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Coal generation is at a crossroads in the United States, or
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cost declines for wind and solar, the combined fuel,
maintenance, and other costs of most existing -tioadl
power plants are now highehan the aHin 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 capaegdg onlinen

the U.S. Our research finds that in 202Dpé&rcent of that
capacity, or &6 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 fleet2 p&ants, or

80 percent, are uneconomic or already retiring.

-
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Histogram of existing coal capacity (MWs) ranked by cost comparison to local regional renewables

W (Secondary axis = cumulative total coal MWs as percentage of total fleet)
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Figure 1Aggregated plant capacity shown as percent difference between renewables LCOE and doalvgoincpst. The
red bars indicateapacity where renewables are eosinpetitive with coal and coal is deemed "uneconomic." The blue
indicate capacity where coal is still cosimpetitive with renewables and deemed "economic."

In the last two years, the cost of renewables has fallen even faster than the National Renewable
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Energy in 2019. In other words, the coal cost crossover trend continues to accelerate.

As presure 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 procurementaal 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 se@ment clean energy portfolios.
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https://energyinnovation.org/publication/the-coal-cost-crossover/
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to rapid recent cost declines for wind and solar,dbmbined fuel, maintenance, and other geing

forward costs of existing cefited power plants are now higher than theiallcosts of new wind

or solar projects. This cost crossover raises questions for state policymakers regarding the
longevity, coseffe O A @Sy Saasx |FyR SljdzAide AYLX AOFGA2ya 2F C
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be replaced with more costffective, carboffree renewable power plants?

In 2019, Eergy 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 producingnieeagnount of

energy locally from new wind or sol@he analysiprojected that by 2025, more than peércent

of the coal fleet would be unable to compete against new rehéga

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 extendedsioall and largesolar systems at 26 percent
through 2022, 22 percent for 2023, and 10 percent indefinitely thereaftéarfger systemswind
gualifesfor a production tax credigsl5 per megawathour [MWh] for 2021). Meanwhile, the

capacity factor of cddired power plants has dropped from 53 percent in 2017 to 40 percent in
2020} affecting efficiency and causing fixed operational and ongoing capital maintenance costs to
be spread over fewer hours. Given these trends, it is important to reexamingtéme ef the coal

cost crossover.

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

plants with new wind and solar energy is much more complex in practice. The purpose of this report
is to serve as a pnier 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 esmlirce
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 (LG®E) of n
wind and solar, calculated the goifggward cost oexistingcoal, and compared those costs within
specified geographic regions on a plagplant basis. The report next summarizes the topline
findings with a qualitative discussion of the data. Olicpoecommendations offer policymakers
realworld 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, aguped aninteractive data visualization
featurebased on this analysM/e encourage readers to visit the page and share the graphics.
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WIND AND SOLAR LCOE

We reviewed onshore wind and utilisgale solar resources using outputs from the Regional Energy
Deployment System (ReEDS) model, developed by?NRREIDS provides a detailed look at the
North American electric power sector, including generation, transmission, andisend
technologies. Using ReEDS, we generated LCOE values (whicinagstiatlates of the cost of
energy output in megawattours, takng into account the entire capital expenditure, operations,
and maintenance costs) for onshore wind and utilitgle solaf.We also used the 2020 values
from the 2020 edition of the NREL Annual Technology Baseline to gather inputs for the ReEDS
model, ncluding capital cost and performarfc@ur LCOE values are evaluated within ReEDs
regions, which we describe in greatistail below. After providing context for the geographic
regions we assessed, we lay out how we calculated LCOEs and cefdrg@irtjcost, 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
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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 rougbiyt (fot completely) correspond to existing

utility service territories and balancing area authoritiéhe utilityscale photovoltaic solar
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resolution of these twaategories is intended to reflect the granularity of the quality and quantity

differences of specific resource supplies.

Note that this is a ReEBBecific term and should not be confused with the balancing areas regulated by the North

American Electric Reliability Corporation and the Federal Energy Regulatory Commission.
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number of authorities that actually managed and balanced the grid when the model was developed. Many utilities are
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ahead of time, maintains loddterchangegeneration balance within a balancing authority area, and supports

AYGSND2yySOlGA2y FNBIdz2SyOe Ay NBIFf (AYSodatindRe®ewablE b3 ds a. Ff Iy
9y SNHE AyiG2 GKS DNARZIEé bl htp/hwinrebgbuwies/fly16dstB63037pBINA S [ | 6 2 NI G 2 N,

El | COAL COST CROSSOVER 2.0



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

D Interconnect
Balancing Area

Wind/CSP Region

Figure 2NREL map showing ReEDS regions, which includes 134 solar balancing areas and 356 wind res
supply regions.

The ReEDS modetovides an irradiance profile for potential utiltgale 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 df innd speeds.

We also used GIS software to match coal plants to their specific ReEDS regions for wind and solar
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solar resources are in this dataset. &merage, the solar regions containing coal plants have an

area of 28,000 square mil8©n average, the wind regions containing coal plants have an area of
9,500square miled. 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 maximent® not model

the exact physical location of the solar and wind resourceawsscoal plants, but instead

represent the LCOEs according to regianallability.

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 clog@ifyroTlke 2019
analysis showed ample higjality wind and solar project sites within 35 miles of every coal plant

i The solar regions containing coal plants have an area range ofI®000 i, with a median of 22,000 fni
v The wind regions containing coal plants have an area range of451%I0 mi, with a median of 6,600 Ai
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in the U.S. Solar is particularly ubiquitoBecause solar irradiance does not vary widely by
location® any suitable site neaxcoal pant 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 hygecal 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-biil® 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 highestquality resource classes within a given ReED&nregtil it completely displaced the

2019 ElAeported 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 costrad 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 tireElDf® R
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Within the solar balancing areas and wind resource supply regions, ReEDS provides additional
granulaity on resource supptyup to 10 resource class bins for wind and seven for Sdlae.

resource class bins are based on resource quality, so the respective LCOE value of each successive
resource class bin scales directionally. ReEDS provides a sugplyycspecifying 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 taxedit of $15/MWh for windand 26 percent federal
investment tax credifor 2021"

Thefollowing charts show theesulting statistical LCOE values:

Solar ($/MWh) Wind($/MWh)
Average $ 33.96 Average $ 36.49
Min $ 25.80 Min $ 20.95
Max $ 4222 Max $ 70.87
Median $ 33.95 Median $ 33.58

Figure3. The charts show the statistical solar and wind LCOE values for ReEDS regions that include coal plant
the average, minimum, maximum, and median values.

v Each resource class bin is further subdivided by distance from the transmission grid, to enabiecaltula
interconnection costs, but those were not included in this analysis.
vViSee the Appendix for more details on how we estimated realized wind PTC subsidy.
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COAL GOING -FORWARD COSTS

We developed an estimate of the goifagward costs of running U.S. coal plants using publicly
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Energy Regulatory Commission (FER@)tremU.S. Environmental Protection Agency (EPA). We

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

excluding plants used for combined heat and power, with a tiered system indicating our degree of
confidenceh y S| OK LJ I yiQa LI Ndwar®czbt eshihate forleAck ¢oal flant ¢ KS 32
in our master list is the sum of three principal components: cost of fuel, operations and
maintenance costs, and goifigrward costs for capital investments needeatmtinue operating

the plant.

COMPARING RENEWABLES LCOE TO COAL GOIN&FORWARD COSTS

Using the calculated plaihdvel weighted average LCOEs for wind and solar andlplehigoing

forward coal cost, we compare the three values to determine to what ethierlt).S. coal fleet is
OdZNNBy Gt e adzySO2y2YA0dE 2SS dzaS aGdzySO2y2YA0¢é Ay
continue operating existing coal plants compared to building new nearby wind or solar plants to

fully displace the current annual generationnfrthose coal plants.

More detail is available in the appenti®dowand thecompanion dataseb this report

RENEWABLES AND COAL COST COMPARISON

Our toplevel findings inclle:

1. Of existing U.S. coalpacity 72 percent is more costly to operate than new nearby wind
and solar, oisslated to retire by 2025.

2. Of existing U.S. coplants 80 percent are more costly to operate than new nearby wind
and solar, oareslated toretire by 2025.

Histogram of existing coal capacity (MWs) ranked by cost comparison to local regional renewables
MW (Secondary axis = cumulative total coal MWs as percentage of total fleet)
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Figure 4Aggregated plant capacity shown as percent difference between renewables LCOE and doalvgoincpst. The
red bars indicate capacity where renewables are@mspetitive with coal and coal is deemiadeconomic.” The blue bar
indicate capacity where coal is still cosimpetitive with renewables and deemed "economic.”
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https://energyinnovation.org/wp-content/uploads/2021/05/Coal-Cost-Crossover-Dataset-2021.xlsx

Our toplevel findings show that the annual energy produced by a vast majority of the existing coal
plantsin the U.S.could be refaced by nearby wind or solar at a cost savings. U.S. coal economics
have worsened substantially since our original analysis, Viducld that, as of 208, 62 percent

of coal capacity was uneconomic compared to local wind or solar. In addition, an esi®a&w/

of coal capacity has retired since the 2@halysis. Our original analysis projected uneconomic coal
capacity in the U.S. to be 77 percent by 202%acethat was almost reached 2020.

Comparison of 2018 and 2020 Coal Cost Crossover Study Findings

300,000

250,000

200,000

150,000
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74.8%
100,000
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50,000

v v

Retired since 2018 Retiring before 2025 ® Cost more than RE Cost less than RE

Figure 5. Comparison of our originaklysis of renewables and coal eosmpetitiveness, which includes a 20:
projection, to this most recent analysis. The comparison highlights that the projected 2025 coal uneconom
was almost reached by 2020, indicating that the coal cost crrsisavappening faster than we anticipated.

Our current analysis focused on whether solar or wind could entirely displace annual coal
generation at a given plant castfectively. The maps below show how, in many cases, solar and
wind are both economically competitive options, although there can still bedastjdifferentials
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 resonaiading storage

and demanekide resourceghat ismore variedthan either entirely utilityscale solar or entirely
utility-scale onshore wind projects.
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Coal plants where new wind or solar are less costly

B Wind is the least cost resource [l Solar is the least cost resource
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Figure 6a. These maps show how, in manyscaséar and wind are both economically competitive options
compared to coal, although there can still be large cost differentials between the two clean resources even
they both beat coal on cost, especially based on geographic régidfirst map shows where wind or solar are tt
least cost resource, the other maps show the same but also indicate plants where both wind and solar beat

cost.
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Coal plants where new wind or solar are less costly

Il Wind is the least cost resource [l Solar is the least cost resource [ll Both wind and solar are competitive within 2% of each other
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Figure ®. ThHssecond map has purple dots where wind and solar are cheaper siamddave a percent

difference in cds
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Coal plants where new wind or solar are less costly

B Wind is the least cost resource [l Solar is the least cost resource [l Both wind and solar are competitive within 10% of each other
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Figure 6. Thethird map has purple dots where wind and solar are cheaper thaamddlave a 10 percent
difference in cost.
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Figure @. Thefourth map has purple dots where wind and solar are cheaper thaamddlave a 20 percent
difference in cost.

Our analysis is intended to give both a Heglel view of the existing U.S. coal fleet and a gdgnt

plant look at how each is doing economicaflg with any modeling exercise, we made general,

AAYLX AFe@AY3I aadzYLWiA2yad ¢KS ALISOATFAO adzySO2y2Y
roughly 239 GW of coal plants analyzed, roughly 50 GW (~20 peacewijhin a plus or minus

10 percent bufér 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.

Coal plats 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
Syraarzya REFEGEF FTNRY 9t! Q& H daggregSt@ivihiede figRresiat 6 1 &S F
the coal fleetleveb¢ KS RIF GF ol aS AayQid O2YLINBKSyaA@dSs odzi A
on carbon dioxide (Q) nitrogen oxides (N) and sulfur dioxide (SZpPemissions.
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