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Abstract 12 

 13 

A global phaseout of unabated coal use is critical to meeting the Paris climate goals. 14 

This transition can potentially lead to large amounts of stranded assets, especially in 15 

regions with newer and growing coal fleets. Here we combine plant-level data with a 16 

global integrated assessment model to quantify changes in stranded asset risks across 17 

locations and over time. With new plant proposals, cancellations, and retirements over 18 

the past five years, global committed emissions in 2030 from existing and planned coal 19 

plants declined by 3.3 GtCO2 (25%). While these emissions are now roughly in line with 20 

near-term (2030) Nationally Determined Contributions (NDCs) to the Paris Agreement, 21 

they remain far off track from longer-term climate goals. Building all proposed coal 22 

plants in the pipeline leads to a 24% (503 GW) increase in capacity and a 55% ($520 23 

billion) increase in stranded assets under 1.5ºC. Stranded asset risks fall 24 

disproportionately on emerging Asian economies with newer and growing coal fleets. 25 

 26 

 27 

Main 28 

 29 

A rapid transition away from unabated fossil fuel use is essential to limiting the rise in global 30 

average temperature to 1.5 or 2°C above pre-industrial levels. Coal combustion is responsible 31 

for a large fraction (currently, 44%) of global energy-related CO2 emissions and is the most 32 

emissions intensive way to produce electricity1. Over the past few years, a groundswell of local 33 

and national governments, as well as companies and other actors, have committed to moving 34 

away from coal and reaching net zero greenhouse gas (GHG) emissions2,3. The window for 35 

action to meet the 1.5°C goal is narrowing, and feasible pathways show unabated coal use in 36 

the electricity system declining by 59-78% by 2030 (relative to 2010 levels) and reaching near-37 

zero levels by 20504. Given the large magnitude of committed emissions from current fossil fuel 38 

infrastructure5 and the need to quickly reduce emissions from coal use, minimizing construction 39 

of new coal plants without carbon capture and storage (CCS) will be essential to meeting 40 

climate policy goals. 41 

 42 
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Despite the urgency of the climate crisis, current trends in energy development are not aligned 43 

with the long-term 1.5 or 2°C goals. While coal generation is in decline in some regions (for 44 

example, the U.S. and EU), many countries have continued to plan and build new coal-fired 45 

power plants, resulting in an increase in total global installed capacity over the past five years. 46 

Furthermore, 503 GW of new coal capacity are either under construction or proposed globally, 47 

including 247, 66, and 100 GW in China, India, and Southeast Asia, respectively. These new 48 

potential additions to the global coal fleet could have important effects on the economics of 49 

climate mitigation. The mismatch between near-term trends and long-term goals presents a 50 

significant risk of stranded assets -- which are assets that experience a premature or 51 

unanticipated decline in value due to changing external factors6,7. These factors may include 52 

changes in innovation and technology costs, regulation and policy, resource availability, 53 

environmental conditions, and community acceptance. This risk only increases with continued 54 

expansion of fossil fuel infrastructure8. 55 

 56 

Previous research has quantified the risks posed by potential future emissions from existing 57 

energy infrastructure (including the coal sector) and fossil fuel reserves at global and regional 58 

levels9–13. Even with rapid implementation of a “no new coal” strategy that halts construction and 59 

planning for any new plants, additional strategies to shorten lifetimes or reduce capacity factors 60 

of existing plants will likely be necessary to meet the 1.5 or 2°C goals14,15.  More recently, a 61 

number of studies have also calculated stranded assets under different climate policies, in units 62 

of unused capacity7–9,25–27, forgone profits28–31, value at risk15,32, or unrecovered capital 63 

cost16,24,33–37 (see Section 3 of the Supplementary Information for a detailed overview of 64 

estimates). Several studies compare plant-level data with existing decarbonization 65 

scenarios16,16,17,17–28 or develop new scenarios using more aggregated infrastructure 66 

assumptions8,10,26,29–35. Research linking these two approaches is more limited and focuses on 67 

committed emissions and lifetime limits rather than stranded assets14,36. A more detailed 68 

accounting of stranded assets from the full coal plant pipeline is essential for understanding 69 

current risks -- and the potential benefits of a no new coal policy. 70 

 71 

Building on existing literature, this research fills several major gaps. First, we quantify the 72 

changing stranded asset risks from existing and proposed coal power plants, by bridging a 73 

recent global plant-level database with a state-of-the-art integrated assessment model. This 74 

approach enables us to examine stranded assets from early coal retirements under the Paris 75 

goals at a more granular level, across plants, companies, and regions. Second, we look at 76 

alternative scenarios for near-term actions, where all planned coal plants currently in the 77 

pipeline are either cancelled or built within the next ten years. From these scenarios, we 78 

quantify the expected benefits -- in terms of savings due to avoided stranded assets -- from a no 79 

new coal policy. Third, we quantify the progress that has been made in the past five years due 80 

to changes in the total coal project pipeline (both existing and planned capacity) and what 81 

further actions are needed to meet long-term 1.5 or 2°C goals.  82 

 83 

We find that stranded asset risks from coal plants yet to be built have decreased over the past 84 

few years but remain globally significant. An immediate no new coal strategy would significantly 85 

reduce the risk of stranded assets -- in fact, with a no new coal policy, a 1.5°C climate target 86 
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can be met with less asset stranding than would be expected under a 2°C target but with 87 

delayed action on no new coal (i.e., where all plants currently in the pipeline come online as 88 

scheduled). Coal plant assets at risk of stranding are held disproportionately by emerging 89 

economies in Asia with newer and growing coal fleets, and these countries may see a large 90 

fraction of their fleet value stranded. If we account for the country where the owner company is 91 

headquartered, rather than the country where the plant is located, stranded asset totals are 92 

further concentrated in Asia and especially in China. 93 

Recent coal trends and the Paris goals 94 

Over the past few years, the global pipeline of existing and proposed coal power plants shrank 95 

by 659 GW (see Figure 1). While total installed capacity increased by 119 GW between 2016 96 

and 2021, proposed capacity declined by over 60%. A total of 779 GW of new projects in the 97 

planning, permitting, or construction stages were cancelled. At the regional level, the U.S. and 98 

Europe are shifting away from coal, representing 59% of retirements at 69 GW and 56 GW, 99 

respectively. However, coal reliance remains strong elsewhere. China continues to be the 100 

largest owner and builder of coal plants, with 1,049 GW installed and 247 GW proposed, 101 

contributing 66% of capacity additions from 2016 to 2021. India contributes another 229 GW 102 

installed and 66 GW proposed capacity. However, China and India together also make up 103 

almost 70% of net project cancellations between 2016 and 2021, at 364 GW and 177 GW, 104 

respectively. New project proposals have also trended downward over this period. 105 

 106 

Figure 1. Changes in the global coal power pipeline from 2016 to 2021. The global pipeline of 107 

operating and proposed coal power capacity declined by 659 GW over the past four years, 108 

driven mainly by new project cancellations in China, India, and elsewhere, with smaller 109 

contributions from plant retirements. 110 

 111 
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Recent trends in the global coal fleet have implications for meeting near- and long-term climate 112 

policy goals. Figure 2 shows emission pathways from the 2016 and 2021 coal pipeline, as well 113 

as to those under the near-term Nationally Determined Contributions (NDCs) and long-term 1.5 114 

and 2°C goals. There has been significant progress in reducing committed emissions from the 115 

coal fleet over the past five years. If all currently proposed plants came online and operated for 116 

the historical average lifetime (50 years), the resulting 2030 emissions from coal generation 117 

would be 3.3 GtCO2 (or 25%) lower than those expected from the 2016 pipeline, approaching 118 

the aggregate global NDCs. Yet there is a substantial gap between these trends and the long-119 

term Paris goals. This gap indicates a potential for substantial asset stranding from both existing 120 

coal plants and new builds. Expected emissions in 2030 would need to be reduced by even 121 

more than the reduction between the 2016 and 2021 pipelines to be on track with these goals. 122 

There is an emission gap of 5.1 GtCO2 in 2030 to the 1.5°C target. 123 

 124 

Figure 2. Future emissions from the global coal pipeline and under the near- and long-term 125 

Paris goals. Expected emissions declined from 2016 to 2021 and are approximately in line with 126 

coal emissions under the NDCs; however, even greater reductions are required under the long-127 

term 1.5 and 2°C goals. 128 

 129 

These trends are driven by different factors across regions, including falling prices of competing 130 

technologies, air quality and climate policies, and public opposition to coal power plants. The 131 

COVID-19 crisis may also have near- and long-term impacts on the global coal pipeline. The 132 
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global coal fleet shrank for the first time on record in the first half of 2020, due to both continued 133 

retirements and delays in commissioning37,38. Coal demand also declined by approximately 8% 134 

in early 202039, exacerbating overcapacity issues in coal-dominant regions. However, the 135 

second half of 2020 saw a reversal of this downward trend. Coal expansion was led by China, 136 

which commissioned three times as much new coal capacity — and announced five times as 137 

much — as the rest of the world combined40. At the same time, several countries have pointed 138 

to the potential benefits of green stimulus for economic recovery. The long-term evolution of the 139 

global coal fleet and stranded asset risks remains uncertain and will depend critically on 140 

planning and policy decisions in the next few years. 141 

Global and regional stranded asset risks 142 

We examine the stranded asset risks from existing and proposed power plants under 1.5 and 143 

2°C climate policy goals. Specifically, we look at two different pathways to reach the same 144 

climate target, with alternate assumptions of near-term coal buildout (see Scenarios in 145 

Methods). For the first pair of pathways (the No New Coal to 1.5°C and No New Coal to 2°C 146 

scenarios), no new coal plants come online after 2020 and economy-wide mitigation begins 147 

immediately. For the second pair of pathways (the All New Coal to 1.5°C and All New Coal to 148 

2°C scenarios), all coal plants currently in the pipeline41 come online by 2025 (for plants that are 149 

already under construction or have received official approvals) or 2030 (for plants that are in the 150 

permitting stage or have been announced), and mitigation from coal power and other sectors is 151 

delayed until after 2030.  We use plant-level data to calculate regional coal power generation 152 

and capacity under the No New Coal and All New Coal scenarios without climate action and 153 

GCAM to simulate changes in coal power and other sectors to meet the 1.5 and 2°C targets 154 

(see GCAM in Methods).  155 

 156 

We then calculate the stranded asset risks in each of these scenarios. For each policy scenario, 157 

we simulate plant retirements from oldest to youngest in each region to meet the coal power 158 

generation constraints from GCAM (assuming constant utilization at current levels). On the one 159 

hand, this is a conservative approach -- to the extent that local constraints and other factors 160 

lead to retirements of some younger plants before older ones, total stranded assets would be 161 

underestimated. On the other hand, other strategies like lower plant utilization or CCS 162 

retrofitting, which we do not model in this analysis, may help reduce stranded assets. We 163 

calculate stranded assets as the overnight capital cost (OCC, in units of $ per kW) of each plant 164 

times the capacity (K) and the fraction of its expected lifetime (L) that it does not live out due to 165 

an earlier-than-expected retirement age (R): 166 

 167 

Stranded Assets = OCC * K * (L - R) / L 168 

 169 

Overnight capital costs are estimated regionally from Global Energy Monitor42. 170 

 171 

Our results suggest that continued buildout of coal plants currently in the pipeline will greatly 172 

increase stranded asset risks (see Figure 3). If all plants currently under development are built, 173 

we estimate that meeting the Paris climate goals will lead to $1.4 trillion in stranded assets 174 
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under a 1.5°C policy and $1 trillion under a 2°C policy. If all proposed coal projects are 175 

cancelled, asset stranding under a 1.5°C policy falls to $880 billion and stranding under a 2°C 176 

policy falls to $573 billion. This represents a global savings of $427-520 billion from a no new 177 

coal policy. Additions from coal plants in the pipeline represent 24% of current operating 178 

capacity but 55% of stranded assets under 1.5°C and 76% under 2°C. This increase in stranded 179 

assets is caused by both the need to retire the newly built plants, themselves, and to retire 180 

existing plants more rapidly to reach the same climate goal. The relative difference between a 181 

no new coal and all new coal policy is smaller for the 1.5°C goal because faster retirements of 182 

the current fleet are required even if no new plants are built.  183 

 184 

 185 
Figure 3. Current status and future pathways for global coal capacity: (a) proposed coal capacity 186 

by stage of development with subset of operating coal capacity by vintage, (b) comparison of 187 

coal capacity pathways for No New Coal and All New Coal scenarios under 1.5 and 2ºC goals 188 

(lines) or if plants live out their historical average lifetimes (shaded regions), and (c) asset 189 

stranding under 1.5 and 2°C policies if no new coal plants are built or all plants currently in the 190 

pipeline come online within the next ten years. 191 

 192 

Regions with newer coal fleets, especially with large amounts of capacity yet to be built, will 193 

incur disproportionately high stranded assets risks (see Figure 4). Rapidly growing and 194 

emerging economies in Asia have the largest new and planned coal fleets. China has the 195 

highest value of stranded asset risks, representing 41-55% of the global total across the 196 

scenarios examined here. India and Southeast Asia also see large amounts of asset stranding. 197 

Together, China, India, and Southeast Asia represent 50% of the savings (in terms of avoided 198 

stranded assets) from a no new coal policy. A number of regions have smaller overall coal fleets 199 
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but represent hotspots where a large fraction of their fleet value is at risk of stranding under the 200 

Paris goals. If all new coal plants in the pipeline are built, a 1.5°C policy leads to a large fraction 201 

of coal plant assets being stranded. Some areas in Asia and Africa -- as well as non-EU Europe 202 

-- see over a doubling of stranded asset risks. The U.S. and EU, with older coal fleets, see 203 

much smaller stranded assets in terms of both fraction of the fleet and total value.   204 

 205 

 206 
 207 

Figure 4. Fraction of coal plant assets stranded by region under a 1.5°C policy if all coal plants 208 

currently in the pipeline are built. Immediate action on no new coal reduces asset stranding, with 209 

the largest differences in parts of Asia, Africa, and Latin America (see Supplementary Figure 210 

S1-2). 211 

 212 

Stranded asset risks may go beyond a plant’s physical location, since some plants are 213 

developed by companies from other countries. To better understand the risks to project 214 

developers, we also calculate regional stranded assets based on the location of the primary 215 

investor company headquarters, rather than the physical plant location. Asset stranding 216 

increases for large investor countries and regions, including the U.S., Europe, Japan, South 217 

Korea, and China, with the U.S. and EU seeing the largest percent increase in stranded assets; 218 

Southeast Asia, India, Australia, and parts of Africa and South America saw decreases in their 219 

stranded assets, with the largest percent decreases in Africa and Indonesia (see Figure 5). 220 

Stranded assets whose region changed (based on the regional groupings in Figures 4 and 5) 221 

accounted for approximately 3% of stranded assets in the No New Coal scenarios and 7-8% in 222 

the All New Coal scenarios. Company and policy responses to stranded assets may depend on 223 

both the location of the coal plant and its investor companies. 224 

 225 
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 226 
Figure 5. Changes in regional stranded assets when assets are calculated based on region of 227 

the company headquarters rather than the plant location. Positive values indicate that stranded 228 

assets are greater when the assets are assigned to the location of the company headquarters 229 

rather than the location of the plant. The magnitude of the positive and negative values is the 230 

same for each scenario, since the total value of stranded assets in each scenario does not 231 

change.  232 

Discussion 233 

Committed emissions from the existing and proposed global coal fleet have declined over the 234 

past few years. However, the risk of asset stranding to meet the Paris goals remains significant. 235 

We find that, if all coal plants in the pipeline are built as scheduled, stranded assets may reach 236 

$1.4 trillion under a 1.5°C policy and $1 trillion under 2°C. These new plants would represent 237 

24% of current capacity (503 GW) but 55% and 76% of stranded assets under 1.5 and 2°C 238 

goals, respectively, with larger differences in regions with plans to build new coal plants. A no 239 

new coal policy will avoid $520 billion in stranded asset risks under 1.5°C and $427 billion under 240 

2°C. Previous studies have not investigated stranded assets from coal power plants under the 241 

scenarios we present here; however, our results on the overall level of asset stranding are 242 

generally in line with previous estimates. While some asset stranding is likely under any climate 243 

policy5, new plants have an outsized impact on stranded assets that can be avoided if these 244 

plants are not built. Stranded asset risks also fall disproportionately on rapidly-growing and 245 

emerging economies with large, new coal fleets. Consequently, an accelerated coal phaseout 246 

brings very different impacts across regions, with disparities growing if no new coal 247 

commitments are delayed.  248 

 249 

Calculations of stranded assets are also subject to many uncertainties, including plant lifetimes, 250 

overnight capital costs, costs of financing, and costs of emission controls and other upgrades. 251 

The total magnitude of stranded assets is uncertain, but the finding that a no new coal policy 252 

would significantly reduce asset stranding is robust to these uncertainties. While the global 253 

average lifetime at retirement for coal plants is approximately 50 years, lifetimes vary 254 
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significantly across plants and locations. For example, coal plants in the U.S. can have lifetimes 255 

well beyond 50 years, and new investments in emissions controls may lead to asset stranding 256 

even for old plants. Conversely, in China, plants typically have a design lifetime of 30 years14,40. 257 

Lifetimes are also considerably shorter than the global average due to accelerated retirement of 258 

small, high-polluting units. Immediate action on no new coal could result in near zero stranded 259 

assets with a 20-year lifetime under 1.5°C and a 30-year lifetime under 2°C (see Section 2 of 260 

the Supplementary Information). If all plants in the pipeline are built, stranded assets can be 261 

significant even if plant lifetimes are limited to 20 years. 262 

 263 

The most effective strategy for reducing stranded assets is to stop building new coal plants. 264 

Since many coal plants currently in the pipeline have not yet begun construction (64%), there is 265 

an opportunity to avoid these stranded assets risks with relatively small sunk costs. A rapid coal 266 

phaseout will be most effective and equitable if it incorporates principles of just energy 267 

transitions43,44. These include providing transition assistance and job opportunities for workers in 268 

the coal sector45,46 and resources to support low-carbon energy investments in developing 269 

countries as well as low-income and minority communities in all countries47,48. Building new coal 270 

plants may exacerbate just transition challenges. While emerging Asian economies have large, 271 

young coal fleets, and a significant amount of capacity still in the pipeline, many countries in 272 

Latin America, Africa, and Asia could see a large fraction of their coal assets stranded. For 273 

plants that have already been built, refinancing can be a useful strategy for enabling early 274 

retirement. There are also opportunities to reduce stranded assets by lowering utilization levels 275 

and retrofitting existing plants with CCS.  276 

 277 

Stranded assets also present significant opportunity costs for climate change mitigation. Capital 278 

invested in fossil fuel infrastructure in general, and coal power plants in particular, could instead 279 

be used to transition to low-carbon energy technologies. While the total investment required 280 

depends on many factors, some estimates put the investment gap at over $300 billion per year 281 

for a 2°C target and close to $500 billion per year for 1.5°C49. Yet simply not building coal plants 282 

currently in the pipeline would free up two to three times this amount of capital. To better 283 

understand the magnitude of the stranded assets challenge, future work could examine other 284 

fossil-based infrastructure such as coal mines, oil and gas systems (e.g., extraction, pipelines, 285 

terminals, and power plants), and demand-side technologies. Achieving climate goals will 286 

require a substantial mobilization of climate finance and stronger commitments from countries 287 

with greater ability and historical responsibility to address the climate crisis. A no new coal 288 

policy can play a critical role in reducing emissions and enabling investment while reducing 289 

asset stranding under the Paris climate goals. 290 

Methods 291 

Global Plant-Level Coal Data 292 

Plant-level data on the global coal fleet was obtained from the Global Coal Plant Tracker 293 

(GCPT) database by Global Energy Monitor (GEM)41. GCPT provides data on coal plants 294 

currently operating as well as those that are under construction, permitted, in pre-permit 295 

development, announced, mothballed, shelved, cancelled, and retired. The database includes 296 
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the plant location, capacity, stage of development, investor company or companies, and an 297 

estimate of the overnight capital cost and is updated every six months. We used the January 298 

2021 version of the GCPT database in our analysis. A small number of plants in the database 299 

were missing data on capacity (two plants) and the year when they began operation (2% of 300 

plants). For these, we conservatively assumed a capacity of 350 MW and a start date earlier 301 

than the design lifetime. To the extent that plants with missing data were larger or newer, this 302 

approach could lead to a slight underestimate of stranded assets in our calculations. Regional 303 

capacity factors were taken from EIA (and the capacity factor for South Korea was set to 304 

0.62)50.  305 

 306 

To calculate stranded assets by investor region, we also matched the location, by country, of 307 

the parent company headquarters for each coal plant in the dataset. First, we used fuzzy 308 

matching to connect the GCPT database with the Global Coal Exist List (GCEL) database51 309 

from Urgewald, which includes company names and locations for many coal plants. Second, for 310 

the parent company headquarters not identified in the first step (and to conduct spot checks for 311 

the automatic matches), a manual search was completed. This entailed using Google’s search 312 

engine to identify parent company headquarter locations. For parent companies with common 313 

names, both the terms “energy” and “coal” were used to specify the search. 314 

Global Change Analysis Model (GCAM) 315 

This study uses the Global Change Analysis Model (GCAM) version 5.3, an open-source 316 

integrated assessment model (IAM) developed and maintained by the Pacific Northwest 317 

National Laboratory and the Joint Global Change Research Institute at the University of 318 

Maryland (https://github.com/JGCRI). GCAM represents relationships among five global 319 

systems at various spatial scales: economics, energy, water, climate, and agriculture and land 320 

use. As market equilibrium is the operating principle for GCAM, assumptions regarding regional 321 

population and labor productivity growth are combined with physical, technological, and 322 

economic parameters to solve for equilibrium market prices and quantities.  323 

 324 

As GCAM encompasses an array of complex interactions, it continues to serve the 325 

Intergovernmental Panel on Climate Change (IPCC) in the production of Assessment Reports 326 

(ARs)52–54, Representative Concentration Pathways (RCPs)55, and Shared Socioeconomic 327 

Pathways (SSPs)56. Using a run period extending through 2100 at five-year intervals, GCAM 328 

tracks several influential climate parameters such as temperature, radiative forcing, and the 329 

emissions of 16 greenhouse gases, aerosols and short-lived species at a 0.5×0.5 degree 330 

resolution. GCAM, and IAMs more broadly, are useful for exploring the implications of different 331 

technology and policy choices for greenhouse gas reductions and climate change.  332 

Scenario Development  333 

We use the plant-level data on existing and proposed coal plants to develop scenario inputs for 334 

GCAM to explore the implications of delayed action on no new coal. We examine three 335 

scenarios for the global coal fleet: (1) all proposed plants in 2016 come online as scheduled, 336 

and growth in the global coal fleet continues at the same rate, (2) all proposed plants in 2021 337 

come online as scheduled, and (3) no new coal plants are built. For case (2) and (3) we 338 
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translate current and/or planned coal capacity into GCAM inputs and apply increasing global 339 

carbon prices to all GHG emissions to simulate pathways for meeting the 1.5 and 2°C Paris 340 

goals. We also simulate coal trajectories where coal plants live out their historical average 341 

lifetimes in the absence of policy or market forces to accelerate coal retirement. We also 342 

examine coal generation and emissions for a case where countries collectively meet their near-343 

term Nationally Determined Contributions (NDCs), which outline country-level efforts to reduce 344 

national emissions and adapt to the impacts of climate change57. See Table 1 for an overview of 345 

the scenarios included in our analysis.  346 

 347 

Table 1. Scenario Overview 348 

Scenario Name Near-Term Trend of Coal 

Buildout 

Climate Actions All Sectors Climate 

Target 

All New Coal 2016 Based on 2016 pipeline, all 

proposed coal plants are 

implemented, continued 

growth to 2050 

None None 

All New Coal 2021 Based on 2021 pipeline, all 

proposed coal plants are 

implemented, continued 

growth to 2050 

None None 

NDC Coal pathways resulted from 

economy-wide carbon price 

to reach NDC targets 

Apply the same economy-

wide carbon price to reach 

NDC targets 

NDC by 

2030 

No New Coal to 1.5°C No new coal is added after 

2020 

Immediate climate action after 

2020, applying the same 

economy-wide carbon price to 

reach the climate target 

1.5°C 

No New Coal to 2°C No new coal is added after 

2020 

Immediate climate action after 

2020, applying the same 

economy-wide carbon price to 

reach the climate target  

2°C 

All New Coal to 1.5°C Based on 2021 pipeline, all 

proposed coal plants are 

implemented by 2030; no 

new coal is added after that  

Delayed climate action until 

after 2030, applying the same 

economy-wide carbon price to 

reach the climate target  

1.5°C 

All New Coal to 2°C Based on 2021 pipeline, all 

proposed coal plants are 

implemented by 2030; no 

new coal is added after that  

Delayed climate action until 

after 2030, applying the same 

economy-wide carbon price to 

reach the climate target  

2°C 

 349 
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 350 
Figure 6. Comparison of the GCAM scenarios applied in this paper to the IAMC 1.5°C Scenario 351 

Explorer database: (a) global cumulative net CO2 emissions since 1875; (b) global net CO2 352 

emission pathways; (c) global coal power generation without carbon capture and storage (CCS). 353 

The lighter lines are scenarios from the IAMC 1.5°C Scenario Explorer58. The light blue lines 354 

indicate scenarios categorized as below 1.5 °C and 1.5°C low overshoot, and the light green 355 

lines indicate scenarios categorized as lower 2°C in the database 356 

Stranded Asset Calculations 357 

We calculate stranded assets under a 1.5 and 2°C climate policy, for cases where all coal plants 358 

currently in the pipeline are built and where no new plants are built. For each policy scenario, 359 

we extract future coal generation (at five-year time steps) from GCAM. We then compare 360 

regional generation to the levels that would be expected if all plants lived out historical average 361 

lifetimes (and operated at constant capacity factors). If these generation levels exceed those in 362 

the policy scenario, we calculate the total coal capacity that must be retired before the end of its 363 

historical average lifetime to meet the level. Retirements are organized from oldest to youngest, 364 

a conservative approach that may underestimate total stranded assets, since in some cases 365 

younger plants may retire before older plants. We calculate stranded assets as the overnight 366 

capital cost (OCC, in units of $ per kW) of each plant times the capacity (K) and the fraction of 367 

its expected lifetime (L) that it does not live out due to an earlier-than-expected retirement age 368 

(R): 369 
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 370 

Stranded Assets = OCC * K * (L - R) / L 371 

  372 

Overnight capital costs are estimated regionally from Global Energy Monitor42. 373 

 374 

  375 
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Data Availability 376 

 377 

Unit-level data on global coal-fired power plants used in this analysis are from the Global Coal 378 

Plant Tracker dataset (Global Energy Monitor, Global Coal Plant Tracker, January 2021, 379 

available at https://endcoal.org/global-coal-plant-tracker) and the Global Coal Exit List 380 

(https://coalexit.org).   381 

 382 

Code Availability 383 

 384 

The Global Change Analysis Model is an open-source integrated assessment model, available 385 

at https://github.com/JGCRI/gcam-core/releases. Data processing is conducted using R 3.6.3. 386 

All figures are created using R 3.6.3. 387 

 388 
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