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Executive Summar

In 2019, Governor Mills signed LD 1494,y | OG G2 wWST2NXY al AySQRPREWSY Ss!l G
which sets ambitious renewable energy targets for the sTate.acrequires 80% dd | A yeledigityto

comefrom renewable resources by 2030 andssatgoal ohavingl00%2 ¥ al Ay SQa St SOGNRX O
renewablesby 2050.In addition,the electric sector is expected to suppoapid load growth due to
electrification ofend uses especiallyn the transportation and buildingectorsto K St LJ YSS&G GKS
greenhouse gas (GHG) reduction goals.

QX

Maine, likemuchof New Englandhas thesedual goals to achieve 1) servinggrowingand likely more
dynamidoad due to electrificatiorand?2) increasngthe share of renewables servingsth 4 G 1 SQa St SO
needs Maine has an abundance of higiality renewable resources available for development that
positiors the state well toachieveboth thesegoalsp ! § G KS &l YS GAYSZ alAySQa
geography, and population distributiggose uniqueconsiderationghat need to beaddressedhrough

intentional action and thoughtful policy support to the markeeensure that thaenewable transition is
effective,affordable and equitable.

This studf &aLRya2NBR o0& GKS al AyS abRdddinigE® NCEaergp & S NH &
Environmental Economics (E3) and Applied Economics Clinicfg§lE)he requirements of LD 1494

which called for enewable Energy Goals Market Assessment (REGMARssptions for how to meet

the renewable transition in Maine over the next decadés meant to support policy discussicarsd
decisionmakingli 2 I OKA S@S Th&&halydisiih thisSstidy/meant fo Complement the woid

the Maine Climate Council (MA@ )studying and supporting pathwaysYoS SG Ay 3 al AySQa Of S
and GHG reduction requiremts.

The REGMA analyzes faiture scenarios to explore plausibtenewableportfolios that walld enable

Maineto meet its 2030 RPS targdte scenarios wetieformed by stakeholddieedbackandare meant

to reflect the characteristics that are unique to Maigeonshore resource potentialland use
considerations, transmissi@vailability offshore wind potential, andcoordination with the rest of New
EnglandComparing the resource portfoliasts and equity impactacross the scenarigsovides insight

into the possibleffecs2 ¥ S| OK 2F (KSaS dzyAljdzS OKI NI OGSNARadAOa
Taken together, these individual effects paint a larger picture of the opportunities and challenges that
Maine may face as wvorkstowardsachieving the RP3s suchthe scenarios and their results are not

meant to be prescriptivand areinstead intended to highlight the considerationsto support policy
discussions and decisiordated to the RPS

Key findings from the study thatqwide insight intchow Maine may achie its RPS targét the next
decadeare found below

€ Maine ison trackto meeting its RPS until 2026but new resources will be needed to meet
increasing goals thereafter. A combination of existing generation amesources procured
previously andhrough LD 1494nd LD 17110An Act To Promote Solar Energy Projects and
Distributed Generation Resources in Maneill be sufficient to meet the need foenewable



energy credits RECsuntil 2026. Beyond this point, new resoursavill be needed to meet
increasing goalsScenario analysisdicates aange of new builds between 800 and 900 MW by
2030will be neededThis need can be satisfied by a number of resoutheagh each require
the consideration of tradeoffa I A yhiglyaalty onshore windootentialis largely inaccessible
absentinvestments in transmissipamallscalesolarmaybe developed in proximity to loadsd
provides resiliency but significant transmission and distribution upgrades are likely needed to
interconnectlarge amounts of thessystems and offshore winds still in the nascent stages of
technological developmeiut could emerge as a competitive source of renewable su@phen
the challenges facing renewable development in the statparticularly with respect to
transmissiorg, there is need for actiowell before 202&othat the intervening yearare usedo
develop and implement plans tensure enough newrenewable gereration is online and
operational by 2026Further, given federal tax incentiexpiration there are cost savings to
advancing developmemd before2026.

e Transmissiowill be a key driver of renewable developmerBuildinghewtransmission idifficult
in New England ar@hn be challenginig Maine At the same timethe report required by D 1401
and subsequent findingshow that key transmission pathways in Maine are severely congested
and constrained This studyhighlightsthat many lower-cost pathwaysii 2 Y SS{ RRSF Ay SQa
requiremens in the next decadare achievableéhrough the development othigh-quality wind
resources inwestern and northern Maine whichin turn require new transmission investments
The scale othese transmission investments, along with the longer development timedses
compared to renewablprojects will make it difficult for anginglewind project to shoulder the
development burden of these transmission projektimited transmission avdility will present
similar challenges fothe development of other generation sources, such as sélastate-
sponsoredanticipatory transmission planning process could help address this issue by identifying
the transmission needed to meet the RR&dvance of renewable developmenilaine could look
to states like TexasGgmpetitive Renewable Energy Zormm CREZprocess) or California
(Renewable Energy Transmission InitiativeRIBT ) tsee howother sttes in similar situations
have successfulppproachedthis challenge

e A technologically diverse portfolio helps lower riskEach resourcéype has its own &t of
challenges thaintroduce risk into the resource portfolioOnshore resources western and
northern Mainerequiretransmission upgradesnd could face siting challeng&oating éfshore
wind isnot yet deployedat scaleand thus has a higher initial cpsthich may decrease with
increasing penetratiorLarge penetrations ofistributedgeneration which are expecteby 2025
(500 MW), will likely requirdistribution and transmissionpgrades There is also uncertainty
associated with theesourcecosts astechnologies are continuing to evohRursuinga diverse
portfolio serves as a hedge agaisstveraluncertairties, including slowethan-expected cost
declinesandthe development of neviransmissionThis study explores one such diverse portfolio
but the appropriate mix will be ultimately decided to meet multiple policy objectives.

lawSazt @83 ¢2 {(ddzRé ¢Nlyavyriaairzy {2ftdzirzya (2 9ylFofS wSySglofS 9ySNE



¢ Regional coordinatiorcan help lower the costs 0f SS i A y 3 a inkagdieh do hawvind a
large amount of landor renewable developmeniyiaine hassomeof the highestquality wind
resources availablie New Englad. If developedthese resourcesanhelp to meetboth Maine
FYR (GKS o06NERIF RSNJ NB I Nevt@rsmisSidn Ss rgquirSdytS dBess thide | £ & @
resources, however, due to their remote location. Shedy resultsshow thatcoordination of
Maine with neighboring states caV A G A 3 S (GKS Gf dzYLIAySaae OKLFff
investment that transmission projects are generally large in, sire expensiveand the full
project has to be developed before any benefits can be realiged K I { alistoryfetsdda
not bear thefull costof transmission to access highality wind resourcesn the northern and
western parts of the state.

e Storagepaired with solarresources can provide valu8toragepaired withsolarwas found to be
chosen economicallglongside onshore wintlaA y SQa Ay GSNJ LISI1 A& LINR2!
heating electrificationPairing solar with storage improves theombinedgeneration profile of
these hybrid resourcesnabling them t@enerateduring evening peak demandcreasing their
value to the systenStorage has additional benefits, such as transmission and distribution deferral
value resiliencyand ancillary services provision, which are not captured iRB¥ocusedstudy.
Including these value streamsikelyto further improve the economics of storage

€ Energy equity challenges cut across four dimensionsresource diversity, customersited
resourcesgeographic resource distributiorandcost.{ dzOOSaa Fdz f & | OKAS@AyYy 3
energy goalsnayresut in at leastthree benefits for its vulnerable communities;reductions in
emissions restuligin corresponding improvements in air quality and human hg2jttenewable
resources increasg the energy suppl éesiliercy, and 3) clean energydevelopment creang
employment and community investmernsuringequity considerations arprioritized during
al AySQa OfSlIy SySNHe& NI yaAldAdwrsithBustomiesitda O NB°
resources, geographic resource distributiond @ne cost impacts experienced by vulnerable
communities Thoughtful selection of resource mixshauld be complemented with periodic
NEOASG YR Y2ZRAFAOIGAZ2YyA (2 NIXYdGS aidNUzOGdz2NB G2
adversely impactednvestment in programs that provide resources to vulnerable communities
shouldalsocontinue to be supported-urthermore, siting of new resources showonsider and
seek tominimize impacts to existing industries, stakeholders, communities, and natural resources.

This study finds that Maindas severatconomicapathways to meet its renewable gadiach resource
option has its owrset ofchallengs to overcome with the primary challenge being building transmission
to access higiquality renewables in thatate and the associated siting, permittingnd environmental
concerns This study outlines potential policyplications of the renewable transiticand is meant to
supportpolicyconsiderations athe statecharts its way to highrenewablefuture.



1 Introduction

1.1 Study motivation

The State of Mainkas been a leader in both recognizing the potential impacts of climate change on the

state and inenactingpolicy to mitigateand prepare fothe risks associated with climateange impacts

In 2019 Governor Janet Mills sigdlandmarkbipartisanegislation establishing tidaine Climate Council

and mandatingthat Maineredue GHGemissionst5%below 1990 levels by 2030 and¥08y 2050 This

was followed by aBxecutiveOrder committingthe stateto a carborrneutraltargetby 20451n support of

those targetsGovernor Mills alsosignpds mnpnz a!y ! OG G2 wSF2N)X al AySQ
(RPS§ which sets ambitious renewable energy targets for thtate through 2050. The acequiresthat

80% ofa | A yelBaligitycomefrom renewable resources by 2030 and sets a gaal 00%RP Dy 2050.

The lawnalsocalls for @ 0-yearRenewableEnergyGoalsMarket Assessmen{RESMA).

This studyfulfills the marketassessmentequirement byevaluatingthe current renewable market in
Maine, assessinghe need for Renewable Energy Credits (RE@#8)2030(based on the RPS targets
established by LD 14p4ndestimatingthe costs of multipleenewable resourcportfolios thatmeet the
2030 RPS targetslong with additionagquity considerations.

In addition to modeling renewable resource portfolios, this study also identifies areas that may require
L2 f A0 I OlA 2y aRPS gquiveB&iand disc$ses aptioris \@itable to the state to enable

a smooth and equitable transition tohagh renewablefuture, while ensuringaffordable and reliable
electricityF 2 NJ (4 KS & ( I TheSaréof tiNslstiady ishobtSHeRrdscriptiveetermining theexact

mix of resouces that Mainanust procure,but rather ¢ through the modeling andanalysis of example
portfolios-- extract general themes of benefits, challenges, and barriers to renewable develaprient
state. As such, the analys@énd policy optiongliscussedn this studyare intended tosupport policy
discussionanddecisionmakingli 2 F OKAS@S .G KS adlF iSQa wt {

1.2 GEO’s role in effort

The GEO is the sponsor of this study and selected E3 and the AEC to conduct this work. GEO worked with
the consultant$n designing the studypaducting public comment processéilitating,and participating
in meetings between stakeholders and consultants,paagaringthis report.

1.3 Public comment process

As part of this studyGEQE3 and AEC conducted a public comment procesgioh st&eholders were
invited to participate in two webinark the firstwebinar, conductedon November 6, 2023 presented
the initial study desigandsolicitedfeedback from stakeholder$his feedback was then used to modify
the study desigmandthe scenarios modeled=ollowup meetings to gather more data were scheduled as
needed.A summary of the received feedback can be fourtdarAppendix



The second webinar was conductedrabruay 17, 2021 andresented the finascenario analysiesults
and key findingprovided irthisreport. Stakeholders were invited to provide comments on the final report
following this webinarthe summary of which of will be posted online

1.4 Objectives of this study

The key objectives of this study are to:

¢ 1aasSaa al AySQa ® Belpaunitify RECNExpesteditothé gederated and used to
meet Main€ RPS througB030 from existing resources.

e Establishthe need for RECs through 203tablish the need fancrementalRECs through 2030
afterk O02dzy iAy3 F2NJ w9/ & FNRBRY alAySQa SEAalGAYy3I NE

€ Exploreresource portfolios that help the state meet its renewable targetthrough 2030
Determineportfolios of resources that can economigatieet theincrementaREC need through
2030and determine the costs of such portfolios.

e Explorethe implications ofregional coordination Identify impacts of regional coordination
strategies orthe achievement of thé i | RPSQ a

¢ Considethe equityimplicationsof renewable developmen? y  a | poplli&tiara

¢ Explorepolicy optionsto support achievinga I A YRS By 203by reviewing analysigesults
and stakeholder feedback.

1.5 Report contents
Theremainder of the report is organized as follows:

& Section Providesbackground and studyontext,includingan overview ol A y SQa wt { | yR
mandates andargets and therelevant policy considerationsssessedhrough tre scenario
analysis This sectify I f 482 ARSYGATASA al AyBiesawhichzh&dsl £ f & ¢
contextualize the equity impacts thie results of this study (presented in Section 4).

€ Section Providesan overview ofhe modeling approaglscenarios modeleand key assumptions
utilized in the scenario analysis

€ Sectiom presents results from the scenario analysis and discusses the drivers of the results.

€ Section5 describes the policymplicationsof the scenarioanalysisperformed andincludes a
discusion of theoptions toreduce challengs and barrierso renewable development in the state

¢ Sectioné summarizeshe anticipatedenergyequity benefitsandchallenge2 ¥ al Ay SQa (NI y
to ahighrenewablestateona | Ay @ilnerablgopulations

e Section7 summarzes the key takeaways from ts&udy.

Section 8san Appendixthat providesa summary o$takeholder feedback collected as part of this
study andcontains other supplemental material



2 Background and Context

This section providdsackground on theurrent energypolicy, resourcamix, and equity contextinder
which this studys conducted.

2.1 Maine’s renewable energy and climate goals

TheState of Maie has set some of the moamnbitiousdecarbonization poliesin the country aimed at
mitigating theworstimpacts of climate changen the stateand catalyzing the development afl A y S Q&
clean energy economyhreeimportant pieces obipartisanlegislation signed by Governor Mills in 2019,
FNB OSyidNIt G2 (K®licgagdndaSQa RSOFNDB2YAT I GAZ2Y

€ LD 1679AnActTo Promote Clean Energy Jobs afwl Establis the Maine Climate CoungilThis
actestablished the Maine Climate Counihich igasked withadvising on strategies for Maine to
meeteconomywide emissiomeductions oht least 45% below 1990 levels by 2030 and 80% below
by 2050.These targets are based & M.R.S.A. § 57&ince the signing of this legislation,
Governor Mills has alsissued anExecutive Order aimed at achieving economwyide carbon
neutrality by2045.

¢ LD1494AnActT2 wSTF2NX al AySQa wSy ShisacinGeasezhbldhde { A 2
of the stateQ d@ectricitycoming from renewableesourcedo a total of 80% by 2030 amdgoal of
100% by 2050Thislaw alsorequires theMaine Public Utiliies CommissiofMPUCYo procure
longterm clean energy generation contradis2 G I f A y 3 w2018 retdil sadesnAwd S Q &
roundsof procuremenin 2020and 2021 This act als@rovides the basis for #renewable energy
assessment developed in this study.

€ LD 1711 (ArAct To Promote Solar Energy Projects and Distributed Generation Resources in
Maine): The policy levers within this bill are aimed at encouraging broader patrticipation in the
renewable energy markethis actssues procurement orders fartotal of 375 MW of distributed
generation, primarily expected to be small sghotovoltaic P\ projects, by 2024and creates
incentives for commercial, institutional, acmmmunity projectsThe bill also removes capsiet
Energy Billing (NEB) increases the eligible project size to 5 MAMd requires that community
projects support lowand moderae-income customersAs of the time of writing of this report,
Block 1 of the 375 MW distributed generation procurement desmednot competitive by the
MPUCUnder current law, aew competitive procuremerfor Block lisrequiredto occurby July
20212

These laws and othersprovide complementaryolicy supportfor economywide decarbonizationlIn
December 2020, thilaine Climate Councitleasedts fouryearclimateaction plana I A yS 2 2y Qi 2
to set the state on a path to achiettee ambitious economwide decarbonization targets outlined in LD

1679. The plan requigeaction across all emitting sectors of the economy, inclutiaigsportation

26wSLR NI 2y wSySglofS 5Aa0NR0dzi SR DSYSNIGAz2zy {2t A0AGLFGAZ2YE oOal AyS

{ @

tc



buildings,industry, and power. In the action planjow-carbon power generatioplays a critical role
reducing overalpower sectoremissionswhile enablingbeneficialelectrification of transportatiorand
buildings Thusachieving the requirements &b 1494are notonly essential for compliance with the law
¢ but will also ensure that overall economide decarbonization is achieved.

ThelLD 149/RPS targets give Maine one of the most ambitious RPS targets in the dbisntigsigned to
spur investment in new renewalsle/hile alsancentivizingexisting resourcet® generate anaontribute
RECstySSiGAy3I GKS aidrisSQa wt{

2.2 Regional context

The majority ofMaineQd St SOGNR O I NANE;? ak dndehdénhNdorip®iR Remidnal L { h
Transmissio®rganizatior{RTOj}hat operatesa regional wholesale power markety HnHnX al Ay SQa
of ISGb 9 Q& I y,ywHih include® klIRix New Englatates, was 10%.MaineQa LJ- NI A OA LI G A 2
marketprovides opportunities for coordinatet:carboniation activitiesacross the regiothat couldlower

costs and provide benefits to Maine ratepaye&snilarto Maine, the other five New England states
Massachusetts, Connecticut, New Hampshire, Rhode Island, and Vielaneptirsuing a range of fioies

to dramaticallyreduce GHG emissioasd increase renewable enerdgployment These includdrRPS,

Clean Energy Standards (CE&)hnologyspecific deployment targetsand economywide emissions

reduction targets9 | OK ey polici8sthdshaye of regional loaare summarized belaw

e MassachusettMA):

0o RPSMA passed a mandate 1997for 35%Class 1 RE®g 2030 with an additional %
each year thereaftemresults in 55% by 205Class 1 RE@se generated byeligiblenew
renewableresourcegthose developeafter 1997)

o CESin 2018,MA also passed a CE8hichinitially required 16%clean energy in 23,
increasng 2% each yeao 80% in 2050While similar to the RPS, @B8ipliance can be
achiewed with a wider range of technologies, includimglear, large hydronports,and
fossil generators witharbon capture and sequestration

o Technology SpecifiA has mandated that 3,200 MW offshore windare procurecby
2035

o EmissionsTheGlobal Warming Solutions Act of 20@§uiresthe state to set a target of
at least arB0% reduction in economyide emissions by 2050, relative to 1990 levels.
April 2020this target was increasdd net-zero GHG emissions by 2050, including at least
85% direct emissions reductions.

31 62dzi pi2 2F alAySQa f2FR A& Ay GKS b2NIKSNY alAyS LyRMSmdSyRSydG {&ad:
indirectly through Canada.

‘aL{ h bSéE®mygAloadyaRdDemandS L2 NIia>¢ | 00SaasSR WI y-decoilisoexpgess/we/neporks/lo#di ( LIA YK K 6 & ¢
and-demand#/tree/zoneinfo.



o Percentage of Regional Léatb%
e Connecticuf{CT)

0 RPSCTpassed an RPS mandatel $98 for 4% Class | RECs by 20&@th an additional
4% from either Class | or Clagssdburces.

o Technology Specifi€Thas mandated that 2,000 MW of offshore wind are procured by
2030.

o EmissionsThe Act Concerning Connecticut GloB&rmingSolutions requires the state
to achieve an 80% reduction in emissions relative to B8@&lsby 2050.

o Percentage of Regional Load%o
€ New HampshirgNH)

0 RPSNH passed an RPS mandate in 2007 for 2BR%rocurementby 2030 This is an
aggregate target acrossnewable resourcelasses

o Emissionst KS adlFidSQa /ftAYFGS 1 0GA2y taid0% 2dzif A
reduction in GHG emissions below 1990 levels by 2050.

o Percentage of Regional Loa@%
€ Rhode IslandRI}
0 RPSRI passed an RPS mandat20id4 whichescalates from 3% in 200738.5% in 2035

o Emissionsihe Resilient Rhode Island Act of 2014 set an econadg/target of 80% GHG
reductions relative to 199@velshy 2050.

o Percentage of Regional Loaéh
€ Vermont(VT)
o0 RPSVTpassed an RPS mandate in 2fiir5/5%by 2032.

o EmissionsTKS a0GFGSQ& / 2YLINBKSYaAdS RHipSIEMHGt f | y ¢
reduction below 1990 levels by 2050.

o Percentage of Regional Lodéh

5aL{h bS¢99g@$RABYR[ 2R YR 5S8SYlIYyR wSLR2NI &b



Figurel. New Englandtated Renewable Portfolio Standards in 2050

New Hampshire
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2.3 Historical renewable development and electricity mix in Maine

As 0f2018, Maim hadaninstalled capacity of,864 MW?, asshown inFigure2. Half d this capacityvas
fossilfuelbased (natural gas and petroleum) and the other hadfmade up of RR&ligible resources such
aswind, biomass, woofired, solarand hydroelectri¢acilities

64 a | A S$fdfe Energy Profile Overview®{ ® 9y SNHE& LYy F2NNIGA2Y ! RYAYAAOGNI GAZ2Yy O69L!0OZIE
https://www.eia.gov/state/?sid=ME.

00



Figure2. MaineQ iaastalledcapacity from 2014018
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obtained from renewable sourcess shown irFigure3. The four largest sources of electriggneration

in Maine are hydroelectri®3%) wind(25%) natural gag20%) and woodbiomass(16%) Together, these
supplyod: 2 F al Ay S Ohere§ is SupplieN By Cekativélydmall amounts of petroleum, solar, coal,
and storage.

Figure3. MaineQ électricgenerationmix by fuef
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The amount of wind in the electricity mix has increasest the yearsasseen in botlinstalled capacities

and eletric generatiomrmix figuresAdditionally, the amount of electricity generation from natural gas has
significantly decrease@ver 2019 and 2020, the amount of wind has increased fyrdperred on by a

slew ofclean energy bills passed into legislation such as the ones described in Zéctiorong others.

The electric generation mix shown above is not the same as thesSRRS requirements. The RPS is a
mechanism that requires compliance to a renewable standard through REC purchases that represent the
environmental attributes of electric generation.

2.4 Benefits of renewable energy

Renewable Portfolio Standard (R&8hpliancecan offer a variety of benefits to states. A transition away
from fossil fuel resources tow- and zerecarbonrenewable resources can significantly reduce greenhouse
gas emissions, mitigating the impacts of climate change. This reduction in emisdiatiag of particulate
emissions from burning fossil fuels, can offer improvements in public R&adith growth of theclean
energysector through policies likbe RPS presents economic development opportunities throughout the
associated supply chainand the potential of innovative solutions to create additional products and
services for the state, regional, and even global markets. The development of clean energy projects can
provide various community benefits, from financial benefits in the formraerty or income taxes,
community benefits agreements, and workforce opportunitiess the growth progresses, the assodiate

job creation presents workforce opportunities across a broad range of positions with varying education and
experience requirem@s. Jobs in the clean energy sector tend to be higher paying for relatively lower
educational requirementsthough often requiring training credentiajeind are more likely to offer health

care and retirement benefits than the rest of the private se&tdWhile not an inclusive analysis of
associated benefits, this overview is illustrative of the types of benefits associated with growing the clean
energy sector through policies like RPS.

Fossil fuels often experience price volatility that is influefiged global market. In contrast, renewable
energy generation can provide price stability through its ability to utilize existingunamase fuels such

as solar, wind, water, and geothermal after development. The overall costs of building and generating
electricity from renewable sources have shown to be stable or decreasing over time, compared to the
fluctuating costs of fossil fuels. Not only casstaite generation resources provide more stable energy
costs, but the economic benefits and payments facpase of these sources of energy can stay within the
state, rather than going to outf-state fossil fuel provideréIn 2018, Maine spent $4.4 billion on enft

state fossil fuels, with the majority of that spending going tecfistate fossil fuel praiders®® As the state

9 United States Environmental Protection Agency, State and Local Energy and Environment Program. Public Health BenefiEnpegkWh

Eficiency and Renewable Energy in the United States: A Technical Report. July 2019. Retrieved from
https://lwww.epa.gov/sites/production/files/201®7/documents/bpkeportfinal-508.pdf

Val AYyS D2@SNYy2NR& 9ySNEHE hFFAOSOMy{ iNBYy3JiKSYyAy3I alAiySQa /Sy 9ySNHE®
https://www.maine.gov/energy/sites/maine.gov.energy/files/infiies/StrengtheningMainesCleanEnergyEconomy_Nov92020.pdf

1 https://e2.org/reports/clearjobsbetter-jobs/

2Dan Lieberman and Siobhan Doherty. Commission for Environmental Cooeeagovable Energy as a Hedge Against Fuel Price

Fluctuation. 2008. http://www3.cec.org/islandora/fr/item/236&newableenergyhedgeagainstfuelpricefluctuationen.pdf

B! d{d 9y SNHE LYF2EHNLYRSVWSYRSYIAGIONIAAAYOA YR !ylrfearazée | 00S5aasSR
https://www.eia.gov/state/seds/.



moves to beneficial electrification and biofuels developed from resources in Mainegtiergg dollars
Oy aidlre ¢gAGKAY alAySQa SOz2y2Yed

2.5 Maine’s energy equity context

As Maine transitions to decarbonizitggrid, thestateis working to ensure thdlis transition is equitable

FYR GKFG AG oNRARy3Ia o0SySTFAGA T8 help luidgrSanditheYeguiyl @ dzf
implications of the renewable portfolioscdnR SNBER Ay (KA & & dzR&geimydqulty f € 4 A &3
assessmerdlongside the renewable modelitjidentify the equity benefits thateople in Mainare likely

to gain from the renewable transition and the corresponding equity challenges ¢wmat t© be
preemptively avoided through careful policy actiaEC developed a Social Vulnerability Index {@VI)

Maine ¢ an index to identifyhe stateQ mnost socially vulnerable populatiogsvhich provides an equity

lens through which to interpret th@nalysis results presented in Sectofit is also useful to contextualize

the equity benefits and challenges that Maine is likely to face during the renewable transition and the
corresponding policy implications, which are discuss&kation6. Thissection explains the SVI and the
keytakeawayfrom the SVI analysis &sLJLX A SR (2 populatos. The fulDdiziebidngnti of the

SVI can be found in tgpendix.

Vulnerable communities are those that contain populations that are disproportioraiedgned by
existing inequities for example, people of color experience more pollution from fossil fuel generation than
their white counterparts across the United Stafasand/or lack the capacity to withstand new or
worsening burdens. AEC calculated SV for Maine!® that combines values from six categories of
vulnerability, each expressed as a share of populativldren (17 and younger)mited Engsh-speaking
householdsplder adults (65 and olderpeople of colorpeople withdisabilities, andow-to-no income
individuals'®

Population shares for the six vulneragteups are combineihto a single measure of vulnerability in each
20Kt I NBI o60@& O2 HyAhgkaSVI syore (darkes gblarpizidicaied detdagict
of vulnerability §eeFigured).¢ KS 1 Se@ G 1St glke& iF2N) alAySQa L3 Lz I dA

€ Vulnerability is not evenly distributed across Maine arile three most socially vulnerable
counties arelocated in thenorthern and eastern parts of Maine. Piscataquis and Aroostook
counties in thenorth, and Washington County in teast(seeFigured) are the three most socially
vulnerable counties in the statkarge portions of Piscataquis and Aroostomkntiesare served
by the Northern Maine IndependénSystem Administrator (NMISA) and utilizes electricity

14 C.W. Tessuninequity in Consumption of Goods and Services Adds to¢®biat Disparities in Air Pollution Exposwi@. 116

(Proceedings of éhNational Academy of Sciences of the United State of America (PNAS, 2019), https://www.pnas.org/content/116/13/6001.

Bh2iS GKIFIG 6KAES GKS ONARGSNAI dzaSR G2 O f OdzA I S al huhbriedkvalfesof | NB 4AR
the SVI calculated in this study are for internal comparison among Maine jurisdictions and are not meant to be comparealcalated for

other jurisdictions.

16 Defined as income that is 150 percent of the federal poverty level or less.

7 Census tracts are small statistical subdivisions of a county that are updated prior to each decennial census, araviy/pigadfutation
size between 1,200 and 8,000 people, 8e8:Census Bureau raossaryn.d., https://www.census.gov/programs
surveys/geography/about/glossary.html#par_textimage_13.



predominantlyfrom NewBrunswick rather thaMaine Washington County is served by Eastern
Maine Electric Cooperative and Versant Power.

Figure4. Maine Social Vulnerability Indéx
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3 Modeling and Scenario Analysis Approac

¢ KAa & dzRidefitdies potgritidl Bedsttodt renewable resourceortfolios under a range of
assumptions regardirmplicyandmarket conditionsThis sectiomlescribeshe modeling approachsedin
this study, the scenarios evaluateddkey modelingassumptions

3.1 Modeling approach

The model used in this study ispmeadsheetool that ams to et OG L2 NI F2f A2a GKIFG Y
needsover the next decaa The model is not meant to be a powtaw tool that analyzes theperational

reliability of the resultant portfoliosThe focus is, rather, odefining multiple scenaripsleterminng

portfolios that are policgompliant across those scenari@hd understanding the economic and policy
implications of such portfolios

The goa of the modeling approacare: 1) to identify the needfor renewablego meet future policy goals

(referred to as theRenewable Net Short (RNS)this study; 2) to curate a set otandidaterenewable

resources to fill thédentified needi K BenetvableQupplyQurved); and3) to selectthe leastcost portfolio

from the renewable supply curve fill theidertified need.Thisapproachid f f dza i N} G SR Ay {(KS
portion of the model schematic shownHigure5. A variety of inputare needed to develop bothe RNS

and the Renewae Supply Curveey inputst NB aK2gy Ay (GKS WLyLdmiaQ aSc
particular,a demand forecast,;eRPS target, and existing renewables all go into establishiiiNtBe

Figure5. Model Schematic

E3’s RPS Planning Tool generated RPS portfolios for Maine over the next decade under
different sets of planning assumptions
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The model calculates theet cost for each candidate resourcking the following factors into account:

& Cost of the resource

e An estimate of the transmission upgrades (if any) needed to intercoanéctelivethe resource
€ Energy value of theesource and

€ Capacity value of the resource

Once the nettost has been calculated for each resource, the model fills iRi#vith a portfolio of
resource$’ that, together, have the lowest total cost to the systavhile meeting theRP$olicy goalsaind
scenario parameterdlore details of the assumptions of the model are givedeiction3.3.

3.2 Scenarios

The analysistudied six scenariosl) a basescenario that assumeclirrent market trendshrough 2030
and2) five scenarios that variekieyinput assumptiongrom the base scenarim explore howenewable
resource portfoliosand their costschange under plausible future conditionsThe list of scenarios
considered in this analysis is shownTable 1; each is described in further detail b&loThe input
assumptions for these scenariagre derived from discussions with stakeholders andlicly avdable
data sets.

Tablel. Scenarios studied this report

Scenarios

PolicycompliantBusinessAsUsual BAU case; uses current trends through 2025 ar
1.Base Case then meets needvith leastcost resources after including land usstrictions lower
loads tested as a sensitivity

2. UnoonstrainedLand

Use Similar toBase Caswithout additionalland-use restrictions imposed

3. High Offshore Wind Assumes theddition ofup to 1 gigawatt GW) of offshore windby 2030

4. Existing Assumes onlgxistingonshoretransmissiorcan be used taeliver resources to meet
Transmission the RPS
5. Regional Scenario wherdlaine coordinates witlthe broader New England region throutjte
Coordination use ofout-of-state RECand sharetnshore transmissionosts

Adiverseportfolio consisting of onshore wind, offshore windility solar paired with
6. DiversePortfolio storage distributed generatiorresourcesout-of-state RECs, and mechanisms for €o

sharing of onshore transmission by 2030

All scenarios are consistent wékistingclean energy and decarbonizatjpolicy in Mainend includdoad

growth from building and vehicle electrificatikelyy SSRSR (2 | OKAS@le GHGA Y SQa

%In addition to irstate resources, in some scenarios, out of state RECs are also eligiblethe iR&E. Out of state RECs that are currently B ;
YSSUAY3 | LERZ2NUAZ2Y 2F alAySQa w9/ NBIddZANBYSyda INB lFaadzYSR 02 O2yudAy



emissions target® In addition, the scenariassumethat someexistinghydroelectric facilitigd! planned
procurements of Class tAsources$? and a percentageof distributed resourceprocuredper Maine law

or in executed NEB agreements with Central Maine P@MP)or Versant Powewill allqualify for and
contribute to thea i | RPS&gets?® Anyremaining Class I/REC need is assumed to be met feither

new instate generatia or out-of-state RECS. Identifyingthese new resourceis thefocus of this study.

For the purposes of thigudy,Class Il RECs are assumed to continue to be available to Maine and are not
expected to drive significant investment in new renewables islibeterm. An overview of each scenario

is provided in Sections 3.2.1 through.8.that follow.

3.2.1 Base Case

This scenario represerasfuture in which Maineneetsits RPS targets through leaststresourcesbased

on current market trends and policy implemented in Maine and the broader New England region. This
scenario allowshe development of onshore resources as welbHishorewind resourcedo the extent

they are cost effective during the 202030 window

To construct realistic estimatesf potential renewablavailability withinMaine, this analysis starts with

the solarand wind technical potential values available ftbeNational Renewable Energy Laboraf»gy

(b w9)[R€gional Energy Development System (Refabd|, whichrepresents all potential resources

available for development after lanube screens that removarid area that is either protected or already
developed(e.g., national parks or cit}81 2 6 SOGSNE bw9[ Qa {lkdlyktifl farReedsdzNOS L.
what can feasibly be developéd the state Thus, this analysis adds additional land use contstriin

reflect the practical challenges around larsg for renewable development and the impact this would have

in reducing the resource potentials of renewable resources. This scenario layers on restrictions that limit
onshore wind technical potential t8% farmland and 2% forte® and utilityscale solar to 4% of

2WFYAS 1T FHEt SO tdX ax2fdzYS oY alAyS 9YAaaizya !ylrfteaira /2yaztARFGS
https://www.maine.gov/future/sites/maine.gov.futureffiles/inliiees/ERG_MCC_Vol3_MaineEmissionsAnalysisSyna8s202Q.pdf.

Agaw{ C¢CADISSOPA2Y oHmnd wSySgloftS wSazdzNDS & I Alitg35Rs®B21&Khini.LJA YK K YI Ay St S+
24{ ot G orbpdr mngnyY 'y 0l (2 wWSTRYWNRIBHRI§FSQamMep®ySoroftS t2NIF2fA2 {0

236/ at wSallyasS &envwRd¥ Sai/ DyRINIntnanl Ay S t 26 SNE HaHn0 X KGGLAYKkYLdZO
cms.maine.gov/CQM.Public. WebUl/MatterManagement/MatterFilingltem?&8lingSeq=109306&CaseNumber=2020m o pT &+ SNE | y U

Response to Docket No. 20201 Mmcpcpé 6 = SNELFY (G t 26SNE Hnuwn0X KOGGLAYkKkKYLzO
cms.maine.gov/CQM.Public. WebUl/MatterManagement/MatterFilingltem.aspx?FilingSeq=109323&CaseNumbe1:92020

2 Depending on sceriardefinitions. See sectioBL.1- 3.2.6for more detail.
25The resource potential within NREL ReEDS for solar includes land located on large parcels outside urban boundarfeggeaityuding

LINEPGSOGSR fFyYyRaAZEAYVKBYERNASRD O N&ZNBRE &a2F [FyYR al yl3SYySyid | NBFra 2F ON
greater than 5%. For onshore wind, the resource potential excludes areas considered unlikely to be developed for drvireomaot

reasonsfedeal and state protected areds.g., parks, wilderness areas, and wildlife sanctuaries), areas covered by water, urban areas,

wetlands, airports, and rough terrain. Areas classifigtbasidge-crest forestJ.S. Forest Service and U.S. Department ofifefends, and

state forests are 50% excluded.
26 2% of farmland corresponds to 26,000 acres and 2% of forest land corresponds to 403,000 acres.

Maine Renewable Energy Market Goals Assessment 16



farmland?’28 This report is not suggesting the implementation of these specifieulsmsicreens buis
including these screens to better understand land use restri€ioverall impact on deslopment
opportunities.

Currently, thestandard load assumptiomspresent high levels of beneficial electrificatcmmsistent with
Maine achieving it&HGemissions goal¢lowever, it may be possible for Maine to achieve these goals
with lower loadgrowth through strategies such asore aggressive building weatherizatisaduced
vehiclemiles traveledVMT) grid flexibility or demand managemeifib test such a futureg Low Load
sensitivityon the Bas&asewas evaluated to investigatie influence oflifferent load trajectories othe
resource and transmission build and costs

3.2.2 Unconstrained Land Use

Thisscenarioinvestigates the impact of removirige additionalland use restrictionson utility-scale

renewables, particularlynshore wind and utilitgcale solaconstruction This isneant as anechanism to

better understand what additional constraints are bindihthese additionaland use restrictions are
removed

3.2.3 High Offshore Wind

The Gulf of Maine is characterized by its vast offshore wind res@ndep to 5 GW of offshore wind
development have been contemplated by 2630he highoffshore windscenariostudiesthe impact of

includingup to 1 GW obffshore windna I A Yy SQ& NXB & 2 dzNJhE208JRRIBsMElwes upi 2 YS S
to 144 MW fromthe State of Maingroposed floating offshore wind research arbeginning in 2025

Offshore wind costare projected to drop, especially beyond 2@&0technology advancésee Section

3.3.2for more details)As a resultpffshore wind igxpected to play a greater role in the 2030 and beyond

timeline.

3.2.4 Existing Transmission

Transmissin was overwhelmingly identifiedl @ &Gl { SK2f RSNA Ay UKA dasaa(dzRe Qa
key obstacle to renewabénergydevelopment irMaine At the same timdransmission projects regularly

facea number ofsiting, permittingJanduse, legal, andnvironmental challengedhis scenario is meant

to simulate an extreme scenario where no onshore transmission is built in the state. The resultant portfolio

will pointto an alternative mix of resources thatuld be usedo Y S S & (i K BPS defuireémesna

2’ These indicative numbers were previously used in another New England renewable transition study and #rssa twmire loosely

derived by backalculating the total percentage of available land that would be used for renewable development in California that would

enable the state to reach its 100% by 2045 ekreergy goalkttps://www.ethree.com/wp
contenfuploads/2019/06/E3_Long_Run_Resource_Adequacy_CADBeaponization_Final.pdf

28§ b Kdro New England: Ensuring Electric Reliability in4 lomD 2y Cdzli dzZNB¢ 609y SNHE | yR 9YGBANRYYSydl f ¢
https://www.ethree.can/wp-content/uploads/2020/11/EEFI_RepoiewEnglandReliabilityUnderDeepDecarbonization_Full

Report_November_2020.pdf.

VDGCAYlFE wSLERNI 2F GKS hOSty 9ySNHe ¢l a1 G2NOS>Z¢ uwnndr KIEidLAYkkdzYlAY
content/uploads/sites/303/2017/02/OETF_FinalReportAppendices.pdf.

GDdzE F 2F al AyS Cf 2 GANMNG &h FiF aDK2ANSENIL 2ANCRA WOSYASSNENOKh FFA OS¢ | O0SaasSR Wiy
https://www.maine.gov/energy/initiatives/offshorewind/researcharray.



such an extreme scenari@he Base Case and this scenario are meant to represent two extreme
transmission futureg one where onshore transmission fagesignificanthurdles and another where it is
extremely challenggto build more onshore transmission.

3.2.5 Regional Coordination

As noted above, stakeholders have identified thabsmissioncan bea key componentof renewable

energy developmentparticularly in Maing where the transmission system experiences significant
congestion and constraints that impdlee ability and cost of building new generation in the stitehis
scenariopuildingnew transmissiorcan be facilitated by sharing cosistween Maine and oubf-state

entities, such asther New England stateéSuch cost sharing is motivated by the fact Maine is currently

alreadya net exporter of energyand itsexistingsolar and wind resources sell their RBE@sof-state.3

Giventherole today2 ¥ a | A y Sréhawalidalghiddmtignisupporingother New England stateRPS
requiremensand energy needsk SNB A a 02y ( Ay dzS Rstatdzesobinges to bupporfrdtNI a | Ay
2yfte AGA 26y 0 daenewablé enerdy SequirenggHdcilitateR @ dharing the costs of
transmissiorupgrades in Maine between Maine itself and the rest of New Engdlaigitype of approach

has the potential to offefowercost2 LJGA 2y & G2 YSSG alAySQa 3I2Ffax | :
community, and workforce benefitsr Maine communities.

Further, Maine currentlpartiallyrelies on RECs produced by-oftstate biomass generators to meet its
REC need¥.Throughoutthe study periog Connecticut iplanning toreduce the number of biomass
generators that can qualify for its Class | requirenigfhis creats the possibilitythat Maine could
purchase additional Class | RECs on top of those it acquiresitdesd of building new generation in
state to meetts renewable goals.

Ly GKA&A &aO0OSyFINAR2:X GKS SFFSOG 2F (o2 StSYSyaa 27
renewable energy requiremesiare modeled: 1) cosharing of transmission upgrades with the rest of

New Englandand 2) the potentiahvailability of additional owtf-state RECs for purchase by Maiime (

addition tothose available today).

3.2.6 Diverse Portfolio

Informed by the results of the five previous scenarios, a-aeaated diverseportfolio is modeled. This
portfolio consistsof onshore wind, offshore wind, utilityolarpaired withstorage distributed generation
resources, oubf-state RECs, and mechanismscfmstsharingof onshore transmissio While this is not a
suggestion of the ideal resource mix, it provides insight intdakestreamportfolio and cost impacts of
amixed resouce scenario.

314 a | A Sfdde Energy Profile Overviewd{ ® 9y SNH& LYy F2N¥YIFGA2y ! RYAYAAGNI GA2Y 09L! 0 dé

Rl yydz-f wSLRNI 2y bS¢é wSySéglofS wSazdaNODS t 2NITF2f A2 wllyPzA NBYSyidy wSs
Bl yydzf wSLRNI 2y bS¢é wSySglofS wSazdaNODS t 2NIF2fA2 wSldANBYSyidy w$s
3/ 2y ySOGAOdzi (2 tKIFIAYRIALY DI fadz& 92 B .pA 2 VIZ&¥a A A[YI I T AySo/ 2Yzé | O0Saa
http://biomassmagazine.com/articles/15065/connectitedphasedownvalueof-biomasslandfilkgasrecs.



3.3 Key assumptions

This section provides details on the key assumptions utilized in the anEtysigction describegkey
assumptionsin and the methodologyehind establishingClass I/IA REC need and tliea resources
needed to fill in that need.

3.3.1 Renewable Net Short

TheRNSas calculated in this studga | A Y S Q& ime®dry mpdelSdRyeaafter accounting fothe

RECs that are available to the state from existing and planned resoloadsterminea | A YRNS &

NEBIljdzZA NER G2 YSSG alAySQa wnon averdquirad INBfGecast o S PSS NI
future energy demands,)2he & i | futBr@ RPSequirements and 3) the availability ofexisting and

planned renewable generatian2 Y SS G a | A yT&editst twopigcesyoSrBoRmatiatetermine

the grossREQeed(shown by theblueline inFigure9), while the third piec@rovidesinformation onRECs

that are available from existing and planned generafRECs from existing generatioimysically located

both in and out of statel @S 06 SSy dzia S RRRAB2eediS®Bicallyal Ay SQa

While the gross REC need inclutkistieed from all class€€lasssl, IA, and I])the focus of this study is
primarily onClass l/IAeed® as this is expected to drive most of the new renewable investment in the
state over the coming decadEhis I/IA needs shown irFigure6 andis indicated bythe black circleRECs
from existing and planned procurements are also shdWaineis projected to have sufficient supply of

I/IA RECtrough 2026 and new REGenerating resources are required by 20@6most scenarios and

by 2027 for theOffshore Wind and Diverse Portfoliscenaria. While the exact mixture of REC sources
dza SR G2 &l G inaymat bepreckelySvial is showh Figures, it is anticipated thags Class
I/IAREC neeihcreases iMaine,their pricewill alsoincreasein turn drivingthe sale of RECs to Maine.

Figure6. Class I/IA REC need through 2030
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Specifidata and assumptions used to determine the RNS are listed.below

351t is assumed in this study that Class Il RECs are in sufficient supply@tasseBtneed through 2030. Current low Class Il REC prices as well
as the relatively large hydro portfolio that qualifies for Class Il RECs support this assumption.



3.3.1.1 LoadForecast

The primary load forecast used in this stwds developed for thICQ@ Blectric Sdor study. The MCC

study showed that tis load forecas (called T4/H4 forecast in the study)?2 dz2f R YSSG al AySQa |
reductiontargets.Specifically, it incorporates aggressive levels of transportation and heating electrification

85% ofnew LightDuty Vehicles (LDV) sales by 2030 are assumed to be elelkiiec55% of Heaviputy

Vehicles (HDVgre assumedo be zereemission vehicles. LDV ad®VVMTare also assumed to decline

by 20% and 4% 8030, respectively’® Fuel efficiency is assumed to reachMRG for new cars and 30

MPG for new light trucks by 2050. A portioelettric vehicleE\j charging is also assumed to be managed.

The forecast ats assumes 1.5% cumulative residential space heat energy reduction 3y th@ough
weatherization. Furthermore, 90% of all residential and commercial heating systems that burn out are
assumed to be replaced with heat pumps by 20%eeFigure?.

FHgure 7. Load forecast used in this study
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The load for intermediate study yeavas linearly interpolated betweedhe Energy Information Agen@ya
(9 L ) 2B net loaéfin Maine and the 2030 H4/T4 projection.

3.3.1.2 Policy Requirements

LD 1494 establishedraquirementof 80% RPS by 2030 and a target of 100% by 2050. A breakdown of
theserequirements and goaklss percentages of retail saieshown irFigure8. Ten percenof retail sales

are required to be met by Class | resources, 36f% Class Il resources, and the remaining is to be met
from Class |IA resources.

BHalletatby G x2f dz¥YS oY alAyS 9YAadaaAiazya !ylteara /2yaztARFGISR 9ySNBEBe { SO
S7Hall et al.
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Class | and IA resources represmost ofthe growth in MineQa wt { @ ¢ KSaS aySgé NBy.
can be any capacity when powered by wind or solar energy and canneded@@ MW in capacity if
powered in some part by any of fuel cells, tidal power, geothermal, hydro, or biomass.

Class Il resources gpee-existing resource@vith an inservice date prior to September 2005 and not
refurbished)that have capacities that do not exce®@d0 MW and either have thermal efficiencies greater
than 60% or are powered by fuel cells, tidal power, solar arrays, wind, geothermal, hydro, biomass, or
municipal solid wast¥.

Figure8. Maine RPS targets as percentage of retail sales
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B Class|l ®mClass| ®m(Class|A ™ Class|A Goal

The focus of this study tise Class IA requirement thi expected talrive the need for new renewables

in Maine. Class Il RECs are assumed to continue to be availMdée and are not expected tirive
significant investment in new renewablesthe shortterm. In 2017, Class Il REC prices ranged from
$0/MWh to $2/MWh, signaling a significant oversupplglassl-eligible resources relative to Class || REC
need° This oversupply likely comes fremmehydroelectricresources, whichualifyas Class Il resources

in Mainealone.Given this historioversupplyand commentary from stakeholders, it is envisioned that
these resources will continue to be sufficiently dé through the study period. As a result, it is assumed

that the Class Il requirement will be met by existing resources and that any REC need will arise from Class
I/IA deficits.

39 A detailed description of these classes is available on the Maine Public Uity A awebstef @& { al Aysé¢ | 00Saas WI y dzl N
https://www.maine.gov/mpuc/electricity/RPSMain.htm.
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Figure9. Renewable energy needafk blueline) and assumed baseline Rp@wided by
existing and planned Class I/IA resources (gray band, excludes offshore wind) and existing
Class Il resources (black band)
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3.3.1.3 Existing REC Resources

9EAAGAY I w9/ NBaz2dzNOSa éAaftf YSSG | LR NIChsid2 T (GKS
Class Il resourceAs mentioned above, this study focuses on REC needs driven by Class I/IA requirements

To this end, existing and planned Class I/IA resources are listed below. These resources are assumed to
meet some of the REC need &hd remaining need will drive renewable investment and is the fotus

this study.

Class I/IA Resources
The baseline of Class I/IA RECs are assumed to come from a variety of sources:
€ Existing generationHistorically, Maine Class | requirements have been met by a miXtREeCs

generated by irstate and outof-state resources, most of which are fueled by biomass, as shown
in Figure 10

“al AyS tdzoft A0 ! GAfAGASEA [/ 2YYA&A&aA2YZT dunmdg ! yydzZ t wSL}R2 NI dé
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Figurel0. Class | REC mix used to meet requirements irf2018
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® Biomass = Wind = Hydroelectric/Hydropower = Other

Class | REC prices ranged from $1.15/MWh to $33/MWh in 2017, significantly below the alternative
compliance payment of $67.71/MWh inthat same y8ar2 NE NB OSy Gt ez al Ay SQa
have been lower than REC | prices of other New England sigteding some oversupply of Class

| RECssée Figurell). Keeping the current oversupply of Class | Maine RECs and the lower prices,

T2NJ GKAA &addzRez AlG Aa aadzySR (KI G

requirements continué¢o do so

NE & 2 dzND S &

Baseline resources include all projects that have achieved commercial optraiioghthe end
of Q3 02020 Procurementshrough LD 1494 and LD 1711 are alsoounted for (see below)o
the extent new resources have been contracted for arehot currently operationalthey will
help meet some of the REC need that is projected in @626 they become operatiah

42 Maine Public Utilities Commission.
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Figurell. New England States' REC | pfites
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€ Qualified hydro.The second source of baseline Class I/IA RECs are older hydroelectric plants with

OF LI OAGASA 3INBFGSNI GKFYy wup a2 odzi fSE&BisiKlIy wm
qualification corresponds to approximately 150 MW of hydroelectric generators &tatéw

Maine recently allowed these generators to bid an escalating percentage of their annual generation

into the Class IA REC market, capped at 200 GWh in 2020, 250 GWh in 2021, and 300 GWh in 2023.

It is assumethat these generators will supply the legal imaxm of their generation to meet Class

I/IA requirements.

€ Recent Class IA procuremen#ss mandated by LD 1494, tkiUds in the process of conducting

two rounds of procuring energy from Class IA eligible resourbesfirstprocurement tranche

consiste of a minimum of 7%andno more than 109 ¥ al Ay SQ&a NBGF AL St SO
The second tranche is for the remaining amototalingm s 2 F al Ay SQa NBGF AL ¢
2018in combinatiorf’ The most recent round of procuremerstscural 546 MW of capacitwith

contract prices in the range of $3®0/MWh? 1t isassume that RECs from these resourced

go towards MainQ BPS compliand¢broughout the study period.

€ New dstributed generation. There has been significant interest in developing distributed
generation resources, including the 375 MW solar procurement mandated by '®aitiabout

“Cai2y wW20SNBRZ abS¢g 9y3aFflyR /fF&d&8 L w9/ alNJSG !LIRIGS p t26SNI ! ROA&R
https://poweradvisorylic.com/newnglandclassi-recmarketupdate/.

Bgaw{ C¢CANtESOGPAZ2Y oumnd wSySsloftS wSazdNOSa ¢

‘gal AyS wt{ {i{GdzR& pu {eyl L&AS 9 ypwSNEW Fiapsei@@bcdn/BdectSr@SsasNI HoX HaHnX Ki
Ta{ ot dPHIOTMNpnY !y ! OG G2 wSTF2NN alAySQa wSySglotS t2NIF2tA2 {dFyRII

BGgat! /Y wnun wSljdzSaid F2NIt NRPLIRalfta F2NJ GKS {8 2F 9oy édsd@@ 2N wSySsl
January 19, 2021, https://wwmaine.gov/mpuc/electricity/rfps/class1a2020/index.shtml.
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1,100 MW of executedNEBagreements for Central Maine Power and Versant Poagaf late
2020°G@Sy GKS at!/ Qa NBOSyld Nz Ay3a 2y GKS TFANALD
procurement! and the uncertainty of attrition of executed agreemeratstotal of 500 MW of

distributed generationis assumedn the baseline These projects are assumed be fully
operational by 2025

€ Planned dfshore wind.Maine currently has plans to develagloating offshore wind research
arrayof up to twelve turbines. While the specific MW have not been determined at this stage in
the project, for purposes of the studie total capacity of this array is assumed tdlhé MWin
2025 and will provide RECs to Maine for the remainder of they gfedod. This resource is
included only in the High Offshore Wianad Diverse Portfoliscenaria.
. @ HNAHpIZ GKSAS NBaz2dz2NOSa FNB |aadzySR (2 LINRPRDARS y.
requiremens. Any residual needs for Class W8&ources must be met by additional new resources.

3.3.2 Renewable supply curve

3.3.2.1 RenewableCost and Potential

Various technologieare deemed eligiblén a I A ylegji€lationto meet thea i | { Sieciudinghydro
generation biomass, andasteto energy(WtE) Thesdypes of generators are already abundant in Maine
and enable the statdo be well on the way to meeting the ambitioB8% by 2030 targefhis section
summarizes the assumptions for cost and potefiakach of the technologies considered in #gtigdy.

Onshore Wind

The potential for onshore wind development in Maine is signifieangicent geospatial analysis completed

by NRElindicatesup to 50 GW ofechnical potentiaéxists within the state. While a substantial fraction of

this potentialis low quality and would not likely be commercially develofiexifechnical potential for
higherquality resource$30% capacity factornonetheless exceeds 10 GWhis isstill farin excesof

what could be realistically developed in the state over the neR0lyears. Hence ithis study, onshore

GAYR g1 & NBAGNAROGSR (G2 0SS o0daAtd 2y w: 2F al AySQa
potential to5 GWe? Sich a restriction filterout all butthe highestquality wind $hown in dark blue in
Figurel?).

Despitethe challenge of needing transmission upgrades to intercorthesewind resources, especially

in the West andNorth, the development ofnew onshore wind may be an attractive option for meeting
alAySQa FdzidaNBE wt{ YySSRaAad ¢SOKy2f23A0Ft Ayy20FGAz2
andthe cost of developing new wind is currently historically low. To characterize the praddntwae

O2ail 2F 6AYR NBaA2dz2NDSax GKAa aitdzReé NBEASa 2y bwoj

04/ at wSaADdket NG 2020 nMmppE T a£SNEFY I wSaldmypapiéi2 5201S0G b2d wHaun
SGwSLE2NI 2y wSySglofS 5Aa0NRO0dzESR DSYSNI GA2Yy {2t A0AGFGAZY d¢
52See Sectiod.2.1



cost of energydr wind resources with different levels of performaigghown inFigurel2. Note that the
increase in cost arises fromethetirement of thavind ProductionTaxCredit (PT¢between 2020 and 2025.

Figurel2. Projectedevelized cost of energiCOIas functions of distance to interconnection @@l
capacity factor (CREpr new onshore wind resources
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Offshore Wind

Thepotential for offshore wind development is similarly significBheUniversity of Mainéas estimated

that there is about 156GW of offshore windechnicalpotential off the coastof Maine>® Moreover,

offshore wind is higher quality comparisorto onshore wind with a capacity factor of more than @0

This isprimarily due to higher and more consistent wind speetdREL maps2 ¥ al Ay SQa 2y aKz2|
offshore wind speeds are shownFigurel3.

BgCt 21 GAy 3 hTTFa-mavhided StiugfuRes & Gompobi@eyt&! vy A OSNEAGE 2F al AySZé ! ROFYOSR { (N
Center, accessed January 1, 2021, https://composites.umaine.edu/offshorewind/.

%42 Lb59EOKI y3ISY DdzZA F 2F alAyS hTFaK2NB 2AyR {LISSR i mnapsaSGiSNaAZE |
data/337.



Figurel3. Onshore (left) and Offshore wilfidght) speeds in Maine (Note that the color scales are
different for the two maps)
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waters and is fixeebottom technology). Despite theomparative nascency of floating offshore wind
technology, it isvell poisedto meeta | A yiuBufe®RPS need3his is driven in part by the statéthe-art
reseach on floating turbine technology that is being led by University of Mainealso by projected rapid
decline$®intechnology costs, especially beyond 2@&@wn irFigurel4 are those costsintil 2050.Note
that the increased costa 2025are due tathe federaltax creditexpiration
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Figurel4. Projected LCOEs for néeating offshore wind resources
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One of the outstanding questions not being addressed by this study is what supporting onshore
transmission infrastructure would be needed to integrate large quantities of offshorgswgidas those
considered here. A 2012 University of Maine study found that3ROOMW of offshore wind could likely

be interconnected without the need for any adalital onshore transmission upgradéSince then, there

have been no new studies addressing this issue. As a result, it is possible that new transmission upgrades
may be required to interconnect beyond 300 MW of offshore winthis study though, it Bssumed that

Maine offshorewind can be interconnected without significamishore transmission upgradéis is in

line with a recentiISGNE study?’ that identified interconnection points for ~8 GW affshore windin
southern New England. In the abserafeMainespecific data, this study assumes a similar situation in
Maine wherethe existing interconnection is allocateddéishore windat retired or existing conventional
generation site®r at available higholtage linesearshore, which are limited in Maine

Utility-Scale Solar

In Maine, sand-alone utilityscale solgron averagetendsto have dower capacity facto(capacity factor
of 1696%) than that in much of the United Stategaverage capacitfactor of 2496°),°° making it more
expensive in comparisdo high-capacityfactor onshore windon an LCOE basBy pairing solar arrays

Sgal AyS 58811 GSNI hFFaAK2NBE 2AyR wSLRNIE 6! yA @S NEdefvaateraffhorawind-y SX HAaMH O
report.

5t F GNR O] . 2dz3KEY X abo{y/TmAn numamd hFFRWK2WEBO0 2 {AlydaRé&nSstatef (1 a>X¢ KOiGLAYKKGGH DA
assets/documents/2020/02/a6_nescoe_2019_Econ_8000.pdf.

Bl ¢. u bwo[Zé | O0S&aaSR 535 0Sar o SNI rottxd/BmrdimidE Ko (G LA Yk k | 16 Py NBf ¢332 Ok ®
969t SOGNRO 20 SINJQay2SNBKef 8L y F2 N GA2y ! RYAYAAadNI A2y o69L!0z¢ | O00SaasSR
https://www.eia.gov/electricity/monthly/epm_table_grapher.php.

80 This is primarily due to differences in solar insolation, which is a measure of solar energy that is incident onaepesiéied set period.

Additionally, differences in cloud cover patterns also affect the capacity factors. The North Amebedal Asgimilation System (NLDAS)
Daily Sunlight (Insolation) database gives this measure by geographic area. Avaliftpie /Attonder.cdc.gov/wonder/help/Insolation.html



with battery storage(a hybrid array in this study includes 1 MW of solar PV with 0.5 MW afr4ithium
ion storagg, the capacity factor increases to nearly 48%

While solarcongituted the majority of the first round of Class IA procurement mandated by LD thé94
selected projectsikely donot require major transmission upgradmsdare a representation dfeadroom

on existing transmissioGiven that this headroom is limitddrgequantities ofutility-scalePVin the future
are unlikely to connect without transmission upgradesotal of 7 GWof potential (based on the NREL
database and the additional laisdreens mentioned above)as made available for the model to choose
from in this study.

Figurel5. Utility-scale solar cost$
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Nevertheless, utilitgcale solar can serasameans forMaine to achieve its RP&juiremens. The costs
of solar and solar paired with batter®es RNJ ¢y  FANRisSholwnwFi§uEb.

Distributed Solar

There has been significaimterest in developing distributegenerationresources in MaineDistributed
generationresources are those Mainethat havecapacities of 5 MW or lessd are interconnected at

the distribution system leveDistributed generation can come from any generator meeting these
requirements. Howevelin practice,distributed solar generation is the primary distributed generation
resourcein the NEB interconnection queues for Central Maine Power and VersantPéwsea result,
distributed solar ifocused on in this stulgnd 2 § K G RA &G NAR 6 dzi SR a2t NE | yR
be used interchangeably in this report.

81 This is taken from the AURORA modeling software database.
62 Thisfigurewas uglatedin March 2021. See correspondiefgase notes.
B8g/ at wSaLIRyasS wen b@RdE TS Gd HSNE Frynlk aw S anldanydappeéi2 5201 S0 b2d® wnwun



Distributed resources totalirayer1,100MW haveNEB contracts execut#srough Central Maine 2 ¢ S NI &
FYR SNEIYy(G t 2 gaSdNIAMW BeequiteliN@®@ @ NibcWed as mandated in LD 1711.
However,there arechallenges andncertaintiesregardingthe costand magnitudeof distribution and
transmission system upgradassociated wit integrating distributed solar generatiotikely leading to
significant nearand midterm attrition of planned distributed solar build in Maine.

Figurel6. Distributedsolar costs adunction ofsize ofarray
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Regardless, distributed solar may Imeeaonomicalvay for Maine to meet itRPS requiremestby 2030

while potentiallyavoiding or deferringransmission upgradeweded to interconnect distant onshore wind
resources irwestern andnorthern Maine. The airrent resource cost, distribution systenpgrade costs,

and overaltost declinesf distribued solarvary bythe size of the project themselvasanging from solar

arrays in the 100 kW range up to thasear the limitdistributed generation limit of 5 MWh this report,

the resourcecosts ofdistributed solar arrayare drawn from the2019 Tracking the Sun repgfttthe
FYGAOALI GSR RSOftAySa F2tt26SR (K2asS Ay bwo[Qa ! ¢
adapted from communications wititakeholder$® As $iown inFigurels, it is clear thatifferent array
sizesparticularlythosein the 100 kW size nge, can rapidly decline in overall cost over the study period

It is important to note here that rooftop solar arregr® not explicitly considered this study(they are
considered to be part of the up to 100 kW buck#thile they may represent benisfito the people of
Maine, suchas reduced electricity bills in the long rimcreasedobsin the local economyand improved
grid reliability they areexpeced to play a minimal role in helping Maicemply with its RP@ven their

) NI O1 Ay 3 S {dzyYitedMeAyYy3I | YR 5
( f [0

“DFfSy . INp2as$S FyR blAY 5 NBK2dziKZ d¢ iKS b
FaA2yl 02Nl U2NEZX HAHNOLE KUOulLlAYk

HnMmd 9RAGAZ2YE o[ FeNByOS . SNytSe b
publications.Ibl.gov/sites/defadfiles/tracking_the_sun_2019_report.pdf.

5 These were independently verified and benchmarked to standard costing assumptions used in prior work, such as ineh2eaexraleviN
England studyhttps://www.ethree.com/wpcontent/uploads/2020/11/EEFI_RportNewEnglandReliabilityUnderDeep
Decarbonization_FeiReport_November_2020.pdf



smaller sizeAs aesult,these are not given as a separate candidate resource for the model to choose from
in this study.

Hydrecelectric

Hydroelectric generation has beény A YLI2 NI I y i NB a 2 dzND Srovidiig 3% afy SQa S
a | A ynSt@Ilactricitygeneration in 201 WhileY dzOK 2F al Ay SQa KeRNRSt SOGNA
been tappedthere is aboutc6é MW of potential capacitgtill availableand this is given as a candidate

resource to the modé¥ A total of2 GW ofCanadiarhydro (assumed tde projects under 100 MWyas

alsomade availablas a potential candidate resourdsfty percent of this potential was assumed to be

turbine upgradest existing sitegTier 1) and the other 50% was assumed to be new projd@as 2)

Figurel?. LCOE of available hydro resources
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Although new irstate hydro is cheaper than Canadian hydro, it is still expensive compared to -Gtiage in
resources, such as onshore wind and solar paired with storage, considered in this-stthermore,

because the technology is relatively matutee cost remains largely flat over the course of the study
periodLy O2YoAYyl G4A2Y ¢&A G KhedeeoRidsigyest tHatndbbtaiedyriro Isianlik8ly G A | =
to play a major role i I (i A & ¥ & ARPS requirerhgbifh@addition,new Canadiarhydro (under 100

MW) can be seen to be the most expensiesource available in this stydjue in partto transmission

costsh LG G22 Aa dzyt A1 Ste (2 RPBrequirethestvthed@aNdmNBt S Ay &l

Biomass

64 a | A Sfdde Energy Profile Overviewd{ ® 9y SNH& LYy F2N¥YIFGA2y ! RYAYAAGNI GA2Y 09L! 0 dé

“Gal AyS | @8RNRLIZGSNI { (idzReéé¢ ¢! dz3dza Gl X2 al AySY alAyS D20SNYy2NNRa 9ySNHE@
https://www.maine.gov/energy/sites/maine.gov.energy/files/infiies/00 :ME-GEGRpt02-04-15.pdf.

8¢ b Kdro New England: Ensuring Electric Reliabilityowvd | ND 2y Cdzi dzNB¢ 609y SNHE FyR 9YGBANRYYSydl f ¢
https://www.ethree.com/wpcontent/uploads/2020/11/EEFI_RepoiNewEnglandReliabilityUnderDeepDecarbonization_Full

Report_November_2020.pdf.



Like hydroelectric gemation, bomassresources which include generators fueled by wood and wood
derived fuelor landfill gashave historicalyp S Sy | 02 N S NjinératighdortofoAsalresut S Q a
of the extensive utilization of wodshsed resourcest wasestimatedoy some stakeholdethat thereare

only approximately 80 MW afew wood-basedgenerationpotential remainingin Maine Further, there

are only a fewandfils in Mainewith appreciablegas flow rates that are natlreadyused in electricity
gereration includinghe Juniper Ridge Landftle City of Bath Landfill, and tAeoostook Waste Solutions
landfills in ForFairfieldand Presque Islélheseprovide approximately 15 MW of potential aggregate
according to stakeholder feedback

Figurel8. Biomass costs
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In the faceof the rapidly decliningosts of solar and onshore wintew standalonebiomass generators
FNB dzyf A1 St eé (2 RESefuirifiesodril tfe néxe decadekhdu @rgeted action to
support new generatianThe costs of these generators, derived fronw 9 [ Q & A technolbgy 8okt
estimates andcommunication with stakeholderare shown inFigurel8. The generating technologies
fueled bywood, wood-derivedfuel, or landfill gas are quite mature; there are limited cost declines expected
over the study period.

Wasteto-Energy

There has been some interest in incorporating greater levelsipicipal wastdo-energygenerationin
al Ay SQa poblb.2DIAIA Sstablished thatectricityproduced by a WtEnit can be multiplied
by 300%until January 1, 202%9r the purposes of REC accounfihDespite this, WtE hdisnited potential

69 This provision is currently set to iegpn 2025.



to satisfya | A yRP® BequiremestThe coss over _
Figurel9. Wasteto-energycosts

thenextdecadE RSNA PSR FNBY | — D
for these resources aramongthe highest of those 5160

examined in this repofseeFigurel9). AClass Il REC S140 —

for a new WtE plant will be priced between $90 tc g $120 A

$100/MWh over the course of the study period, after 2 $100 -
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placed on energy produced from Wtams/® After § $40 -

accounting for this multiplier, the price for a Wt -~ $20 -

Class Il REC will be in the range of&&MWh. In . -

elt.her case, given the hlstorlcal.ly low Class I-I RI 20202025 20302035 2040 2045 2050
prices, new WtE plants are unlikely to be built tc Vear

adzLJL2 NI a9 Qa énfemt avar the hextw o ST —

decade.

Additional out-of-state RECs

Maine currently satisfies a portion of its REC Figure20. Out of stateREC costs
requirements from oubf-state REC$! It is assumed $50

that theseRECsvill continueto & 1A & F& al $45 -

requirementsat the same levels as todayhe use of g Egg

additionalout-of-st?te RECSss an optionto satisfy = $30 |

more ofa I A YREQréquirementsand avoid the ‘é’ $25 |

need to build new renewable generationUsing R $20 -

AURORA capacity expansionand production S $15

simulationmodeling the cost ot New England Class S s10

| REC was estimated through the studyquershown $5 -

in Figure20. AlthoughNew England ClasREC prices 5 ' ' ' ' '

2020202520302035204020452050

are expected to decline going forwatHey are still v
ear

expected to remain relatively high when compared tc
Maine Class | REC prices since the entire region is
moving towardsleep decarbonizatigrkeeping the demand for New England Class | R§Cs hi

Supply Curve

Resource costs, in combination with resource quality and availability, dictate which technologies are most
economic andare chosen by the model tbe built to meet the Maine RR&quirement Costs used are
ISYSNI 4GSR 0@ 9 batddare bas@l onGre ROZO NREIZARES The figure below sha@©Ee

of the set of resources considered in the mdde2030 Thecosts include both the raw resource cost and
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the cost ofa 230 kV line to interconnect to the nearest point in the transorissystemNote that the
supply curve does noeflectthe amount of available transmissibaadroom in the system e cost of
transmission upgradeés accommodate interconnection. Themse detailed in the following sectioithe
supply curve also doewt account for differences in energy or capacity revenues recovered by these
resourcesThusthe final lowestcostresource miafter transmission costs and constraints are accounted
for may not be comprised of the most inexpensive resources in thdystynweshown below

Figure21. Renewable resource supply curve iB®0
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3.3.2.2 TransmissiorAvailability & Cost

A stakeholder study completed in January 2020, as require® 101 (Resolve, To Study Transmission
Solutions to Enable Renewable Enénggstment in the Statepf S| NI @ 2dzif AySa GKS adl
grid today as well as identifying important congestion corridadsconstraints on the system. Insights

FNRY GKAA NBLR2NI 6SNB dzaSR G2 ONlparpbsesial tNid sfullyy A & & A 2
Transmission zones in this study are zones associated with the two primary characteristics: headroom on
the existing system, and cost and capacitheftransmission upgrades. The first characteridieadroom

onthe existing syem - is the MW capacity of renewables that can be interconnected and delivered at full
capacity on the existing transmission system. Once this headroom is exhausted with new resources,
transmission needs to be upgraded to integrate any more resourcebesel are defined by the second
characteristic, cost and capacity of transmission upgrades. There can be multiple tiers of transmission
upgrades (relatively cheaper to more expensive). The broad idea is that any resource built in a transmission
zone will ake up headroom othe existing transmission system (also referred to as existing headroom in
this report)and any interconnection needed after the existing headroom has been used up (to deliver

72This figurevas updatedn March 2021. See correspondiefgase notes.



electricity to Maine load centers) will trigger a transmissipgrade if the model chooses to build such a
resource.

Shown inFigure22 is a transmission map of Maine with constraints identifiedtiy LD 1401report
highlighted in orange or blue boxes. Those in orange boxes are constraints with limited or aorhdadr
additional resources to be interconnected to them; the Hdogesare those with some headroom. It is
clear that large portions of Maine are transmissionstrained leaving potential highuality resources

dzy I 6t S G2 &S olpdtcipate i theSISBIE nfatkétTRe impacts ofhe New England Clean
Energy Conne¢NECER@ Y a | A y S @énec@dAnRupdragieR needed for NECEC are not considered
in this study.

Figure22. Major transmission constraints in Maine and zonethis study

Southern

Considering théindings from LD 140keport, discussions with stakeholders, and the needs of this study,
MaineQ grid was divided into three transmissiaones. Note that these zones are not meant to be
representative of any physical or adisirative divisions/constraints within the system todgwther,

these are meant to represent the reality of significant transmission limitations preventing interconnection
of resources in northern and western Maine. It should be noted that althitnegiiorthern Maine grid is
notdirectlyO2 Yy SOG SR (2 { KBE gN&Sitidia partof thidrtieryi 2162 dn this studyThis

was doneas any renewables developedhorthern Maine,such asn AroostookCounty are still expected

to face downstream constraints such as KeRoadand OrringtonSouth



As shown irFigure22, the three zones incorporate different transmission constraints. The West contains
the Wyman transmission constraint, which limits intercatioa of western resource$he North contains
the Keene RahandOrrington Soutltonstraints Finally, the South contains the Surow®auth interface
and isassumed to have a 200 MW of headrd@mafter which transmission upgrades must be biiliere
issome debate about the exact amount of headroom available in the Ssp#riallyas this is intertwined
with the question of NECHEE&lated upgrades aSuroweieSaith. Thisis still uncertainand the actual
number may varybut for the purposes othis study, it is assumed that 200 MW of headroom eXists
Although not considered in this studjetavailableheadroom in the South also impacts @@ount of
renewables that may be developed in Weest andNorth aslow availabléransfercapacity in e South
and further downwould preventwestern anchorthern wind frombeingsoldout of state Additional study
of the SuroweiSouth interface has been committed to by the NEGHTilating parties as approved by
the MPUC.

The costs and MWapacities of theseansmissiorupgrades differ by zone and by tier and are sourced
from publicly available informatipwhere available. For example, the two Maine Resource Integration
StudiegMRIS) conducted by ISBE were used to inform transmissigpgrade costs in thevestern and
northern zonesto interconnect resources on an enefgyly basig® Due to the lack of publicly available
Maine-specific data on transmission upgrades in shathern zone, these were informed by urban
transmission costs iother parts of New EnglarffiTransmission upgrade costs in Soeithern zone are
higher than those in thevestern andhorthern zones on a peiW basisreflecting the increased cost of
transmission in urban aredSeeTable2 for the costs andapacitiesassumed for these upgrades.

Table2. Transmission upgrades costs and capacities used in this study

Higij:i)nogm Upgrade 1 Upgrade 2
STy () (201%o§tMM)
Northern 0 MW $779 518 $1,422 1119
Western 0 MW $303 360 $600 777
Southern 200 MW $518 360 $1,025 777

#MPUC Order in Docket 200323 (NECEC)
74 As such, NECEC does not directly impact the assomim this study aside from the available headroom in the South.

>The implication of this assumption is that new resources that are developed behind the transmission upgrades in thanstndygye

value and not a capacity value. There is no gytdivailable data on the costs and magnitudes of possible transmission upgrades to the North
and the West that would also allow resources to receive their full capacity value. Nevertheless, the impact of this\asstimeptighefevel

findings from lis study are expected to be minimal as the transmission upgrades to the West and the South and the resource buikts in the We
and the North are chosen economically by the model in the Base Case. An added capacity value is not expected to ohamjestbé ec

these lines.

BGDNBIFGSNI . 2ald2y /2a0 9aiAY!l (Saexon/shtie-NA FeAy 3 vdzSaliArizyazré KOIGGLIAYKKSS S

assets/documents/2014/11/nht_greater_boston_clarifying_questions.pdf.



Thezones mentioned above are used in the study to identify the optimal mix of resources that can meet
alAySQa FyydzZadf w9/ yYySSR® C2N) GKS LildzN1}2asSa 2F GKA:
North is assumed to be driven liycreases in load in theouthern zone. As such, all renewable
development in the state is assumed to meet staitde load and not individual zonal lodd.

3.3.2.3 EnergyValue

Seasonal and daily generation patterns aleoimportant to quantify so that generation closely matches

up withdemandespecially for variable renewable resources like solar and winddétigdind hours result

in higher wholesale energy priceghich would give generators higher revenues. This enaiggis one
variable in the equation the model considers when deciding which resources to procure to meet the RPS.
The energy value of a resource is the product of its genengitith outputand the projected future energy

prices for Maine. A descriptiorf these two components is given below

Resource profiles

{2t FNE RA&AOGNAOdziSR a2f I NE G6AYRI |YyR 2FFaK2NB gAYy
Radiation Database (NSRDB) and Wind Toolkit (WTK). A selection of sites across Maine wefersampled
each resource to ensure each profile was representative of the resource. Becausscatditgolar and

wind quality differ across Maine, separate profiles were developed rieprasentativesouthern Maine
resource and anorthern Maine resource. St&of-the-art resource characteristics such as shalis
tracking (for solar) and 1@@eter hub height (for wind) were used for the profile simulation. For distributed
solar, only one profile was developed since distributed resources are deployed melatipo centersso

the set of sampled sites wasdouthern Maine where the majority opeople in Maindive. Distributed

solar arrays tend to be smaller and in a fixed position, So ¢hpacity factas are less than utiliggcale

solar. The offshorewind profile was developed using sites off the coassoothern Maine near load
centers, giverthat an advantage of offshore wind is delivering renewable energy into transmission
constrained areas. Thslar paired with storagerofiles were constructed using the original solar profiles
and assuming theameplatesolar capacity is twice the storagapacityit is paired with Profiles of other
resources considered are less variable amdhok require a weathebased simulationso flat historical
monthly capacity factors were used from B4 8 generation data. The average annual generation for
each resource is shovimFigure23.

77 A detailed power analysis will identify the actual deliverability of developed renewable resources to different dernaadiiticiatithe
state. This is out of the scopetlus analysis.



Figure23. Average annual generation for representative resources used in this study
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E3 forecasts future energy prices ustdigRORAO perform bothcapacity expansion and production
simulation. The process for producing the price forecast involves modfyRQORAE RS F I dzf G RI G
GAGK 90Qa I &&dzY LI A&agorchafagtdtibtics 2fliephicesSrievk iesburog BpticAsS ghd

policy assumption&f S& | dadzYLJiAz2ya Ay 90Qa LINROS FT2NBOlFad Ay
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e Natural gas price forecadtasedon OTC Global Holdings forwards in the meam at each hub,
FYR GKS 9L! Qa !yydzZ t 9w¥dNAE hdzift 221 6! 9h0 Ay

€ Updates to plantevel operating characteristics and retirement dates based on qlaks and
90048 SELISNI |y2mkeéssRIS 2F St SOGNROAGE

e State RPS and other clean energy goals, technsfmgpific mandates, regional carbon price
programs, and federal tax incenti@scluding the ITC and PTC)

€ New resource optionsincludingsolar, wind, offshore windjthium-ion battery storage,gas
combined cycles, and gas combustion turbinesg A § K 02334 RSHEKDEMRE TNRBY b
forma financing mdel.

Once these changes are incorporated, a thstp process is used to create the price forecast. First, a
capacity expansion run XiUR@®AIis done to determine the new resources that will be built to meet future
load and policies. Then, a production simulation ruAWRORAs done with those new resources
incorporated to produce hourly energy prices. Finally,-postessing is done todorporate historical
price volatility thatdoes notshow up in the oveoptimized result of the production simulation.



The hourly results of the energy price forecast were avenangethlyand used with the generation profile

of each resource to determirtbe energy valueFigure24 shows EQ grice forecasfor ISGNEin 203Q
summarizinghe average hourly prices by montkd indicagshigher prices and blughowslower prices.
During the winter monthswhennatural gas demand (and thus pricéshigheracross the region, the
electricity prices aralsohighest. Prices throughout the year are generally higher in the evening hours
when electricity demand is highest; pricestgpcallylower overnight, whedemand is lowest, and in the
middle of the day, when abundant solar depresses prices.

Figure24. Heatmap of projected energy prices (2030)
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3.3.2.4 (apacityValue

The capacity value of a resource isvYh&ie aresourcebringsto the system byenerating energy during
times of system peaks. Quantifying the capacity valklades quantifyingl) the capacity contribution of

a resource during system pedKsis is referred to as its Net Qualifying Capacity or Effective Load Carrying
Capacity), an@) the capacity priceMultiplyingthese two values for a resource gives its total capacity
value. Each of these components is described below.

Net Qualifying Cpacity (NQC) or Effective Load Carrying Capacity (ELCC

In practice, bottiNQC and ELOEB LINB a Sy & G KS LISNOSy Gl 3sS 2F I NB a2 dzN.
during the system peak. However, each term is assigned based on resourgeNi@ie applied téirm

resources and ELCC applied to variable resources and storage. These factor into the valuation of a resource
since generators get paid for the capability of providing generation wiemeided most. For example,

if the system peak is in the evenjrgsolar resource would have an ELCC of zero while a firm gas generator

would receive close to 100% NQC.



The variableesource ELCCsusedwaré Ydzf F i1 SR Ay w9/ ! tX 90Q& NBfAIFOATL A
under deep decarbonizatigfand are disfayed inFigure25. These g assumedo decline over timelue

to saturation with increasing penetratioAlready the system peak is near sundown in the withes,

solar receives a very small ELCC in 2020. As more solar is integrated and the pea&rslhiiite the

evening, that ELCC goes to zditee ELCC wofind resources, including that of both onshore affdhore

wind, alsodeclines, but not as significangythe value starts at 38% and then declines to 11% by 2030 as

more wind is built. When solar and storage are paired up, the ELCC starts high but still declines slightly over
time. Hydro and biomass, on the other haddnot have weatheidependent generation limitations like

the other resources, and so receive 60% and 100% NQC throughout.

Figure25. Capacity credit of variable resourc&nshore and offshore wiradle assigned the same
capacity credit.
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Assumed capacitprice

This is the price the IS@EForward Capacity AuctioR@\) clears at and is the prieeresource gets paid

for its capacityA detailed simulation of future capacity auctionstiog Maine zones is beyond the scope

of this study As a simple approxiation, the capacity price is assumed talme net cost of new entry (net
CONE)This assumes thathenthere is a shortage of capacity to meet system peak, the clearing price of
the auctionwill be equal to the cost of building a new generator to meet that system peakh€&€hpest

firm capacity resource that is often built to meet peak load is a combustion tuvifineh is $33/k\Ar.

8¢ b Kdro New England: Ensuring Electric Reliability in-4 LlowD 2 y Repait dyME&And £F1. Available at:
https://www.ethree.com/wpcontent/uploads/2020/11/EEFI_RepoiNewEnglandReliabilityUnderDeepDecarbonization_Full
Report_November_2020.pdf



4 Scenario Analysis Results

The results of each scenario are presented beltach set of scenario results provides resource binilds

five-year increments starting in 30. Though thedcus of this study ihrough2030, results are presented

until 2040to show the impact of the 2030 mix on the future 8P i 2 NA Sa 2 F .&Resdlty SQa L
presentedin this section are not meant to be poeptive ¢ rather they aremeantto illustrate possible

pathways to meethe stateQ a requifements coseffectively andoetter inform policy decisionmaking

(Sectiorb).

4.1 Individual scenario results

Asshown in Sectio3.3.1 under the assumptions in this studaine startsneeding new RECs by 206
2027. This is shown againFigure26. The analysis in this study modelae snapshot yeaat five-year
intervals Hence the first year modeled is 2Dllowed by2025, 2030, 2035, and 204®Because noew
RECs are expectéa be neededby 2025 the first yearffor which results are showia 2030.Thescenario
specific modeling results that follawe to be considered ahowingthe amounts ohewrenewables that
are neededby 2030, 2035and 2040 Pre-planning and construction need to begin athed time so that
these resources are operational and generating Ria@g in 2026r 2027 andoy the years shown in
the figures below.,

Figure26. Class I/IA REC need through 2030
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4.1.1 Base Case

The Base Case selects a least portfoliotomeea A Yy SQa w9/ v Eduied, this podfolia K2 gy A
relies ononshore windo meet needs throug030and a mix of onshore windplarpaired withstorage

and distributed solarthrough 2040 Figure 28 shows where these resources abeilt, and which
transmission upgrades are required to support the resource portfafially Figure 30 shows theources

of all RECs in the Base Case, including those arising from existing and planned resources.



In 2030, onshore wind resources are chosen becatigeir higher capacityactors (vhich allows more
effective utilization of requisiteansmission upgrades in the West and NorBgyond 2030solarpaired
with storag€®is chosen because th@ghestquality wind resourcesare exhaustedn the West Finally
distributed solais chosen to avoidxpensivdaransmission upgrades southern Maine.

Figure27. Renewable build in Maine in Base Gase

Cumulative Installed Capacity

(Mw)
3,000 —
] Offshore Wind
2,500 — 2,413 B Onshore Wind
i Distributed Solar
2,000 — Storage (Paired with Solar)
. B Solar (Paired with Storage)
1,500 — 1,445 » Solar
N B Hydro
1,000 — 857 B Waste
] B Wood
500 — B Biomass
O —

2030 2035 2040

Transmission upgdes in the Wesind Northare selectedo accommodatéiigh-quality onshore wind in
2030. After2030, a seconsetof transmission upgrades in the West and North are built to connect onshore
wind (North) or a mix of onshore wind aswlarpaired withstorage (West). The remaining need is satisfied
by filling existing headroom in the Sowtfith onshore windand building260 MW of distributedsolar
generatior®! These facilities are estimated to be approximatetys MW in size andan belocated next

to commercialindustrial and small communitpads.

Onshore wind and associated tsamission development in the West and in the Natéfound to be
economical. This is partly driven by the high quality of wind in #reses bui@lso by compaitively high
southern transmission costahich are assumed to be urban and hence more expetisan the North
and the West

PLY GKS FAIAINBAT 4{2f I NIt ANBR gAlRSOI2MIKASS nYfRRM BSA t  RNBR2 GIANIKOF
portion of the project. In this study, the storage component of hybrid solar projects is assumed to be 50% of the repaeplaté the solar
component.

80 This figure was updated in March 208ee correspondimgleasenotes.

81 Note that a total of 500 MW of new Distributed Generation is already included in the baseline and is expected to b2028inEhis/ 75
MW is in addition to that 500 MW bringing the total new Distributed Generiatigiaine to 575 MW.
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Figure28. Regional builds in Base Caghke year where thearft or second transmission upgradase
neededn eachregion is indicated by a blue or red arrow, respectfely
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As a finabverview of the Bas€aseFigure29 shows all REC sourdaghe Base Casécluding baseline

resources arising from planned and existing sou&gsliscussed, new resources must be produREGs

by 2030, even thouglaseline resource®2 Y G NA 6 dzi S YI y& w9/ & Fram2thisa dzLJLJ2 N.
perspectivejt should be notedhat, in the case that some baseliRECSail to materialize as anticipated

(such as planned resources not being built or existing resources shutting down earlier than anticipated)

new resources must bluilt in addition to those chosen in the Base Césall instances, it must be
emphasized thathere must be significant planning and constructiomtw resource$o be buit in time

~
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82This figure was updated in March 2021. See corresporeleagse notes



Figure29. All REC sources in the Base &ase
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4.1.1.1 Baselow Loa Sensitivity

Load growth in Mainmay be offset wittmore aggressivéemandside measures such esergy efficiengy
weatherizationor load flexibilitywhile still maintaining high levels of beneficial electrification consistent
with Maine achieving it&HGemissiongequiremens. In this sensitivity of the Ba€ase, the effect of
reduced load growtlon resource buildand costsover the study perioavasinvestigated Figure30 shows

a comparison between resource builds for both the Bzase and theBase Low Load sensitivités
expectedthere are fewer resources built in the sensitivity, as there are fewer RECs re§juaréigh level,
onshore wind is the first resource chosen between each model in 2030. However, im2dd8plar
paired with storagand offshorewind are chosen in the sensitivity.

Figure30. Resource build comparisacross Base Case and Base Low Load sensiti2ig0 and 2048
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83 This figure was updated in March 2021. See corresporel@age notes.
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It can be seen why this is the cas€igure31. As the load profile is sufficiently loinansmission upgrades
to the North are not required to mede lower REC need 2030.If the full transmission line was built to
the North,fewerrenewablesn conparison to the Base Caseuld be developedue to the low loadhis
would make the transmission linenore expensive on ger MW basis Hence, ristead of building
transmission to theNorth, a combination ofdistributed generation and offshore wingl built This is
especially driven bgffshore windoecoming cheaper in 2035 and 204bispoints to another common
challengearound transmission buildingransmission upgrades duenpy,i.e., afull transmissio upgrade
needs to be builto access renewables in a zonkei® are important policgnd equityimplications of this
challengeSectios 5 and6 examire thesein greaterdetail, respectively

Figure31. Regional builds for Base Low Laaasitivity The year where the first or second transmission
upgrades are needed in each region is indicated by a blue or red arrow, respéctively
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As a preview tthe cost comparisons fBectiord.2, the net present values of the costs from 2025 430
of the Basd&Case and the Badeow Load sensitivity are presented-igure32 below.TheBase Low Load
sensitivity is cheaper than the BdSase, owing to théower load andsavings fronavoided transmission
and resource build® the North.

84 This figure was updated in March 2021. See corresporel@age notes.



Figure32. Net Present ValueNP\) of BaseCase and Base Low Load sensitivitgts
Note that differentievelsof load are being met ithese scenarid4
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In short, this sensitivity shows the mixture and geographic location of renewable resource builds are highly
sensitive to assumptions about future load growth. It suggests that offshawe avid distributed

ISYSNI GA2y 0S O2yaARSNBR T2NJ RSOSt2LIYSyd Ay, GKS OF
as they may aid in avoiding expensive transmidgidd

4,1.2 Unconstrained Land Use

The Unmnstrained_andUsescenariacemoveshe additionakestrictions orland useémposed in this study
(described in Sectio®.2.]) for onshore wind and utility solar resourdevelopmentto test how those
constraints maghange how Maine meets 2030 RPS targets the Base Casédnas land use constraints
screened the mosexpensiveresources, such a#he most distantand lowestcapacity factor wind
resourcesBy removing thse constraintsthose resources/ere made available to be chosdine removal
of these additionaland-useconstraintsis not to be construed aa suggestion for energyolicymakingn
Maine. Rather, this a computational mechanistm revealother constraintsthat might be importantor
Maineto achievets renewable energy requiremest

The results from tliscenario (Figure 33) are similar to those of the Base Case. Removing the land screens
allows for a small amount of Western onshore wind to be selected in place of some distributed generation
and solar plus storage in the Western zone in the Base C2685n While land screens may impact
resource economics within zones, transmission is the limiting factor for renewable resource development
across the state as demonstrated by the resource builds in the Southern and Northern zones. These
resource builds main the same across the Unconstrained Land Use scenario and the Base Case, suggesting
that even through a greater amount of renewables are available in these zones when land screens are
removed, the resource economics within these zones are determindlebyrespective transmission
upgrade costs



Figure33. Renewable build ilnonstrainedLand Useasé&®
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4.1.3 High Offshore Wind

In theHigh Offshore Windcenario, up to 1 GW of offshore wind is built before other resources by 2030 to
fulfill RECheed. An additional 500 MW is eligible to be built between 2030 and B@#Qjngthe total
offshore wind capacity th.5 GW. Included in ¢hbaseline fothis scenario ishe 144 MWresearch array
assumed to béuilt in 2025 whose RECs could be used to supply Class |AFHRE®ES34 shows the build
chosen by the model, excluding timesearch arrayh F FaK2NBE GAYR A& dzaSR (2 ¢
incrementl REC needs in 2030, whalenix ofonshoreand offshorewind is built to supplgrowing needs

in later yearsFigure35breaks down the resource build by region, showing that a small amount of onshore
wind is built irthe existing headroom in the Soutih2035 and 2040 and théie first upgradeto the West

is filled with onshore wind in 204Binally all REC sources for the High Offshore Wind scenario are shown
in Figure36. As was the case for the Base Casest RECs are sourced from existing andngidn
renewables. It again should be notedttadditional new resources should be planned and,luite case

that RECs from existing and planned resources do not materialize as expected.

As mentioned in th&ey Assumptions sectiooffshorewind is assumed to be connectiagexisting or
NEGANBR dzyAdaQ Ay G Saddeenfeysaaiihangeydsnbiansuy sigaificadt oBshdie U 2
transmission costshis is an assumption that underpinsofithorewind results in this studyAlthough

this assumption is in line with IBH00 Q & &t denified the potential for8 GW ofoffshore wind
interconnectingat similarinterconnectionpoints in Massachusetts, Mahseecific analysis is requiréal

accuratdy estimateoffshorewA Y RQ® I K XRW A 2y al AySQad (GNIXyavYAaairzy a

85This figure was updated in March 2021. See corresponding release notes.
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Figure34. Renewable build in High Offshore Wind case
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Figure35. Regional build for thelighOffshore Wind scenarid he year where the first or second
transmission upgrades are needed in each regiordisated by a blue or red arrow, respectively.
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Figure36. All REC sources for the High Offshore Wind scenario.
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4.1.4 Existing Transmission scenario

Stakeholders have emphasizitingthis study thabuilding new transmission to interconngéehewable
resoucesis believed to bea keyfactorin helping Maine achieve itenewable energy requirementTo
investigate how Mainmightcomplywith its RPS requiremewntilereflectingthe difficulty of buildingiew
transmission the ExistingTransmissiorscenario was developedhis scenari@liminated d possible
transmission upgrades, requirimanly those resourcesthat could be built without any associated
transmission upgrades, including offshore wind, some distributed generation, yesatile lanebased
resources in the existing headroom in the Sotitie goal is to understand the resultant portfolio that is
RPS compliant when transmission build in Maine is delayed

It can be seen irigure37 and Figure38 that about 500 MWof offshore wind,260 MW of distributed
generation, and 200 MW of onshore wind in the Sowthe builtin 2030. Beyond that, the only resource

that couldbe built without triggering transmission upgrades was offshore.\Biechuse of the unceinty

of how much offshore wind can be interconnected without onshore transmission upgtaxayg be likely

that the levels of offshore wind shown in these figures/ not bepossible unless onshoteansmission

upgrades are builFinally, all REC sources for the Existing Transmission scenario are $tigwa3a. As

was the case for the Base Case, most RECs are sourced from existing and planned renewables. It again
should be noted that additional new resources should be plaanédbuilt in the case that RECs from

existing and planned resources do not materialize as expected.



Figure37. Renewable Build in the Existing Transmission Case
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Figure38. Regional buildn the Existing Transmissiaase The year where the first second
transmission upgrades are needed in each region is indicated by a blue or red arrow, respectively.
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