-income 

instruments issued on the capital markets or to a 

smaller group of investors—were created to finance 

projects with positive environmental attributes. These 

instruments can be certified by a third party such 

as an Approved Verifier under the Climate Bonds 

Standard and Certification Scheme,18 and they typically 

come with stringent environmental requirements. 

Green bonds can be issued by governments, SOEs, 

companies, or other entities with a credit rating and 

a commitment to green energy. These bonds can 

be backed by revenue streams from projects (the 

ratepayer and asset portfolio securitizations are 

forms of green bonds), taxes and fees levied by a 

government entity, or the balance sheet of the issuing 

entity that repays the bond from other sources of 

revenue. The bonds are rated and priced according to 

the repayment risk of the issuing entity.

Green bonds represent an approach that governments 

and large asset owners with steady and diverse 

sources of revenue can use to refinance the debt on 

their existing coal assets and obtain more favorable 

financing to phase out and replace their existing coal 

fleet. Green bonds are similar in structure to the asset 

portfolio securitizations.

2. Concessional Finance Mechanisms
Although each of the refinancing options described 

above can (along with reinvestment in clean energy 

and transition financing for workers and communities) 

facilitate rapid transition for assets in regions where 

the relative costs of coal and clean energy sufficiently 

reflect the benefits from transition, this is currently 

not the case for over 60 percent of coal globally. 

Concessional financing mechanisms can complement 

(where needed) the above three-part approach to 

drive more rapid transition of assets, even in regions 

where coal transition would not currently translate into 

savings for customers.

Carbon finance—the monetization of emissions 

reductions resulting from mitigation activities—offers 

one way to better reflect the true relative economic 

benefits of coal phaseout in customer costs. When 

used as a complement to the three-part transition 

approach, it can enable immediate customer savings 

from coal phaseout, even in regions where coal 

is otherwise insulated from market pricing and 

competition. However, carbon finance instruments must 

be designed to avoid perverse incentives, including 

the deferment of coal plant closure or the inflation of 

emissions baselines to maximize profits.19  Globally, 

policymakers have adopted a range of approaches to 

monetize emissions reductions, with some involving 

bilaterally negotiated payments to emitters and others 

relying on markets for tradable credits or allowances. 

However, few carbon finance instruments have been 

designed to explicitly target a comprehensive transition 

to renewable energy.xi Likewise, policymakers charged 

with designing incentives have more often focused on 

the “stick” of carbon pricing rather than the “carrot” of 

payments for reducing emissions.

A carbon bonus provides a simpler pathway to 

monetizing emissions reductions. Under a carbon 

xi  The Clean Development Mechanism in 2005 approved a methodology for replacing fossil fuel-powered plants with 

renewable energy (Methodology AM0019), but no projects were ever submitted under this methodology. 
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bonus, government or public financiers could offer 

payments to electricity providers for each ton of 

emissions abated while continuing to provide the 

same value of electricity services and ensuring a fair 

workforce transition. The emissions reductions must 

be verifiable, permanent, and additional (i.e., there 

should be proof that closure would not have happened 

in the absence of a payment), and the payments 

should be allocated competitively (e.g., via reverse 

auctions). As opposed to traditional carbon-pricing 

regimes, in which utilities owning and operating plants 

pay a fee to continue operations, the carbon bonus 

incentivizes utilities to abate. Governments or public 

finance institutions would typically make carbon bonus 

payments in the form of cash payments. But they could 

also be provided in other forms, such as tax credits, 

debt forgiveness, or concessional interest rates on 

new debt to finance replacement renewable energy. 

In regulated or semiregulated markets, these 

incentives should be passed through to customers 

in the form of reduced electricity rates, and used 

to support transition financing to coal workers and 

communities. One way to do this is to combine the 

carbon bonus with any of the financing structures 

described above to address the challenges posed by 

legacy contracts and tariffs. The carbon bonus does 

not require a carbon-pricing or carbon-trading scheme 

to implement and could be implemented at the project 

level or on a national or regional scale. Exhibit 7 shows 

an example of a carbon bonus being used to replace a 

coal plant with renewable energy.

Carbon BonusBusiness as Usual
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 Financial Instruments to Speed Coal-to-Clean

Debt forgiveness via reverse auction: Debt obligations 

can make coal phaseout challenging, as asset owners 

rely on electricity payments to service their loans. 

Debt relief as an incentive to asset owners or utilities 

to phase out their coal plants and reinvest capital in 

renewable assets can accelerate the transition from 

coal to renewables and unburden overly leveraged 

balance sheets.

Debt forgiveness should be conditioned on a transition 

from coal to clean and allocated competitively based on 

the relative benefits of the transition. Allocation of debt 

forgiveness via reverse auctions can contain costs and 

limit the risks of excess subsidies. In a reverse auction, 

a government or public finance institution establishes 

a fund to support the phaseout of coal assets and 

reinvestment in renewable energy. The entity may 

choose to establish a separate fund to support the just 

transition. Asset owners then submit bids for the cost 

to phase out their coal plants and replace the service 

provided with clean energy. If the bid selection criteria 

are designed to maximize the carbon reductions 

achieved, the mechanism is a type of carbon bonus. 

Reverse auctions can work in markets with private 

ownership or publicly owned plants in which the 

facility’s debt burden is being passed along to 

ratepayers. In these cases, the government or public 

finance institution could determine that paying to 

phase out the asset poses a net benefit in terms 

of both providing relief to ratepayers and curbing 

emissions. Exhibit 8 shows a debt forgiveness 

mechanism allocated through a reverse auction, with a 

carbon bonus component.

Debt Forgiveness via Reverse AuctionBusiness as Usual
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The United States could help customers save up to 

$10 billion in 2020 using the three-part approach 

to phase out the 79 percent of the coal fleet that is 

uncompetitive today. More than three-quarters of 

the 236 GW of US coal capacity is in markets where 

customers are locked into paying utilities based on a 

cost-of-service tariff. As a result, in this time of national 

economic distress, customers are paying more for 

electricity from expensive coal just when they can least 

afford to. With the tax benefits available for wind, solar, 

and storage today, the three-part strategy outlined 

above can provide transition assistance and save 

customers money from coal phaseout on day one.

When crafting COVID-19 recovery plans, federal (and 

international) decision makers can learn from the 

financial packages that US states have previously 

used to assist major transitions in the power sector. 

When state power markets were restructured in the 

1990s, many utilities were forced to divest from their 

generation assets. States used ratepayer-backed bond 

securitization to help them retire plants that utilities 

could no longer own. Now, a similar issue looms as 

ratepayers of investor-owned utilities are on the hook 

for nearly $100 billion in unrecovered costs associated 

with operating coal plants across the country. These 

plants are already largely uncompetitive and being 

used less and less each year.20 Ratepayer-backed 

securitization to refinance these obligations and unlock 

savings from the phaseout of coal has already been 

enabled by legislation in six states, and policymakers 

have introduced legislation in another five.

Federal policymakers can offer direct loans or 

loan guarantees from the Treasury or Energy 

Departments to provide securitization across the 

country so utilities can take advantage of federal 

tax incentives, save customers money from coal 

phaseout, and support transition assistance. The 

Department of Energy (DOE) already provides direct 

loans, loan guarantees, and other innovative financing 

mechanisms to reduce greenhouse gas emissions 

through its loan program office. This program could 

be modified to provide financing in a way that mimics 

ratepayer-backed bond securitization at the state level, 

replacing private bonds with either direct federal loans 

or bonds with federal guarantees. Although private 

finance backed with state legislation can support 

ratepayer-backed securitization, a federal program 

administered by the DOE would likely be more efficient 

and would provide access to many more coal asset 

owners and their ratepayers.

As clean energy tax benefits expire (fully by 2026, 

under the extensions passed in late 2020), US federal 

policymakers could employ debt forgiveness of 

$20/tCO
2
 to transition 90 percent of coal to clean, 

reducing CO
2
 emissions by 1 gigaton annually and 

saving customers up to $14 billion per year. Further, 

as federal tax benefits expire, policymakers can 

authorize these agencies to offer debt forgiveness 

linked to verifiable, additional emissions reductions 

from switching from coal to renewable energy plus 

storage—that is, as a carbon bonus implemented as 

debt forgiveness via reverse auction. In 2026, debt 

relief to pay for carbon reductions at a cost of $20/tCO2 

over 20 years could make it cost-effective to transition 

90 percent of the remaining coal in the United States 

to renewables with storage, while delivering up to $14 

billion per year in savings to customers in fuel and 

operating expenses alone.

The United States:  
Financial Pathways to Close Coal
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Department of Energy Financing for 

Ratepayer-Backed Bond Securitization

The existing Loan Programs Office of the 

Department of Energy (DOE) could offer partial 

or full loan guarantees, authorized through an 

expansion of DOE’s authority under Title XVII of 

the Energy Policy Act of 2005, to allow utilities 

across the country to implement ratepayer-backed 

bond securitization with reinvestment and transition 

assistance to accelerate coal phaseout.

To use this financing, regulated investor-owned 

utilities would first submit financing orders to their 

regulatory commission requesting approval to 

apply for a DOE direct loan or a loan guarantee. 

The DOE financing would back a bond to be repaid 

through a dedicated bill rider that is sized to cover 

the estimated unrecovered costs associated with 

phaseout of a carbon-emitting plant and to provide 

transition support for plant employees. The utility 

would also submit to the commission a resource 

procurement plan to replace the services provided 

by a carbon-emitting asset with carbon-free power. 

If the commission approves the financing order and 

the resource procurement plant, and the utility’s 

application to DOE is subsequently approved, the 

commission uses its existing rate authorities to create 

a rider on ratepayer bills that will repay the bond 

principal and interest over time. The government-

backed bond will receive a high rating with low yields 

and can create savings for ratepayers in the near and 

long term. The utility can then reinvest freed liquidity 

in clean energy replacement resources and fund just 

transition efforts.

Carbon Bonus as Debt Forgiveness via 

Reverse Auction

Congress can drive significant decarbonization 

and badly needed economic activity across 

the country by applying carbon finance, in the 

form of a carbon bonus program, to recovery 

financing. The carbon bonus creates an effective 

carbon price but aims financial incentives for 

decarbonization at companies that most need to 

reduce their emissions. With the significant cost 

decreases in clean energy technologies, the cost 

for companies to decarbonize—and, therefore, the 

subsidy needed to fund the carbon bonus—are 

likely to be modest.

Under the carbon bonus, any entity with debt 

held or guaranteed by the Federal Reserve, a 

federal agency, or a federal financing authority 

may petition the secretary of the Treasury to 

reduce its repayment of principal and interest 

by an amount proportional to its planned CO
2
-

equivalent emissions reductions relative to a 2019 

baseline. Petitions must specify how the entity and 

its partners will achieve CO
2
 emissions reductions 

while delivering equivalent goods and services and 

planning for a fair transition for workers. Emissions 

reductions must be realized directly by the entity 

and its partners and may not be achieved through 

offsets or unbundled renewable energy certificates. 

Entities may reapply for repayment relief every 

two years. A reverse auction mechanism can 

be used to arrive at a price that most efficiently 

incents applications for repayment relief. The 

program could be administered by the secretary 

of the Treasury, the DOE, and the Environmental 

Protection Agency. Approved repayment reductions 

would be subject to recapture, with an additional 

penalty if emissions reductions cannot be certified. 

Utilities operating coal plants across the country can 

combine securitization from the DOE with the carbon 

bonus program to finance a just transition from coal 

that can deliver savings to customers immediately.
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Outside the United States, 33 percent of the global 

coal fleet is already uncompetitive with renewables 

with storage today. By 2025, that number will more 

than double to 78 percent. Phasing out uncompetitive 

coal plants could generate significant savings each 

year, beginning with $24 billion in annual savings in 

2020 and $128 billion in 2025. Retiring and replacing 

the entire global coal fleet outside the United States 

could be accomplished at a cost of $160 billion in 

2020, or $28 billion in 2025. These costs do not 

take into account savings from replacing already 

uncompetitive coal, or the benefits of eliminating 

adverse health and environmental impacts.21

These aggregate numbers inevitably mask regional 

variation. In the largest coal power regions—Europe, 

China, and India—the percentage of uncompetitive coal 

plants is rising fast and will average over 90 percent by 

2025. In other developed and developing countries, 

the picture is more mixed. For some countries, the cost 

of building new renewables plus storage will become 

cheaper than continuing to operate coal plants in the 

mid- to late-2020s. Even in those situations, however, 

the economic case for planning coal phaseout is 

becoming more apparent every year. For a group of 

other developing economies with aggregate coal 

capacity similar to that of the United States, $38 

billion in concessional finance would be needed to 

phase out and replace the entire fleet in 2020. By 

2026, continuing to operate 51 percent of this fleet 

will become uncompetitive relative to building new 

renewables plus battery storage. Given the long lead 

times for electricity system planning and decision-

making, as well as the size of the opportunity, now is 

the time to start structuring accelerated coal phaseout 

in all regions.

Public finance institutions—development finance 

institutions (DFIs), international climate funders, 

national institutions—have the wide geographical 

presence, capital, and expertise to mobilize 

resources and deploy innovative financial tools to 

spur a worldwide transition away from coal. Over 

the past decade, these institutions have responded 

to significant pressure to stop funding new coal 

plants—and private banks are following suit. But the 

conversation has moved on from new coal. In the 

next 10 years, these entities are well positioned to 

lead the accelerated phaseout and replacement of 

existing coal. This can allow them to simultaneously 

address many development challenges at a low or 

negative cost, reducing carbon pollution, alleviating 

severe public health impacts, improving standards of 

living, reducing mortality and illness, and enhancing 

economic productivity. In addition, public finance 

institutions have an opportunity to reshape the global 

energy future in the aftermath of the COVID-19 crisis 

by aligning the relevant pieces of their coronavirus 

responses with their existing priorities and 

commitments under the Paris Agreement. By focusing 

on this alignment from the outset of the recovery, they 

can ensure that longer-range energy targets can be 

met. Coal phaseout worldwide is a critical piece of a 

sustainable response, though it will differ depending 

on regional context and market structures.

Over the past decade, the lending policies of DFIs, 

particularly multilateral development banks (MDBs), 

have increasingly prioritized climate change, as the 

crisis threatens to reverse recent development gains 

and trap millions of additional people in poverty. 

Consequently, many have already stopped supporting 

new coal projects while significantly expanding their 

support for renewable energy. Some, like the World 

Bank, have also helped governments deliver a just 

transition for communities adversely affected by coal 

mine closures.22 However, they have not directly 

helped countries accelerate the phaseout of their 

existing coal fleets. DFIs can catalyze coal phaseout 

by creatively packaging funding for all three elements 

of a comprehensive coal phaseout, in accordance 

with their development and climate priorities. DFIs 

can also mobilize additional donor support for coal 

phaseout, channeling concessional funds to speed 

the coal transition. The case for them to integrate coal 

phaseout into their work is compelling, as it offers 

Financial Pathways to Close  
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them the opportunity to address multiple development 

and climate challenges at once. Importantly, country 

buy-in will be critical, especially in markets where coal 

assets are predominantly state owned and/or where 

policy or regulatory changes are also needed.

 

International climate funders (ICFs) such as the Green 

Climate Fund, Climate Investment Funds, and bilateral 

donors have focused their grantmaking and investments 

on supporting renewable projects, scaling up end-use 

efficiency, and providing off-grid clean energy services. 

Although these investments from ICFs (as well as DFIs) 

have helped drive down costs, the need for public 

support will diminish as the economics of clean energy 

solutions continue to improve. Moreover, in markets 

with burgeoning energy demand, these investments 

will merely supplement, not displace, existing coal. By 

offering concessional finance for coal phaseout and 

replacement, climate funders have a clear role to play in 

piloting approaches that encompass all three elements 

of the coal transition.

Finally, national institutions (including national 

development banks, green banks, and central 

banks) also have a role to play in funding refinancing, 

reinvestment, and transition packages. For instance, 

green banks could receive and pool funds from 

multiple sources—such as domestic bank balance 

sheets, MDBs/DFIs, and the private sector—and 

structure financing to support context-sensitive 

three-part approaches. National institutions might 

also be best placed to funnel post-COVID-19 stimulus 

funds into green recovery programs, including the 

phaseout and replacement of uneconomic coal 

through financial mechanisms outlined in this report. 

In addition, national coal phaseout can effectively 

redirect subsidies that many governments have 

lavished on coal mining and power generation. Central 

banks, in collaboration with national treasuries and 

policymakers, could establish short-term facilities 

allowing coal plant owners to borrow on favorable 

terms under strict conditions: commitment to an 

accelerated phaseout schedule, recycling of capital 

into replacement renewable energy with storage, and 

the setting aside of enough funds for a just transition. 

One example of a central bank’s short-term facility 

intended to support the real economy is the Bank of 

England’s 2016 Term Funding Scheme, which offers 

very low interest rates to banks for a maximum of four 

years, with strict requirements that they on-lend to 

households and businesses.23 

On the following pages, we outline regional case 

studies to provide overviews of some of the largest 

coal-hosting regions in the world and illustrate the 

deteriorating economics of coal in international 

markets. Importantly, these excerpts are not intended 

to serve as deep dives on geographies or exhaustive 

illustrations of regional electricity markets. More 

in-depth analyses are needed to fully flesh out each 

regional case and present a detailed evaluation of 

each market’s idiosyncrasies.
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CHINA

Exhibit 9

China: Cost Competitiveness of Existing Coal vs. New Renewables and Storage

China is home to over 50 percent of the world’s coal 

capacity. China has largely relied on coal to meet its 

growing power demand, in large part because inflexible 

system operation and the lack of a spot market have 

hampered the system integration of variable renewables. In 

recent years, the increasing shares of variable, intermittent 

wind and solar PV power have raised concerns about 

power supply security, which has been built around coal 

since the People’s Republic of China was established. 

China increased renewable energy investment 100 times 

between 2005 and 2018, accounting for one-third of the 

world’s renewable energy investments in 2018.24 This 

increase in investment can be explained in part by a desire 

to minimize extreme air and water pollution from coal.25 In 

addition to losing competitiveness with renewables, coal 

plants in some parts of China also struggle financially from 

operating at low utilization rates due to overcapacity.26

We estimate that 42 percent of Chinese coal is already 

uncompetitive with renewables plus storage today: the 

Chinese power system could save $12 billion annually by 

retiring this portion of the fleet in 2020. The remaining 

58 percent of coal plants could be replaced at a cost of 

$53 billion in 2020. However, by 2025, the percentage of 

uncompetitive plants will rise to 94 percent, their retirement 

offering $86 billion in annual savings. The remaining 6 

percent would cost $2 billion to replace in 2025.

Though the uncompetitive portion of the fleet should not 

require financial intervention to phase out and replace, 

China may require public finance to overcome barriers 

posed by market regulation, regional complexity, and 

politically shielded coal production. Refinancing SOE 

assets through debt forgiveness via reverse auctions 

or a carbon bonus could help achieve this objective. 

Practically, phaseout and replacement of coal plants could 

be undertaken by national and multilateral public finance 

institutions operating in China, in close collaboration with 

the Chinese Communist Party. These institutions include 

the Chinese central bank (People’s Bank of China), the 

Asian Development Bank, and the World Bank.

Competitive

Uncompetitive
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INDIA

Exhibit 10

India: Cost Competitiveness of Existing Coal vs. New Renewables and Storage

India has set aggressive targets for renewable energy 

development, aiming to increase clean energy output 

from 86 gigawatts (GW) in 2019 to 175 GW by 2022, and 

450 GW by 2030.27 Although India expects continued 

growth in energy demand, the government has identified 

almost 23 GW of obsolete coal plants to be considered 

for retirement by 2022, and an additional 25.6 GW to be 

considered for retirement by 2027.28 Aside from meeting 

growing demand, coal also employs hundreds of 

thousands of people in India, both directly and indirectly. 

Therefore, a just transition for affected workers will be of 

particular importance.

Today, 17 percent of the Indian coal fleet is uncompetitive 

compared with renewables with storage, and the 

immediate phaseout and replacement of this portion of 

the fleet could bring India $2 billion in annual savings. The 

remaining 83 percent could be phased out and replaced at 

a cost of $23 billion immediately. However, these numbers 

are rapidly changing: by 2022, 50 percent of the Indian 

coal fleet will be uncompetitive, and by 2025, 85 percent 

will be. In 2025, savings from retiring uncompetitive plants 

will increase nearly ninefold compared with 2020, to $17 

billion per year. The remaining 15 percent would cost $2 

billion to replace in 2025.

India has already implemented a robust reverse auction 

system to determine tariffs for renewable energy.29 

Therefore, an auction targeting coal phaseout to meet 

the government’s phaseout goals—in concert with 

building renewables with storage to replace the coal 

and serve the growing demand—would be a variation 

on a proven existing approach. With coal rapidly 

becoming uncompetitive, international support could 

potentially be used to accelerate the pace of large-

scale phaseout and protect affected communities, but 

not to subsidize returns. Public finance institutions best 

positioned to facilitate coal phaseout in India include 

the Asian Development Bank, the Asian Infrastructure 

Investment Bank, and the World Bank.
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EUROPEAN UNION

Exhibit 11

European Union: Cost Competitiveness of Existing Coal vs. New Renewables and Storage

The Carbon Tracker Initiative estimates that the European 

Union should be free of hard coal and lignite generation 

by 2030.30 However, 50 gigawatts (GW) of European coal 

have no closing date,31 and retirement policies vary widely 

by country. Coal retirement in some regions of the EU 

faces political opposition, due to fears of an insufficiently 

supported just transition for workers and communities, 

and due to the overall governance of the energy sector. 

Today, 81 percent of EU coal is already uncompetitive and 

would yield $10 billion in annual savings if immediately 

replaced with renewables with storage. The remaining 

19 percent could be phased out at a cost of $1 billion 

in 2020. The economics of coal will only get worse: by 

2025, 100 percent of EU coal plants will be uncompetitive 

with renewables plus storage, with annual savings from 

their replacement totaling $21 billion.

In areas of the European Union where uncompetitive coal 

assets are insulated from market pressure to phase out 

(46 percent of total capacity), financial instruments will 

prove crucial in accelerating coal phaseout. Refinancing 

tools (e.g., single-asset refinancing, ratepayer-backed 

securitization, asset portfolio securitization, and green 

bonds) can help align the interests of asset owners, 

ratepayers, coal workers, and communities with a rapid 

transition of coal. Given the unfavorable economics 

of coal, public finance will be most effectively used to 

accelerate phaseout while providing support for workers 

and communities. Institutions well placed to support the 

transition include the European Bank for Reconstruction 

and Development and the European Investment Bank 

(EIB)—especially with the latter’s new climate mandate.32 

In addition, the European Union’s Just Transition Fund 

(which recently increased its pledged capitalization from 

€7.5 billion to €40 billion amid the COVID-19 pandemic) 

will play a central role. Coal-dependent Poland is one of 

the larger intended beneficiaries of the Just Transition 

Fund, which signals the EU’s commitment to coal 

phaseout in the aftermath of the pandemic and as part of 

the broader green recovery. The EIB will join this effort 

with €10 billion in loans.33
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OTHER DEVELOPED COUNTRIES
Outside of the United States and the EU, four coal-

reliant countries (Australia, Japan, Russia, and South 

Korea) host 154 gigawatts, or the vast majority, of the 

remaining coal plants in the developed world. Today, 

the cost to replace the existing fleet with renewables 

plus storage totals $46 billion, with this figure dropping 

to $32 billion in 2022 and $15 billion in 2025. For 

comparison, Australia, Japan, Russia, and South Korea 

have a combined gross domestic product (GDP) of 

over $9 trillion.34 Thus, accelerated phaseout and 

replacement of their entire coal fleets would require 

a negligible percentage of their GDPs. These costs 

also do not take into account savings from eliminating 

considerable externalized costs of coal, including 

those associated with dire health and environmental 

consequences. Furthermore, the economics of coal 

in these four countries are also rapidly changing: by 

2028, 55 percent of these coal fleets will become 

uncompetitive with renewables with storage, offering 

$7 billion in annual savings from replacement, while 

the remaining 45 percent would cost $3 billion to 

replace in 2028. Before the end of this decade, the 

entire coal fleets of Australia, Japan, Russia, and South 

Korea will cost far more to operate than to replace 

with renewables plus storage. These countries’ power 

transitions, which take time to plan and execute, should 

start immediately in order to yield maximum savings 

from the coal phaseout opportunity.

OTHER DEVELOPING COUNTRIES
This category comprises nine developing countries 

with significant coal fleets with a combined current 

capacity of 197 gigawatts.xii Many of these countries, 

especially those in Southeast Asia, are facing booming 

energy demands, which they plan to meet, in large part, 

with new coal. However, around the world, new coal is 

almost always more expensive than new renewables 

with storage. In addition, the competitiveness of existing 

coal with respect to new renewables plus storage is also 

quickly deteriorating.

For this set of developing countries, $38 billion in 

concessional finance would be needed to phase out and 

replace the entire fleet in 2020. By 2026, continuing to 

operate 51 percent of this fleet becomes uncompetitive 

relative to building new renewables plus battery 

storage, and retiring this coal would yield $14 billion in 

annual savings. In 2028, the uncompetitive share of the 

fleet will grow to 83 percent, with associated annual 

savings of $20 billion.

Though coal competitiveness is rapidly deteriorating, 

power sector transitions take time to plan and 

implement. Developing countries, just like developed 

countries, should start planning their coal exits 

immediately to maximize the benefits of a timely coal 

phaseout. Where existing coal remains competitive 

with new renewables plus storage (ignoring its health 

and environmental costs), developed countries should 

dedicate concessional financing for its phaseout and 

replacement as part of their development assistance 

funds. Public finance institutions with the most 

expertise and presence in relevant regions could, 

then, deliver those concessional funds where needed 

through the innovative financial mechanisms presented 

in this brief. In addition, public finance institutions 

could structure their own funding packages for the 

three-part coal phaseout in developing countries as 

part of their development and climate priorities. Two 

specific mechanisms we propose for subsidy delivery, 

in conjunction with refinancing of coal assets, are debt 

forgiveness via reverse auctions and carbon financing, 

which can ensure transparency and maximize the 

impact of public finance.

xii Countries included are Bangladesh, Indonesia, Malaysia, the Philippines, Pakistan, South Africa, Turkey, Ukraine,  

and Vietnam.
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Early Examples of Financing  
Approaches in Action

The approaches described in this report are being 

practiced already. Below, we outline some examples 

of how financial packages can be structured and 

applied internationally to accelerate coal phaseout 

and replacement, and just transition.

Blended finance for coal phaseout: South Africa’s 

Just Transition Transaction offers a current example 

of a blended finance approach to phaseout and 

replacement. Under the transaction, which President 

Cyril Ramaphosa announced in a statement to the 2019 

United Nations Climate Summit,35 the South African 

government and monopoly utility, Eskom, committed 

to delivering additional and measurable emissions 

reductions from a coal phasedown trajectory that 

surpasses current policy. In exchange, a long-term 

climate finance loan facility at a concessionary rate 

will be extended by DFIs and donor governments. 

Through the transaction, Eskom’s access to traditional 

finance sources (including DFIs, capital markets, and 

banks) would be restored after being restricted due 

to its unsustainable debt load and mismanagement 

issues. In addition, net proceeds from the transaction 

will support affected labor and communities, and the 

transaction will also seek to crowd in new energy and 

other infrastructure projects.

Auction facility for coal phaseout and replacement, 

and just transition: Governments and public finance 

institutions could consider establishing an auction 

facility to identify the minimum cost to phase out and 

replace coal plants in targeted markets or geographies. 

As a flexible, market-based approach, auctions could 

be designed to meet the objectives of the funder while 

guaranteeing maximum emissions reductions per dollar. 

Although this type of approach has not been piloted 

in the context of coal phaseout and replacement, the 

World Bank’s Pilot Auction Facility offers a precedent for 

the use of auctions to deliver cost-effective emissions 

reductions.36 Countries taking a leadership position in 

calling for the phaseout and replacement of coal (e.g., 

the 33 national members of the Powering Past Coal 

Alliance) could consider pooling funds to support a 

similar scheme around coal phaseout.

Carbon finance to support more favorable loan 

terms: Carbon finance can play a role in accelerating 

coal phaseout and replacement by offering a 

supplemental revenue stream that utilities can use to 

negotiate more favorable loan terms. IDB Invest (the 

private-sector arm of the Inter-American Development 

Bank) and the Clean Technology Fund are currently 

piloting this approach in Chile, where a large private 

developer has agreed to retire a portion of its coal 

fleet and replace this capacity with wind generation. 

IDB Invest will calculate the quantity of avoided 

emissions and assign them an implied carbon price. 

IDB Invest will reduce the interest rates on a loan to 

the developer to fund replacement wind power based 

on the implied value of those emissions. For its part, 

the developer will replace part of its corporate-level 

coal PPA with a renewable energy PPA once the coal 

plants are retired and wind projects are operational. 

IDB Invest is in talks with developers and other asset 

owners in the country to replicate this mechanism 

once the initial financing is complete.
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Conclusion

Coal is no longer the global economy’s cheapest 

power source, though it is still the dirtiest. Even 

without accounting for coal’s significant and varied 

externalized costs, new renewables with storage 

are nearly ubiquitously cheaper than building new 

coal. What is more, existing coal is increasingly 

uncompetitive with new renewables: by 2025, 78 

percent of the global coal fleet will be more expensive 

to operate than the cost of building new renewable 

energy with storage. Some major coal-producing 

regions, like the United States and the European 

Union, can phase out close to 80 percent of their 

coal with cost savings today. Around the world, 

policymakers can secure enormous benefits and 

savings for ratepayers by accelerating the phaseout 

of coal power and its replacement with clean energy 

sources. This is an opportunity for policymakers, 

utilities, and public finance institutions to engage 

in ambitious climate change adaptation on positive 

terms.

What is lacking is a clear path to phaseout. 

Electricity market regulation, legacy contracts, and 

unpriced externalized costs prevent costly coal 

power from being replaced with cheaper and cleaner 

renewable technologies via market competition. Our 

recommendations for an effective, rapid coal phaseout 

rest on the use of innovative financial packages that 

combine three elements of coal transition: refinancing 

to fund coal phaseout, reinvesting in renewable 

energy, and providing financing for a just transition for 

affected communities and workers. Solutions resting 

on financial mechanisms are advantageous for several 

reasons. They can facilitate establishment of common 

ground among many stakeholders without precluding 

complementary policy and regulatory approaches, and 

their voluntary nature can reveal the extent of existing 

demand for coal plant phaseout that future policy can 

effectively build upon.

Public finance institutions are particularly well suited 

to support coal phaseout, due to their interest in 

protecting ratepayers and ensuring that ratepayers 

enjoy the most affordable energy provision that is, 

at the same time, in service of public health and 

sustainable economic development. In the United 

States, political leaders have the opportunity to expedite 

the energy transition toward economic and climate-

aligned outcomes by championing coal phaseouts. 

Existing examples show how this can be done 

successfully at state and utility levels. Internationally, 

both international finance institutions (DFIs, climate 

funds) and national institutions (green banks, central 

banks, national development banks) are well positioned 

to undertake coal phaseout while ensuring a just 

transition. Public subsidies may not be required to phase 

out coal in many cases in which significant portions of 

coal fleets already are or soon will be cost-uncompetitive 

with renewables. However, in places where public 

subsidy is necessary, public finance institutions could 

create financing packages for three-part coal phaseout 

as part of their development and climate priorities. They 

could also channel and operationalize development and 

climate assistance funds, earmarked for coal phaseout, 

from OECD countries.

What comes next? With 39 percent of coal capacity 

already uncompetitive with new renewables plus 

storage today, and with this number growing to 

78 percent in 2025, the question is not whether 

renewables will replace the global coal fleet, but when. 

And as successful cases of negotiated coal phaseouts 

have taught us, these transitions take time to get right. 

If we want to stay on track to avert the most disastrous 

impacts of climate change, and save money while 

doing so, the time to start is now.
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Data is sourced from the CTI Global Coal Power 

Economics Model (GCPEM).37 The GCPEM covers 

approximately 95 percent of the global operating 

coal fleet, and under-construction and planned 

coal capacity at the boiler level, drawing data from 

the Global Energy Monitor (GEM), the Global Coal 

Plant Tracker, the Platts World Electric Power Plants 

database, and national and regional sources.

This report builds on GCPEM outputs to assess the 

competitiveness for each coal unit in 2020 and 2025. 

Data is presented for six countries and regions: 

China, the European Union, India, the United States, 

“other developed countries,” and “other developing 

countries.” “Other developed countries” includes 

Australia, Japan, Russia, and South Korea. “Other 

developing countries” includes Bangladesh, Indonesia, 

Malaysia, Pakistan, the Philippines, South Africa, 

Turkey, Ukraine, and Vietnam. Total figures are sums 

from these six countries and regions.

Regional summary metrics are presented in data tables 

at the end of this methodology section. Metrics are 

grouped into two categories: competitiveness metrics 

and carbon bonus metrics.

Competitiveness Metrics

The cost competitiveness of each coal asset is 

assessed by calculating the difference between the 

long-run marginal cost (LRMC) and the levelized cost 

of energy (LCOE) supplied by a replacement resource. 

Coal asset LRMCs include short-run marginal costs 

plus fixed operation and maintenance, and any capital 

additions from meeting environmental regulations. 

Replacement resources are sized to replace the annual 

energy generation produced by the operating coal 

power plants. Competitive coal plants have a lower 

LRMC than the replacement LCOE; uncompetitive coal 

plants have a higher LRMC than the replacement LCOE.

The cost competitiveness analysis used in the report 

uses a replacement resource that includes onshore 

wind or solar PV plus four-hour battery storage sized 

to 50 percent of the generation resource capacity. 

Onshore wind and solar PV LCOE values are taken from 

GCPEM.xiii Four-hour battery storage sized to 50 percent 

of the generation resource capacity is assumed to 

increase the LCOE of the hybrid resource by 50 percent 

in 2020. This value is consistent with a recent empirical 

survey of hybrid systems from the Lawrence Berkeley 

National Laboratory.38  Storage costs are modeled to 

decrease over time on a trajectory consistent with 

projections in the Bloomberg New Energy Finance 

(BNEF) 2019 Energy Storage System Costs Survey.39

US costs are calculated using data sources that are 

available only for US technologies. Onshore wind and 

solar PV LCOE values are calculated using capital and 

operational cost information from Lazard’s Levelized 

Cost of Energy and Levelized Cost of Storage 2019,40 

and the National Renewable Energy Laboratory (NREL) 

Annual Technology Baseline (ATB) 2019.41 Capacity 

factors are calculated at the state level from recent 

project information sourced from S&P Global Market 

Intelligence. Wind capacity factors improve over time, 

according to projections from the NREL ATB. LCOE 

xiii  With the exception of the United States, see subsequent paragraph on detailed US methodology.
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values include full investment tax credit (ITC) and 

production tax credit (PTC) impacts in 2020 and 2025. 

ITC declines to 10 percent in 2025, and PTC phases 

out to 0 percent. US coal asset LRMC values are drawn 

from multiple data sources, depending on availability, 

listed preferentially: FERC Form 1, BNEF, and CTI. FERC 

Form 1 data covers up to 2018, and BNEF projections 

are made through 2025. For this data, asset-level CTI 

cost trajectories are used to interpolate changes to 

FERC and BNEF costs through 2030.

Cost savings are calculated for each region by summing 

the multiple of the difference between uncompetitive coal 

plant LRMC and replacement LCOE by the 2018 annual 

generation from the coal plant. Cost-to-replace calculations 

use the same methodology for competitive plants.

Carbon Bonus Metrics

Carbon bonus ($/tCO
2
) measures the incremental 

carbon concession that would render a percentage of 

the coal fleet uncompetitive and is calculated by the 

following formula:

[Replacement LCOE ($/MWh)] – Coal LRMC ($/MWh)] 

*[Generation (MWh) / Emissions (tCO
2 
)]

Generation and emissions are annual values from 

the CTI data set. Abated carbon is calculated using 

the amount of coal phased out according to the IEA 

scenario and GEM emissions factors (emissions from 

operating units for their remaining useful lives or 

announced dates based on company reporting).

Each carbon cost figure can be calculated for a point 

along the marginal carbon cost curve. For example, 

a 90 percent value describes the carbon bonus on 

the regional $/tCO
2
 supply curve at the marginal 

asset by cost ($/tCO
2
) for 90 percent of coal assets 

on a capacity (MW) basis. All metrics presented in the 

summary tables are calculated at 90 percent.

Total net cost is the net annual cost to make a fixed 

percentage of the coal fleet uncompetitive. The cost 

to replace plants requiring a positive carbon bonus 

are netted out by the savings from plants that are 

uncompetitive without a carbon bonus.

Annual cost savings describes the savings to 

customers at each percentage and is found by the 

following formula:

∑ Emissions (tCO
2 
) * Carbon Bonus – Total Net Cost

The sum is restricted only to plants that would be 

uncompetitive at the given level of the carbon bonus.

Cost to government is the expected annual cost of the 

carbon bonus payments, assuming replacement of all 

plants that would be uncompetitive at the given level of 

the bonus:

∑ Emissions (tCO
2 
) * Carbon Bonus

And again, the sum is restricted only to plants that 

would be uncompetitive at the given level of the 

carbon bonus.
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Exhibit 12

Cost Competitiveness Data

Global Coal Fleet, 2020

Region

Total 

Capacity 

(GW)

Average 

Fleet Age 

(years)

Average 

Merchant 

Capacity 

(%)

Uncompetitive 

(GW)

Competitive 

(GW)

Uncompetitive 

Annual Cost 

Savings ($B)

Competitive 

Retire + Replace 

Cost ($B)

Total Net 

Carbon 

Cost ($B)

China 1142 10 0% 479 (42%) 663 (58%) 12 53 $41

India 283 10 0% 48 (17%) 234 (83%) 2 23 $20

United 
States

236 41 21% 187 (79%) 49 (21%) 10 1 –$8

European 
Union

140 33 54% 113 (81%) 27 (19%) 10 1 –$9

Other 
Developed 
Countries

154 26 16% 0 (0%) 154 (100%) 0 46 $45

Other 
Developing 
Countries

197 18 0% 3 (1%) 194 (99%) 0 38 $37

Total or 
Average

2152 17 7% 830 (39%) 1321 (61%) 33 161 $128

Global Coal Fleet, 2022

Region

Total 

Capacity 

(GW)

Average 

Fleet Age 

(years)

Average 

Merchant 

Capacity 

(%)

Uncompetitive 

(GW)

Competitive 

(GW)

Uncompetitive 

Annual Cost 

Savings ($B)

Competitive 

Retire + Replace 

Cost ($B)

Total Net 

Carbon 

Cost ($B)

China 1147 12 0% 756 (66%) 391 (34%) 40 18 –$22

India 295 12 0% 148 (50%) 147 (50%) 8 8 –$1

United 
States

226 43 21% 180 (80%) 46 (20%) 9 1 –$8

European 
Union

133 35 53% 131 (99%) 1 (1%) 16 0 –$15

Other 
Developed 
Countries

155 28 14% 3 (2%) 152 (98%) 0 32 $31

Other 
Developing 
Countries

213 20 0% 7 (3%) 206 (97%) 0 26 $25

Total or 
Average

2169 19 6% 1224 (56%) 945 (44%) 73 84 $11
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Exhibit 12 (continued)

Global Coal Fleet, 2025

Region

Total 

Capacity 

(GW)

Average 

Fleet Age 

(years)

Average 

Merchant 

Capacity 

(%)

Uncompetitive 

(GW)

Competitive 

(GW)

Uncompetitive 

Annual Cost 

Savings ($B)

Competitive 

Retire + Replace 

Cost ($B)

Total Net 

Carbon 

Cost ($B)

China 1147 15 0% 1074 (94) 73 (6%) 86 2 –$84

India 296 15 0% 250 (85%) 45 (15%) 17 2 –$15

United 
States

211 46 21% 176 (83%) 35 (17%) 9 1 –$8

European 
Union

113 38 53% 113 (100%) 0 (0%) 21 0 –$21

Other 
Developed 
Countries

159 31 13% 30 (19%) 130 (81%) 1 15 $13

Other 
Developing 
Countries

237 23 0% 44 (19%) 193 (81%) 2 10 $8

Total or 
Average

2163 22 6% 1687 (78%) 476 (22%) 136 29 –$107
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Exhibit 13

Carbon Bonus Data

Global Coal Fleet, 2020, 90% Bonus Coverage

Region
Total 

Capacity 
(GW)

Average 
Fleet Age 

(years)

Average 
Merchant 
Capacity 

(%)

Carbon Bonus 
($/tCO

2
)

Annual Cost 
Savings ($B)

Cost to  
Government 

($B)

Total Net Cost 
($B)

GtCO
2
 

Abated

China 1142 10 0% $26 $97 $113 $16 4.31

India 283 10 0% $38 $29 $42 $13 1.11

United 
States

236 41 21% $4 $13 $4 -$9 1.06

European 
Union

140 33 54% $6 $13 $4 -$9 0.66

Other 
Developed 
Countries

154 26 16% $97 $30 $59 $29 0.61

Other 
Developing 
Countries

197 18 0% $68 $27 $55 $28 0.81

Total or 
Average

2152 17 7% $41 $304 $355 $51 8.76

Global Coal Fleet, 2022, 90% Bonus Coverage

Region
Total 

Capacity 
(GW)

Average 
Fleet Age 

(years)

Average 
Merchant 
Capacity 

(%)

Carbon Bonus 
($/tCO

2
)

Annual Cost 
Savings ($B)

Cost to  
Government 

($B)

Total Net Cost 
($B)

GtCO
2
 

Abated

China 1147 12 0% $11 $82 $48 -$34 4.35

India 295 12 0% $18 $26 $21 -$5 1.17

United 
States

226 43 21% $2 $11 $2 -$9 1.00

European 
Union

133 35 53% -$5 $12 -$3 -$15 0.62

Other 
Developed 
Countries

155 28 14% $72 $25 $43 $19 0.60

Other 
Developing 
Countries

213 20 0% $47 $23 $41 $18 0.87

Total or 
Average

2169 19 6% $25 $261 $219 -$42 8.78
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Exhibit 13 (continued)

Global Coal Fleet, 2025, 90% Bonus Coverage

Region

Total 

Capacity 

(GW)

Average 

Fleet Age 

(years)

Average 

Merchant 

Capacity 

(%)

Carbon Bonus 

($/tCO
2
)

Annual Cost 

Savings ($B)

Cost to  

Government 

($B)

Total Net Cost 

($B)

GtCO
2
 

Abated

China 1147 15 0% -$4 $70 -$16 -$86 4.43

India 296 15 0% $6 $23 $7 -$17 1.19

United 

States
211 46 21% $1 $10 $1 -$9 0.94

European 

Union
113 38 53% -$17 $11 -$9 -$21 0.54

Other 

Developed 

Countries

159 31 13% $44 $21 $26 $5 0.60

Other 

Developing 

Countries

237 23 0% $22 $17 $22 $5 0.98

Total or 

Average
2163 22 6% $8 $201 $68 -$133 8.72

Note: Totals reflect the sum of non-rounded figures and may vary slightly from 

the sum of the rounded figures presented for countries or country groupings.

Source: RMI, CTI
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