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EXECUTIVE SUMMARY 

Coal generation is at a crossroads in the United States, or 

ƳƻǊŜ ǇǊŜŎƛǎŜƭȅ ŀǘ ŀ άŎƻǎǘ ŎǊƻǎǎƻǾŜǊΦέ 5ǳŜ ǘƻ ǊŀǇƛŘ ǊŜŎŜƴǘ 

cost declines for wind and solar, the combined fuel, 

maintenance, and other costs of most existing coal-fired 

power plants are now higher than the all-in costs of new 

wind or solar projects. This report compares the economics 

of each coal plant in the U.S. against the expected 

economics of potential new wind and solar plants nearby, 

using publicly available data.  

In 2019, 239 gigawatts (GW) of coal capacity was online in 

the U.S. Our research finds that in 2020, 72 percent of that 

capacity, or 166 GW, was either uneconomic compared to 

local wind or solar or slated for retirement within five years. 

Out of the 235 plants in the U.S. coal fleet, 182 plants, or 

80 percent, are uneconomic or already retiring.
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In the last two years, the cost of renewables has fallen even faster than the National Renewable 

9ƴŜǊƎȅ [ŀōƻǊŀǘƻǊȅΩǎ ŦƻǊŜŎŀǎǘ ƛƴ ƛǘǎ нлму !ƴƴǳŀƭ ¢ŜŎƘƴƻƭƻƎȅ .ŀǎŜƭƛƴŜΣ ŀƴŘ ŦŀǎǘŜǊ ǘƘŀƴ ǇǊŜŘƛŎǘŜŘ ƛƴ 

ǘƘŜ ƻǊƛƎƛƴŀƭ άCoal Cost Crossoverέ ǊŜǇƻǊǘΣ ǿƘƛŎƘ ǿŀǎ ǇǊŜǇŀǊŜŘ ƛƴ ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ ±ƛōǊŀƴǘ /ƭŜŀƴ 

Energy in 2019. In other words, the coal cost crossover trend continues to accelerate. 

As pressure on the existing coal fleet continues to build, policymakers should seize the opportunity 

today to improve consumer, public health, and climate outcomes. Policies informed by cost 

analysis of coal and renewables and focused on competitive procurement and coal asset 

securitization can enable a transition that more effectively balances utility, consumer, 

environmental, equity, and community interests. Immense savings are available across the country, 

with ample opportunities to reinvest regionally in replacement clean energy portfolios.  
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Figure 1. Aggregated plant capacity shown as percent difference between renewables LCOE and coal going-forward cost. The 
red bars indicate capacity where renewables are cost-competitive with coal and coal is deemed "uneconomic." The blue bars 
indicate capacity where coal is still cost-competitive with renewables and deemed "economic." 

https://energyinnovation.org/publication/the-coal-cost-crossover/
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INTRODUCTION 

/ƻŀƭ ƎŜƴŜǊŀǘƛƻƴ ƛǎ ŀǘ ŀ ŎǊƻǎǎǊƻŀŘǎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ƻǊ ƳƻǊŜ ǇǊŜŎƛǎŜƭȅ ŀǘ ŀ άŎƻǎǘ ŎǊƻǎǎƻǾŜǊΦέ 5ǳŜ 

to rapid recent cost declines for wind and solar, the combined fuel, maintenance, and other going-

forward costs of existing coal-fired power plants are now higher than the all-in costs of new wind 

or solar projects. This cost crossover raises questions for state policymakers regarding the 

longevity, cost-effeŎǘƛǾŜƴŜǎǎΣ ŀƴŘ Ŝǉǳƛǘȅ ƛƳǇƭƛŎŀǘƛƻƴǎ ƻŦ Ŏƻŀƭ ǇƭŀƴǘǎΩ ŎƻƴǘƛƴǳŜŘ ƻǇŜǊŀǘƛƻƴΦ CƻǊ 

ŜȄŀƳǇƭŜΣ ǿƘŀǘ ƛǎ ǘƘŜ ŜŎƻƴƻƳƛŎ ǊŀǘƛƻƴŀƭŜ ŦƻǊ ŎƻƴǘƛƴǳŜŘ ƻǇŜǊŀǘƛƻƴΚ !ƴŘ ǿƘȅ ǎƘƻǳƭŘƴΩǘ Ŏƻŀƭ Ǉƭŀƴǘǎ 

be replaced with more cost-effective, carbon-free renewable power plants? 

In 2019, Energy Innovation partnered with Vibrant Clean Energy to compile and analyze a 2018 

dataset of capital, operations, and maintenance costs for coal, wind, and solar. We found that 

62 percent of existing coal capacity was uneconomic compared to producing the same amount of 

energy locally from new wind or solar. The analysis projected that by 2025, more than 77 percent 

of the coal fleet would be unable to compete against new renewables.  

In the last two years, the cost of renewables has fallen even faster than the National Renewable 

Energy Laboratory (NREL) forecast in its 2018 Annual Technology Baseline (ATB). Additionally, the 

federal investment tax credit has been extended for small and large solar systems at 26 percent 

through 2022, 22 percent for 2023, and 10 percent indefinitely thereafter for larger systems. Wind 

qualifies for a production tax credit ($15 per megawatt-hour [MWh] for 2021). Meanwhile, the 

capacity factor of coal-fired power plants has dropped from 53 percent in 2017 to 40 percent in 

2020,1 affecting efficiency and causing fixed operational and ongoing capital maintenance costs to 

be spread over fewer hours. Given these trends, it is important to reexamine the extent of the coal 

cost crossover. 

The coal cost crossover will not in and of itself cause existing coal plants to shutterτreplacing coal 

plants with new wind and solar energy is much more complex in practice. The purpose of this report 

is to serve as a primer for stakeholders and policymakers demonstrating where the math points to 

cheaper options that could replace annual coal electricity generation at a savings to consumers. 

Any decision on how to proceed will require further modeling of grid impacts and resource 

portfolios that provide adequate reliability services. 

The following report summarizes how the coal cost crossover dataset was compiled and calculated 

using publicly available data. In short, we started with the levelized cost of energy (LCOE) of new 

wind and solar, calculated the going-forward cost of existing coal, and compared those costs within 

specified geographic regions on a plant-by-plant basis. The report next summarizes the topline 

findings with a qualitative discussion of the data. Our policy recommendations offer policymakers 

real-world implementation suggestions on how to realize consumer savings, local investments, and 

societal benefits resulting from the coal cost crossover.  

To increase access and visibility of these findings, we produced an interactive data visualization 

feature based on this analysis. We encourage readers to visit the page and share the graphics.  

 

 

https://energyinnovation.org/publication/the-coal-cost-crossover/
https://visual.energyinnovation.org/coal-cost-crossover-2.0/
https://visual.energyinnovation.org/coal-cost-crossover-2.0/
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DATA METHODOLOGY 

WIND AND SOLAR LCOE 

We reviewed onshore wind and utility-scale solar resources using outputs from the Regional Energy 

Deployment System (ReEDS) model, developed by NREL.2 ReEDS provides a detailed look at the 

North American electric power sector, including generation, transmission, and end-use 

technologies. Using ReEDS, we generated LCOE values (which are all-in estimates of the cost of 

energy output in megawatt-hours, taking into account the entire capital expenditure, operations, 

and maintenance costs) for onshore wind and utility-scale solar.3 We also used the 2020 values 

from the 2020 edition of the NREL Annual Technology Baseline to gather inputs for the ReEDS 

model, including capital cost and performance.4 Our LCOE values are evaluated within ReEDs 

regions, which we describe in greater detail below. After providing context for the geographic 

regions we assessed, we lay out how we calculated LCOEs and coal going-forward cost, and how 

we determined whether solar or wind could entirely displace annual coal generation at a given 

plant cost effectively. 

UNDERSTANDING WIND AND SOLAR REGIONS 

²ƛǘƘƛƴ ǘƘŜ ŎƻƴǘƛƎǳƻǳǎ ¦Φ{ΦΣ wŜ95{ ŘŜŦƛƴŜǎ моп άōŀƭŀƴŎƛƴƎ ŀǊŜŀǎΦέi Within those balancing areas, 

there are 356 further subdivided regions, called resource supply regions, which characterize the 

wind resource quality and supply. Balancing areas never cross state lines nor straddle multiple 

regional transmission operators, and they roughly (but not completely) correspond to existing 

utility service territories and balancing area authorities.ii The utility-scale photovoltaic solar 

ǊŜǎƻǳǊŎŜ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ŀǾŀƛƭŀōƭŜ ŀǘ ǘƘŜ άōŀƭŀƴŎƛƴƎ ŀǊŜŀέ ƭŜǾŜƭΣ ŀƴŘ ǘƘŜ ǳǘƛƭƛǘȅ-scale onshore wind 

ǊŜǎƻǳǊŎŜ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ŀǾŀƛƭŀōƭŜ ŀǘ ǘƘŜ άǊŜǎƻǳǊŎŜ ǎǳǇǇƭȅ ǊŜƎƛƻƴέ ƭŜǾŜƭΦ ¢ƘŜ ŘƛŦŦŜǊƛƴƎ ǎǇŀǘƛŀƭ 

resolution of these two categories is intended to reflect the granularity of the quality and quantity 

differences of specific resource supplies. 

 

 
i Note that this is a ReEDS-specific term and should not be confused with the balancing areas regulated by the North 
American Electric Reliability Corporation and the Federal Energy Regulatory Commission. 
ii ά.ŀƭŀƴŎƛƴƎ ŀǊŜŀǎέ ŀǊŜ ǘŜǊƳǎ ƻŦ ŀǊǘ ƛƴ wŜ95{Σ ŘŜŦƛƴed by the model to approximate the rough location, geography, and 
number of authorities that actually managed and balanced the grid when the model was developed. Many utilities are 
ŀƭǎƻ ōŀƭŀƴŎƛƴƎ ŀǳǘƘƻǊƛǘƛŜǎΦ bw9[ ŘŜŦƛƴŜǎ ŀ ōŀƭŀƴŎƛƴƎ ŀǳǘƘƻǊƛǘȅ ŀǎΣ ά¢ƘŜ ǊŜǎponsible entity that integrates resource plans 
ahead of time, maintains load-interchange-generation balance within a balancing authority area, and supports 
ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴ ŦǊŜǉǳŜƴŎȅ ƛƴ ǊŜŀƭ ǘƛƳŜΦέ {ŜŜΣ ŜΦƎΦΣ ά.ŀƭŀƴŎƛƴƎ !ǊŜŀ /ƻƻǊŘƛƴŀǘƛƻƴΥ 9ŦŦƛŎƛŜƴǘƭȅ LƴǘŜƎǊating Renewable 
9ƴŜǊƎȅ ƛƴǘƻ ǘƘŜ DǊƛŘΣέ bŀǘƛƻƴŀƭ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ [ŀōƻǊŀǘƻǊȅΣ https://www.nrel.gov/docs/fy15osti/63037.pdf. 

https://www.nrel.gov/docs/fy15osti/63037.pdf


 

5 EI  |  COAL COST CROSSOVER 2.0 

 

 

 

The ReEDS model provides an irradiance profile for potential utility-scale solar sites for a 100 

megawatt (MW) system within a balancing area. Factors that are incorporated into the potential 

wind evaluation include siting potential for a 100 MW system and mapping of hourly wind speeds.  

We also used GIS software to match coal plants to their specific ReEDS regions for wind and solar 

ŀƴŘ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ŀǇǇǊƻȄƛƳŀǘŜ ŀǊŜŀ ƻŦ ŀ ƎƛǾŜƴ ǊŜƎƛƻƴΣ ǘƻ ƎƛǾŜ ŀ ǎŜƴǎŜ ƻŦ Ƙƻǿ άƭƻŎŀƭέ ǿƛƴŘ ŀƴŘ 

solar resources are in this dataset. On average, the solar regions containing coal plants have an 

area of 28,000 square miles.iii On average, the wind regions containing coal plants have an area of 

9,500 square miles.iv Assuming each region approximates a circular shape, the diameter of the 

largest solar region would be 360 miles (190 mile average), while the diameter of the largest wind 

region would be 240 miles (110 mile average). These are theoretical maximumsτwe do not model 

the exact physical location of the solar and wind resources vis-à-vis coal plants, but instead 

represent the LCOEs according to regional availability. 

Based on our 2019 analysis with Vibrant Clean Energy, we expect that the vast majority of coal 

plants in the dataset have viable wind and solar resources located in close proximity. The 2019 

analysis showed ample high-quality wind and solar project sites within 35 miles of every coal plant 

 

 
iii The solar regions containing coal plants have an area range of 2,000-102,000 mi2, with a median of 22,000 mi2. 
iv The wind regions containing coal plants have an area range of 1,150-45,200 mi2, with a median of 6,600 mi2. 

Figure 2. NREL map showing ReEDS regions, which includes 134 solar balancing areas and 356 wind resource 
supply regions. 
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in the U.S. Solar is particularly ubiquitous. Because solar irradiance does not vary widely by 

location,5 any suitable site near a coal plant will yield LCOEs close to those found in this updated 

dataset based on ReEDS regions. Wind capacity factors, however, vary widely within relatively small 

regions, making replacement with hyper-local resources particularly uncertain, especially because 

both large solar and wind require large expanses of available land. As such, the solar regions can 

be considered conservative, whereas the 110-mile average diameter for wind regions is a more 

accurate measure of wind proximity to coal plants. 

CALCULATING LCOE 

We calculated wind and solar LCOEs for comparison with each coal plant within the same ReEDS 

region. The LCOEs were weighted based on the resource supply in each resource class, prioritizing 

the highest-quality resource classes within a given ReEDS region until it completely displaced the 

2019 EIA-reported annual generation for a given coal plant. So effectively, we found the weighted 

average LCOEs, which reflect the cost of replacing all 2019 coal generation at a specific plant based 

on resource cost and availability in the ReEDS region in which that plant is located. 

From the ATB 2020 dataset, we used the 2022 cost inputs for solar and the 2023 inputs for wind 

to reflect the value of solar and wind when contracts are signed. This is the same timeline ReEDS 

ǳǎŜǎ ǘƻ ŀŎŎƻǳƴǘ ŦƻǊ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǘŀȄ ŎǊŜŘƛǘǎΣ ŦƻǊ ǿƘƛŎƘ ŘŜǾŜƭƻǇŜǊǎ Ŏŀƴ ǉǳŀƭƛŦȅ ōȅ άŎƻƳƳŜƴŎƛƴƎ 

ŎƻƴǎǘǊǳŎǘƛƻƴΣέ ǊŀǘƘŜǊ ǘƘŀƴ ŦƛƴƛǎƘƛƴƎ ŀ ƎƛǾŜƴ ǇǊƻƧŜŎǘΦ   

Within the solar balancing areas and wind resource supply regions, ReEDS provides additional 

granularity on resource supplyτup to 10 resource class bins for wind and seven for solar.v The 

resource class bins are based on resource quality, so the respective LCOE value of each successive 

resource class bin scales directionally. ReEDS provides a supply curve by specifying how much wind 

or solar capacity might be sited in each resource bin. Regional cost estimates also include capital 

cost multipliers to account for different land, labor, and other project costs.  

We incorporate the federal production tax credit of $15/MWh for wind and 26 percent federal 

investment tax credit for 2021.vi  

The following charts show the resulting statistical LCOE values: 

 

 

 

 

 

 
v Each resource class bin is further subdivided by distance from the transmission grid, to enable calculation of 
interconnection costs, but those were not included in this analysis. 
vi See the Appendix for more details on how we estimated realized wind PTC subsidy. 

Wind($/MWh) 

Average $    36.49 

Min $    20.95 

Max $    70.87 

Median $    33.58 

Solar ($/MWh) 

Average $    33.96 

Min $    25.80 

Max $    42.22 

Median $    33.95 

Figure 3. The charts show the statistical solar and wind LCOE values for ReEDS regions that include coal plants, including 
the average, minimum, maximum, and median values. 
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COAL GOING -FORWARD COSTS 

We developed an estimate of the going-forward costs of running U.S. coal plants using publicly 

ŀǾŀƛƭŀōƭŜ Řŀǘŀ ŦǊƻƳ ǘƘŜ ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΩǎ 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ƎŜƴŎȅ ό9L!ύΣ ǘƘŜ CŜŘŜǊŀƭ 

Energy Regulatory Commission (FERC), and the U.S. Environmental Protection Agency (EPA). We 

compiled a list of 235 U.S. coal plants operated by utilities and independent power producers, 

excluding plants used for combined heat and power, with a tiered system indicating our degree of 

confidence ƛƴ ŜŀŎƘ ǇƭŀƴǘΩǎ ǇŀǊǘƛŎǳƭŀǊ ŜǎǘƛƳŀǘŜΦ ¢ƘŜ ƎƻƛƴƎ-forward cost estimate for each coal plant 

in our master list is the sum of three principal components: cost of fuel, operations and 

maintenance costs, and going-forward costs for capital investments needed to continue operating 

the plant. 

COMPARING RENEWABLES LCOE TO COAL GOING-FORWARD COSTS 

Using the calculated plant-level weighted average LCOEs for wind and solar and plant-level going-

forward coal cost, we compare the three values to determine to what extent the U.S. coal fleet is 

ŎǳǊǊŜƴǘƭȅ άǳƴŜŎƻƴƻƳƛŎΦέ ²Ŝ ǳǎŜ άǳƴŜŎƻƴƻƳƛŎέ ƛƴ ǘƘŜ ǎŜƴǎŜ ǘƘŀǘ ƛǘ ǿƻǳƭŘ ōŜ ƳƻǊŜ Ŏƻǎǘƭȅ ǘƻ 

continue operating existing coal plants compared to building new nearby wind or solar plants to 

fully displace the current annual generation from those coal plants. 

More detail is available in the appendix below and the companion dataset to this report. 

COAL TO RENEWABLES COST CROSSOVER FINDINGS 

RENEWABLES AND COAL COST COMPARISON 

     Our top-level findings include: 

1. Of existing U.S. coal capacity, 72 percent is more costly to operate than new nearby wind 
and solar, or is slated to retire by 2025. 

2. Of existing U.S. coal plants, 80 percent are more costly to operate than new nearby wind 
and solar, or are slated to retire by 2025. 

 

 
Figure 4. Aggregated plant capacity shown as percent difference between renewables LCOE and coal going-forward cost. The 
red bars indicate capacity where renewables are cost-competitive with coal and coal is deemed "uneconomic." The blue bars 
indicate capacity where coal is still cost-competitive with renewables and deemed "economic." 

https://energyinnovation.org/wp-content/uploads/2021/05/Coal-Cost-Crossover-Dataset-2021.xlsx
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Our top-level findings show that the annual energy produced by a vast majority of the existing coal 

plants in the U.S. could be replaced by nearby wind or solar at a cost savings. U.S. coal economics 

have worsened substantially since our original analysis, which found that, as of 2018, 62 percent 

of coal capacity was uneconomic compared to local wind or solar. In addition, an estimated 16 GW 

of coal capacity has retired since the 2018 analysis. Our original analysis projected uneconomic coal 

capacity in the U.S. to be 77 percent by 2025τa pace that was almost reached in 2020.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Our current analysis focused on whether solar or wind could entirely displace annual coal 

generation at a given plant cost effectively. The maps below show how, in many cases, solar and 

wind are both economically competitive options, although there can still be large cost differentials 

between the two clean resources even when they both beat coal on cost. That said, to displace 

uneconomic coal, policymakers should consider a portfolio of clean resources, including storage 

and demand-side resources, that is more varied than either entirely utility-scale solar or entirely 

utility-scale onshore wind projects.  

Figure 5. Comparison of our original analysis of renewables and coal cost-competitiveness, which includes a 2025 
projection, to this most recent analysis. The comparison highlights that the projected 2025 coal uneconomic status 
was almost reached by 2020, indicating that the coal cost crossover is happening faster than we anticipated. 
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Figure 6a. These maps show how, in many cases, solar and wind are both economically competitive options 
compared to coal, although there can still be large cost differentials between the two clean resources even when 
they both beat coal on cost, especially based on geographic region. This first map shows where wind or solar are the 
least cost resource, the other maps show the same but also indicate plants where both wind and solar beat coal on 
cost. 
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Figure 6b. This second map has purple dots where wind and solar are cheaper than coal and have a 2 percent 
difference in cost. 
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Figure 6c. The third map has purple dots where wind and solar are cheaper than coal and have a 10 percent 
difference in cost. 
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Our analysis is intended to give both a high-level view of the existing U.S. coal fleet and a plant-by-

plant look at how each is doing economically. As with any modeling exercise, we made general, 

ǎƛƳǇƭƛŦȅƛƴƎ ŀǎǎǳƳǇǘƛƻƴǎΦ ¢ƘŜ ǎǇŜŎƛŦƛŎ άǳƴŜŎƻƴƻƳƛŎέ ǎǘŀǘǳǎ ǘƻǇƭƛƴŜǎ ŀǊŜ ƭƛƪŜƭȅ ƴƻǘ ŜȄŀŎǘΦ hŦ ǘƘŜ 

roughly 239 GW of coal plants analyzed, roughly 50 GW (~20 percent) are within a plus or minus 

10 percent buffer of our economic viability criterion. Many large coal plants are just barely 

economic, based on our analysis, and will likely become uneconomic if renewable costs keep 

declining or coal capacity factors decrease.  

PUBLIC HEALTH & CLIMATE IMPACTS 

Coal plants emit a host of emissions. We collaborated with the Catalyst Cooperative to match plant 

boilers with the coal plant generators included in each coal plant in our dataset. We then collected 

ŜƳƛǎǎƛƻƴǎ Řŀǘŀ ŦǊƻƳ 9t!Ωǎ нлмф ŜDwL5 ŘŀǘŀōŀǎŜ ŦƻǊ ŜŀŎƘ ōƻƛƭŜǊ ŀƴd aggregated these figures at 

the coal fleet level.6 ¢ƘŜ ŘŀǘŀōŀǎŜ ƛǎƴΩǘ ŎƻƳǇǊŜƘŜƴǎƛǾŜΣ ōǳǘ ƛǘ ŘƻŜǎ ǇǊƻǾƛŘŜ ŘŜǘŀƛƭŜŘ ƛƴŦƻǊƳŀǘƛƻƴ 

on carbon dioxide (CO2), nitrogen oxides (NOx), and sulfur dioxide (SO2) emissions.  

Figure 6d. The fourth map has purple dots where wind and solar are cheaper than coal and have a 20 percent 
difference in cost. 

 


