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!ƳŜǊƛŎŀ Ƙŀǎ ƻŦŦƛŎƛŀƭƭȅ ŜƴǘŜǊŜŘ ǘƘŜ άŎƻŀƭ Ŏƻǎǘ 

ŎǊƻǎǎƻǾŜǊέ ς where existing coal is increasingly 

more expensive than cleaner alternatives.  Today, 

local wind and solar could replace approximately 

74 percent of the U.S. coal fleet at an immediate 

savings to customers. By 2025, this number grows 

to 86 percent of the coal fleet.   

This analysis complements existing research2 into 

the costs of clean energy undercutting coal costs, 

by focusing on which coal plants could be replaced 

locally (within 35 miles of the existing coal plant) 

at a saving.  

It suggests local decision-makers should consider 

plans for a smooth shut-down of these old plantsτ

assessing their options for reliable replacement of 

that electricity3, as well as financial options for 

                                                       
1 The authors would like to thank Joe Daniel, Harriet Moyer Aptekar, Jeremy Fisher, Uday Varadarajan, Ric 
hΩ/ƻƴƴŜƭƭΣ ¢ŀȅƭƻǊ aŎbŀƛǊΣ and Sonia Aggarwal for their helpful feedback on this report. Any remaining errors are the 
responsibility of the authors. 
2 Carbon Tracker Institute, No Country for Coal Gen ς Below 2° C and Regulatory Risk for US Coal Power Owners, 
September 2017, https://www.carbontracker.org/reports/no-country-for-coal-gen-below-2c-and-regulatory-risk-
for-us-coal-power-owners/; Pacificorp, 2019 Integrated Resource Plan (IRP) Public Input Meeting, December 2018, 
https://www.eenews.net/assets/2018/12/05/document_cw_01.pdf. 
3 Joshua Novacheck, Greg Brinkman, and Gian Porro, Operational Analysis of the Eastern Interconnection at Very 
High Renewable Penetrations, National Renewable Energy Laboratory, September 2018, 
https://www.nrel.gov/docs/fy18osti/71465.pdf; Mark Dyson and Alex Engel, A Low-Cost Energy Future for Western 
Cooperatives, Rocky Mountain Institute, 2018, https://www.rmi.org/wp-
content/uploads/2018/08/RMI_Low_Cost_Energy_Future_for_Western_Cooperatives_2018.pdf. 
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communities dependent on those plants4.   

Ultimately, this report begins a longer conversation about the most cost-effective 

replacement for coal, which may include combinations of local or remote wind, 

solar, transmission, storage, and demand response.  

INTRODUCTION & RESULTS 

Coal generation is at a crossroads ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ƻǊ ƳƻǊŜ ǇǊŜŎƛǎŜƭȅ ŀǘ ŀ άŎƻǎǘ ŎǊƻǎǎƻǾŜǊΦέ 

Due to the rapid recent cost decline of wind and solar,5 the combined fuel, maintenance, and 

other going-forward costs of coal-fired power from many existing coal plants is now more 

expensive than the all-in costs of new wind or solar projects.  This cost crossover raises 

substantial questions for regulators and utilities as to why these 

coal plants should keep running instead of new renewable power 

plants. 

To determine which coal plants are facing this cost crossover with 

renewables, Energy Innovation partnered with Vibrant Clean 

Energy (VCE) to compile a dataset of coal, wind, and solar costs.6  

For simplicity, the modeling compares each coal plŀƴǘΩǎ ƳŀǊƎƛƴŀƭ 

cost of energy (MCOE) to the lowest levelized cost of energy 

(LCOE) for wind or solar resource localized around that coal plant.  

Restricting replacement to local resources makes this analysis 

conservative, considering most coal, wind, and solar all travel from 

more remote locations to load centers via transmission. 

Our research finds that in 2018, 211 gigawatts (GW) of existing 

(end of 2017) U.S. coal capacity, or 74 percent of the national 

fleet, was at risk from local wind or solar that could provide the 

same amount of electricity more cheaply. By 2025, at-risk coal 

increases to 246 GW ς nearly the entire U.S. fleet.7  

                                                       
4 {ƻƴƛŀ !ƎƎŀǊǿŀƭΣ ά.ƛƭƭƛƻƴǎ !ǘ {ǘŀƪŜΥ {ƘƻǳƭŘ ²Ŝ LƴǾŜǎǘ Lƴ {ǘǊǳƎƎƭƛƴƎ tƻǿŜǊ tƭŀƴǘǎ hǊ /ƻƳƳǳƴƛǘƛŜǎ CŀŎƛƴƎ /ƭƻǎǳǊŜǎΚέ 
Forbes, August 23, 2018, https://www.forbes.com/sites/energyinnovation/2018/08/23/billions-at-stake-should-we-
invest-in-struggling-power-plants-or-communities-facing-closures/#b62238a1f687.   
5 aŜƎŀƴ aŀƘŀƧŀƴΣ άtƭǳƴƎƛƴƎ tǊƛŎŜǎ aŜŀƴ .ǳƛƭŘƛƴƎ bŜǿ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ Lǎ /ƘŜŀǇŜǊ ¢Ƙŀƴ wǳƴƴƛƴƎ 9ȄƛǎǘƛƴƎ /ƻŀƭΣέ 
Forbes, December 3, 2018, https://www.forbes.com/sites/energyinnovation/2018/12/03/plunging-prices-mean-
building-new-renewable-energy-is-cheaper-than-running-existing-coal/.  
6 ±/9Ωǎ ²L{ΥŘƻƳ ƳƻŘŜƭ ǳǎŜǎ ƎǊŀƴǳƭŀǊ ǿƛƴŘ ǎǇŜŜŘ ŀƴŘ ǎƻƭŀǊ ƛǊǊŀŘƛŀƴŎŜ Řŀǘŀ ŦƻǊ ƴƛƴŜ-square-kilometer (3-km x 3-km) 
cells across the entire U.S. to paint an accurate picture of LCOE, making this a uniquely granular analysis.   
7 The VCE compiled dataset computes approximately 286 GW of coal-fired power plants as of January 1st, 2018. 
Since that date, rapid retirements and re-firing with natural gas has occurred, in part, due to the cost pressure that 
we identify in this study. 

Definitions in this analysis: 

ά[ƻŎŀƭέ means within 35 miles. 

ά!ǘ Ǌƛǎƪέ coal means local wind or 

ǎƻƭŀǊ ŎƻǳƭŘ ǊŜǇƭŀŎŜ ǘƘŜ Ŏƻŀƭ ǇƭŀƴǘΩǎ 

total output (on a kilowatt-hour 

basis) at an all-in cost lower than 

ǘƘŜ ŜȄƛǎǘƛƴƎ Ŏƻŀƭ ǇƭŀƴǘΩǎ ƻƴƎƻƛƴƎ 

marginal costs. 

ά{ǳōǎǘŀƴǘƛŀƭƭȅ ŀǘ Ǌƛǎƪέ coal means 

local wind or solar could replace 

ǘƘŜ Ŏƻŀƭ ǇƭŀƴǘΩǎ ǘƻǘŀƭ ƻǳǘǇǳǘ ŀǘ ŀƴ 

all-in cost >25% lower than the 

ŜȄƛǎǘƛƴƎ Ŏƻŀƭ ǇƭŀƴǘΩǎ ƻƴƎƻƛƴƎ 

marginal costs. 

https://www.forbes.com/sites/energyinnovation/2018/08/23/billions-at-stake-should-we-invest-in-struggling-power-plants-or-communities-facing-closures/#b62238a1f687
https://www.forbes.com/sites/energyinnovation/2018/08/23/billions-at-stake-should-we-invest-in-struggling-power-plants-or-communities-facing-closures/#b62238a1f687
https://www.forbes.com/sites/energyinnovation/2018/12/03/plunging-prices-mean-building-new-renewable-energy-is-cheaper-than-running-existing-coal/
https://www.forbes.com/sites/energyinnovation/2018/12/03/plunging-prices-mean-building-new-renewable-energy-is-cheaper-than-running-existing-coal/
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Furthermore in 2018, 94 GW of existing U.S. coal capacity was deemed substantially at risk from 

new local wind and solar that could undercut ongoing costs of existing coal by at least 25 

percent. By 2025, substantially at risk coal increases to 140 GW ς almost half the U.S. fleet ς 

even as federal renewable energy tax credits phase out.  Given uncertainties in publicly available 

Ŏƻŀƭ Ŏƻǎǘ ŘŀǘŀΣ ǘƘŜ ǘƛŜǊ ƻŦ Ŏƻŀƭ Ǉƭŀƴǘǎ άsubstantially at riskέ ŎƻǳƭŘΣ ǿƛǘƘ ƘƛƎƘ ŎƻƴŦƛŘŜƴŎŜΣ ōŜ 
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replaced with renewable energy at an immediate cost savings. State-by-state data detailing 

these findings are available as a companion to this report. 

The VCE dataset reveals the going-forward costs for the vast majority of coal plants fall between 

$33 ς 111 / megawatt-hours (MWh).  Costs in 2018 for solar are more tightly clustered, between 

$28 ς 52 / MWh, while wind costs vary more widely based on locational resource quality, falling 

between $13 ς 88 / MWh, with a high number of very costly outliers in windless regions.   

The crossover between new renewable and coal running costs is just one important part of 

shutting down existing coal plants ς replacing coal plants with new wind and solar energy is 

much more complex in practice.  The purpose of this report is to act as a conversation primer for 

stakeholders and policymakers where the math points to cheaper options that could replace coal 

plants at a savings to customers.  Any decision on how to proceed will require further modeling 

of grid impacts and alternative sources of reliability services, as well as the possibility for even 

cheaper renewable replacements further away than the 35-mile maximum radius considered in 

this report.8 

Regardless, any coal plant failing the cost crossover test should be a wake-up call for 

policymakers and local stakeholders that an opportunity for productive change exists in the 

immediate vicinity of that plant.   

Building local renewables in the immediate vicinity of coal plants implies wind and solar could 

replace local jobs, expand the tax base, reuse existing transmission, and locate in the same utility 

service territory.  But these constraints are quite restrictive.  Utility planners, regulators, and 

customers could save additional money by looking further afield. For example, Colorado plans to 

replace its coal fleet with strategically located wind and solar resources around the state.9  The 

VCE WIS:dom model and others can accurately analyze the viability of transitioning from 

dispatchable power sources like coal to variable resources like wind and solar.  

¢ƘŜ ǳƴǇŀƛŘ ŎŀǇƛǘŀƭ ōŀƭŀƴŎŜ ƻǿŜŘ ǘƻ ƛƴǾŜǎǘƻǊǎ ƛƴ Ŏƻŀƭ Ǉƭŀƴǘǎ Ŧŀƭƭǎ ƻǳǘǎƛŘŜ ŀ Ŏƻŀƭ ǇƭŀƴǘΩǎ a/h9Φ  

Though this balance ǎƘƻǳƭŘ ƴƻǘ ŦŀŎǘƻǊ ƛƴǘƻ ǘƘŜ ŜŎƻƴƻƳƛŎ Ǿƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ Ǉƭŀƴǘ όŀŦǘŜǊ ŀƭƭΣ ƛǘΩǎ ŜŀǎƛŜǊ 

to repay debt if utilities are meeting current obligations more cheaply), potential stranded asset 

value of at-risk coal plants reaches into the tens of billions.  A recent series of !ƳŜǊƛŎŀΩǎ tƻǿŜǊ 

Plan policy briefs10 highlight different financial tools policymakers can consider to retire 

uneconomic coal-fired generation while balancing consumer, community, and investor concerns.  

                                                       
8 ±/9Ωǎ ŀƭƎƻǊƛǘƘƳ ǎŜƭŜŎǘŜŘ ǿƛƴŘ ƻǊ ǎƻƭŀǊ ǊŜǎƻǳǊŎŜǎ ƛƳƳŜŘƛŀǘŜƭȅ ŀŘƧŀŎŜƴǘ ǘƻ ǘƘŜ Ŏƻŀƭ ǇƭŀƴǘΣ ŀƴŘ ƳƻǾŜŘ ƻǳǘǿŀǊŘ ǳƴǘƛƭ 
renewable energy replaced the output of the coal plant. 35 miles is the furthest away from the coal plant the model 
had to go to fill this need. The algorithm is described in Appendix C. 
9 ά/ƻƭƻǊŀŘƻ 9ƴŜǊƎȅ tƭŀƴΣέ ·ŎŜƭ 9ƴŜǊƎȅΣ 
https://www.xcelenergy.com/company/rates_and_regulations/resource_plans/colorado_energy_plan. 
10 άaŀƴŀƎƛƴƎ ¢ƘŜ ¦ǘƛƭƛǘȅ CƛƴŀƴŎƛŀƭ ¢Ǌŀƴǎƛǘƛƻƴ CǊƻƳ /ƻŀƭ ǘƻ /ƭŜŀƴΣέ 9ƴŜǊƎȅ LƴƴƻǾŀǘƛƻƴΥ tƻƭƛŎȅ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ [[/Σ 
https://energyinnovation.org/publication/managing-the-utility-financial-transition-from-coal-to-clean-2/.  

https://energyinnovation.org/wp-content/uploads/2019/03/Coal-Cost-Crossover-National-Dataset.xlsx
https://www.xcelenergy.com/company/rates_and_regulations/resource_plans/colorado_energy_plan
https://energyinnovation.org/publication/managing-the-utility-financial-transition-from-coal-to-clean-2/
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CORE DATASETS 

This report uses two data sources to construct its unique plant-by-plant analysis:  LCOE and 

MCOE.  Current and future LCOE data for wind and solar projects are on a fine resolution scale, 

allowing policymakers to directly see wind and solar opportunities in their geography.  VCE has 

created several high-resolution wind and solar LCOE maps across the U.S. using detailed weather 

models for power production at a nine-km2 geographic resolution, multiple wind hub-heights, 

and a five-minute temporal resolution.  Modeling details are provided in Appendices A & B. 

The wind and solar LCOE maps in this report include 2018 LCOE estimates by VCE for each 

technology, including current tax benefits and regional cost modifiers.  They clearly show 

attractive pricing for both technologies across the U.S. as low as $15 per MWh for wind and 

$28/MWh for solar in 2018.  Note that wind LCOEs have more geographic variation and hence 

the color scales differ from the solar color scales.   

We also include the VCE 2025 estimates of wind and solar LCOE using the low-case NREL Annual 

Technology Baseline (ATB)11 cost projections.  In 2025, despite the loss of federal tax 

incentives,12 future cost declines mean that future pricing continues to be attractive.  High-

resolution images of the wind and solar LCOE maps are available for download, allowing users to 

zoom in at a fine-scale.   

VCE also provided plant-by-plant estimates of the current MCOE for U.S. coal plants. This dataset 

was created for existing U.S. coal-fired power plants by combining publicly available information.  

Data was collected from FERC Form 1, EIA Form 860, and EIA Form 923 for the calendar year 

2017. The extracted information includes amount of fuel burned, average power plant heat rate, 

emission factors, capital investments, pollution controls, fixed operations and maintenance 

(O&M) costs, and variable O&M costs.   

The MCOE combines fuel and variable costs based on the operation and maintenance (O&M) of 

power plants, as well as the fixed O&M and the ongoing capital spending for pollution controls 

and other upgrades to the power plant. Those later fixed costs were converted to $/MWh, using 

plant-specific capacity factors.  For plants in regular use (capacity factors over 33%) this analysis 

shows a wide range of MCOEs, from $25 / MWh to $104 / MWh.  For smaller capacity factors, 

the MCOE values quickly climb even higher, as O&M expenses are spread over fewer and fewer 

hours, and efficiency plummets. High-resolution images of the maps showing coal operational 

costs compared new renewables.  

                                                       
11 ά!ƴƴǳŀƭ ¢ŜŎƘƴƻƭƻƎȅ .ŀǎŜƭƛƴŜΣέ National Renewable Energy Laboratory, August 2018, https://atb.nrel.gov/. These 
ŜǎǘƛƳŀǘŜǎ ŀǊŜ ƧǳǎǘƛŦƛŀōƭŜ ŘǳŜ ǘƻ Ŏƻǎǘ ŘŜŎƭƛƴŜǎ ǘƻŘŀȅ ǘƘŀǘ ƛƴŘƛŎŀǘŜ ǿŜΩǊŜ ŀƭǊŜŀŘȅ ǊŜŀŎƘƛƴƎ ǘƘŜ bw9[ !¢. ƳƛŘ-case 
numbers. 2018-vintage contracts for wind and solar are available from Level 10. 
12 άwŜƴŜǿŀōƭŜ 9ƭŜŎǘǊƛŎƛǘȅ tǊƻŘǳŎǘƛƻƴ ¢ŀȄ /ǊŜŘƛǘ όt¢/ύΣέ ¦ƴƛǘŜŘ {ǘŀǘŜǎ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΣ 
https://www.energy.gov/savings/renewable-electricity-production-tax-credit-ptc  

https://www.dropbox.com/sh/owqbtp58b7jr1vr/AAC9vSiWR_2Pa6sq8ZLGu32ea?dl=0
https://www.dropbox.com/sh/msb4kcipqmjymsu/AACLLnh8sOO8iyisF6_H_bkaa?dl=0
https://atb.nrel.gov/
https://www.energy.gov/savings/renewable-electricity-production-tax-credit-ptc
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Map of the levelized cost of energy for U.S. solar photovoltaic projects in 2018 using VCE dataset 

 

Map of the levelized cost of energy for U.S. wind projects in 2018 using VCE dataset 

 


