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Ownership of power plants stranded by 
climate mitigation
 

Robert Fofrich Navarro    1  , Lauren Liebermann2, Frances C. Moore    3, 
Christine Shearer4 & Steven J. Davis    5

Existing fossil-fuel-burning power plants must be retired (or retrofitted 
with technology to capture and store CO2 emissions) before the end of their 
operating lifespans to achieve the most ambitious international climate 
goals (around 2 °C). Abbreviated power-plant lifespans, costly retrofits 
and lost revenues to power-plant owners in turn represent stranded assets, 
namely investments that can no longer earn a viable return because of 
climate policies. Here we use detailed data of power plants worldwide to 
evaluate the scale of financial risks by region, generator type and corporate 
ownership. We find that of the 100 companies that own the most stranded 
assets by value, the very largest are state-owned and the top 25 companies 
cumulatively hold upwards of US$770 and US$224 billion in stranded assets 
under a 1.5 °C scenario and 2.0 °C, respectively. Our findings reveal the 
power-plant owners most exposed to financial risks linked to the shift away 
from fossil fuels, as well as the concentration of financial interests adverse to 
rapid decarbonization.

International climate goals to limit anthropogenic warming to 2 °C 
or less aim to avoid severe climate impacts on natural and human 
systems in the coming decades1–10, but such goals entail a rapid 
reduction in carbon dioxide (CO2) emissions by transitioning away 
from fossil sources of energy and fossil-fuel-burning power plants in 
particular11,12. Policies aligned with international climate targets will 
effectively impose higher costs on emitting infrastructure13,14, leaving 
the owners of fossil-fuel-burning power plants to adapt and transition 
away from high-carbon-emitting technologies, absorb substantial 
financial losses or pass related costs on to consumers. However, the 
magnitude and distribution of company-level financial risks in the 
global power sector have not been systematically evaluated, even 
though understanding such risks is crucial for accurately anticipating 
broader economic implications and allowing companies, investors and 
policy-makers to plan for and manage projected financial losses15–18. 
In this study, we assess stranded power-plant assets at the company 
level and by region with the hope of informing financial investors and 
energy-related decision-makers.

Previous research has shown that achieving ambitious climate 
goals requires the early retirement of fossil-fuel-burning power 
plants2,11,19,20 in the absence of retrofitting these plants with carbon 
capture technology, resulting in substantial forgone revenues. Other 
studies have estimated potential economic losses across the power 
sector13,14,21–23 or quantified stranded power-plant assets on a national 
level14,24, but most have not quantified the financial exposure of indi-
vidual companies. For instance, ref. 24 calculated the proportion of 
operating fossil-fired electricity-generating capacity that exceeds 
climate-compatible levels under a 2 °C scenario and estimated stranded 
assets based on unrecovered capital costs from premature decommis-
sioning. Similarly, ref. 25 quantified stranded assets using overnight 
capital costs and the unfulfilled portion of the expected lifetime of a 
coal plant under a 1.5 °C pathway. Meanwhile, ref. 14 estimated stranded 
assets in oil and gas production as the net present value of foregone 
profits under climate policy scenarios and aggregated from the asset 
level to firms and countries. In contrast, we evaluate foregone operating 
income of existing fossil-fuel-burning generators under carbon pricing 
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described in Methods. It should be noted that, although our model 
represents climate mitigation policy in terms of carbon prices, such 
prices may reflect a multitude of specific policies that are more region-
ally scaled and not fully captured by our model. Thus, our results are not 
intended as financial projections for individual companies but rather 
as a relative indicator of which companies have the highest financial 
risks under climate policies aligned with international targets if gov-
ernments do not implement compensatory policies for asset owners.

Results
Figure 1 illustrates the net present value of the added operating costs 
and foregone operating income from existing fossil-fuel-burning 
power plants worldwide under carbon pricing scenarios consistent 
with limiting global mean temperature increases to around 2 °C, assum-
ing each plant continues to operate under its historical conditions 
into the future. Under these scenarios, the total added costs to fossil 
fuel power-plant operators are US$18.9 trillion (US$16–21.7 trillion), 
US$5.4 trillion (US$4.6–6.1 trillion), US$3.7 trillion (US$3.2–4.2 tril-
lion) and US$1.7 trillion (US$1.5–1.9 trillion) based on the median 
carbon price for each climate policy trajectory, respectively (Fig. 1). 
Coal-burning power-plant operators would incur 75% of the total costs 
under a 1.5 °C climate mitigation scenario (Fig. 1a). More than half these 

estimates associated with lower climate policy scenarios, aggregate 
these losses to the company and identify and name companies with the 
largest financial exposure. While financial institutions, investors and 
policy-makers are generally aware of the financial risks associated with 
climate policies26,27, the scale and distribution of economic exposure 
among companies with emission-intensive power-plant assets is not 
clear. Therefore, this study assesses the financial implications of carbon 
pricing on fossil-fuel-burning power plants and reports the potential 
economic losses incurred by individual companies.

An asset is stranded when changes in technology or policy sharply 
reduce its value. Here we estimate differences in operating income 
of 16,438 fossil-fired power generators assuming either no carbon 
price or carbon prices consistent with lower warming targets (1.5 °C, 
2.0 °C, 2.2 °C and 2.6 °C) and aggregate these losses on a company 
and country level. To isolate the financial impact of carbon pricing on 
generator revenues, we hold electricity generation constant at histori-
cal levels across climate policy scenarios and allow generators to pass 
on 90% of the added carbon costs to the rate-paying consumers. Our 
default model uses a geographically uniform discount rate, consistent 
with the parameters widely used by models that generate the car-
bon prices listed in the shared socioeconomic pathways database28–30 
(Supplementary Tables 1–4). Further details of our approach are 
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Fig. 1 | Value of fossil-fired electricity generators worldwide stranded under 
lower climate mitigation scenarios. a–c, Stacked bars show the additional 
costs to fossil-fuel-fired electricity generators resulting from median regional 
carbon prices (n = 25 per region) under scenarios that limit the increase in global 
mean temperature to 1.5 °C, 2.0 °C, 2.2 °C and 2.6 °C. Bars represent median 
values, with error bars showing the range of stranded assets using minimum and 
maximum carbon prices within each region. Roughly 75% of the total added costs 
are related to coal-fired generators (a), more than half of the total are attributable 

to China (b) and more than a quarter are associated with power plants owned by 
just ten companies (c). d–f, The stranded-asset amounts under the same carbon 
pricing scenarios, assuming a 90% pass-through rate, with error bars showing the 
range of results calculated with pass-through rates of 85% and 95%. Coal power 
operators stand to lose around US$1.4 trillion over the operational lifespans of 
their plants (d). Similarly, China is projected to lose around US$1 trillion (e) and 
just ten companies could collectively lose half a trillion dollars (f) under a 1.5 °C 
scenario. ROW, rest of world; T, trillion.
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costs are concentrated among power-generating companies in China 
and a substantial share of the costs are borne by companies in India 
(9.6%), the USA (7.3%) and Indonesia (2.0%) (Fig. 1b). Added costs are 
highly concentrated amongst countries and companies: 10 companies 
would be responsible for 24.0% of the total, 90 other companies would 
bear 33.7%, with the remainder of these costs being divided among 
4,851 companies (Fig. 1c). In the absence of strict regulation, power 
companies are likely to pass through a large share of carbon-related 
operating cost increases to rate payers, thereby reducing their own 
financial exposure. However, the portion of costs not passed through 
by the utility operator would ultimately be absorbed by the company 
as a loss to operating income (stranded assets). Consequently, the 
magnitude of financial losses to companies will not only depend on 
the stringency of climate policy, but also on the proportion of costs 
passed through to electricity rate payers and the discount rates used to 
value foregone revenues. We find that stranded assets total US$1.9 tril-
lion, US$0.5 trillion, US$0.4 trillion and US$0.16 trillion under sce-
narios in which power-generating companies are permitted to pass 
through 90% of their increased operating costs associated with carbon 
prices consistent with 1.5 °C, 2 °C, 2.2 °C and 2.6 °C climate targets, 
respectively, while discount rates are held constant across nations 
(Fig. 1d). However, revenue losses to fossil power generators are highly 
sensitive to the share of costs passed on to rate payers, ranging from 
approximately US$0.9 trillion to US$2.8 trillion under pass-through 
assumptions of 95% to 85%, respectively, in the 1.5 °C scenario alone. 
By comparison, stranded assets increase by 25% to 60% when adopting 
lower and more geographically differentiated cost of capital estimates 
(Supplementary Table 5), as lower discount rates in many major econo-
mies raise the present value of foregone revenue (Supplementary Fig. 1). 
Although the absolute value of stranded assets increases under more 
ambitious climate scenarios and under lower-pass through or discount 
rates, the proportional concentration among power-generator opera-
tors (for example, fuel, region and ownership) of these assets remains 
relatively unchanged (Supplementary Fig. 1), indicating that these 
financing assumptions strongly affect magnitude but not the relative 
distribution of risks. Not shown in the figures, a well-known metric of 
market concentration, the Herfindahl–Hirschman index (HHI), indi-
cates that ownership of stranded coal plants is substantially more 
concentrated (0.0142) than natural gas plants (0.0048; Methods).

Of the 100 companies that own the most stranded assets by value, 
the very largest are state-owned (denoted by an asterisk below) and 
the top 25 companies cumulatively hold upwards of US$770 billion in 
stranded assets and are responsible for emitting 4.0 GtCO2 per year—
nearly 11% of global CO2 emissions in 2024. Among coal plants, these 
companies include China’s five largest power producers: Huaneng 
Group*, Datang Corporation*, Huadian Group*, China State Power 
Investment Corporation* and China Energy Investment*, which cumu-
latively account for US$79 to US$134 billion of coal assets stranded by 
the 2.0 °C scenario (Fig. 2a and Supplementary Fig. 2a). Beyond China, 
NTPC Limited* (owned by India’s Ministry of Power), Korea Electric 
Power* (South Korea), Perusahaan Listrik Negara* (Indonesia) and 
Adani Enterprises LTD (India) also hold around US$22 to US$33 billion 
in stranded coal-burning assets (Fig. 2a and Supplementary Fig. 2a). 
Stranded coal assets in China and India are large primarily because 
these countries are operating relatively new power plants: in both 
countries, the capacity-averaged age of coal-burning power plants is 
<15 years (Fig. 2b). The largest owners of stranded gas- and oil-burning 
plants include Egyptian Electric Holdings* (Egypt), Saudi Electricity* 
(Saudi Arabia), Nextera Energy (USA), Ministry of Electricity Iraq* (Iraq), 
Korea Electric Power (South Korea), Calpine (USA), CLP Group (China) 
and Engie S.A. (France; Fig. 2c). These companies operate large and/or 
young fleets of power plants (Fig. 2d).

The degree to which ownership of stranded fossil-fuel-burning 
power-plant assets is concentrated is shown in Fig. 3, which shows 
the share of fuel-specific emissions related to generators stranded 

under a carbon price consistent with a 2.0 °C scenario. Roughly 30% 
of CO2 emissions from coal plants are attributable to power plants 
owned by 10 companies (Fig. 3a,c) and more than half of CO2 emis-
sions are from 50 companies. Ownership of stranded gas-burning 
power plants is more evenly distributed, with 100 companies owning 
gas-fired generators that emit half the emissions from natural gas- and 
oil-burning power plants (Fig. 3b,d). Some key assumptions underlying 
our engineering-based estimates of stranded assets include the opera-
tional capacity factor of individual fossil-fuel-burning power plants, 
carbon price trajectories, cost of capital estimates and pass-through 
rates. We test our results using lower and more granular cost of capital 
estimates (Supplementary Table 5) and observe an increase in stranded 
assets, but the relative patterns of stranding across firms, fuels and 
regions remain largely consistent (Fig. 3 and Supplementary Table 6). 
Figure 4 illustrates how estimated stranded-asset values vary under 
different power-plant operating conditions and various carbon pricing 
scenarios. We find that higher carbon prices (more stringent climate 
policies), extending fossil-fuel-burning power-plant lifespans and 
increased capacity factors all raise the value of stranded assets, but 
the relative importance of these variables is somewhat different for 
fossil-fuel-burning power plants burning different fossil fuels (Fig. 4). 
Coal-burning plants are the most sensitive to carbon price as they 
generally release more CO2 per unit of electricity generated and natu-
ral gas power plants are more evenly sensitive to both carbon prices 
and capacity factor (Fig. 4a,b). Similar patterns are observed with 
respect to power-plant operational lifespans, where carbon prices have 
a more pronounced impact on the stranded-asset values of coal power 
generators compared with gas-fired plants (Fig. 4d,c). Despite model-
ling assumptions, we observe that the distribution of stranded-asset 
risks among regions and companies remains largely consistent and 
companies with the greatest risk of stranded assets are those that have 
invested in and deployed the most fossil-fuel-burning power-plant 
capacity most recently.

Discussion
Uncertainties as to the timing and stringency of climate policies have 
encouraged continued investments in fossil-fuel-fired electricity gen-
eration, even as international climate goals (for example, limiting the 
increase of global mean temperature to around 2.0 °C) would entail 
the costly early retirement of a substantial portion of existing fossil 
infrastructure2,19,29,31. Here we develop an engineering-based estimate 
of stranded assets for the power sector and estimate the global total 
to be in the trillions of dollars over the next 40 years, more than half of 
which is owned by just 100 companies. Previous studies have estimated 
the economic impacts of stranded fossil fuel assets at national or global 
scales, reporting losses ranging from approximately US$500 billion 
to over US$4 trillion, depending on the stringency and timing of the 
implemented climate policy14,22–25,32. Our results are broadly consistent 
with these estimates, despite differences in methodological approach 
and the framing of stranded assets. Where previous studies assess 
stranded assets at the sector, country or financial system levels, our 
analysis identifies stranded assets at the company level and reveals 
that financial exposure is concentrated among a relatively few firms, 
particularly those with substantial investments in coal-fired power 
generation. While our estimates provide a benchmark for financial 
exposure under stringent climate policy, real-world asset stranding is 
likely to unfold in a more uneven environment, due to regional differ-
ences in policy, electricity market structures and financing conditions 
and thus may be more regionally differentiated than what is observed 
here. Still, our results may be useful for the growing number of investors 
and regulators interested in assessing policy-related transition risks18,33. 
In contrast to general statements about the potential costs of climate 
and energy policies, such as those made pursuant to the requirements 
of the Task Force on Climate-Related Financial Disclosures34, we have 
quantified the value of the assets of companies at risk of being stranded 
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under different climate goals using publicly available information and 
transparent assumptions.

Under the most ambitious climate mitigation scenarios, we find 
stranded assets increase in companies whose power holdings have 
capacity-weighted average operational life of less than 20 years, most 
of which are owned and operated by China’s big five energy-generating 
companies—China Huaneng Group corporation*, China Datang Cor-
poration*, China Huadian Corporation*, China Energy Investment* and 
China State Power Investment Corporation*. These state-owned enter-
prises are managed by the State Asset Supervision and Administration 
Commission (SASAC) and have been at the forefront of China’s energy 
and economic growth in recent decades. Cumulatively, SASAC manages 
331 GW and 49 GW of coal- and gas-fired capacity, respectively (around 
28.1% of China’s total electricity-generating capacity) and together, the 
power plants owned by these companies produce roughly 15% of the 
committed emissions of the global power sector. Consequently, China’s 
state-owned power infrastructure presents a unique opportunity and 
challenge for global decarbonization efforts as state-owned enter-
prises are largely incentivized by public service mandates rather than 
typical economic frameworks and are therefore more insulated from 
broader market forces35,36. Thus, the economic structure of state-owned 
enterprises can ultimately hinder or propel green technology invest-
ment relative to private firms, but is largely dependent on the regu-
latory directives of the state. Still, additional costs to state-owned 
power-generating enterprises constitute a public policy problem for 
national governments. Depending on the public objectives of those 
entities, costs may not be borne entirely by the enterprise itself but 
might be redistributed more generally across the population. While 
there is some evidence suggesting that state-owned enterprises may 
be more inclined than private firms to adopt environmentally friendly 

policies, the degree to which governments pursue policies counter to 
their economic objectives is relatively unknown and warrants further 
investigation35,37, particularly given that the scale of potential financial 
losses can also create strong incentives to resist more stringent climate 
policy. Given its notable role as a global producer of consumer goods38, 
the sudden financial collapse of the power infrastructure overseen by 
SASAC could have extensive financial implications beyond China’s 
borders and thus merits special consideration. By comparison, in 
Western economies, corporate power-generating entities and public 
utilities have largely lowered annual CO2 emissions by heavily investing 
in natural gas-fired power generation39. However, the substitution of 
aging coal-fired power generators with newer gas-fired power infra-
structure has not substantially reduced cumulative emissions and has 
instead increased the transition risks for power-generating firms in the 
USA39 and European Union.

Limitations
While our findings offer valuable insights into the risks faced by specific 
companies, they are subject to several important caveats and limita-
tions. First, our estimates of stranded assets are a result of financial 
conditions and policy trajectories that vary across countries and are 
likely to evolve over time, including climate policy (carbon pricing con-
sistent with a specific warming target), cost of capital and the propor-
tion of costs absorbed by individual companies. To the extent that the 
stringency of global climate policy is insufficient to meet lower warming 
targets, then our estimates will be correspondingly smaller. Similarly, 
our valuation of stranded assets is based on the assumption that fos-
sil fuel power generators will continue to operate to the end of their 
working lives. While this assumption provides a useful upper bound for 
estimating stranded assets, it may overestimate operational persistence. 
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Fig. 2 | Top 100 companies by stranded-asset value in the 2.0 °C scenario. 
Circles show the value of stranded generation assets and related annual 
emissions for each of the 100 companies with the greatest total value of stranded 
assets, separated according to the type of fossil fuel burned by generators (rows). 
The size of the circles further indicates the fossil-electricity-generation capacity 

of each company and colours denote the country or region. a,c, Comparing the 
stranded assets of each company with the annual emissions from its power plants 
for coal (a) and gas (c). b,d, The average remaining operating life of those coal (b) 
and gas (d) plants until retirement.
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In practice, there is considerable variation in power-plant lifespans due 
to regulatory design, maintenance requirements and economic condi-
tions, which can lead to the early retirement of younger, more efficient 
generators or the extended operation of older plants40,41. Thus, to the 
extent that financial markets or asset owners already anticipate some 
tightening of climate policy over the lifetimes of assets or, conversely, 
reflect scepticism about the realization or stringency of climate policy, 
elements of this risk may already be priced into assets or appear on 
company balance sheets and thus be reflected in their current market 
valuation. Furthermore, substantial changes in fuel prices, evolving 
economic pressures or technological advancements may prompt 
earlier-than-expected retirements of fossil-fired-generating assets even 
in the absence of carbon pricing or climate-driven mandates. Therefore, 
given the complex and evolving factors driving stranded assets, our 
results should not be interpreted as forecasts for corporate revenues, 
investment returns, market capitalization or current stock valuation. 
Nor should our estimates be interpreted as unrealized capital that would 
automatically accrue to firms if more ambitious climate policy efforts 
were ultimately abandoned, as current company valuations already 
embed expectations about future profitability amid evolving macro-
economic conditions. Nonetheless, our results consistently show that 
the same companies hold the largest share of stranded assets across 
various climate mitigation policy trajectories and financing assump-
tions, indicating that these entities are most at risk of asset stranding.

It should also be noted that we assume companies will internalize 
some of the costs associated with carbon pricing, rather than transfer-
ring all additional expenses to their rate payers. In some cases, only a 
smaller portion of the carbon costs will be passed on to consumers, while 
in less competitive markets, all these costs can be passed through to rate 

payers42. The degree to which companies can pass costs on to consum-
ers will depend on the development of carbon-free power generation, 
consumer demand response to increasing energy prices and regulatory 
processes that determine local electricity rates43,44. Our analysis attrib-
utes the added costs from carbon pricing as stranded-asset exposure 
to corporate owners, although we recognize that this does not fully 
capture the distribution of financial risk or liability. Utilities frequently 
use risk-sharing strategies, such as project-level non-recourse debt, 
leasing structures or regulatory cost of service frameworks, which shift 
financial exposure to lenders, lessors or consumers. However, these 
arrangements are often private and inconsistently disclosed, making 
them difficult to incorporate into asset-level modelling. Additionally, 
the timing at which carbon pricing is implemented also influences our 
results, as the financial risk of a company diminishes as its fossil-fired 
power fleet ages and increases as new carbon-emitting power plants 
come online. Consequently, the scale of stranded assets held by each 
corporate entity is likely to fluctuate over time. Although many coun-
tries, such as China and India, have nascent carbon pricing mechanisms, 
others, including the USA, lack such programmes at the national level.

Additionally, carbon policies that are more substantially geo-
graphically differentiated than the regional estimates used here, for 
instance, to reflect the differentiated responsibility of individual 
countries as opposed to economic regions, would produce differ-
ent geographic distributions of stranded assets. Nonetheless, the 
carbon price schedules we adopt reflect cost-minimizing pathways 
for achieving more ambitious climate mitigation targets and the cen-
tral pass-through rates used in this study are representative of those 
observed in more-established carbon markets within the electricity 
sector. If, instead, countries implement non-price instruments to 
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achieve their emissions goals, the associated costs and potential for 
stranded assets will be correspondingly higher. Finally, our analysis 
is grounded in projections of power-plant revenues and costs based 
on historical electricity-generation returns. However, projected rev-
enues and input costs are subject to change, with precise operational 
conditions, maintenance and fuel costs influenced by dynamic future 
conditions that are unknown and very difficult, if not impossible, to 
model. Yet changing costs and revenues will probably alter the operat-
ing schedules of future power generators.

Conclusions
Our results suggest that a substantial fraction of the existing fossil-fired 
generating assets of these companies could be stranded under current 
climate mitigation targets. However, while these costs pose a large 
financial risk to these companies, the monetary value of these stranded 
assets pales in comparison to the social and natural damages associated 
with unmitigated anthropogenic climate warming3–6,45–47. A sudden 
increase in power-generating costs from the implementation of carbon 
pricing can result in sizeable financial losses for companies that are 
heavily invested in carbon-intensive industries48. Thus, companies 
that persistently invest and deploy new CO2-emitting infrastructure 
without anticipating future tightening of climate policies face higher 
financial transition risks and ultimately increase the likelihood of 
unrecoverable previously anticipated projected returns (stranded 
assets). While gas-fired generators are likely to play a growing role in 
the clean energy transition because of their flexibility in supporting 
variable renewable energy, their profitability would still decline rela-
tive to a no-policy baseline as carbon prices rise. Therefore, to reduce 
stranded-asset exposure and align with climate mitigation trajectories, 

power-generating companies should strategically decommission or 
mothball their existing fossil-fuel-generating fleets.

Methods
We derived the corporate and state owners of 98% of individual oper-
ating fossil-electricity-generating plants from the global coal-plant 
tracker, global oil- and gas-plant tracker and global energy ownership 
tracker datasets obtained from the global energy monitor database. 
We omitted power plants from our calculations in the limited cases 
where the percentage of ownership was not listed within the data. We 
obtained technology-specific estimates of power-plant operating costs 
from the Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change Working Group III (IPCC WGIII) and future carbon prices 
consistent with lower warming scenarios (1.5 °C, 2.0 °C, 2.2 °C and 2.6 °C 
scenarios) are obtained from the shared socioeconomic pathways 
database28–30. All monetary values are expressed in constant US$(2005), 
which is consistent with the carbon pricing estimates listed in the shared 
socioeconomic pathways database. While this approach ensures com-
parability across countries and time, it does not capture the potential 
impact of exchange rate fluctuations on historical or projected costs.

To quantify future profits, we project the expected generating 
income and costs of each power plant (i) individually over the antici-
pated operational life of the plant and assign profits to their respective 
parent company.

Generator profitsit = GitEPit − GitFCf𝜗𝜗i −O&Mit − ICit

In our study, generator profits are defined as the operating 
income earned from electricity generation over a period (t), calculated 
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as power-plant revenue minus the cost of production. Income from 
production is determined by multiplying the annual electricity gen-
eration of each plant (G) with the regional price of electricity (EP) and 
subtracting the generating costs. Generating costs are calculated by 
multiplying annual electricity generation (G), global average fuel costs 
(FC) and a fuel-to-electricity conversion term (ϑ), in addition to the 
global operations and maintenance costs (O&M), as well as the invest-
ment costs (IC). Global average, technology-specific power-plant 
operational costs are obtained from the IPCC WGIII report49, while 
regionally distinct electricity prices are obtained from GCAM v.7 and 
although more granular data could improve accuracy in specific con-
texts, our approach allows for consistency and comparability across 
countries. In line with the IPCC approach, we include capital invest-
ment costs in our estimates. Although typically considered sunk and 
not expected to influence operational decisions, these costs reflect 
ongoing financial obligations that may persist for debt-financed 
infrastructure. We adopt a geographically uniform discount rate of 
10%, consistent with the International Energy Agency (IEA) estimates 
for a high-risk market50–52, to reflect investor expectations under a 
riskier operating environment associated with climate policy and 
given the absence of a globally comprehensive cost of capital dataset. 
However, to test the sensitivity of our results against more heteroge-
neous financing conditions, we use lower regional- and country-level 
discount rates to reflect lower perceived investment risks and financ-
ing costs. Country-level cost of capital values are taken from ref. 53, 
which reports estimates for about 100 countries. These values are 
aggregated according to the regional classifications used in the car-
bon pricing data, with regional averages assigned to countries that 
have missing values. Additionally, as individual power plants age, the 
operational and maintenance costs typically increase such that these 
costs are not well covered by the generated revenues, resulting in their 
closure historically around 30 years for natural gas and 40 years12,54–57 
for coal-fired power-generating infrastructure. Therefore, we allow 
for existing power infrastructure to retire in line with their historical 
norms, except for cases where a projected retirement date is explicitly 
listed in the power-plant data.

To quantify the impacts of climate mitigation policy on fossil-fired 
power-plant profits, we first calculate the net present value of these 
generating assets (i) on the basis of the operating income for each 
generator. We allow firms to retire these plants following historical 
conditions and do not explore the ramifications of the financial lia-
bilities this may cause. Additionally, to avoid abrupt retirements of 
power-generating assets, we gradually raise the annual carbon price 
on an annual basis in line with the carbon pricing used by IPCC climate 
projection models, which use the shared socioeconomic framework30 
(Supplementary Tables 1–4).

NPVi =
LT
∑
t=0

Generator profits
(1 + r)t

We translate future climate trajectories (1.5 °C through 2.6 °C) 
into stranded assets by incorporating regionally specific carbon price 
paths used by integrated assessment models for climate mitigation 
scenarios58. Carbon prices translate directly into increased input costs 
for fossil fuel plants, diminishing future profit projections. Therefore, 
we modify power-generator profits by including the additional accrued 
costs of electricity generation.

Modifiedgenerator profitsit
= GitEPit − GitFCf𝜗𝜗i − GitECPt(1 − PTR) −O&Mit − ICit

Where E is the total annual emissions for each plant, PTR is the uni-
form pass-through rates and CP is the regionally based carbon pric-
ing at the time (t), which achieves the climate emission scenario. 
Since most countries lack established carbon markets, there is limited 

empirical evidence available to determine national-level carbon price 
pass-through rates. Under conditions of perfect competition and 
full market efficiency, carbon costs would almost certainly be fully 
passed through to electricity prices, resulting in a 100% pass-through 
rate and no direct cost burden to fossil fuel generators59. In practice, 
however, observed pass-through rates vary across markets because 
of various factors such as market structure, regulatory interventions, 
the availability of alternative generation capacity and uncertainty 
in emission cost projections60,61. As a result, we adopt a range of 85% 
to 95% pass-through rates based on values reported in the existing 
literature42,62,63. Annual emissions are calculated for each individual 
unit from equations that vary slightly based on their fuel type. We 
obtain the emission equations from the Global Energy Monitor and 
IEA estimates.

Annual CO2 emissionsCoal = Git ×HRi × EFi × C

Annual CO2 emissionsGas = Git × LCEFi

Where HR is the technology-specific heat rate, EF denotes the emission 
factor of coal plants and LCEF represents the life-cycle emissions fac-
tor associated with natural-gas power plants. In our study, we define 
stranded assets as the difference in future asset income with and with-
out the implementation of a climate policy that limits warming:

Stranded assetsi =
LT
∑
t=0

GPi − ĜPi

(1 + r)t
=

LT
∑
t=0

GitECPt(1 − PTR)
(1 + r)t

We aggregate unit-level monetary income over the operational 
lifetime of the power generator and assign these losses to their parent 
company (corporate or state-enterprise owners) and select the top 100 
companies by stranded-asset holdings. To investigate the national eco-
nomic risk from stranded fossil-fired capacity, we quantify and assign 
the monetary value of these losses within the borders of each nation. 
We quantify the concentration of company-level stranded assets using 
the HHI, calculated as the sum of the squared shares of stranded assets 
relative to the total stranded assets for each fuel type. The HHI reflects 
the degree of concentration, with higher values indicating that a greater 
proportion of stranded assets is concentrated among fewer companies. 
Our analysis of stranded assets relies on publicly available data used by 
integrated assessment models for carbon prices28–30, which are com-
monly used in climate change forecasts and by the broader scientific 
community and historical average power-plant operating conditions 
for each individual unit. Nonetheless, we recognize that the value of 
stranded assets is determined by the carbon pricing amount and is also 
influenced by the use of power generators. Thus, we test the sensitivity 
of our results by varying the carbon price trajectory incrementally per 
year until the maximum price of US$0 to US$1,000 per ton is reached 
and fluctuating the capacity factor from 20% to 90%. We report the 
implications of these variations on global fossil-fired power-generator 
stranded assets in our sensitivity analyses. In a separate sensitivity 
test, we use historical capacity-factor estimates and instead vary the 
power-generator operating life and report these results. We subse-
quently repeat our sensitivity test, but instead of gradually increasing 
carbon prices over time, we apply the maximum carbon prices immedi-
ately and uniformly for the entire duration of the lifespans of the power 
infrastructures and show its effects on stranded-asset values. Overall, 
our approach enables us to assess the potential economic impacts 
of stranded fossil-fired power-generation assets, providing valuable 
insights into the financial risks faced by corporate entities and the chal-
lenges associated with transitioning to a low-carbon energy system.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.
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Data availability
The data used for this study are publicly available. Unit-level 
power-plant data, power-plant emission factors and heat rates can be 
found on the Global Energy Monitor website (https://globalenergy-
monitor.org). While carbon prices can be downloaded from the shared 
socioeconomic pathways database (https://tntcat.iiasa.ac.at/SspDb/
dsd?Action=htmlpage&page=about). Power-plant generating costs 
were obtained from the IPCC AR5 report (https://www.ipcc.ch/site/
assets/uploads/2018/02/ipcc_wg3_ar5_annex-iii.pdf). Additional data 
are available via Zenodo at https://doi.org/10.5281/zenodo.14861495 
(ref. 64). All inquiries and requests for materials should be addressed 
to R.F.N. (robertfofrich@ucla.edu). Source data are provided with 
this paper.

Code availability
Data processing and analysis were conducted in MATLAB (release 
R2020b, v.9.9). The MATLAB code used in this study is available via 
Zenodo at https://doi.org/10.5281/zenodo.14861495 (ref. 64).
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