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more expensive than cleaner alternatives. Toda
local wind and solar could replaagproximately
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savings to customers. By 2025, this number grow coAL TO RENEWABLES OST
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communitiesdependent on those plants

Ultimately, this report begins a longer conversation about the mostefbsttive
replacement for coal, which may include combinations of locedmapte wind,

solar, transmission, storage, and demand response.
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Due to the rapid recent cost decline of wind and sothe combined fuel, maintenance, and
other goingforward costs of codired power frommany existing coal plants is now more
expensive than the ailh 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 renewablepo
plants.

To determine which coal plants are facing this cost crossover \
renewables, Energy Innovation partnered with Vibrant Clean
Energy (VCE) to compile a dataset of coal, wind, and solaP cos
For simplicity, the modeling compares each cdahpli Qa Y|
cost of energyMICOE to the lowest levelized cost of energy
(LCOE) for wind or solar resource localized around that coal p
Restricting replacement to local resources makes this analysis
conservative, considering most coal, wind, avldrsall 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 thatilcbprovide the
same amount of electricity more cheaply. By 2025is&tcoal

Definitionsm this analysis:
G [ 2 @eahséwithin 35 miles.

a! G chdhndehns local wind or
a2t N O2dzZ R NS L
total output (on a kilowathour
basis) at an alh cost lower than
GKS SEA&GAY3 O2
marginal costs.

G{ dzo a4 y (dodl mears
local wind or solar could replace
GKS O2If LXIydQ
alkin cost >25% lower than the
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marginal costs.
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increases to 246 G\Whnearly the entire U.S. fleét.
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Forbes August 23, 201&ittps://www.forbes.com/sites/energyinnovation/2018/08/23/billicas stakeshouldwe-

investin-strugglingpower-plantsor-communitiesfacingclosures/#b62238al1f687
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Forbes December 3, 2018ttps://www.forbes.com/sites/energyinnovation/2018/12/03/plungipgicesmean

buildingnewrenewableenergyis-cheaperthanrunningexistingcoal/.
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cells acros the entire U.S. to paint an accurate picture of LCOE, making this a uniquely granular analysis.

"The VCE compiled dataset computes approximately 286 GW difedagdower plants as of Januar, 2018.
Since that date, rapid retirements aredfiring with natural gas has occurred, in part, due to the cost pressure that

we identify in this study.

LJ!

t 26SNI t I

tENGA COSYAS NS YL & dEAKE SIALYSENI beSksl yiv Snycs

aztrhr N


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/

Furthermore in 2018,8GW of existing U.S. coal capaaigs deemedgubstantiallyat 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 14Qdbwost half the U.S. fleet

even as federal renewable energy tax credits phase®iven uncertainties in publicly available
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Cost of Operating Existing Coal-Fired Power Plants
Compared with Building New Wind or Solar within 35 Miles (2018)
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replaced with renewable energy at an immediate cost sav@tggeby-state dataas well ag
nationatlevel datasetletailing these findings are availaas a companion to this report

The VCE dataset reveals the gdmgvard costs for the vast majority of coal plants fall between
$33¢ 111 /megawatthours MWh). Costs in 2018r solar are more tightly clustered, between
$28¢ 52 / MWh, while wind costs vary more widely based ortilmtal resource quality, falling
between $13; 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 plargseplacng 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 sangs 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 thend® maximum radis considered in

this report®

Regardless, any coal plant failing the cost crossover test should be-apeaddefor
policymakers and local stakeholders that an opportunity for productive change exists in the
immediate vicinity of that plant.

Buildinglocal 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 restrictivelitydplanners, 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 tht Elate.

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

dispatchable power sources like coal to variable resources like wind and solar.
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to repay debt if utilities are meeting current obligations more cheaply), potential stranded asset

value of atrisk coal plants reaches into the tens of billions. A resemgs ol YSNA O Qa t 24 S
Plan policy briet8 highlight different financial tools policymakers can consider to retire

uneconomic codiired generation while balancing consumer, community, and investor concerns.
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renewable energy replaced the outpof 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.
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CORE DATASETS

This report uses two data s@es to construct its unique plabi-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 higresolution wind and solar LCOE maps across the U.S. using detailed weather
models for power productioat anine-kn? geographic resolutigrmultiple wind hukheights,

and afive-minutetemporal resolution.Modeling details are providen 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 thg.las 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 usinectmel NREL Annual
Technology Baseline (AIBgost projections. In 2025, despite the loss of federal tax
incentives] 2 future cost declines mean that future pricing continues to be attractive.- High
resolution images of theind and solar LCOE mape available for download, allowing users to
zoom in at a finescale.

VCE also provided plaby-plant estimates of the current MCOE for \&&al plants. This dataset
was created for existing U.S. cbedd 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 inckslamount 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 apdnation andnaintenancg 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
plantspecific capacity factors. For plamsegular 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 efficiecy plummetsHighresolution images of the maghowing coal operational

costs compared new renewables.
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numbers. 2018/intage contacts for wind and solar are available from Level 10.
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https://www.energ/.gov/savings/renewablelectricityproductiontax-credit-ptc
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Map of the levelized cost of energy for U.S. solappblthic projects in 2018 using VCE dataset

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




