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EXECUTIVE SUMMARY

Global carbon emissions must be halved by 208@ibwarming tol.5°C anévoidcatastrophic
climate impactsAs the nation coalesces around 2035tlas target year for power sector
decarbonizatiomapid progress must be made in thext decaden orderfor this target to remain

in reach TheUnited States has already committed to reducing its econeidg greenhouse gas
emissions in 2030 by &P percentfrom 2005 levelsAmbitiouspower sector deadonization
enables economyide decarbonization of the building, industrial, and transportation sectors,
setting the United States anl.5°C pathway commensurate with international climate goals.

Since the release of the 2035 Report: Plummeting Solad,\&nd Battery Costs Can Accelerate

hdzNJ / £ Sy 9f SOUNROAGE CdzidzZNE 066G HNno poewSRBWIOE 0 =
American Jobs Plamd the U.S. Nationally Determined Contribution to the RPajisement have

catapulted ambitiouslean electricity standards (CES) into the national policy discolinsse

policies range in their ambitiobut modeling of the U.S. NDC to reduce econwnge emissions

50 percentfrom 2005 levels by 2030 convergeish the need to reach at least 80 percent clean
electricity by 2030.

Several recent studies have analyzed aggressive penetration of renewable etfezgyadium

to longterm, includingour 2020 release of the 2035 Repdtibwever, very few have assestes
technical and operational feasibility and economic viability of aggregswer sector
decarbonization (8@ercentor more) in the mediurterm (2030 timeframe)Plummeting costs

for wind and solar energy have dramatically changed the prospects fiol @steffective
expansion of renewable energy. At the same time, battery energy storage has become a viable
optionto costeffectivelyintegratehigh levels of wind and solar generation into electricity grids.

This report uses the latest renewable emeand battery cost data to demonstrate the technical
and ecmomic feasibility of achievin@ ®ercentclean (carbosree) electrigty in the United States

by 2030 Two central cases are simulated usistate-of-the-art capacityexpansion and
productioncost models: The No New Policy case assumes continuation of current state and
federal policiesand the % Clean caseequires that anational80 percentclean electricitghare

is reachedby 2030, along with aggressitransporation electrificationwhere electric vehicke
(EVsxonstitute 100percentof new U.S. lightluty vehicle saleand 80 percentof medium and

1By 80% Clean, we mean that 80% of total annual US electric sy comes from zero emission power generators (wind,
solar, hydro, nuclear, battery storagel@ hour), biomass, and fossil fuel plants with carbon capture and storage).



heavyduty vehicle sales by 203&s outlined in the 2035 Report 2.Blummeting Costs and
Dramatic Improvements in Batteries can Accelerate our Clean Energy. Future

This report uses nearly identical methodology to the original 2035 Rapdr2035 Report 2,0
and can be viewedsa supplemental analysis thimicuseson the implicatios of an accelerated
interim target coupled with aggressive exnde electrification

STRONG POICIES ARE REQUIRED TO CREATH 80% CLEAN GRID BY 2030

The &% Clean casassumes strong policies drive Bercentclean electricitypy 2030 The No
New Policy case achieves odfypercentclean electricity in 2@B(Figure EQ). Our modeling
shows that withoutthe implementation of a binding nation@lean Electricity Standar@E)
rapidnearterm power sector degrbonization is not achieve@his outcome would have negative
effects on related sectors of the economy (e.g. transportation, indastdybuildings) which must
electrify in parallel to support economnide decarbonization.
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Figure E&. Generatiommixesfor the 8% Clean Cagkeft) and No New Policy Cagight), 202@2030

THE80 PERCENTCLEAN GRID IS DEPENDABLE WITHOUT COAL PLANTS OR NEW
NATURAL GAS PLANTSDESPITE SIGNIFICANT ELECTRICITY DEMAND FROM
TRANSPORATION ELECTRIFICATION

Commensurate with econonwide decarbonization goalspur modeling assums rapid
transporttion electrification targets as outlined in the 2035 Report RRIVE Clean catH0
percentelectriclight-duty vehiclesales and 8Percentelectricmediumduty vehiclégheavyduty
truck sales by 2030, whidrowsto 100percentelectric vehicle saldsy 20%). We also assume
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significant electrification of buildings and industrial end uses as envisioned R AIREQ. f SO G NRA T A ¢
Futures Study (EFB)gh Electrification Scenario. As a result, electricity demand incrabaes
averageannualgrowth rate of Zoercentfrom 20202030(Figure ER).
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Even accounting for rapid transportation, building, and indushattrification the 80percent
clean grid is dependableroviding adequate energy in every hour of the year to meet demand
Wind, solar, and batteries provide about @rcentof daily generation, while hydropower and
nuclear provide 2@ercent.Under theB0%Clean caseexisting hydropower and nuclear capacity
are retained(except for planned retirementsyvhileall existing coal plants are retired 930

and no new fossilkl plants are built. During periods of very high demand or very low renewable
generation, existing natural gasydrgpower, and nuclear plants combined with battery storage
costeffectively compensate for mismatches between demand amdl or solar geneation.
Generation from natural gas plam®uld constituteabout 2 percentof total annual electricity
generation This is about 3percentlower than gas generation today.

ELECTRICITY COSTS FROM TBEPERCENTCLEAN GRID DO NOT INCREASE FROM
TODAY®S COSTS

The costo generate and deliver electricity 2030would be the samas it istoday, largely due

to low renewable energy and battery storage c@Bigure ES). As the electric gridecarbonizes,

a large anount of low-cost wind, solar, and battery storage is built to meet the rising clean
electricity standard.Relying on natural gas for only0 Zercent of generation avoids large
investments for infrequently used capacityelping to avoidnajor newstrandedasset costs.
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Retaining some natural gas generatimduces the total amount aenewable energy and long
duration storage capacityeeded helpingto achieve80 percentclean electricitandkeep costs
down.While stillthe same a$i 2 R lcast§véholesale electricity costs aégercenthigher under
the 80%Clean case than under the No New Policy cag838 However, this comparison does
not account fotarge household and business savings from vehicle electrificaticimnenaslue of
emissiors reductionor avoided health costender the80% Clean casélhen health and
environmental externalities are inclutle2030wholesale electricity prican the 80% Cleawcase
are 31 percentlower than the No New Policgse.
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Figure ES. Wholesaleslectricity costswith- and without environmental costfor the80%Clean and No New Policy Cases

THE 80 PERCENT CLEAN GRID AVOIDS $17 TRILLION IN HEALTH AND
ENVIRONMENTAL DAMAGES INCLUDING 93,000 PREMATURE DEATHS, THROUGH
2050

The 80% Clean casecoupled with accelerated transpation electrification resuls in large
environmental and health benefits largely driven by reduced mortality related to electricity
generationand vehicular pollutioFigure E&). Relative to the 200t vels the 80%Cleanplus
DRIVE Clearase reduces carbon dioxi@@Q) emissions4 percentand33 percentby 2030 from
the power sector and transportation sectors, respectiveiye combination of these two policies
alone results in @2 percentreduction in economyvide emissions from 2005 levddg 2030.
Coupled with rapid buildings and industrial electrificatieoonomywide CQ emissionsare
reduced 50 percent by 2030 from 2005 levels (Figure-BSAccelerated power sector
decarbonizatiomeduces exposure to fine particulaMb.s) matter by redumg nitrogen oxide
(NQ) and sulfur dioxide $Q) emissiondrom the power sectoby 90 percentand 8B percent



respectivelyrelative to 2019 levels and §®rcentand 99percent respectively, relative to the
2005 level{Figure ES).? As a result, th&0%Clean case avoids over $trillion in health and
environmental costs, includir@3,000 avoided premature deaths, through 20B0gure ES).
These savings equateroughly$25/MWh (or 2.5 cents/kWhdf wholesale electricity costs, which
makes theB0%Clean casenuch lowercostthan No New PolicyThe environmental benefits of
transport electrification areequallysignificant. Between 2020 and 2050, vehicle elecitiba
avoidsover 150,000 additional premature deaths and over $1.3 trillion in environmental costs.
Power sector decarbonization and transdidn electrification together avoids over 240,000
premature deaths and3#rillion in environmental costby 2050
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New Policy Cases, 262030.

2Primary PMsemissions reductions are not estimated by the model, resulting in a conservative estimate of reduged PM
exposure.
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SCALING-UP RENEWABLES TO ACHIEVED PERCENTCLEAN ENERGY BY2030 IS
FEASIBLIDESPITE SIGNIFICANT ADDITIONAL ELECTRICITY DEMAND

To achievea national 8(percentclean electricity sharby 2030 950GW of new wind and solar
generationand over 225 GW of battery storage capanityst be built, averaging aboil20 GW

of new capacityper year(Figure ES). While challenging, domestic and international precedent
suggests that strong supporting federadastate policy can helfhe U.S. achieve this go&lor
exampleChina added 12GW of new wind and solar capacity in 202Mbile once unattainable,
new renewable resources can be built eefectively in nearly every region of the country,
suggesting that such a rapid expansione deploymentss possible.
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THE 80PERCENTLEAN GRID DRIVES SIGNIFICANT INVESTMENT IN ALEUWREGIONS
Achieving 8Qpercent clean electricity by 203@equires $15 trillion in clean energyapital
investmentsand $100 billion itransmission capitahvestments Because of theteep declinen
renewable energy costs, these new investmeangsvidelyspread across theountry, including in
statestraditionally dominated by coal and gas generafligure E8B). The availability of loveost
renewables suggests that the vast majority of the nation can take advantage of new job creation,



local investment, infrastructure spending, and lower electricity c@dkswhile supporting an
ambitious, national clean electricity standard.
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ACCELERATING THE CLEAN ENERGY FUTURE

The federal government should estableshinterim power sector decarbonizatidarget year of
2030to help align expectations fdr00 percentclean electricityandinform the policy dialogue
needed to achieve such an ambitious goal. Aiming§Gqercentclean electricitypy 2030is also
critical for achievingrapid, costeffectiveelectrification of other sectors such as transportation,
buildings, and industryBy2030, emerging technologies suchlasg-duration storage, stationary
fuel cells, CCU&nd othersshould be mature enough teegin toreplace the remaining natural
gasgenerationas the nation accelerates toward 1f€rcentclean electricityReachin@0percent
zerocarbon electricity in th&).S.by 2030 coupled with aggressive transpation, buildings, and
industrial electrification,would achieve anearly 50percent reduction in econonyide CQ
emissions from 2005 levedsid put the U.S.on al.5°Cconsistent pathway
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1. INTRODUCTION

Global carbon emissions must be halved by 2030 to limit warming to 1.5°C and avoid catastrophic
climate impacts. As the nation coalesces around 2035 as the target year for power sector
decarbonization, rapid progress must be made in the next decade infordleis target to remain

in reach.TheUnited States has already committed to reducing its econeidg greenhouse gas
emissions in 2030 by &P percentbelow 2005 levelsAmbitious power sector decarbonization
enables economyide decarbonization ofhe building, industrial, and transportation sectors,
setting theU.S.on a 1.5°C pathway commensurate with international climate goals.

Since the release of the 2035 Report: Plummeting Solar, Wind, and Battery Costs Can Accelerate
Our Clean Electricitydel dzNBE 6 aHnop wWSLR2NIé¢0>X FTSR&NARSYSAAa
American Jobs Plan and the U.S. Nationally Determined Contribution to thegPaeimenthave

catapulted ambitious clean electricity standards (CES) into the national paticyrsiess These

policies range in their ambition, but modeling of the U.S. NDC to reduce econdengmissions

50 percentfrom 2005 levels by 2030 convergeish the need to reach at least 80 percent clean
electricity by 2030.

Several recent studies hagealyzedhe impacts of highenewable energpower system#n the
medium to longterm, including our 2020 release of the 2035 Report. However, very few have
utilized comprehensive grid modeling to ass#®s technical and operational feasibility and
economic viability of aggressive grid decarbonizatiomp@06entor more) in the mediurterm

(2030 timeframe)This report uses nearly identical methodology to the original 2035 Report to
investigate the impat of 80 percenCE®Y 2030, and can be viewed asupplemental analysis
that focuseson the implicatios of an accelerated interim target.

As the 2035 Report explored, plummeting costs for wind and solar energy have dramatically
changed the prospectsifrapid, coseffective expansion of renewable energy. At the same time,
battery energy storage has become a viable optiaosteffectively integrat high levels of wind

and solar generation into electricity grids and rapidly transition to electriclesh

This report uses the latest renewable energy and battery cost data to demonstrate the technical
and economic feasibility of achieving@@centclean (carbosree) electricity in the United States

by 203@ much more quickly than projected by masicent studies Two central cases are
simulated using statef-the-art capacityexpansion and productiecost models:

1 The No New Policy case assumes continuation of current state and federal.policies
1 The80% Clean case requires that a nationgh&@entclean electricity share is reached
by 2030, along with aggressive transportation electrification as outlined in the 2035
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Report 2.QPhadke et al, 2021¢eneration from any resource that does not produce
direct carbon dioxide (GPPemissions isonsidered clean in this analysis, including
generation from nuclear, hydropower, wind, splaomassgeothermaland fossil fuel
plants with carbon capture and storage

Consideration of th accelerated2030 timeframe helps align expectations for povsector
decarbonization with climate realities while informing the policy dialogue needed to achieve such
an ambitious goal. Thi¢B LJ2axget@f80 percentclean electricity (rather than 1q@rcen) by
2030is also important for envisioning decarboniaatat a pace more rapid than considered in
previous studies. Achievimtpep power sector decarbonization iB030 will likelyincrease the
speed and costffectiveness of pervasive, cressctor decarbonization.

After a brief description of methods and data, the key findings &fQBBReportare summarized

A companion report from Energy Innovatsurveys other credible analyses of rapid electricity
sector decarbonization in the.S, andargues in support ok federal 80percentby 2030 CES
(Energy Innovatiog021).
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2. METHODS AND DATA SUMMARY

We performed powesector modelingising nearly identical methods to the original 2035 Report,

which benefitted frontonsultation with a technical review committee consisting of experts from

utilities, universities, and think tanks. We emplogtate-of-the-art Y2 RSt 48X Ay Of dzZRA Y.
Regonal Energy Deployment SysteReEDScapacitySE LI Y4A 2y Y2RSt |yR 9y ¢
PLEXOS electricity productiomst model, in conjunction with publidyailable generation and
transmission datasets. Forecasts of renewable energy and battery codiordweere based on

bwo[ Qa (NREL 2618)\Wedused these data and methods to analyze two central cases:

No New Policy: Assumes current state and federal policies and forecasted trends in
technology costsand electrificatiotf In regard to transpdation electrification, this
scenario assumes the continuation of existing (2020) state and federal policies and
assumes the extant barriers to EV adoption persighis scenario, EVs constitute about

22 percentof newlight-duty vehiclg(LDV sales,10 percentof new mediuraduty vehicle
(MDV) sales, anél percentof new heawyduty truck (HDT) sales in ZDBhe scenario is
based on projections from Bloomberg New Energy Finance (BNEF), which suggest that
absent policy iterventiont internal combustion engindGE vehicles will constitute 46
percentof the total onroad vehicle population by 2050 (McKerracher 2021).
80%Clean:Requiresa national80 percentclean electricity sharby 2030 All coalfired

power plantsare assumed to retire by 2030n thevehicleelectrification side, we project

that electric vehiclesonstitute 10Qpercentof new LDV sales arRD percentof newMDV

and HDT salegs the U.Sby 203, as modeled in the DRIVE Clean scenatrio in the 2035
Report 2.0 (Phadke et al, 2021). The DRIVE Clean scenario assumes new policies are
adopted and market forceguicklyshift to overcome EYelated barriers. By 2050, EVs
constitute 97% of all eroad vehicles. We also include electrification of buildings and
AYRdza G NRA S&a> LIS NFuturesSfuditigh Bldct8ficafiodBcerdadl G A 2 Y

We analyzedhow the 80%Clean caseould respondo periods of extraordinarily low renewable
energy generatioand/or high demandh order to ensure that a system with gércentnon-fossil
supply meets demand in every hotlio assess system dependability, defined as the ability to meet
power demand in every hour of the year, we simuddteurly operation of the U.S. power system
over 60,000 hours (each hour Tnweather years). For each of these hours, we cosefitthat
electricity demand is met in each of th84 regional zones (subparts of the U.S. power system
represented in the modelyhile abiding by several technical constraints (such as ramp rates and

3The cost reductions detailed in this report refer primarily to usligle PV, wind, and battery storage. Distributed PV is considered
in this analysis, serving as an input to the ReEDS model based on NREL modeling assur@2@8ionsnder the 80% Clean case,
there are approximately 48 GW of distributed PV, representing approximately 1.5% of total energy generation.

4ReEDS considardevant state and federal policies, such as state Renewable Portfolio Standards, as of early 2020.
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minimum generationfor more than15,000 individual generators and 310 transmission lines.
Further work is needed to assess issues such as the effect 8%€lean case on loss ofl
probability, system inertia, and alternatiogrrent transmission flows.

We also considered three primary sets of future renewable energy and battery storage cost
assumptions (Figurg:2

LowCost: NREL ATB loase assumptions, assuming gércentto 50 percent cost
reductions for PV, wind, and storage2®80(compared with 2020).

BaseCost: modified NREL ATB +mésde assumptions, assuming 2021 costs begin at the
ATB lowcase assumptions, but pe®d21 cost reductions are in line with the ATB-mid
case.

HighCost: NREL ATB ruiglse assumptions, including assumed 2020 costs that are higher
than actual 2020 costs.

Figure 2. Historical arplojectedtechnologycost declineson which our analyseswere based For solar and wind, the historical

LCOE was estimated by adjusting historical pgerhase agreement (PPA) prices for subsidies (investment tax credit and

LINE RdzOG A2y GFIE ONBRAGO® tt! LINAOS RIGI 6 Siliggscalodsildr ByliSgRretF N2 Y [ |
al. 2019a, 2019band wind (Wiser and Bolinger 2019¢ports Forfour-hour batteries, historical pack costs were based on

Bloomberg New Energy Finance d@mldieScot2019) and balancef-system cost data were froMREL2019. Future cost

projections for all three technologies were based on NERHEI9(

We tesedthe robustness of our findings througénsitivityanalyse®f the key input assumptions
used in thisreport, including sensitivities around technology costs tossil gas pricesWe
consideed three primary sets of future renewable energy and battery stotagenology costs
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