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This ighe first public release of the AESC 2021 Study. We anticipate at least one more release of this
documentin late April 20210 provide avoided cost information in @pter 12: Sensitivity Analysis
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1. 9 9/ ! dLa8! w,

This document is the 2021 Avoided Energgidy Conponent (AESC) Study (AESC 2GHEC 2021
containscost sreamsof marginal energy supply components that can be avoided in future years due to
reductions in the use of electricity, natural gas, and other fuels as a result of prdmsed energy
efficiency or other demandgide measures across all six New Ergjlstates.

The AESC Study provides estimates of avoided costs associated with energy efficiency measures for
program administrators throughout New England states for purposes of both aitdetison-making

and regulatory filings. To determine the valudsnergy efficiency and other demaisitie measures,
avoided costs are calculated and provided for each New England state in a hypothetical future in which
the New England program adminiators donot install any newdlemandsidemeasures in 2021 or later
yearsb S¢ (2 (KA AESES02NEsiurésridifeReat Eounterfactuals:

1 Counterfactual #1A future in whictprogram administratorsnstall no new energy
efficiency, building kectrification, or active demand management (demand response
and erergy storage) resources in 2021 or later years.

1 Counterfactual 2: A future in whichprogram administratorénstall no new building
electrification resources in 2021 or later years. Thigreidoes model some amount of
energy efficiency and active demand management resources installed by the program
administrators.

1 Counterfactual B: A future in whichprogramadministratorsinstall no new energy
efficiency resources in 2021 or later yearhis fuure does model some amount of
building electrification and active demand management resources installed by the
program administrators.

1 Counterfactual #: A future inwhichprogram administratorgnstall no new energy
efficiency resources in 2021 @teryears. This future does model some amount of
building electrificatiorinstalled by the program administrators but does not include any
active demand management resoexcinstalled by the program administrators.

Becauseach AESC counterfactuapresents ehypotheticalfuture that lacks some amount of

anticipated demaneside measuresAESQ@021shouldnot be used to infer information about actual

future market conditios, energy prices, or resource builds in New England. Furthermore, actual prices
in the fuure will be different than the longerm prices calculated in this studynceactual future prices

will be subject to shorterm variations in energy markets thateaunknowable at this point in time.

Note also that these caveats may also applgénsiives modeled in the AE2021Study(see Chapter

12 for more information).

As in previous AESC studies, this study examines avoided costs of energy, capacitygastiual oil,

other fuels, other environmental costs, and demand reduction iredugriceeffects (DRIPEAIso, AESC
2021 relies upon a combination of models to estimate each one of these avoided costs for each future
year. As in AESC 2018, this studyvides avoided energy costs on an hourly basis. This allows users of
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the report toestimate avoided costs specific to a broad array of active demand response programs,
including active load management and peak load shifting progr&tier avoided costs (g., natural
gas, fuel oil) are provided #te time resolutions that are most apppriate for their markets (e.qg., daily,
seasonal, or annual).

On a 15year levelized basién real 2021 dollagghe AES@021Studyestimates that direct avoided
retail enagy costs are approximatefiicents per kWh for Counterfactual #1, and directided gas
costs are 6 per MMBtu,although these vargn the specific location and engse. Compared to 2018
AESC, we find:

1 Generally lower avoided costs of energy, due to aingtd low natural gas prices at
national hubs, lower estimated costs of complywigh the Regional Greenhouse Gas
Initiative (RGG)andincreasedquantities of zeremarginalcost renewables

1 Generally lowenvoidedcosts of capacity due ta relatively flat supply curve based on
observations of recent forward capacity auctions

1 Geneasllylower avoided costs of natural gas, basedlower long-term projections of
wholesalenatural gas pricesAvoidednaturalgas cost for retail endusersare also
lowerthan in AESC 281but becausdancremental gas pipeline expansion coste
assumedo be Hgher, the change in avoided costs at the arsgr level is not as large as
the reduction in gas commaodity prices

1 Generallyhigheravoided costs for fuel oil and other fuels, dueufadates to recent
historical data in the underlying sourciesthe source used to calculate these values.

1 Generallyhigheravoided costs for renewable portfolio standard (RPS) complidiis
is primarily due to recent (or anticipated) increases in RPS target obligations combined
with expected increases in load duedtectrification.

1 Lowerenergy DRIP&nd capacity DRIPE values, ttlmehanges in utility longerm
energy purchases, updated markeidtd, and new commodity forecastdlatural gas
DRIPE&Nd oil DRIP#aluesare alsolower due to similar changes

1 Both higher and bwer non-embedded costs for environmental regulations that are not
otherwise included in the above projections (e@arbon dioxideCQ, and nitrogen
oxides,NQy) depending on the approach used to calculate this numB&SC 2021
presents enumber of different non-embedded costs for use in different state policy
contexts

1 Loweravoided costs for pooled transmission facility (PTF) casta result of a switch to
a forwardlooking methodology (AESC 2018 utilizddsdoricalmethodology) AESC
2021 also peserts additional methodologies for quantifying localized and /9
transmission and distribution avoided costs.

1 Generallylower avoided costs for reliability, due &oflatter supply capacity market
supply curve. This is in spite of a highgimate for value of lost load @LL),
determined through newly availablatasources.
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AESC 202drovides detailed projections of avoided costs by year for an idiiglearperiod based on
modeling (2021 through 2035), and a second period based oamt#ation of valuesfrom this first
period (2036 through 2.1 All values in this document atkescribed in terms of re@021dollars,
unless noted otherwise. In many cases, we providgddr 0212035 levelized values of avoided
costs for ease ofeporting ard comparison with earlier AESC studies. Aggendix ECommon Financial
Parameterdor more information on financial parameteused in this analysis.

1.1. Background to the AESC Study

As in previous AESC stuglithe ASQ021Study was sponsored by a group of electric and gitisas
and other efficiency program administrators (together, referred to as program administrators). The
study sponsors, along with other parties (including representatives from gtaternments, consumer
advocacy organizations, and environmental adgycorganizations and their consultants) formed a
Study Group to oversee the design and production of the analysis and report.

Study sponsors for the AE3@21Study include: Berkshire &&ompap, Cape Light Compact, Liberty
Utilities, National GridJSA Eversource (Connecticut Light and Power, NSTAR Electric and Gas Company,
Western Massachusetts Electric Company, Public Service Company of New Hampshire, and Yankee Gas),
New Hampshire Ettric @-op, Columbia Gasf MassachusettdUnitil (Fitchburg Gas arnElectric Light
Company, Unitil Energy Systems, Inc. and Northern Utilities), United llluminating, Southern Connecticut
Gas and Connecticut Natural Gas, Efficiency Maing the State bVermort. Other parties represented

in the Study Group includé&cada CenterConnecticut Department of Energy and Environmental
Protection, Connecticut Energy Efficiency Bo&tdine Public Utilities Commissiadassachusetts

Energy Efficiency AdvisoBouncilMassachusetts Clean Energy Centésissachusetts Departmenof

Public Utilities, Massachusetts Department of Energy Resowizsachusetts Department of
Environmental Protectioriylassachusetts Attorney General, Massachusetts-llmome Energy

Affordability Network (LEANNew Hampshire Office of Consumer Advochtew Hampshire Public

Utilities Commission, Rhode Island Division of Public Utilities and CaRrierde Island Energy Efficiency

and Resource Management CounRihode Island Office &nergyResourcesyermont Department of

Public ServiceandVermontEnergy Investment Corporatidrifficiency Vermont

After developing the scop®r the 2021study, the study sponsors selected Synapse Energy Economics
(Synapse) as the lead contractortioé study. Synapse was joined by subcontractors Resource Insight,
Sustainable Energy Advantage, Les Deman Consulting, and North Side Energy (together, the Synaps
Team).

L This extrapolation is described in detailippendix AUsage Instructions
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1.2. Summary ofavoided costs

The following section provides a summary of the avoidedscios each category of costs calculated
under the AES2021Study These categories include costs that can be applied to energy efficiency
measures that avoid ettricity (energy, capacity, DRIPE, RPS, etc.) while others are related to energy
efficiency neasureghat avoid other types of energy consumptid@STablel provides a illustration of
summer onpeak avoided cost components for electricity for thest/Central Massachusett§{CMA

zone for Counterfactual #1, and how thesamponets compare to theavoided costérom the previous
AESC 2018 studigr informationalpurposes. ESTable2, ESTable3, andESTable4 provide analogous
comparative informatn for @unterfactuals #2#3, and #4 respectively.

In generalthe Synapse Teafindsthat lower wholesale natural gas prices drive lower avoided energy
costs, reléive to AESQ018 Wealsofind thatavoidedcost of RPS complianadeAESC 2021 are

genaally hgher than those projected IAESQ018. This is primarily due to recent (or anticipated)
increases in RPS target obligations combined with expected increases in load due to electrifléaion).
find that projections of flatter supply curves in fukiyearscause avoided capacity, energylPR, and
capacity DRIPE values to be lower.

Note that comparisons between 3tear levelized costs in AES21and AESE018are not directly

G 1 LIHEFSLALI Sa dé 2 KA f Slispiagelreizedbsts Owtb Yedsirergal2021 dollars)

each leelization calculation is done over two different-§&ar periodsZ018to 2032for AESQ018
and2021to 2035for AESQ021). Assumptions on prices and loads aside, the time periods spanned by
each of these levdationcalculations may contain fundameaily different data on the New England
electric system, including differences in terms of online units and market rules.
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ESTablel. lllustration of avoided retail summer oipeak electicity cost components, AESC 2021 Coungatiial
#1 versus AESC 2018

AESQ02],
AESQ018 | AESC 2I8 AESC 271 relative to
AESC 2@
2018 2021 2021 2021 %
cents/kWh| cents/kWh cents/kWh | cents/lkWh Difference
Avoided Retail Capacity Costs 2.00 21 1.18 -0.93 -44% 3,4,5,6
Avoided Retail Energy Costs 5.05 5.32 3.85 -1.48 -28% 57,8
AvoidedRPS Compliance 0.39 0.41 1.28 0.86 208% 57,9
Subtotal: Capacity and Energy 7.48 7.85 6.30 -1.55 -20%
GHGnon-embedded 2.69 2.83 4.74 1.91 67% 5,10
NOx nhon-embedded 0.18 0.19 0.08 -0.11 -55% 5
Transmission & Distribution (PTH 2.26 2.38 2.02 -0.36 -15% 3,511
Value of Reliability 0.02 0.02 0.01 -0.01 -32% 3,5,6,12
Electric capacity DRIPE 0.97 1.03 0.41 -0.62 -60% 5,6
Electric energ andcrossDRIPE 2.08 2.19 1.20 -0.99 -45% 57,13
Subtotal: DRIPE 3.05 3.22 1.61 -1.60 -50% -
Notes:

1. Values are shown for the WCMA reporting zone, summeeak, on a 15ear levelized basis; all valuae in2021 dollars
unless otherwise stated.
2. AESC 2018 data is fromEfhle 1 in AESC 2018. AESC 2018 values levelize@(32) &scalated with factor of 1.05 to
convert 2018 dollars to 2021 dollak&/e observe that the total cost in AEBX18was 16.05cents per kwWh in 2018 dollars or
16.91 cents per kWh in 2021 dollars.
3. Assumes load factor of 55%
4. Avoided cost of capacity purchases:

AESC 2018 cost (2018 $/géfar) of $83/kWyear

AESC 2021 cost (2021 $/péfar) of $49/kWyear
5. IncludesT&D loss adjustments of:

9.0% for energy

16.0% for peak demand

These adjustments are also applied to AESC 2018 values, soe\oBvK dzA SR |y y» ¢ g5 Tabed FI OG0 2 NJ
6. This table assumes that 100% of capacdpacityDRIPE, and reliability values are cleared or bid into the capacity market
7. Includes wholesale risk premium adjustment of 8.0%
8. Avoided whalsale energy cost (2021 $/MWh) of $33/MWh
9. Avoided RPS compliance cost &/8iNh
10. Assumes neembedied GH&ost based on New England MAC (electric sector)
11. Assumes PTF cost (2021 $A4w¥ér) of $84/kWyear
12. Assumes reliability value (2021 $/&aar) of $0.47/kWyear, and a VOLL of $73/kwWh
Mo® G9f SOGNARBWEY SNEA &l i ReBEIdBA &oRDRIPE farfs-6-& tidsORIPE. In both AESC 2018
and AESC 2021, these DRIPE values represent the Massaehigge{toneon-zone) vale, but not the Restf-Pool amount.
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ESTable2. lllustration of avoided retdi summeron-peak electricity cost components, AESC 2021 Counterfactual
#2 versus AESZD18

AESQ021,
AESQ018 | AESC 2ZIB AESC 21 relative to
AESC 2@
2018 2021 2021 2021 %
cents/kWh| cents/lkWh cents/kWh | cents/kWh Difference
AvoidedRetail @pacity Costs 2.00 2.11 1.16 -0.95 -45% 3,4,5,6
Avoided Retail Energy Costs 5.05 5.32 3.63 -1.69 -32% 57,8
AvoidedRPS Compliance 0.39 0.41 0.98 0.56 136% 57,9
Subtotal: Capacity and Energy 7.48 7.85 5.77 -2.08 -26%
GHGnon-embedded 2.69 2.83 5.08 2.25 79% 5,10
NOx nhon-embedded 0.18 0.19 0.08 -0.11 -55% 5
Transmission & Distribution (PTH 2.26 2.38 2.02 -0.36 -15% 3,511
Value of Reliability 0.02 0.02 0.01 -0.01 -33% 3,5,6,12
Electric capacity DRIPE 0.97 1.03 0.39 -0.64 -62% 5,6
Electric energy and crof3RIPE 2.08 2.19 1.08 -1.11 -51% 57,13
Subtotal: DRIPE 3.05 3.22 1.47 -1.75 -54% -
Notes:

1. Values are shown for the WCMA reporting zone, summeeak, on a 15ear levaked bass; all values are in 2021 dollars
unless otherwise stated.
2. AESC 2018 data is fromEfhle 1 in AESC 2018. AESC 2018 values levelize@(32) &scalated with factor of 1.05 to
convert 2018 dollars to 2021 dollak&e observe that the tolacost h AES@Q018was 16.05 cents per kwWh in 2018 dollars or
16.91 cents per kWh in 2021 dollars.
3. Assumes load factor of 55%
4. Avoided cost of capacity purchases:

AESC 2018 cost (2018 $/géfar) of $83/kWyear

AESC 2021 cost (2021 $/péar) of $8/kW-year
5. Includes T&D loss adjustments of:

9.0% for energy

16.0% for peak demand

These adjustments are also applied to AESC 2018 values, somke 6ffth dza SR 'y 2 ¢35 f{-RaBléil FIF OG0 2 NJ
6. This table assumes tha00% & capacity, capacity DRIPE, and reliability values are cleared or bid into the capacity market
7. Includes wholesale risk premium adjustment of 8.0%
8. Avoided wholgale energy cost (2021 $/MWh) of BBIWh
9. Avoided RPS compliance cost3MiWh
10. Assumas norembedded GHG cost based on New England MAC (electric sector)
11. Assumes PTF cost (2021 $A4w¥ér) of $84/kWyear
12. Assumes reliability value (2021 $/&fr) of $0.46/kW-year, and a VOLL of $73/kwWh
Mo® a9f SO0 NRBG wSE Y SwidEBobdleytit er@MR & &osDRIPE and-&E crosDRIPE. In both AESC 2018
and AESC 2021, these DRIPE values represent the Massaehigge{toneon-zone) valuebut not the Resbf-Pool amount.
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ESTable3. lllustration of avoided retailsummeron-peak electricity cost components, AESC 2021 Counterfactual

#3 versus AESED18
AESQ02],
AESQ018 | AESC 218 AESC 211 relative to
AESC 2@
2018 2021 2021 2021 %
cents/kWh| cents/kWh cents/kWh | cents/lkWh Differene
Avoided Retail Capacity Costs 2.00 211 1.22 -0.88 -42% 3,4,5,6
Avoided Retail Energy Costs 5.05 5.32 3.92 -1.40 -26% 57,8
AvoidedRPSCompliance 0.39 0.41 1.40 0.98 237% 57,9
Subtotal: Capacity and Energy 7.48 7.85 6.54 -1.31 -17%
GHGnon-embedded 2.69 2.83 4.68 1.85 65% 5,10
NOx nhon-embedded 0.18 0.19 0.08 -0.11 -55% 5
Transmission & Distribution (PTH 2.26 2.38 2.02 -0.36 -15% 3,511
Value of Reliability 0.02 0.02 0.01 -0.01 -32% 3,5,6,12
Electric capacity DRIPE 0.97 1.03 0.41 -0.62 -60% 5,6
Electric energy and crof3RIPE 2.08 2.19 1.21 -0.98 -45% 57,13
Subtotal: DRIPE 3.05 3.22 1.62 -1.60 -50% -
o | ises | tea tess | A o | |
Notes:

1. Values are shown ftihe WCMA reporting zone, summer-peak,on a 15year levelized basis; all values are in 2021 dollars
unless otherwise stated.
2. AESC 2018 data is fromEfhle 1 in AESC 2018. AESC 2018 values levelize@(32) &scalated with a factor of 1.05 to
convert2018 dollars to 2021 dollargVe olserve that the total cost in AESID18was 16.05 cents per kwWh in 2018 dollars or
16.91 cents per kWh in 2021 dollars.
3. Assumes load factor of 55%
4. Avoided cost of capacity purchases:

AESC 2018 cost (2018 $/Ayéar) of $83/kWyear

AESC 202Dst (202 $/kW-year) of $1/kW-year
5. Includes T&D loss adjustments of:

9.0% for energy

16.0% for peak demand

These adjustments are also applied to AESC 2018 values, some of which used an 8% T&DNdssKa¢t (i K kTébled (i dzR& Q&
6. Ths tableassumes that 100% of capacity, capacity DRIPE, and reliability values are cleared or bid into the capacity market
7. Includes wholesale risk premium adjustment of 8.0%
8. Avoided wholesale energy cost (2021 $/Mwh$33/MWh
9. Avoided RPS compl@ncosbf $13/MWh
10. Assumes neembedded GHG cost based on New England MAC (electric sector)
11. Assumes PTF cost (2021 $A4w¥ér) of $84/kWyear
12. Assumes reliability value (2021 $/&&ar) of $0.47/kWyear, and &/OLL of $73/kWh
Mo® G9f Saniib&EB wEy SNMBEA& & (KS & dfcroadRIPE farf-6-& tidsORIFEY 1S hoih ABSC R018
and AESC 2021, these DRIPE values represent the Massaehigge{toneon-zone) value, but not the Rest-Poolamount.
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ESTable4. lllustration of avoided retailsummeron-peak electricity cost components, AESC 2021 Counterfactual

#4 versus AESED18
AESQ021,
AESQ018 | AESC 2ZIB AESC 21 relative to
AESC 2@
2018 2021 2021 2021 %
cents/kWh| cents/lkWh cents/kWh | cents/kWh Difference
Avoided Retail Capacity Costs 2.00 211 1.22 -0.89 -42% 3,4,5,6
Avoided Retail Energy Costs 5.05 5.32 3.90 -1.42 -27% 57,8
AvoidedRPS Compliance 0.39 0.41 1.40 0.98 237% 57,9
Subtotal: Capacity and Energy 7.48 7.85 6.52 -1.33 -17%
GHGnon-embedded 2.69 2.83 4.69 1.86 66% 5,10
NOx nhon-embedded 0.18 0.19 0.08 -0.11 -55% 5
Transmission & Distribution (PTH 2.26 2.38 2.02 -0.36 -15% 3,511
Value ofReliability 0.02 0.02 0.01 -0.01 -32% 3,5,6,12
Electrt capady DRIPE 0.97 1.03 0.41 -0.62 -60% 5,6
Electric energy and crof3RIPE 2.08 2.19 1.21 -0.98 -45% 57,13
Subtotal: DRIPE 3.05 3.22 1.62 -1.60 -50% -
o | ises | ieas tese | s w6 | |
Notes:

1. Values are shown ftihe WCMA reportingane, sunmer onpeak, on a 15ear levelized basis; all values are in 2021 dollars
unless otherwise stated.
2. AESC 2018 data is fromEfhle 1 in AESC 2018. AESC 2018 values levelize@(32) &scalated with a factor of 1.05 to
convert2018 dollars t®021 ddlars. We observe that the total cost in AEBX18was 16.05 cents per kwWh in 2018 dollars or
16.91 cents per kWh in 2021 dollars.
3. Assumes load factor of 55%
4. Avoided cost of capacity purchases:

AESC 2018 cost (2018 $/Apaar) of $83/kWyear

AESC 2021 cost (2021 $/péar) of $0/kW-year
5. Includes T&D loss adjustments of:

9.0% for energy

16.0% for peak demand

These adjustments are also applied to AESC 2018 values, some of which used an 8% T&D iioskdastudy a -Teblé 1
6. This table assumes that 100% of capacity, capacity DRIPE, and reliability values are cleared or bid into the captcity mark
7. Includes wholesale risk premium adjustment of 8.0%
8. Avoided wholesale energy cost (2021 $/Mwh$33/MWh
9. AvoidedRPS compliance cost of3f¢Wh
10. Assumes neembedded GHG cost based on New England MAC (electric sector)
11. Assumes PTF cost (2021 $A4w¥ér) of $84/kWyear
12. Assumes reliability value (2021 $/&&ar) of $0.47/kWyear, and &/OLL of $73/kWh
Mo ® ctic®rde§yandcrosswlLt 9¢é A& (KS & dfcroadRIPE farf-G-& tidsORIFEY S hoih ABSC R018
and AESC 2021, these DRIPE values represent the Massaehigge{toneon-zone) value, but not the Rest-Poolamount.
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Natural gas

At ahigh level, AESC 2021 assumes that Henry Hub natural gas prices are lower, and stay lower longer,
relative to the assumptions used in AESC 20h8.levelized price basis for the New England market, as
measured by the Algonquin €gate price, islso lover.

On a 15year levelized basis (s&STable5), AESC 2021 projects a Henry Hub price of3§32 MMBtu
(levelized oveR021to 2035),32.5percent lower than the AESC 2018 value of $4.78 per MMBtu
(levelized ove018 b 2032).We attribute the decrease in Henry Hub prices to higher volumes of
associated gas production and another downward adjustment in breakeven drilling and operating costs
in the major shale and tight gas producing regions compared to AESC Bdd@leven coss have been

on a downward trend as a result of improvements in horizontal drilling technology and better
information on the geology and geophysics of shale reservditgonquin Citygate Hub prices show a
slightly larger decline because the basisjections are lower in AESC 2021 (a smaller differential to
Henry Hub) as a result of additional pipeline capacity and changing pricing dynamics beosbeast
andGulf Coast gas markets.

ESTable5. Summary of 15year levdized Heary Hub, Algonquin Cityate, and basis differentials for AES021
and AESC 2018

Algonquin

Units Henry Hub : Basis
Citygates
AESC 2018 (20423032) 2021$/MMBtu $4.78 $6.59 $1.24
AESC 2021 (2022035) 2021 $/MMBtu $3.23 $4.25 $1.03
Percent chage % -32.5% -35.5% -

Notes: All values are in 2021 $/MMBtu. AESC 2018 levelized costs are for 15 ye@20@)1& a discount rate of 1.34
percent. AESC 2018 levelized costs are for 15 years ¢2035) at a discount rate of 0.81 percent.

The avoidedtosts d natural gas for retail customers are summarized below EEable6). For both
southernNew England andorthern New England avoided natural gas costs are lower in AESC 2021
compared toAESC 2018, but becaysipeline expansioncosts are assumed to be higher, the change in
avoided costs is not as large as tkduction in wholesale commaodity prices. Northern New England
avoided costsemainslightly lower relative tsouthernNew England because natural gas delivered
through Caada has become a significant marginal resource, as new pipeline capacity from the
Marcellus Shale region has reduced the Dawn Hub price basis compared to the Henry Hub. Since the
northern New England market is closer to this source of supply, Woéablepipeline delivery cost is

lower than it is forsouthernNew England. For Vermomidt shown inESTable6) avoided natural gas

costs are also lower than in AESC 2018 because of lower projected natural gas prices anthubDaw

2 pssociated gas is essentially a byproduct in the production of crudeh@lgas will be produced (or flared) as long as oil
production is economic, irrespective of the pricenaturalgas.

3us. Energy Information Administraio 0 90villing RBrodactivity Repodt ttps://www.eia.gov/petroleum/drilling/.
February 16, 2021.
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ESTable6. Avoided costs of gas fall retail customers by enelise assuming no avoidable margin
Southern New  Northern New

England England
AESC 2018 (2048032) 2021 $/MMBtu $7.91 $757
AESC 2021 (2022035) 2021$/MMBtu $6.48 $6.39
Percent change % -18% -16%

Note: AESC also calculates the avoided cost of gas for retail customers assuming some avoidable margin, and avoided costs for
customers in Vermont. This additional detail is described in Chzipdepided Natural Gas Costs

ESTable8 compares he natural gas avoided costs describe @& able6 with a nonrembedded cost
for GHGs. For consistency wiEi$Tablel and other similar tables, the neembedded GHG cost shown
here is the marginabatement cost derived from the New England electric sed¢e observe that the
non-embedded GHG cost is roughly equal to the avoided costtafalayas, which matches our
observations irESTablel, where the norembedded cost islightly greater thanhe avoided cost of
energy.

ESTable7. Avoided costs of ggswith and without nonembedded G cost
Southern New  Northern New

England England
Avoided cost (fronESTableb) 2021 $/MMBtu $6.48 $6.39
Non-embedded GHG cost 2021 $/MMBtu $7.32 $7.32
Avoided cost with norembedded GHG cost 2021 $/MMBtu $13.80 $13.71

Note: Avaded costs differ depending®B 3 A 2y S YR ¢KSGEKSNI 2NJ y2 i -SNGBISHRARES RY FDNEDA yO&R2 &l(iN
shown here is the marginal abatement cost derived from the New England electric sector.

Fuel oil and other fuels

In general, we findhat avdded levelized costs foesidential fuel oil and other fuels are generally

higher than was estimated in AESC 2018, except for the levelized costs for commercial residual fuel oi
and biofues whicharelower than was estimated in AESC 2018. Tlmamy sairces of these difference

are changes in historical prices from the State Energy Data System (SEDS) and changes in the projected
price of crude oil, which underlies many of the cost projecti®@®l able8 displays the leslized

avoided fuel costs for AESC 20REw in AESC 2021 are avoided cost projections for motor gasoline and
motor diesel.

ESTable8. Avoidedcostsof retail fuels (15year levelized, 2021 er MMBtu)

Residential Commercial Transpotation
No. 2 Bio- No. 6

. Pro- Kero Cord No. 2 . Motor Motor
Distilt Fuel o Resil- . .

pane sene Wood Distillate Gasoline Diesel
ate (B20) ual

AESC 2018 $23.36 $32.78  $20.95 $24.06 $14.12 $22.76| $19.46 $17.13 - -
AESC 2021 $24.04 $38.0 $29.9  $21.64 $20.84 $22.47| $22.25 $15.74 | $22.07 $22.76
Percentchange 2.9% 18.3% 41.3% -10.1% 47.6% -1.3% | 14.3% -8.2% - -
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Theretail fuelsavoided costs for AESC 2021 are similar to those of AESC 2018 for distillate fuels. The
more significantifferencesbetween AESC 2021 and AESC 2@%@8rved in other fuels are primarily

driven by changes in the starting prices based on recestbtical dataThere have been significant
residential price increases for propane in recent yepeshaps assoated with distribution costsFor
non-wood products, AESC 2021 starts with the 2018 New England fuel prices in the U.S. Energy
Information Adninistration (EIA) State Energy Data System (SEDS). It then makes adjustments to match
the most recent national pces fromthe EIA Short Term Energy Outlook (STEO). For the near term, fuel
2Af LINAOSa F2ff 206 (K SforR02DMewhiledIRSan@ latdr yeadveOS T2 NB
rely on projections in thEO2021Referencecase. For biofuels, the B20 hishownin the tableis
discounted at aboul 0 percent below distillate. All sector propane prices are consistently higher than
distillate pices for all years in SEDS.

For residential wood fuels, AESC 2021 surveyed various state energy sources, waitiugihigher

cord wood prices than those used in AESC 2018. Wood pellet prices were however about the same.
Wood prices are then projected tincrease in the future following the trend in crude oil prices reflecting
competitive market factors.

Capacity

AESC 202develops capacity prices for annual commitment periods starting in JudeW@er each of

the four counterfactuals (se&STable9). The capacity prices (and resulting avoided capacity costs) are

driven by actual and fomastclé NAy 3 LINAOSA Ay L{h bSg 9y3AflyRQa C2
forecast capacity prices are based on the experience in recent auctions and expecaigdha

demand, supply, and market rules. These prices are applied differently for cles@arces, non

cleared energy efficiency, and nateared demand response.

On a 15year levelized basis, Counterfactualgfthe AESQ021forecast isA7 percent bwer than what
was estimatedas a 15year levelized price ithe 2018 AESC studyounterfatual #2is 48 percent
lower, while Counterfactual #3 and #4 are both 45 percent lowegeneral, Counterfactual #2 has
lower capacity prices due to a lower pradjen of load, while Counterfactusdtl, #3, and #4 feature
relatively similar capacity pes, dueto similar projections of annual loadglarket-clearing prices in the
out-years are principally determined liyture changes in supply (includiadditions d battery storage
solar,wind, and occasionally new natural giied power plants; as wehsandretirements of thermal
generation and future changes in deman8imall yeaion-yearvariationsare due to changes in load,
new resources coming online, anther resources retiring.
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ESTable9. AESC 2018 capacity pric@021$ per kW-month)

Commitment Actual but SV
Period FCA Actual for post- Counter Counter Counter Counter

(June to May) 2020 EE | factual #1 factual #2 factual #3 factual #4
2021/2022 12 $4.63 $4.77 $4.77 $4.63 $4.77 $4.77 $4.99
2022/2023 13 $3.73 $3.96 $3.96 $3.73 $3.96 $3.96 $5.10
2023/2024 14 $1.92 $2.47 $2.47 $1.92 $2.47 $2.47 $5.21
2024/2025 15 $2.46 $2.75 $2.75 $2.46 $2.75 $2.75 $5.50
2025/2026 16 $2.72 $2.69 $2.59 $2.59 $5.95
2026/2027 17 $2.88 $2.69 $2.75 $2.75 $6.46
2027/2@8 18 $3.11 $3.33 $3.46 $3.43 $6.95
2028/2029 19 $3.30 $3.30 $3.65 $3.62 $7.45
2029/2030 20 $3.59 $3.41 $3.94 $3.92 $7.95
2030/2031 21 $3.42 $3.77 $3.97 $3.94 $6.95
2031/2032 22 $3.67 $3.81 $3.79 $3.77 $7.45
2032/2033 23 $3.90 $3.86 $4.02 $3.99 $7.95
2033/2034 24 $3.86 $4.02 $3.95 $3.92 $6.95
2034/2035 25 $4.67 $4.47 $5.09 $4.95 $7.45
2035/2036 26 $3.66 $3.86 $3.73 $3.71 $7.95

15year
levelized cost

Percent
difference

Notes: Levelization periods are 2021/2022 to 2035/2036 for AESC 2021 2018/2019 to 2032/2033 for AESC 2018. Real discount
rateis 0.81 percent for AESC 2021 and 1.34 percent for AESC 2018.

Energy

AESC 2021 modeling results feature a lower ratio of senpeakprices to the annual average

compared toprevious AESC studies. This difference can be attributed to: (1) increasedfesaéy
generation, whicharelargely coincident with this period and which have a marginal cost of zero dollars
per MWh, (3 difference in monthkto-month wholesale gas costs (which are driven by new recent
historical data on monthio-month gas costs), ah(3) higher levels of zemmarginal cost imports. These
are the same factors that drove the change in energy piité&SQ015 andAESC 2018.

ESTablel0shows levelied costs (over 15 years) for the WCMA reporting region. Prices are shown for

all hours, and for the four conventional AESC costing periods. On an annual average basigettie 15
levelized pries inCounterfactual #1 ahhe AESQ021study are20 percentlower than the prices

modeled in the 2018 AESC study. Key drivers of these lower prices include lower Henry Hub natural gas
prices, lower RGGI prices, more law zeravariable operatig cost enewables (caused by changes to

the RPS in states like Contieat and Rhode Island), and the addition of a new transmission line from
Canada. Note that these factors are not listed in a particular okleergy prices observed in other
counterfacuals aresimilar to Counterfactual #1. Counterfactual #2 featuresl#ngest divergence, as a

result of its lower projection of load-his decrease is larger than the change in avoided energy costs
observed between the 2015 AESC study and the 2018 A&BC st
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ESTable10. Comparison oknergy prices for WCMA region (2021 $ per MWh;yigar levelized)

Annual Winter Winter Summer Summer

All hours Peak Off-Peak Peak Off-Peak
AESC 2@L $51.17 $58.66 $54.17 $45.22 $38.69
AESQ021Countefactual 1 $40.85 $46.86 $45.20 $32.67 $29.86
AESC 2021 Counterfactual 2 $37.79 $42.98 $41.66 $30.87 $27.95
AESC 2021 Counterfactual 3 $41.34 $47.43 $45.63 $33.28 $29.93
AESC 2021 Counterfactdal $41.29 $47.40 $45.62 $33.17 $29.87
Pcnt @ange: Counterfactual 1 -20% -20% -17% -28% -23%
Pcnt Change: Counterfactual 7 -26% -27% -23% -32% -28%
Pcnt Change: Counterfactual 3§  -19% -19% -16% -26% -23%
Pcnt Change: Counterfactudl -19% -19% -16% -27% -23%

Notes:All prices have been geertedto 2021 $ per MWh. Levelization periods are 22082 for AESC 2018 and 26235 for
AESQ021 The real discount rate is 1.34 percent for AESC 2018 and 0.81 percent for AEBGcR82dre wholesale.

ESTablell compares 15yea levelized costs between AESC 2018 and AESC 2021 for each of the six New
England states, for Counterfactual #1. These values incorporate the relmsabf RPS compliances
well as a wholesale risk premium.
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ESTablell. Avaded energy costsAESC 2021 vs. AESC 2018y¢@dy levelized costs, 2021 kr kWh)

Winter Winter Summer Summer
Peak Off-Peak Peak Off-Peak
AESQ021 1 Connecticut $0.059 $0.057 $0.043 $0.040
Counterfactual 1 2 Massachusetts $0.062 $0.060 $0.047 $0.044
3 Maine $0.057 $0.056 $0.042 $0.039
4 New Hampshire  $0.058 $0.057 $0.043 $0.040
5 Rhode Island $0.065 $0.064 $0.050 $0.047
6 Vermont $0.054 $0.053 $0.039 $0.036
AESC 2@l 1 Connecticut $0.063 $0.059 $0.049 $0.043
2 Massachusetts $0.062 $0.08 $0.049 $0.043
3 Maine $0.058 $0.054 $0.045 $0.039
4 New Hampshire  $0.063 $0.060 $0.051 $0.044
5 Rhode Island $0.061 $0.057 $0.048 $0.042
6 Vermont $0.062 $0.058 $0.049 $0.042
Delta 1 Connecticut -$0.005 -$0.002 -$0.006 -$0.003
2 Massachusetts  -$0.0QL $0.003 -$0.002 $0.001
3 Maine $0.000 $0.002 -$0.003 $0.000
4 New Hampshire  -$0.005 -$0.003 -$0.008 -$0.004
5 Rhodelsland $0.003 $0.007 $0.002 $0.005
6 Vermont -$0.008 -$0.005 -$0.010 -$0.006
PercentChange 1 Connecticut -1% -3% -12% -1%
2 Massachusetts -1% 5% -4% 2%
3 Maine 0% 4% -6% 1%
4 New Hampshire -8% -5% -15% -8%
5 Rhode Island 6% 12% 5% 12%
6 Vermont -13% -8% -20% -14%

Notes: These costs are the sum of wholesale energy costs and whotesaté RPS compliarcincreasd by a wholesale tiis
premium of 8 percent, except for Vermont, which uses a wholesale risk premium of 11.1 pgéfcests havéeen converted
to 2021dollarsper kWh. Levelization periods are 292832 for AESC 2018 and 2§2Q35 for AES2021 The ral discount
rate is1.34 percent for AESC 2018 and 0.81 percent for AESC/2024s do not include losses.

RPS compliance

Relativeto AESC 2018, AESC 2021 saashhigher prices for meetin@PSompliance (se&STable

12). Thisdifference is attibutable to increased suppiyemand tension in th@earterm, resulting in

higher REC prices compared to AESC ,2td@cularly for states that have recently adjusted their RPS
policies Even with higher priceshe remainder of the stdy period is charaetrized by surplus, with
policymandated purchasesxceeding incremental RPS demands. The cost of RPS compliance has also
increased as a result of the additionridw RPS categories suchGlean Energy StandaEkisting (CES

E) and CleaPeak Energy Portio Standard (CPS) categoriedvlassachusettdncreases in the cost of

RPS compliance in states that have not incrd&eS targets (e.g., New Hampshire) are due to an
increase in REC demand in the New Englsioid REC market, of whiall six states arparticipants.
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ESTable12. Avoided cost of RPS compliance (2021 $ per MWh)

CT ME MA NH RI VT
AESC 2018 $4.00 $0.55 $3.84 $5.25 $2.57 $2.12
AESC 2021 Counterfactual 1 $7.93 $7.37 $11.81 $8.10 $1499 $3.90
AESC 2(2Counterfactual 2 $4.77 $3.55 $9.04 $6.41 $5.66 $2.67
AESC 2021 Counterfactual 3 $8.84 $8.56 $12.93 $8.67 $16.81 $4.44
AESC 2021 Counterfactual 4 $8.84 $8.56 $12.93 $8.67 $16.81 $4.44
Pcnt Change: Counterfactual 98% 1233% 208% 54% 482% 84%
Pcnt Change: Counterfactual 19% 541% 135% 22% 120% 26%
Pcnt Change: Counterfactual 121% 1448% 237% 65% 553% 110%
Pcnt Change: Counterfactual.  121% 1448% 237% 65% 553% 110%

Note: Each state has multiple Classes or Thenssimplicity, wesum avoided costs for all naZlass I/New RPS policies together

Ay GKS alff 20KSNI Of | &43& Se&632 NRAESE 2018 a& 22085!foi AESY 202TSTH@réaR & | NB H A m
discouwnt rate is 1.34 percent for AESC 2018 and pe3tent for AESC 2D2AESC 2018 values are from AESC 2018 Chiapter

and have been convertedtin2021 dollars All values includa 9 percent loss factor.

Non-embedded environmental compliance

AESC 2021 primesseveralapproaches to enable individuaksés to address spéic policy directives
regardinggreenhouse gaGHG impacts.ESTablel3and ESTablel4 compare these costs

f ! aRIFYF3S O02480¢ | LWINRPEAYIFGSR 6émiankS az20Alt O24
different options for a sociatostof carbon. The Sypae Team recommends using a
value that applies low discount rates, considers global damages, and considers the
impact of highrisk situations. One source for this value is the December 2020 SCC
Guidance published bthe State of New York. Using a 2 percdiscount rate (the one
also recommended by New York for most decisimaiking), we recommend a dear
levelized SCC of $128 per short ton in AESC ¥@2Ahlso recommend that program
administrabrs continually rexaw this value (e.g., for the purposesroid-term
modifications) as updates to the federalgcommended SCC are expected in early
2022.

1 An approach based on global marginal abatement costs. In AESC 2021, we estimate a
total environmentl cost based on theost of largescale carborcapture and
sequestration (CCS) equal to $92 per shortddb@Q-eq. This is lower than the $105
per short ton of C®eq value (in 2021 dollars) described in AESC 2018. This lower cost
reflects the decliningosts of this techology.

1 Anapproachbased orNew England marginal abatement costs, assuming a cost derived
from electric sector technologies. In AESC 2021, this is a total environmental cost of
$125per short ton of C®@eq emissions, based on a projextiof future cost tajectories
for offshore windenergy along the eastern seaboaiithis compares to a cost of $72 per
short ton of C@eq emissions (in 2021 dollars) based on a projection of future costs of
offshore wind energy, as described in AESC 2DHi8.increased cosgflects updated
information on this technology in the United States, as well as lower energy costs in this
edition of AESC.

1 An approach based on New England marginal abatement costs, assuming a cost derived
from multiple sectorsin AESC 2021, this ida@tal environmental cost 0$493 per short
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ton of CQ-eq emissions, based on a projection of future cost trajectories for renewable
natural gas (RNG) derived from powergas technologyThis approach may be useful

for policymakersvho are considering mar ambitious carbon reductiotargets (e.g., 90
percent or 100 percent reductions by 2050)

ESTablel13. Comparison of GHG costs under different approaches (2021 $ per shoririddpunterfactual#l
AESC 2018 AESC 2021 Difference % Difference
Soci&cost of carbon (SCC@rR |1 Y'I 3

S2aG¢0 FG w2 RAaOz \Notquantfied — $128 - -
Global marginal abatement cost $105 $92 -$13 -12%
New Englandased marginal abatement 0
cost, derived from the electric sector $72 $125 $53 75%
New Englandased marginahbatement Not calculated $493 i i

cost,derived from multiple sectors

Notes: All values shown are levelized over 15 years. All AESC 2021 values except the SCC are levelized using a 0.81 percent
discount rate (SQ&es a 2.0 percent discount rate). AIBEBE2018alues are levelized using a 1.34 percent discount rate, then
converted into 2021 dollars. In AESC 2018, damage costs were discussed, but not quantified. AESC 2018 did not discuss or
estimate a New Englarbased marginal abatement cost derived fronultiple sectors. Values shown above remove energy

prices, but not embedded costs. Values shown above do not include losses.

ESTablel4. Comparison of GHG costs under different approasi{021 cents per kWhh Counterfactuak#l

AESC 2018 AESC 271 Difference % Difference
L2OMLY 0200 2L, Of ) wovamies a3 -
Global marginal abatement cost 4.64 3.41 -1.23 -26%
Coa,derned rom the et sector 283 474 191 7%
New Englanédased marginal abatement Not calculated 1972 ) i

cost, derived from multiple sectors

Notes: Values shown above remove embedded costs (e.g., RGGI, MA 310 7.74, M3 2ll0v@lides are quoted using a
summer orpeak seasonal mangal emission rate, and include a 9 percent energy loss factor.

In addition, AESED21establishes a noembedded NQ emission cost of $4,700 pershortton, based
on a review of findings in thiierature, which translates into an avoided wholesale castNQ; of
$0.77per MWh

DRIPE

DRIPE refers to the reduction in prices in the wholesale markets for capadignargy, relative to the
prices forecast in the Reference case, resulting fronrégeiction in quantities of capacity and of
energy required fom those markets due to the impact of efficiency and/or demand response programs.
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Thus, DRIPE is a measuré¢hef value of efficiency in terms of the reductions in wholesale prices seen by
all retail customers in a given period.

AESC 2021 models DRIPEdighassociated withreduced demand on electricity (energy and capacity),
natural gas (supply and transporta), and oil markets. DRIPE results in AERCdiffer from those in
AESC 2018 bause ofupdated informationchanges in utility longerm energ purchases, updated
market data, and new commodity forecas@enerally speaking, we find (a) lovesrergy DIRPEand
capacity DRIPE values, due to projections of flatter supply curves compah&bsC 2018, (lmwer

natural gas DRIPE valuwhge to lowercommodity prices and flatter supply curvesid (c)ower oil

DRIPE values, due to changes inuhderlying projection of crude oil prices

Transmission and distribution

In AESC 2021, we presdour separate threads for analysis of avoidemhsmission ad distribution
(T&D) costs, building on the foundation established in the 2018 AESC and updagrganding the
analysis presented. The four aspects are:

1. Updating the avoided costs for PHEifitiesbased on future costs

2. Reviewing utility approaches generic avoided cost values for r®TF transmission
and distribution and evaluating these apaiches on a common evaluation rubric to
facilitate crosscomparison and learning;

3. Reviewing utity approaches to calculating geographically localized avaidsts, such
as for nonwire alternatives (NWA); and

4. Developing an approach to the avoided coshafural gas systerm&D

Of these items, onlthe firstwas performed in AESC 2018. In thadstuve found the PTF cost to be
$99 per kWryear(in 2021 dollas). In AESC 2021, we find the PTF value &Bheer k\Wyear, a
decreaseof 15 percent. This chage is due t@ switch to a forwardooking methodology, vets the
historical cosmethodologyused in AESC 2018.

Reliability

As in AESC 2018, AESC 2021 imesnmowchangingelectric load levek canchangereliability in several
ways, which differ amonggeneaation, transmisdgon, and distribution. Our analysis address#®e effect of
increased reserve margins based orgeneration reliability, the potential anobstacles in estimating the
effect of load levels on T&D overloads and outages\&id. We then develop estimates of the value of
increased generation reliability per kilowatt of peak loadueibn.

In AESC 202 we find a default average VoLL valu&®8 per kWh. This value is almaistee times as

large as the value derived in AESC 2018 ($26 per kWh in 2021 dollars). The change in the VoLL

component is a result of updated information onlMe. This VoLL isthapplied to the calculation of

reliabilii @ o0SYySTAGA NBAadzZ Ay 3 HACNB astinR@ gldarediaddiunclesfedb S 9y 3
benefits linked to improving generation reliability. In AESC 2021, we fuygdiSevelized values of
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$0.47 per kWyear fa cleared benefits and $8.45 per ky&ar br uncleared benefits. These are 32

percent lower and 21 percent higher, respectively, than the same values estimated in AESC 2018, after
adjusting for inflation. For cleared reliability, despé higher VoLL, oxadl benefits are lower as a result

of flatter supply curve assumptions for the capacity market. Changes to the capacity market have less of
an impact on uncleared resources, which exist outside the capacity market. As aaesattease in

the VoLL prduces an increase in the uncleared relidpivalue.

New inAESQ021, weprovide an example methodology to estimate benefits related&®Teliability
This estimate ibased on data for National Grid Massachusetts. This value wkeld differ for eab
jurisdiction As a result, the methodogly provided can be interpreted as guidance for calculating
avoided costs.
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2. '+hLshas! Ww[{/h{¢{

The following sections first discuss the drivers of natural gas commadity prices (ilendgierm price

for natural gas at Henry Hub and other prjmaints upstream of New England). The wholesale natural

gas price is the market price of gas that is sold to local distribution companies (LDC), electricity

generators, and other large engsersat interstae pipeline delivery pointsThe discussion then

addresses factors impacting the price basis for natural gas sold in New England and ends with a

discussion of the methodology used to quantify avoided costs of natural gas. The avoided cositof gas

aretaf Odza 2 YSNRA& YSiSN KI &edidstof gad¥livézey 6 tfieilDF (the M0 (1 K S
GOAGEearGS 02adGé0T YR 6HO GKS @2ARSR 02aid 2F RSt
with previous versions of AESC, natural gasd@ebcostsare presented with and without the retail

margin

Natural gas prices in AESC 2021 are significantly lower than in AESC 2018. Lower price forecasts have
been a persistent trend over the past decade as a result of assumptions in the AEO Rafaseisdbat
were too conservativén terms ofshale gas reserggproductivity, drilling costsand production growth.

2.1. Introduction

Thedampening effect of th&€OVIBL9 pandemicon end-use consumedemand for natural gas and
other fuels resulted in 2020 erriencingthe lowest Henry Hub prices in over two decadesdBcers
reacted to thisreduction in demandy shuttingin production and reducing drillingdlowever, bw gas
pricescaused natural gared generation to takenarket share from codired eledric generdion and
madeliquified natural gasLNG exportsfrom the Lhited Stateshighly attractive. As a resuiptal
demandfor natural gas in 202@as nearly identical to 2019. As the supgbmand balance began to
tighten in the fall of 2020HenryHub pricesegan to escalate, providing producers an incentive
increase drilling and production, bdampening the economics ghsfired electric generation. Against
this backdrop, thdatest Annual Energy OutloglAEQO) published bythe EIAn early [ebruary 2021,
projectsa slow returnl 2 & y 2 NI I  dhglastingefektdn thd efietgy Bectdrom the COVID
19 pandemicAEO projects that it will take until 2023 foataral gas productioto return to its pre
pandemic peakand thatit will take until 2026 for domestic consumption to reach a new pé&aka the
longer term, the projections for gas prices in AEO 2021 are not substantially different than prices
projected in AEO 2020

Responses to the pandemic in the physical naturahgaket wee not mimicked by the financial
marketor trading activity duing 2020. This meant that trading was not substantially different from the
LINA 2NJ @ S NRa NIEOQ20RIPprojicts ht pricedlidbagitia siustathedebound in 2025 as

4 While Federal Energy Regulatory Commission (FERC) Form 552 filings reported record volur8e€hicz2@b Mercantile
Exchang€CME)and Intercontinental Exchang@CE) reported slightly lower trading volumes. Natural gas is also traded on
other platforms, such as NASDAQ.
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producers pirsue lesseconomic reserveslrices and financial trading wwohes continue to indicate a
very activemarket, anchored by NYMEX Henry Hub futdréithough prices and outlooK&ictuate,
there remainsan active wholesale natural gas marketNiew Englandor gas that is sold to LDCs,
electricity generators, and othidarge endusers at interstate pipeline delivery pointdote thatrecent
energy market disruptions and macroeconomic impacts due to the GO8/Handemic widen the
uncertainty bawl of any prie forecast

2.2. Gaspricesand commodity costs

The following satons provide an overviewf historical natural gas prices and projected future
wholesale natural gas prices.

Background

The U.S. fuel extraction industry appeargst its prime at the start dhe 215 century, butearly inthe

2010s shale gas and a@lddenly becamen industrywith significant growth potential. Ordesf-

magnitude drilling economics improvemertavechay 3SR ( KS Y I NJ DdtrhnaturdllasllO S LIG A 2
and crude oifrom increasingcostcommaodiiesto flat-to-decliningcostcommaodities Capital became

widely available to smalhnd mediumsized companies willing to expand drilling in new shale and tight

sand formations, to build new processing and transport infrastructure, tantcbnsume growing gas

volumes in domestic sectors or expolnet surplus to growing overseas LNG markets. Indeed, in 2000 the

United Statesconsumed about 64illion cubic feet per da (Bcfd)of natural gasof which10 Bcfper day

was imported while in2020 consumption was abow83 Becfdandover 7 Betl was exported

In thethree years sincéhe AESC 2018nalysisthese trendshave beerextendedthroughsignificant
production growth, mainlyn Texas and Appalachi@his time period has also seamtreasng domestic
consumption mainlythrough electric generationand surging exports of LN@hich are primarilyfrom
new terminals on the Gulf Coast and EastSeaboard. However, the upstream (production) side
seena geographical shift. Natural gas in Afchia had been in surplus for several years becalilsgs

5 NYMEX Henry Hub futures prices are traded for 120 months out. There afatales prices and price differentials (basis)
for other regionahaturalgas hubs traded on the NYMEX or other organized excha@geserstone Research:
Characteristics of U.S. Natural Gas Transac(iui 2020) reported that trading volumes during firet of this year indicate
and increase in 2020; p. 10.

6 prices quoted on the NYMEX and other active futures exchanges represent a collective markésuigplyoand demand
conditions in the future. However, there is a risk when using any price fstr@causiness decisionBhysical players such as
LDCs and producers purchase or sell futures to hedge price risk. A futures contract provides insurastpragavolatility.
Buying and selling entities including traders know they run the risk thegt will incur an opportunity costbuying or selling
at too low or too high a price. To many, this is an acceptable risk, giving up potential profits favma frice. Others may
prefer purchasing derivative financial instruments that can be used to cwree of the opportunity cost risks; for example,
protective collars can be purchased that provide additional downside or upside price protection, and tifeotisthasing
too much or too little gas due to adverse weather can be hedged via weather degisat

us. ElANatural Gas Annuahvailable ahttps://www.eia.gov/naturalgas/annual/The 2019 eition was released on
{SLIISYOSNI onsS wnund | A&l 2MahtidyEherglReview A& Lldzof AGKSR Ay (GKS 9L! ¢
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in pipeline infrastructure, resulting in falling prices in the region. Simultaneouslyphigtices created
a boom in shale oil plays, mainly in the Permian Basin. Surging oil productioesalied in a large
increase in associated gas productfofince the beginning of 201®ermian gas production has more
than doubled compared taa 30 percentincrease in Appalachian volumésowever, drilling activity
dropped sharply in the second anlitd quarters of 2020 resulting in a decline in associated gas
production and a flattening of Appalachian output

All the primary gas markets were afted by these production shifts, by new infrastructuaed by new
gasfired electric generation. In Netngland, for example, gdised power now accounts for aboialf
of the installed generating capacity in the-state regionwhich isthree times wihat it was 20 years ago.
Volumes also increased at most gas trading hubs and the ability to arbitraigeakpgrice differentials
rose with additional pipeline capagiand new commodity trading platforms. Although a few small,
incremental pipeline projestwere added over the past few years, New Englaraided largescale
investments in natural gas infrastture; nonetheless, the region still exhibited a downward gece
trend over the past decade.

Over the past two yearshe New England gas markieas seen a small increagseeSection2.3. New
England naturagjas marke}. However, the primaryasirces of gas supply to New Eagll and the
delivery pipelines are unchanged. As in prior AESC studdesonclude that there are thremain
components to New England gas costs.

1. The natural gaprice at the point of purchase at a market trading hub othat
production site (thex & dzLJLJ & | NBF ¢ LINAROS 2N a¢dO02YY2RAG @

2. The pipeline transportation cost from the trading hub or supply area to the LDC citygate
or electric generating plant; and

3. Theretail distribution margin from the citygate to thend-useNJIRutner tip.

Supplyarea natural gasprices

Natural gas consumed in New England is sourced from various points imited Statesand Canada.
These sources vary depending on the purchasiniyead contractual arrangementsas well as
seasonal differeces such as storage and LNB3s is purchased at hubs in New England, such as the
Algonquin AGT Hub, or hubs further south, in Canada in other locationsAs in the rest of North
America, lecause of the integrated pipelimetwork, gas prices iflew Eglandare stronglycorrelated

to the Henry Hub benchmark. Therefore, similar to previdESGtudies Henry Hub seras the
foundation for developing price projections relevant to New Engjlararkets. The rationale for this
choice is that Henry Hub hagen the U.S. gas price benchmark since the early 1990s and is likely to
continue that role in the foreseeable future. There are many reasons for choosing Henry Hub.

8 Associated natural gas or associatlidsolved natural gas is natural gas that occurs in crude oil reservoirs either as free gas
(associated) or agas in solution with crude oil (dissolved gas).
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1. Foremost, perhaps, is thétthe most highly traded natutayas pricing point in the
United States. According to the Chicago Mercantile Exchange (CME), the NYMEX Henry
| dzo O2y i NJ Ol 0 a @ Yaggest physitalrénimodityafutuiiek Sntrdckin NR
the world by volumé.TheNew York Mercantile Exchange (EX) trades Henry Hub
monthly gas with contracts extendinfigr 120 months

2. Many natural gas purchase and sales contracts for natural gas are tied to the NYMEX
Henry Hub price because of transparency and liquidity. Moredkey, allow market
participantsthe ability to hedge and to nmage risk.

3. For many of the other trading points (hubs) throughout theiteld StatesHenry Hub
serves as the derivative pricing market in the form of basis trades, i.e., the difference
betweenthe Henry Hub price and the pe@at a different hub.

4. EIA (inthe AEO) and many other organizations base their price forecasts on Henry Hub.

5. The burgeoning surplus of gas in Appalachia and other regions is being increasingly
funneled to LNG export termitegalong the Gulf Coast (Texamld.ouisiana)Fromthe
end of2017 through 2020, export capaclasincreased from roughly 3 Befd to 10 Befd.
Nearly 10 percent of U.S. gas demand now comes from LNG gxpitintthe bulk of
that along the Gulf Coast. Rilnes have correspondingly imased capacity to meet
this demand. Even more LNG export capacity is in the planning stageAEO and most
other forecasts envision that LNG exports will be the marginal market for natural gas at
least over the next decadend that the Henry Hub pricingpint in Louisiana will be a
primary signal in this new market dynamic.

Althoughnatural gagrices quoted by the NYMEX are volatile, they represent the current collective

wisdom of the gas market. Prices change daily asipaybuyers and sellers anddicial players

continually assss new data and reformulate expectations about the future gas market -fdaar

factors such as storage balances, weatlagid demand and supply expectations have a larger influence

in the frort of the price curve. These pes influence decisions by pracders, consumerand investors

GKFG OFy FFFSOG GKS FdzidzZNBE RSYFYR FyR adzldlX & ol I
the futures market to reduce the risk of financial losses ffmne changes, i.e., logk a price to buy or

sell gasWith more hedging inthe winter months when gas demand peaks, there is marked seasonality

in natural gadrading Most hedging is shottterm, i.e, over the nextl2 to 18 monthsso there is more

liquidity (largervolume of transactionsn the near months othe natural gasnarket). Liquidity falls

significantly beyond 8 months Thus, as previous AESC studidéise short-term natural gas price

forecast (n AESC 2021hrough 2022 reliesentirelyon NYMEX Henry Hub futurds.addition we ug

the seasonaty in monthly prices observed in t1#92X2023b , a 9 - FdzidzNBa O2YLX SE (2
term monthly trends for the Henry Hub gas price over the1l2@®35 studyperiod.

9 Details on theNYMEXHenry Hub Contract can beund on the CME website:
http://www.cmegroup.com/trading/energy/nymesnaturatgasfutures.html There is seasonality in the-¥2ar NYMEX
Henry Hub futures complex andevare using that seasonality to convert the annual AEO forecasts to monthly fore@istis.
data was downloaded for use in the AESC 2021 Study on February 1, 2021.

Synapse Energy Economiks. AESC 2021 22


http://www.cmegroup.com/trading/energy/nymex-natural-gas-futures.html

As with previous AESC stusligve rely on AE@ff longerterm Henry Hub prie forecastsThemost
recentcurrent AEO was published Figbruary 2021 (AEO 202).1° There are numerous reasons for
choosing AEO for longéerm price forecasts; foremost is the extensive documentation and
transparency of the inputs and models used by Eh&re are many companies, consultarasd other
organizatbns that forecast natural gas and other priceewever there is no way to evaluate them
without complete datasets, assumptions, or documentatienneodel algorithms! TheEIA forecasts
are pullic, transparent, and incorporate the lostigrm feedback mechasms of energy prices upon
supply, demand, and competition among various fuBleviousAESGtudieshavereliedonthe AEO
Reference Case, whigenerally assumes current legislation and environmental regulatipecifically,
AEO 202 assume governmaent actions for which implementing regulations were available as of the end
of SeptembeR020and macroeconomic assuniphs based on third and fourthuarter 2@®0
assessment$’ These macroeconomic assumptions include the effects of the GE/pANdemic on
natural gas and other energy sectors.

EIA has recognized an increased level of uncertainty in its projections the itapacts of the COVID

19 pardemic on energy markets and the wider econotAfheCOVIBL9 pandemicrepresents a novel
forecasting challege. As in previous outlooks, tieference case for AEO 2021 is a projection rooted in
experience to date and theurrent short and mediumterm ecanomic outlook But the influence of the
pandemic in this forecast and the necessity of conjecturing whatahevery will look like means that

the longerterm view may be particularlyncertain

TheReference case in AEED21 anticipates thatconomywidedemand for energy in th&nited States

will not return to 2019 levels until 202¢.0n average, the Henry Hprice forecast for the AEO 2021

reference case is approximatelyedercent lower than the corresponding forestdfrom AEO 2020.

Meanwhile, alterh G A S & OSy Il NA2a SELX 2NBR Ay | odidifferimgt m 6 & & A R
economic growth ratesesulting in a return to prgpandemic economiactivity andenergy consumption

levelsin shorter or longer order.

For AESC 2024e usethe currentNYMEX Henry Hub futures forecémst shortterm prices(through

2022) an average of the NYMEX and AEO 206&kasts for the 2023 price projectioramd AEO 2QPR

for medium and longterm prices.We believe that the cuent NYMEX Henry Hub price forecast
incorporates an independent and collective view of the market supply and demand balances over the
nextthree years It alsoincorporates current expectations on the effects and duratiothefCOVIEL9

10y.s. EIA. 2021. Annual Energy Outlook (AEO) BG@4.//www.eia.gov/outlooks/aeol

1L AESC 2021 differs from its predecesdors G K G GKS GAYAY3I 2F GKA&A &SI NDRa addRe ¢
projection. Previous AESC studies, by virtue of their study timeline, frequently &®gwjections that were a year or
moreoutof-RIF 4GS G GKS GAYS 2F 19{/ Q& Lzt AOlI A2y ®

12Assumptions are documented in several reports. Sde! Q& ! 9h | aadzYLXiAzya I
https://www.eia.gov/outlooksaeo/assumptions/

13.s. EIA, 202AEO 2021 narrative, p 4, at https://www.eia.gouttooks/aeo/pdf/AEO_Narrative_2021.pdf.
14
Ibid.

Synapse Energy Economiks. AESC 2021 23


https://www.eia.gov/outlooks/aeo/
https://www.eia.gov/outlooks/aeo/assumptions/

pandemic Meanwhile, AEO 202 represents aneutral, tird-party projectionof Henry Hub prices based
onrecenttrends and expectationsiccounting for the COVAIDO pandemic but ultimately reflecting
conventionalrends outlasting the impacts of the pandemtoFactors influencing the longéerm

forecasts oknergy demandbeyond the period of uncertainty associated with the COlApandemic
include economic andgpulation growh; increasing reliance on renewables and consumption of natural
gas and electricityand technological, behavioral, and policy shifts

The following sectioprovides Ighlights of the AEO 2@Referencecaseand other AEO cases.

AEQO2021 Rderencecase

Compared to the recent pastheé AEO 20PReferencecase projects theU.S. natural gas industry
growingmore slowly in the decades ahaGas production in thenited Stateqdry gag increased by

57 percentirom 2010to 2019 while AEQOZ21 has production growing by only32ercentfrom 2024
205016 Similarly, consumption slows markedly in all sectors. The decline is most pronounced in the
residentialsector, which sees flab-declining gas use in the future

In AEO 202Xeal Henry Hulprices(in 2@1 dollars)are projected to fall from $3.23 per MMBtu in 2021
to $2.78 per MMBtu in 2023. Prices then increase by 2.4 percent per yearjngachrice of $3.68 per
MMBtu in 2035 Producers require higher prices to expand into less pralificmoe expensiveo-
produce areas to meet the growth in gas demand and LNG exports.

Figurel showsthe forecast of Henry Hub presused in AESC 2021. described above, these rebn
current NYMEX futuresléted February 12021) for prices etween 2020 and 202ZPrices in 2024
through2035 are based on AEO 2021, while prices in 2023 are basadarerage of NYMEX and AEO
2021prices!’ Figure 1 alssompares the Henry Hub price used in ARSZ1with the price forecast
used iINAESQ018(in 2021 dollars)

15 bid.

165 NJBas is consumegrade natural gas. Basically, it is natural gas that that has been processed to rerdoveahiyon
liquids and other impurities so that it has uniform properties that makensportable and useable by all consumers. Dry
natural gas production equals marketed production less extraction loss

17 current NYMEX futures for Henry Hub show sicanit declines in prices and trading volumes between 2021 and 2022, likely
caused § the paucity of physical players contracting beyond 2021. As a resuliegin blending the AEO and NYMEX price
series in 2023.

Synapse Energy Economiks. AESC 2021 24



Figurel.

Henry Hub price forecast®\¢tuals, NYMEXAESQ@020, and AESC 2018
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As shown irFigurel, Henry Hub natural gas prices aver@dgercent lower in AESC 202émpared to
AESC 2018ver the 202%2035 periodIn general, forecasts of Henry Hub prices have continually
declinedover the past decade for several reasons.

1.

Productivityin shale drilling has been increasing steadily. Average productivity (new well
gas production pr rig)as reported by Eldvas aboutl,284Mcf at the beginning of

2014 Productivitywas3,570Mcfin EI QJanuary2018 reportand6,906Mcfin the

latest (2021) report® This trend implies decreasing costs per unit of produgtion

although AEO continudge assume that new supply will not be as productive as in the
past thusrequiring higher prices to inde drilling.

A growingportion of gas prodetion has been coming from oil wellS (b Zhssaciatéd
natural gas). For oil producers, drilling decisioae based on crude oil prices and any
natural gas sold is considered a byproduct. Depending on gangigeailability and

flaring regulations,His gas will be produced at any price as long as crude oil economics
are positive. As new tranches of asswed gas are marketed, theften displace

existing gas production pressuring gas prices.

Realtimeindicatorsare difficult to ignore. Since 201@verage gas prices have been on a
downward trend weekly, monthlyand annually. Foexample, the average HenHub
spot price for two years prior to the initial 2015 AESC forecast was abd&$ fdr

MMBtu (in 2021 dollarg, while for the 2018 report it wad2.96 per MMBtu For the two
years prior to AESC 2021 (2019 and 2020), the average prick2\88per MMB1. The

® 9L! @ HanHmM®P (685 NAS LOZANAT & yWR vt dXBNRdzOMIdAdD A
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pastdecade has seen price spikes due to abnormal weather or-$ort storage
deficits, but prgecting a sustained upward price surge ificlilt to justify.

4. TheCOVIBEL9 pandemicinitially exacerbatedh bearish price cycle. The average Henry
Hubspot pricefor the 12-monthsendingOctober 202Gvas $2.0(per MMBLty, the
lowest in over two decadedhis price signal has led to neacord shot-term
production declineshe second and third quarters of 2020he market has recognized
this, with NYMEXenry Hub futures averaging closer to $3g@® MMBtu beginning in
the fourth quarter

Natural gas prices at other upstream supply points

AlthoughHenry Hub is the U.S. natural gas price benchmark, prices vary greatly across the nation.
Conditions such dscal production, pipeline capacities, storage availability, andatedvariability are
some of the many factors that cause this variation. Overghst fewdecadesmost supply and
consuming regions developed gas hubs, which are liquid pricing poitewhas is bought and sold for
immediate or future delivery. There@amany hubs in the Northeast, but the critical question is which
ones determineNew England's natural gas prices?

Without indigenous productiorNew England continues to acquire gas frontside the region via:

1. Six pipeline systems including TennesseeRjaaine (TGPandAlgonquin Gas
Transmission (AGT) from the south; Iroquois Gensmission (I&from the west
through New York State; and Maritimes & Northeast Pipeline (MNP) alghdPertland
Natural Gas Transmission (PNBffom Canada via Trangtala Pipeline (TCPBSee
below for a more detailed description of the six dipe systems.

2.¢62 [bD AYLRNI OGSNXAYyLIfa Ay GKS .2ai2y | A
GatewayDE LI | G SNJ t 2Nl | yR 9ESf 2y DSySmediAazyQa 99§
Canaport LNG import terminal in New Brunswick, from which regasified LiNigca
piped down MNP into New England.

Pipeline shippers purchase natural gas at various supply or market Aiiids natural gas may be
sourced from the U.S. Gulf Coast, Midwégtpalachia, and both Eastern and Western Canada;
however, production in the Ma&ellus/Utica has outstripped natural gas consumption in the Northeast.
As a result, the physical sourcedgw England pipeline gas is being increasingly supplied from this
neaby basin even if shippers are notionally purchasingfigas distant supply bains (Gulf Coast,
Western Canada, Permian Basin, ettThus the price at hubs that source Marcellus/Uties is
increasingly relevant to New England.

Althoughsourced from various upstream supply basesignificant volume of New England gas is
priced at the Algonquin Citygate Hub. AGT basis futures are tradéaeoimtercontinental Exchange

19 since natural gas is fungibieterstate pipelines can displace gas anywhere it enters or leaves the system.
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(ICB and theae is a market up to 48 months otf AGT spot pricesra also quoted in several
publicationg! and on the EIA websif& For 2024 and later years, talculate futurethe monthly

variation inpricesfor Henry HubAlgonquin Citygateand otherand hubs upsgam of New Englanave
average two years of projeaemonthly data (based on NYMEX) for the period 2292323 For Henry

| dz6 X G KS a a KthlydaratioR i appiiéd Xothe ¥nRual data from AEO 2021. For Algonquin
Citygate and other hubs, we singmdd the average monthly basis to the Henry Hub value.

We havealsoanalyzedhistorical monthly basis data fdhese pricing points, allowing us &pply the
seasonalityn monthly prices to our longeerm projections SeeFigure2 for a historical comparison of
gas prices at Algonquin Citygate and Henry Hub.

Figure2. Historical comparison of natwal gas prices at Algonquin Citygate Hub and iHehlub
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23The term upstream generally refers to hubs and other points closer to the source of gas production
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In AESC 2021ve use the Texas Eastern Zon@NITETO M2) price, which is more representative of the
actual prices paid by New England LE\% cover the major gas supply sourage model monthly
prices at the Dawn Ontario Hub and TETCZHJbusing a similar methodology as our projection for
the Algongun Citygate basiéseeFigure3). The projected monthly basis values for these habs
assumed taemain constant in realollar terms over the modeling period.

While often correlated, natural gas prices at each hub will vargedding on supply, demand and
pipeline capacity, transportosts, and other conditions. There are trading platforms for these hubs:
NYMEX trades (TEO M), and Natural Gas Intelligence (NGI) publishes prices for the Dalwt Hu
most cases there is both spot and a futures market of varying lengths at theseshéitso note that
these price forecasts implicitly assume no new lasgale pipeline exansion projects, other than ones
under construction slated over the next yeaikVe believe the futures prisausedin this analysiembed
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2410 AESC 201@e used the Dominion South Point (hub) index to measure gas pri¢ke Marcellus shale producing areas in
and about Pennsylvania.

5NG [Fad F 0084 & Bawvn rotwhkiDRixediNatural Gas Rribe SnagsKaturalGasintel.comAvailable at
http://www.naturalgasintel.com/data/data_products/forwargontracts?location id=MCWDAWN&region_id=midwest
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2.3. New England naturafjas market

In addition to the commaodity costs discussedab, ratural gas avoided costs include tbess of
transmission storage, and peaking resrcesneeded tomake gas available where and when it is
consumed This sectioraddresseshe gassupply resurce costs that would be avoided by reducing gas
useanddescribes our methodology for calculatitige avoidednatural gasosts by enduse.

Natural gas consumption

Figure4 shows thenatural gas delivered to endsers inthe sixNew England states for the years 2010
through 2019. Growth in residential and commercial consumption has been largely offset by lower gas
use for ekctricity generation.

Figure4. Historical natural gas deliveries in New Eagt
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Source: Energy Information Administration (EIA). Available at
https://www.eia.gov/dnav/ng/ng_cons_sum_a EPGO vgt mmcf a.htm

Going forward, the AE@021Reference case forecastrfNew England shows a smadlarterm

increase in consumption in thesidential, commercial, and industrisgctors, then a flattening of gas
conaumption from the mid2020s through the mi@030s(seeFigure5). Meanwhile,EIAprojects gas
consumption in the electric power sector to be halved by 2025, then remain at a relatively consistent
level throudh the md-2030s
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Figure5. AEO2021natural gas consumption forecast for New England
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Souce:Energy Information Administration (ElAyailable at
https://www.eia.gov/outlooks/aeo/supplement/excel/suptab 2.1.xlsx

Recent New England LDC forecasts show annuatlgia customer requirements ranging from 0.2
percent to 2.3percent per year (se€ablel). For thel3 LDCforecasts shown, the weighted average
increase in requirements over a fiyear period is just under Bercent per year?’

There are several reasons why the LDC forecasts would be different from the EIA forecast:

T ¢KS [ 5/ F2NBOI aia cdstsBot faredasts gfyotaheahsumptionR ¢ F 2 NB
Planning load customers are sales customers that buy gastireLDC, and
transportatiornronly customers that buy gas from marketers that receive upstream
capacity resources from the LDC under retail choice piograb &/ | LI OA G & SESYLI ¢
transportation customers that do not use LDC supply resources are excluded.

1 LDC f[anning load excludes most gas used for electricity generationfiGaspower
plants in New England typically receive gas supplies directly from enstatie pipeline
or transport gas on an LDC under a special contract that makes them cageaityt.

1 Some IDCs adjust their forecasts to include potential migration of existing capacity
exempt transportation customers to sales service or capagsignedransportation
service. Shifting gas use by existing capaoigmpt transportation customers into

27 Growth rates weighted by the annual planning load forecasts for 2020
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planningload causes the planning load growth rate to be higher tharetttaalgrowth
in total consumption.

1 Recent LDC forecasts reflect lower 2020 andl2§is use caused by CONE they
assume that consumption will bounce back later in the forecast pefitis would
cause the average annual growth rates for forecasts with a 2020 start date to be
somewhat higher than prl€OVID forecasts, all else beirmgial.

9 Finally, there are questions about the extent to which the econometric forecasts
produced by NevEngland LDCs reflect the future impacts of state initiatives to reduce
GHGemissionsTheMassachusetts Attorney General has suggested that LDCs steould b
required to submit forecasts for periods longer than five years in order to address the
expected trasition away from natural gas as a heating ftfel.

Tablel. New England LDC natural gas requirements forecasts

- 2020-2021 forecast (MMcf : Case or Docket
Utility CAGR%) Annual Desié]n Day)/ Forecast period Number
National GridMA) 2.3 136,633 1,425 2020 to 2025 MA DPU 2132
Eversource Gas 0.8 48,660 522 2019 to 2024 MA DPU 1935
NSTAR Gas 1.5 47,907 537 2019 to 2024 MA DPU 2&76
Liberty (MA) 1.0 6,452 77 2020 to 2025 MA DPU2®2
Berkshire Gas 05 6,472 66 2020to 205 MA DPLR0-139
Fitchburg Gas 0.2 2,314 23 2020to 205 MA DPWR1-10
CT Naturazas 1.6 36,124 355 2020 to 2025 CT PURA 1821-02
Southern CT 12 33,167 325 2020 to 2025 CT PURA 18210-02
Yankee Gas 2.2 56,256 487 2020 to 2025 CT PURAB20-10-02
National Grid (Rl 1.8 36,152 389 2019 to 2025 RI PUC 5043
EnergyNorth 2.3 15,650 165 2017 to 2022 NH PUC DG 1152
Northern Utilities 1.5 15,628 143 2019 to 2024 NH PUC DG 126
Vermont Gas 0.2 7,162 72 2020 to 205 VT PUC 20520
Total 448557 4,585

Gas supplyesources

The natural gas consumed in New England comes from the natural gas pipelines that transport gas from
producing areas in thenited Statesand Canada, and import terminals in Massachusetts and New
Brunswick that receive LNG by ship. A small, bomvgrg amount of natural gas is transported into New
England by truck as either LNG or compressed natural gas (CNG).

Gastransmission [pelines

Sixmajor natural gas pipeline systems deliver gas to New Engtenllets (sed-igureb).

Tennessee Gas Pipeline (TGRYo branches of the TGRainline deliver gas intblew EnglandThe
0200 Liné enters Massachusetts from upstate N&erk and extends into the Boston ardaed300

alaal OKdzaSGG&a hFTFAOS 2F (GKS ' 002Ny Se-3@ppy12181 £t Q&4 WdzyS nS HAHN
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Line enters southwestern Connecticut and connects to th® 2iheat Agawam MA. Lateral pipelines
transport gas into Rhode Island and New Hahige.

Algonquin Gas Transmission (AGAJ5Tis a regional pipene that extends from centrallew Jersey to
Boston. AGTeceives gas from TGP at Mahwah, NJ and from Millen Pipeline at Ramapo, NXGT
delivers gas in Connecticut, Rhode Island, and Mdmssetts The AGT system also includezb-mile
undersea pipel Y S 0 (i K S that bxteadEfrany VBe§/miouth, MA taan interconnection with
Maritimes & Northeast Pipelin@INP) in Salem, MA.

Iroquois Gas Transmission System (IGTSJS connects with the TransCanada PipeLines system (TCPL)
at Waddington, NMGTS @sses the southwestern corner of Connecticut before terminating in Long
Island and New York CitTS conrets with TGP at Wright, Nand with AGT at Brookfield, Jirect
deliveries from IGTS into the New England are constrained by the capacity @cGoumn_DCs and

power generators to receive gas at IGTS meters and competition from downstream markets in N

York.

Portland Natural Gas Transmission System (PNGHIS3TS receives natural gas from TCPL at the New
HampshireQuebec borderTCPL deliversis gas using capacity that it holds®émMNJ y &/ I y I RF Q& 06 ¢ N
Quebec and Maritimes)QMpipeline PNGTS$onnects withMNPat Westbrook, ME and delivers gas

into TGP at Dreut, MA.

Maritimes & Northeast PipelindMNP): MNP wasoriginallybuilt to transportgasfrom offshore Nova
Scotiato Canadian and U.S. marké®The U.S. portion of th®INP system extends frorthe Maine
New Brunswick border to northeastern Massachusd#tblP alsoreceivesgas from the Brunswick
Pipeline, which is the outlet for the CanapaNG terminal at St. Johm New BrunswickMNP connects
with PNGTS at Westbrook, ME, with TGP at Dr&t#fand with AGT at Salem, MA.

TransCanad®ipeLineg TCPL)The TCPL mainline extends from Alberta to Quebec. TCPL receives gas in
Alberta and fron Enbridge Gas at the Parkway interconnect in southwestern Orf&fiGPL connects
directlyto Vermont Gasystem (VGSand delivers gas into IGTS and PNGTS.

Liguefied natural gas (LNGnport terminals
Imported LNG is received at three terminals locatetMassachusetts and New Brunswick.

Distrigas of Massachusett3 he Distrigas LNG terminal, located inrétte MA, celivers gas to TGRGT
National Gridandthe Mystic Generating plantDistrigas also delivetsNGinto trucks that supply
peakinggasfacilities throughout the regioA!

29 Natural gas production in Nova Scotia ended in 2018.
30 Enbridge Gas (forerly Union Gas Limited) operates the Dawn Hub.

3lThe Distrigas terminal is owned by an Exelon Corporation subsidiary.
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Northeast GatewayNortheast Gateway is an offshore LNG receiving fatlilitt connecsto the AGT
HubLine Northeast Gateway began operating in 2008, ibtias received only a fewinter-season
shipments in recent year?

Canaport LNGThe Canaport LNG terminal has close to 10 Bcf of storage capacity and can send out
approximately 1Bcfd. Repsol Energy North Aioay the Canaport operator, has a letegm contract for
firm transportation service oMNPand uses this cagity to deliver gas at Dracut and Salem, and to
markets in Maine.

Figure6. Natural gs pipeline infrastructure in New England and nearby regions
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Source: Synapse Energy Economics, 2021.

Natural gasdelivery capacity

Total gas deligry capacity into New England increased by roudhdgrcent from 2018 to 2021 and is

expected grow byanother 1.5 percent from 2021 to 2034eeTable2). For AGT and TGP, we show the

estimated westto-east capacity to deliver gasto New England from New Yorkhe IGT8apacity is an

estimate of the amount of gas that can be receine@onnecticut, and excludes capacity used to

0N} YyALR NI 3Jla GKNRdzZAK bS¢g 9y3IflyR (2 R2gyaiaNBrY Y
are the receipt capacities GSand PNGS atthe U.S. | Yy Rl 6 2 NRSNX» ¢KS a[ bD 5S1

32 A second offshore LNG receiving terminal, Neptune, was built about the same time, but is now inactive.
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show the certificated eneto-end capacity of the MRpipeline and the estimated sendout capacity of
the Distrigas facility, based on the takevay capacityf the interconnected pipelinedNote that the
effective delivery capacity faNPand Distrigas at any paiin time is likely to be lower than shown in
the table, since it will depend on the availability of LNG supply.

The supply of natural gas to tiNew England market is also reduced byatpto New Brunswick and
Nova Scotia. EIA reports that 0.25 Bcfaatural gas flowed into New Brunswick from Maine in 28419.
Canadian LDCs and euskers have contracted for pipeline capacity in the Atlantic Britgprtland
XPress, and Westbrook XPregpansion projects.

Table2. Historical andProjectedNatural gas delivery capacitinto New England (Bcfd)
JAN 2018 JAN 2021 JAN 2024

AGT 1.82 1.91 1.91
TGP 1.39 1.39 1.42
IGTS 0.26 0.26 0.26
West-to-East 3.47 3.56 3.59
PNGTS 0.21 0.32 0.40
VGS 0.07 0.08 0.08
TCPL Direct 0.28 0.40 0.48
MNP 0.83 0.83 0.83
Distrigas 0.70 0.70 0.70
LNG Dependent 1.53 1.53 1.53
TOTAL 5.28 5.49 5.60

Table3 provides details on recent and planned pipeline expansion projects that affect gas delivery
capacity into the Newiigjland market

33U.S. ElALast accessed Marclz9 H i H M® G ®f{ & b I GUIENIIX NIDE 40 & &tlgeuMlidtab® & RO BvASH & ¢
https://www.eia.gov/dnav/ng/ng_move poe2 a EPGO ENP_Mmcf a.htm
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Table3. Recent and planned New Englapgeline expansions

. : Capacity _r
Pipeline Project (Bcfd) Description Status
AGT AIM 0.342  Expand from Ramapo, Nt Completed early 2017

New England citygates
Expand frqm Wright, NY to C Completed in 2017
citygates
Expand from Ramapo, NY t¢ Added 0.040 Bcfd in 2017,093
Salem, MA Bcfd in 2019
Upgrade compression and Lateral completd 2020.

expand Agawam, MA lateral Compression planned f@021
PNGTS Portland XPress 0,064  —Pandfrom Canadianborde 004 2018 2019, and 202
to Dracut, NA

PNGTS Westbrook 0123 Expand from Canadian borde Added0.043 Bcfd in 202®Phass
) to Westbrook, MA and Dracu Il and Il in 2021 and 2022.

XPress
Total - 0.761 - -

TGP CT Expansion 0.072
AGT Atlantic Bridge 0.133

TGP 261 Upgrades 0.027

Peakingfacilities

Most New England LDCs operatesystem peaking facilities that inject eitheaporized LNG or
propane into the distribution system during periods of high gas demandTigkele4). The total design
day production capacity for these facilities is approximatehBkfd. Many of the LDC peaking facilities
haveon-site storage, but others are satellite facilities that veg midwinter refill by truck.

Table4. New England LDC peaking facilities

Aggregate Delivery Aggregate Storag

Gas Utility Number of facilities Capacity (Bef/day) Capacity (Bcf)
National Grid (MA) LNG 7 0.508 4.934
Eversource Gas LNG 4 0.112 1.688
NSTAR Gas LNG 2 0.210 3.650
Liberty (MA) LNG 1 0.018 0.165
Berkshire Gas LNG 1 0.003 0.010
Fitchburg Gas LNG 1 0.003 0.003
CT NaturaGas LNG 1 0.105 1.142
Soutrern CT LNG 1 0.082 1.142
Yankee Gas LNG 1 0.105 1.200
National Grid (RI) LNG 2 0.174 2.462
EnergyNorth LNG 3 0.013 0.013
Northern Utilities LNG 1 0.006 0.012
Eversource Gas Propane 4 0.058 0.137
Berkshire Gas Propane 3 0.008 0.053
Fitchburg Gas Propane 1 0.011 0.030
EnergyNorth Propane 3 0.035 0.108
Vermont Gas Propane 1 0.008 0.015
Total 1.459 16.764
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Compressed natural gas

Several companies operate compression facilities in New England that filckpgeity truck trailers

with CNG** The pimary customers for trucked CNG are industrial and large commerciaiserd that

would not otherwise havaccesgo natural gas. LDCs can also use CNG as a winter peaking resource, or
as a source of gas supply for isolated market aféas.

CNG camexpandthe natural gas market by allowing large euskrs to switch to gas from another fuel.
However, the impacthtat CNG will have on the New England gas market will depend on where the CNG
is producedWhen CNG is produced locally, it can increasenttel forpipeline capacity to deliver gas

into the New England region. CNG facilities that are connected to LDAOSIAE, for example, is a firm
sales customer of EnergyNorth) calsoincrease the requirement for gas supply resources and
distribution cagcity. Alternatively, CNG that is transported into New England from compression
facilities outside the region can lzesource of gas supply that reduces the need for pipeline capacity and
other sources of supply. For example, XNG has modified its Elidgdilify to also receive CNG and

inject gas into the M&N/PNGTS joint facilities pipeline.

Renewable natural gas

RNGis pipelinequality gas that is extracted from landfills, or produced from waste material using
anaerobic digesters. Substituting RNG fatunal gas is a means of reduci@HGemissions. SeBection
8.1. Nonembedded GHG codtw a larger discussion on RNG costs and potentials.

Vermont Gas and Summit Natural Gas of Maine (SNGM/€E)implemented voluntary sales programs
under which customers can choose to have &ipa of their gas cosumption backed by RN&€Both
programs currently use RNG that is produced outside of New Engfland.

Several projects are proposed or in developmérattwould supply RNG to New England LDCs:

1 An anaerobic digester facility under congtion at a dairy farmn Salisbury, VT is
expected to deliver 180,000 Mcf per year to Vermont &as.

34NG Advantage has filities in Milton, VT and Pembroke, NH. Xpress Natural Gas (XNG) has facilities in Eliot, ME and
Baileyville, ME. Innovative Natural Gas (iNATGAS) has facilities in Worcester, MA and Concord, NH.

35 For example, XNG supplies CNG toNEBe2 b 2 NJi K Q distribulich gyStem. b |

6L dzy YAl bl ddNIt DFa alAySe [Fad 00538aSR al NDK MANS HAHMOD !
summitnaturalgas.comAvailable atttps://www.summitnaturalgasmaine.com/RenewableNaturalGas

37RNG for the Vermont Gas program comes from a landfill in Quebec and a wastewater treatment plant in lowa. SNGME is
buying RNG attributes from a landfill in Oklahoma.

38vanguard Renewabled [ I ad | 00SaasSR al NOWngeardEnewablesomydiabe &NA OK ClL NY ®é
https://vanguardrenewables.com/portfolidtems/goodrichfarm-salisburyvt/ .
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1 In August 2020 SNGME received Maine PUC approval to buy up to@46006f RNG
per year from Peaks Renewables, Inc., which is developing an anadigester facility
at a dairy farm in Clinton, ME?

1 In 2018, EnergyNorth asked the New Hampshire PUC to approve an agreement to buy
RNG that would be produced at a landfilBethlehem, NH. Because of the location of
the landfill, the RNG would b@mpressed, and delivered to &gyNorth by truck®

2.4. Avoided natural gas cost methodology

AESC 2021 uses the same avoided cost methodology used for AESC 2018, as described below.

Avoidablegas supply costs

Gas supplyesourcesare often categared as bseload, intermediatepr peaking Baseload resources,

such as pipeline capacity that exterfdsm outside thelocalmarket area, tend to have a relatively high
fixed cost but a lowr variable costThis type of resource is best suited to supplying igtd-factor

uses where gas is conmed at a relatively constant rate throughout the yeReaking resources, such

as onsystem LNG, typically have lower fixed costs but higher Var@ists.These types of resources

are a better fit for gas requirementlat occur on a limited number ofays per yearlntermediate
resources, such as shdraul pipeline capacity or a winter season gas storage service, are often used to
support winterheating requirements.

The avoidedhatural gas supplgostfor an LDQvill depend on the characteristics die gas requirement
reduced, and the cost of the marginal resource thauld be used to supplgachtype of load For
example, if the load reductiois limited to commercial and industrial ndreating customers, the
avoided costwill usuallybe the marginhcost of a baseload gas supply resoufea. achange in
residential heating load, the avoided cost is likely to involve a combination of respsices the
variable gas wgepattern of residential heating customeusilizesa wider rangenf gassupply
resources.

Estimates of the gas supply costs that can be avoided by energy efficiency program a@vings
calculated for each state, by regiony fach of the following endse categories:

1. Electric generation
2. Commercidand industrial norheating

3. Commecial and industrial heating

39ME PUC Docket No. 2620089. SNGME will buy the gas produced by the facility, but not the RNG Attributes. Peaks
Renewables is an affiliate of SNGME.

40NH PUC Docket No. DG 140. EnergyNorth withdrew its application to the NH PUC imlgey 2020, but dl not state that
the project has been abandoned.
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Residential heating

Residential water heating

o o &

Residential nofheating

7. All commercial and industrial
8. All residential

9. Allretail enduses

We provide avoided natural gasluesby costing periodallowing readers of AESC to developre
specific avoided costs for other measures not listed above.

Ournatural gas avoided cost methodology has three steps.

Step 1is to identify he marginal gas supply resouriog eachload type (i.e.baseload, intermediate, or
peaking) For electriqyeneration, we assume the applicallaturalgas cost is the New England
wholesale market price. For the retaihd-usecategories, we examindné existing and potential gas
supply resourcethat would potentially be the marginal source of supply.

For eab resource that could potentially be increased or decreased in response to a change in gas
requirements, we then estimate the total delivered co$tloe resource for each costing period,
expressed in $/MMBi/year. We exclude unavoidablests.The marginkresource for each costing
periodis assumed tte the resource with the lowest delivered cost over the forecast horizon.

Step 2is to determine tke percentage of load for ea@nd-usetype that correspond to each costing
period. For all states except Meont, we use thesamesix costing periods used AESC 2018s detailed
below:*

1. Highest 10 days
2. Highest 30 days
Highest 90 days
Winter (NovembeiMarch)

Winter/Shoulder (All months except Jugigust)

o o &~ W

Annual Baseload

These costing periods generally capend to the different types of gas supply resources that New
England LDCs acquire to meet projectediuserequirements. Requirements that exteridrough the

L Eor Vermont, natural gas avoided costs are estimated for four-tfngse costing periods: peak day, next highest nine days,
remaining winter (141 days), and summer/shoulder (214 days).
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Annual Baseload and Winter/Shoulder periods are typically met with pipeline capacity fromeothisid
region. Winter period requirements, and gas requirements that must be met at least 90 days per year,
are often supplied using pipeline capgcitom New England supply points or contracts for delivered
gas.The shorterduration requirements are typadly supplied using eaystem peaking resources and
contracts for delivered peaking supplies.

The load shares for eagimd-usetype arecalculatedfrom aload curvethat combinesa representative

gas use equation (base use per day and use per heatingeléigy or HDD) and a representativelDD
distribution. Thisis illustrated byFigure?7, which shows a sample load curve fioe Commercial and
Industrial Heatingnd-use categoryThe load share for the Winter costing period, faample, is based

on the amount of gas use thatours at least 151 days per year, minus the gas use that only occurs on
the highest 90 day# resouce thatsupplies planning loadequirementsduringthe Winter costing

period would be used an average ofdl@ays per year, which corresponds to an anto@adl factor of 33
percent.

Figure?. lllustrative commercial and industrial batingload shape

LHr'ghest 10 Days

Daily Gas Use

I cl5aseload
| 51 101 151 201 251 301 351
Days

Step 3is to multiply the marginal resource cost for each costing period bygdheespmdingload
percentagesSumming the results oveull costing periods gives the total annual avoided cost for each
end-use This calculation is repéad for eachend-usetype, for each year of the forecast period as
illustrated inTable5.
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Table5. lllustrative avoided cost calculation

Marginal Resource Cost Weighted Average

Share of Annual Gas Ust

Costing Period

($/MMBtu) ($/MMBtu)
(A) (B) (A) x (B)
Annual $4.00 - -
Winter/Shoulder $5.00 60% $3.00
Winter $6.00 25% $1.50
Highest 90 Days $8.50 10% $0.85
Highest 30 Days $15.00 4% $0.60
Highest 10 days $30.00 1% $0.30
ILLUSTRATIVWEOIDED COST FORSTENBJSE TYHHE) $6.25

Assumptions and data sources

Thefollowing sections contain information about thesasnptions and data sources used to construct
avoided natural gas costs for New England.

New Englandegions

Natural gas avoided costge estimated for three regins: (1)southernNew England (Connectigut
Rhode Island, and Massachusgt{®) northern New England (New Hampshire, Majnand (3)
Vermont.

Load shares

The load shares used for the avoided cost calculation are based on a represediabagstribution, as
well asbase use per day and use pg¢DD factors by endse category that were providday study
sponsorst? The same load share factors are used for all regions. The proportions of baseload and
temperaturesensitive gas use for the five ende categdes are shown iTable6.

Table6. Base userd heating factors byend-use

Baseuse Temperature sensitive
Enduse

(Percen) (Percen)
Residential Heating - 100%
Residential WateHeating 69% 31%
Residentl NonHeating 100% -
Commercial & Industrial Heating 21% 79%
Commercial & Industrial NeHeating 68% 32%

Natural gas transmission costs

For AESC 2021, transmission costs are measured using the rates that New Englgy td@sstream
pipelines for irm transportation service These rates include a fixed reservation charge that is applied

42 This assumes thahe daily temperature distributions for the New England states are similar, even though the total annual
HDDs are different in each state.
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to the daily contract quantity and a variable charge that is applied to the quantity of gas transported.
Pipelines also retain a penatage of the gas transporte@fNJ O2 YLINBa a2 NJ FdzSt FyR F2N

dzy I 002 dzy (i @de pab@ANE 3Tt &

Because the cost to build new pipeline facilities is geheragher than the costs of the depreciated
FaasSaa GKIFG | NB dza S Rdcaseof ser@ide rates iiterdtakelplfelines/uSualy a Gl y R
OKIFNAHS KAIKSNI aAGONBSRBPLEOSEE QR IS@2FRNEGHOAARAT I GA2
shippers.Shippers that participate in pipeline expansion projects often enter into negotiated rate

agreements that set the transportation rate over the initial contract term.

The avoided cost eishates in AESC 2021 assume that Lé@adjust the amount of transmssion

service they have under contract when customer requirements change. In a market duetvas

England, where natural gas ulsg LDC planning load customégrojected to increasgenergy

efficiency measures that reduce gas use should cause futuetimépexpansions to be small&tFor
pipelines that price new capacity using incremental ratee avoided transmission costtiee actual or
proposedNt G S T2 NJ GKS ImodtduriedmainiinexpaiisindSpfojecE& fhé Canadian
pipelineswhich do not charge incremental rates for new capacity, the avoided cost is measured by the
tariff rate.

Gas resource options for AESC 2021

Based on our review of New England LDC fotecasl resource plans, and other public material filed
with state regulators, we assume that LDCs will obtain additional gas supplies using a combination of the
representative gas resource options described here

Resourcd : Dawn Hubsupply via TCPL

This sipply option includes Enbridge Gas transportation servios fihe Dawn Hub to TCPL, TCPL
service to PNGTS, and service on PNGTS to Dracut. LDCs in southerglalsivaiso contract for TGP
service to move gas Dracut to their city gates.

Vermont Gagsurrently obtains all pipelinedelivered gas supplies from the®@n Huband other Ontario
points through its direct connection to TCRle assume that this will contie.

The costs for this option are based on Enbridge Gas and TCPL 2021 transportationd ategemted
PNGTS expansion costs (3edle7). Pipeline costs include the fixed reservation charge, shown as an
average cost per MMBtuhe variable transportation charge, and the percentage of the natural gas
transported thatthe pipeline retains for compressor fuel andaccountedfor gas(see paget4). The

gas commodity cost is the projected Dawn Hub price

43 SeeTable3 for a list of recent and planned pipeline expansion projects
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Table7. Transmission costs for the Dawn Hub capacity path

Transporter Receipt Delivery Fixed Cost  Variable Cost Fuel
($/MMBtu) ($/MMBtu) (Percent)

Enbridge Gas Dawn Hub Parkway 0.09 0.0 0.8%

TCPL Parkway VG 0.446 0.0 0.9%

TCPL Parkway PNGTS 0.569 0.0 1.5%

PNGTS TCPL Dracut 0.854 0.0 0.7%

TGP Dracut TGP Zone 6 0.137 0.029 0.1%

Rewource 2: Marcellus supply via AGT

This pipeline capacity path extends from the Marcellus shale gas producing areas in Western
Pennsylvania to New Eiagld markets. The costs for this path include the Millennium Pipeline
transportation costs frm the Marcellus area to Ramapo, NY, and theemzntal rates charged for
Atlantic Bridge expansion project for transportation from Ramapo to New Englandofbern New
England, there are additional transportation costs on MNP to deliver gas from theféahe AGT
system to markets in New Hampshaad Maine(seeTable8). The TETCO M2 index is used as the
representative price for Marckis-area gas supply received by Millennium Pipeline

Table8. Transmisgn costs for the Marcellus capacity path

Transporter Receipt Delivery Fixed Cost  Variable Cost Fuel
($/MMBtu) ($/MMBtu) (Percent)

Millennium Marcellus Ramapo 0.583 0.002 1.4%

AGT Ramapo Salem 1.805 0.0 2.6%

MNP Salem NH or ME 0.522 0.0 0.9%

Re®surce 3 Dracutsupply via TGRBguthernNew England)

Gas is purchased at Dracut, where TGP connects with MNP and PNGTS, and is transported on TGP to the
LDC city gate ¢g Table9). LDCs are assumed to contract for wirdeason supplynred at the AGT
Citygates index plus a fixed premium

Table9. Transmission costs for Dracut supply
Fixed Cost  Variable Cost Fuel

($/MMBtu) ($/MMBtu) (Percent)
TGP Dracut TGP Zone 6 0.137 0.0 0.1%

Transporter Receipt Delivery

Re®urce 4:Deliveredgassupplies(northern New England)

Thenorthern New England LDCs that are connected to MNP and PNGTS contract for firm gas winter
season gas gply delivered at their citygates. We assume that the deliveredcgasis the AGT
Citygatesprice plus a fixed premium.

Resource 50n-system gakingresourcegnorthern New England and Vermont)

The larger LDCs nmorthern New England (Northern Utilitieend EnergyNorth) use LNG trucked to
satellite peaking facilities tmeet winter gas requireints. When peafperiod requirements increase,
these LDCs contract for additional LNG supplies to cycle their limitsdedohNG storage capacity. These
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LDCs arelso considering new LNG facilities to meet future increases in g@aklemand. We assume
that the cost of gas from an LNG peaking facility is the average AGT Citygates price for the peak winter
months, plus a fixed premium. The peaking costs for Verm@nbased on a forecast of propane prices.

Other sources of naturalags supply

There are othesources of natural gas supply that do not enter into the AESC 2021 avoided cost
calculations

Undergroundgasstorage

Most New England LDCs hold contracts fosseal storage service from underground gas storage

facilities locatel in New York, Pennsyhanand Ontario. With the growth of Marcellus shale gas

production, underground storage is used less as a gas supply resource and more as a price hedging and
operaional balancing toolBased on our review, LDC decisions to reneteoninate these contras do

not appear to be closely tied to changes in projected customer requirements. As with AESC 2018, we do
not include storage service costs in the natural gasdad cost estimates

Compressed natural gas

Our review of New England LDC forecasts andlgypans found that several LDCs are considering CNG
as a future gas supply resource, but we did not find evidence that CNG is expected to have a significant
impadi 2y (GKSasS [5/aQ 3Ala adzliy e O2aiaod

Renewablenatural gas

RNG is both a physical gas suppource and a means of meetiGHGreduction goalsAs a supply
resource, several projects that would inject RNG into New England LDC distribution systems are
proposed, or in active development (see Sectto® New England naturaas markeffor additional
information). Connecticut LDCs are required to have standard RNG interconnection rudesitaté

future RNG production in that staté.However, because RNG is valued for its emwirtental benefits,
RNG is not expected to be a marginal supply resource with ptiotuthat varies with changes in gas
consumption.For this reason, local RNG ptmtion is not included as a physical supply resource for the
AESC 2021 avoided cost calcoladi

There is also a market for RNG attributésrmont Gas recently began incladithe cost of purchasing

RNG attributes in the cost of gas adjustméhthe VGElimate Plan includes a goal of redudBigGs

by 30 percent by 2030. To reach this goal, ¥&nates that approximately 20 percent of its retail gas

supply will need to be RNG. This includes RNG acquired for its voluntary sales program, and RNG

attribute purchases that are included in system gaslslipd ® . SOl dzaS +#D{ Q wbD I {3GNXR

44 CT PURA DoekNo. 1907-04.
4SVvT PUC Case No-Q831-TF, Direct Testimony of Todd Lawliss, p. 12.
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tied to increases or decreases in customer requirements, RNG costs are included in the avoided costs for
Vermont

Lost andunaccounted forgas

The total quantity 6gas measured at customer meters is generally lower than the measured quantity

the LDC recees into its system because of lost and unaccounted for gas (LAUF). For New England LDCs,
the difference between measured receipts and deligsiis typically beteen1 and 2 percent. LAUF

causes the gas requirement at the LDC citygate to be slightlyegrérgtnthe amount delivered to

customers, which increases gas supply cdMs.use a LAUF factor of 1.75 percent for all regions outside

of Vamont, and al.0 pecent LAUF factor for V&

Natural gadistribution margin

Natural gas distribution systemseadesigned to meet the projected peak hourly requirements of the

[ 5/ Q& FTANY OdAG2YSNER® 2 KSy 3l & dzomdnedwmaing ByONBI a Ay I
replacing existing mains with largdiameter pipe, or by replacing older mains with pipe tbah be

operated at a higher pressure. Efficiency measures that lower peak gas use avoid the cost of new

facilities and associated increase®peration and maintaance (O&M) cost&®

LDC marginal cost studies use econometric analysis and engineeringtestimealculate the

relationship between expenditures for plant and O&M and changes in peak day demand. The results
from these studies are esl to design rates ahto set floors for the rates charged under special
contracts. For AESC 2021 we use the tegtdm recent marginal cost studies prepared by New England
LDCs. These are presentedablel0, which also shows thevaidable LDC margins feouthernNew
England that were used for AESC 2618

46 Some maingseplacement projects reduce leakage risk and hence maintenance cadstapit clear to what extent load
growth results in more mains replacement, as oppd to changes in the order of replacements

47 AESC 2018 used marginal costs from a recent LDC rate case to estimate the portion of the distribution rate for each class of
customer that was related to changes in system capacity. These percentages weggpfiied to average distribution
margins for each New England region. Average distribution margins were calculated by subtracting the citygate natural gas
price from the regdential, commercial, and industrial prices that are reported by EIA for each state

Synapse Energy Economiks. AESC 2021 44



Table10. Marginaldistribution capacity cosby customer clas$2021$ per MMBtu)

Residential Commercial / Industrial
Company Docket Non : High Load  Low Load Annual Use
Number : Heating (Bcf)
Heating Factor Factor

National Grid (Boston Ga: 17-170 0.960 1.327 0.861 1.391 95.4
National GridColonial Gas 17-170 1.000 1.418 0.960 1511 23.8
Berkshire Gas 1840 0.959 1.518 0.661 1531 7.6
Eversourceésas 1845 0.453 0.694 0.387 0.744 51.8
NSTAR Gas 19120 1.521 2.205 1.128 2.122 51.7
EnergyNorth DG 20105 0.937 1.607 0.544 1.597 15.7
Northern- Maine 201900092 0.635 0.817 0.301 0.708 10.8

Weighted Average 0.96 1.39 0.78 1.4

AESC 2018 (2013BMBtu) 0.33 1.09 0.42 0.75

AESQ018 (2021$/MMBtu) 0.35 1.15 0.44 0.79

2.5. Avoided natural gas cstsby end-use

A summary of the natural gas avoided cost estimates is showahtell, Tablel2, andTablel3.
Avoided costs ardeveloped for three regionsouthernNew England (Connecticut, Massachusetts,
Rhode Island)northern New England (Maine, New Hampshire), and Vermdatmont isshown
separatelybecause it uses a different avoided gas cost methodolblg results are siwn with and
without the avoided LDC margin and are compared to the values from AESC 2018.

Tablell. Avoided costs of gas for retail custwers byend-useassuming no avoidable margif2021 $ per
MMBtu)

Residentid Commercial & Indstrial .
All retail

Heating All Heating Heating  All end-uses

Non Hot (\[o]g}

Heating  Water
Southern New England

AESC 2018 $6.16 $8.09 $8.64 $8.16 $6.98 $8.12 $7.62 $7.91
AESC 2021 $4.67 $5.52 $7.42 $6.63 $5.60 $6.86 $6.31  $6.48
2018to 2021 change  -24% -32% -14% -19% -20% -15% -17% -18%
Northern New England

AESC 2018 $5.95 $7.74 $8.24 $7.80 $6.71 $7.77 $7.31  $7.57
AESC 2021 $4.51 $5.39 $7.38 $6.55 $5.48 $6.79 $6.22  $6.39
2018 to 2021 change  -24% -30% -11% -16% -18% -13%  -15% -16%

Notes: AESC 2018 édized costs are for 15 years (2Q2832) at a discount rate of 1.34 percent. AESC 2021 levelized costs are
for 15 years (20232035) at a discount rate of 0.81 pent.
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Tablel2. Avoided costs of gas for retail customers bgd-useassuming some avoidable marg{2021 $ per
MMBtu)

Residential Commercial & Industrial

Non Hot Non AUIEE
Heating All : Heating  All end-uses
Heating

Heating  Water
Southern New England

AESQ018 $6.51 $8.31 $9.66 $9.04 $7.37 $8.79 $8.17 $8.61
AESC@1 $5.63 $6.48 $8.81 $7.86 $6.38 $8.27 $7.45  $7.67
2018 to 2021 change -14% -22% -9% -13% -13% -6% -9% -11%
Northern New England

AESC 2018 $6.28 $8.06 $9.30 $8.73 $7.01 $8.30 $7.73  $8.06
AESC 2021 $5.47 $6.35 $8.76 $7.79 $6.26 $8.19 $7.35 $7.58
2018to 2021 change  -13% -21% -6% -11% -11% -1% -5% -6%

Notes: AESC 2018 levelized costs are for 15 yearsc@IBA at a discount rate of 1.34 perceAESC 2021 lelized costs are
for 15years (202¢2035) at a discount rate of 0.81 percent.

Table13. Avoided costs of gas for retail customers bgd-usefor Vermont (2021 $ per MMBtu)

All sectors
: _ : Shoulde/
Design Day Peak Days Remaining Winter Summer
Vermont
AESC 2018 $591.58 $27.68 $5.15 $4.72
AESC 2021 $556.10 $17.08 $5.11 $4.75
2018 to 2021 change -6% -38% -1% 1%

Notes: AESC 2018 levelized costs are for 15 years;@IB at a discount rate of 1.34 perceAESC 2021 levelizeakts are
for 15 years (2022035) at a discount rate of 0.81 percent.

Southern New England ahNorthern New England

The AESC 2021 avoided cost estimates are lower than the AESC 2018 estimates, but the change in the
avoided costs is not as large as the admim theHenry Hub and Algonquin Citygate commaodity price

forecasts. The main reason is thiae cost of expanding natural gas pipeline capacity into New England
continues to rise. For AESC 2021, the incremental cost to expand capacity on PNGTS istagsimed

$0.85 per MMBtu, which is 40 percent higher than the transportation charge that wesfos AESC

HamMy ® ¢KS FAYyLFf NIXGSa OKFNEBSR F2NJ ! D¢Qa !Gflydaao
previous estimate. Because pipeline operatmrsover apital costs and most operating costs through a

fixed monthly charge, the impact tiie higher incremental pipeline charges is amplified for lower load

factor enduses, such as residential heating

Comparing the twd&outhern New England and NortheNew Eglandregions, because the marginal
gas transmission path used to calculate the dedicosts for botmorthern New England andouthern
New England runs from the Dawn Hub in Ontario through northern New Hampshire, additional gas
pipeline chargesause theavoided costs fosouthernNew Englando be slightly higher. However, the
difference in avoided costs betweeaouthernNew England andorthern New England is smaller for
AESC 2021 than for AESC 2018.
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Vermont

The natural gas avoided cost estit@sfor Vermont use thend-usecosting periods and methodology
developed for previous AES@Ddies. The Design Day avoided cost is the marginal upstrapptysand
delivery cost, plus the marginal LDC transmission cost. The Canadian pipeline toll$ tthatpstream
delivery costs foWGSare slightly lower for AESC 2021 than for AESC 20&8ndghart to the change in

the Canadian dollar exchange ralédhe avoided cost for the remaining nine Peak Days reflects the lower
delivered cost of propane for hVGS peaking facility.
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3. CohL hobBoCGvofh{ ¢{

In this chapter, we present the avead fuel oil and other fuel costs used for AESC 2021, compare those
estimates with AESC 2018, and identify the data sources used.

This section analyzes oil pridest/MMBtu for the four sectors: electric generation sidential,
commercialand industrial Prices are developed for the following grades: distillate fuel oils (No.2 and
No. 4), residual fuel oils (No. 6), and biofuel bletfalso included are cord walp wood pellets,
kerosene, and propane in the resideaitheating applicationdNew to AESCQ021,we also investigate
avoided costs for motor gasoline and diesel used for transportation.

In generalwe find that avoided levelized costs falt fuels conglered in this category ammoderately

higher than whatvas estimated in AESC 2018. In AEQC &6 follow the EIA Short Term Energy

Outlook (STE@r one year and then directlyansition to the2021AEO forecastWe chose thesédata

sources for the neaerm to represent current market conditions and tapture the effects of the

COVIBEL9 pandenic. In contrast, in AESC 2018 we followed the STEO and NYMEX market futures for two
years and then transitioned over several years to the most recent AEO forecast.

3.1. Results and amparison with AESC 2018

Tablel4 compares the levelized avoidégel costs for AESC 2021 witiose used for AESC 2018. Annual
avoided fuel costs are detailed Appendix DDetailed Oil and Other Fuels Outputee Synapse Team
based theresultsfor the oitbased fuel®n the nost recent New England State Energy Data System
(SEDS) price®Ve then adjustedhe resultsbased on the crude oil price trends as discussed above and
the AEO 2020 Reference Case projections for New England. Residertiatedsices are2.9 percent
greater, while Commercial distillate prices dré.3percent highemandcommercial residual prices are

8.2 percent lower (this decrease is due to a dinpecent historical prices for this fuel product).

Propane prices arbigher, representing recent increses in the SEDS price data&rosene, a fuel with a
very modest market share, shows a significant incrdesed on the most recent SEDS data wighiee
midway between that of distillate and propane.

Wood pellet prices @&rabout the samereflectingcurent market conditions. Cord wogevhose price
and quality can vary widelghows a significanpriceincrease based on recent pricddowever, these
pricesare belowthose of wood pellets. Note that all these prices refl¢ioe fuel heat content and do
not adjust for relative efficiencies and delivered energy. This analysis uses SEDS valuestddirige
points, adjusted for current and neaerm national prices from STEO. Tiwéces then follow the
trajectory of theAEQ2021Referencecase pricegjoingforward.*®

4B Eor the purposes of AESC 2021, biofuels blended in heating oil include B5 and B20.
49 Seehttps://www.eia.gov/state/sedsffor more information about theEIA State Energy Data System (SEDS)
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Table14. Comparison of avoided costs of retail fuels (§Barlevelized, 2021 $er MMBtu)

Residential Commercid Transportation

N, 2 Pro- Kero e Cord Wood No. 2 N, 6 Motor Motor

Dbl pane sene A Wood Pellets | Distilate REEL Gasoline Diesel
ate (B20) ual

AESC 2018 $23.36 $32.78  $20.95 $24.06 $14.12 $22.76| $19.46 $17.13
AESC 2021 $24.04 $3879 $29.59 $21.64 $20.84 $22.47| $22.25 $15.74 | $22.07 $22.76
Percentchange 2.9% 18.3% 41.3% -10.1% 47.6% -1.3% | 14.3% -8.2%

3.2. Forecastof crude oil prices

The primary factor driving avoided fuel oil costs and fuel oil prices is the price of@tuBer AESC
HAHMI ¢S NI fadd ppjgctiddhd frorth@021MEOhReference case (see Chaptdyvoided
Natural Gas Cosfer more information about the analogous gas pricesfmast). This is similar
methodology to that used in the 2018 AESC study.

Fornearterm projections inAESC 202%ye rely on data from theanost recent STEO forecast for West
Texas Intermediate (WTI) crude oil. We theamsition to theAEO2021Referene case price projetions

in 2022.The approach is similar to that used for the natural gas price forgbasit differsin thatthe
markets have different sources of production and distribution. The oil markets are much more global
and fluid than thosedr natural gas.

The COVIEL9 pandemic has reduced fossil fuel consumption wavride and prices have fah as

supply exceeds demand. In tlanuary 202&dition of the ST, the oil price forecast iabout $45per
barrelthrough 2022 However, the uncedinty is quite larg, as shown irFigure8. We also reviewed the
NYMEX oil futues for WTI (se€igure9), whichwere occasionally used in past AEStudies tadjust or

to verify the forecastThese valueare similar to the January 2021 STEO in the near term, but then
declinein both nominal and real dollaerms. This is odd market behavior and probably not indicative of
likely future prices. Thuse make no use of this information KESC 202For shortterm prices, we
ultimately rely onthe STEQorecastbecauseahat incorporates an informed analysis oivéde variety of
data, including the futures?

OVys.EA Bl | 00Sa4SR al NDK MA3 HneimgbvAvdildbe &I ¢ SNY 9y SNHE& hdzit 221 2
https://www.eia.gov/outlooks/steo/marketreview/crude.php
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Figure8. Forecast for West Texas Intermediate crudewith NYMEX confidencentervals
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Figure9. NYMEX oil futures for West Texas Intermedidt&TI) crude oll
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SourceCME Grouphttps://www.cmegroup.com/marketata/settlements.html?redirect=/market
data/settlements/index.htmlRetievedFebruary 2, 2021

Figure10shows prices fowTlcrude oil from a numberfascenarios in AE@021°1 Oil prices rise
modestly in the Reference case but differbstantiallyin the High and Low QOil Price scenarios. This

51 AEO 2020 does not present WTI crude oitgsi Price shown for AEO 2020 is for Brent.
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represents the uncertainty about future oil price$he 2020 price of oil in AEO 2021 (about $40 per
barrel) isabout two-thirds the price projected in AEO 2080t increases up to similar levels by 2030

Figurel0. Oil prices projected irvariousAEO2021scenarios
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Thecurrent shortterm forecasts and futures markets do not indicate muutréase in crude oil prices
over the next several years. However, AEO projections are based on fundamental resource base
analyses, and thus it is reasable to expect higher future giricesin the medium to londerm. For
AESC 2021, we use ST&Qhe nearterm (2021) and AEO 2021 for thmedium and londerms (2022
and all subsequent year&eeFigurell). The annual real ta of price increase is about 2 percent per
year.This forecast is not meant to predict the actual pliic@ny given year, but rather to represent a
mid-point average of fluctuating prices.
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Figurell. Crue olil prices, historical,drecast, and AESC 2021
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3.3. Forecast of fuel prices

For AESC 2021, starting prices for fuel prices fatrégdegeneration and otheend-uses are based on
historical prices for the various fuels and sectors from SEDS &kel5). SEDS represents a
comprehensive compilation of the actual prices and consumption. For the electria,seetoerify this
with the EIA database of fuel costs foe@kic generation. Investigation of recent wood pri¢esnd
delivered wood pellets to banithe range of $1®er MMBtu.>2 Prices for cord wood and wood chips at
the residential level are not redgiavailable and vary widely both in cost and heat value.

5FaGF Ay 9L!Qa {95{ RIGlIorasS Aa LINPOIAREROI & GKS ai
historical data to determine if there are significant variations between the New England states. N

consistent and significant state variations are apparant except for propane, prices in New England

closely resemble national average prices.
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https://www.nh.gov/osi/energy/energynh/fuel-prices/index.htm
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Teble 15. SEDS New England fuel prices in 2018 by-asel sector in 2018 (2021 r MMBtu)

Fuel Residential Commercial Industrial ~ Transportation Electric

Distillate fuel oil 20.8 20.2 19.0 24.8 16.6
Kerosene 25.6 25.6 16.0 - =
LPGRropane) 36.8 19.0 20.2 19.8 -

Residual fuel oil - 11.6 13.9 - 7.9
Motor Gasoline - 24.4 24.4 24.4 -
Wood 17.9 - - - -
Wood & Waste - 22.4 22.4 - -

AEO 202 and other EIA documents do not generally make a distinction between-tstedé prices for
specific grades of fuel oil. Instead, they simply report on Heylel categories of Distillate Fuel Oildan
Residual Fuel Oil. However, the grade mix between sgcdoes vary and is reflected to some degree in
the prices for those sectors.

In terms of theAESC grade categories, we use the following mapping: No. 2 grade is distillate fuel oil
used in the residntial sector No. 4 is distillate fuel oil used in théher sectorsand No. 6 is residual

fuel oil used in the commercial, industrial, and elecsectors. Definitionof the EIA fuel oil categories
can be found on the EIA websi&This is the same npping applied in the 2018 AESC Study.

AEO 202 does notprovide a forecast of New England regional prices for biofuel B5S an@il82ds as

these blerls represent a small portion of the New England market. Both B5 and Batixa® of a

petroleum productsuch as distillate oil or diesel, and anlidié prodiwct derived from an agricultural

source (e.g., soybeans). The number in their name is the peofegriculturatderived component.

¢KdzA &a. pé YR G.Hné NBLINBASY dcentgiitidaérizeds A G K | p LI
component, respectively. Theyre both similar to No. 2 fuel oil and are used primarily for heating. Each

of these fuels haboth advantages and disadvantages relative to No. 2 fuel oil. Their advantages include

lower GHGemissiors per MMBLtu of fuel consumetf,more efficient operatiorof furnaces, and less

reliance on imported crude oil. Their disadvantages include somewhat lo@a contents, equipment

effects, and concerns about the lotgrm supply of agricultural source feedsks.

Per ASTM D396, fuel oils for home heating anitbbapplications may be blended with up to 5 percent
biodiesel below the rack® 56 Marketers ae not required to disclose information on biodiesel content
below these levels. While the AEO forecastfteel oil does not reflect any inherent biodiesehtent,

the current price premium for B9B100 biodiesel is $0.90 per gallon, or an implied 7 ceatgallon for

53EIA Fuel oil definitiongittps://www.eia.gov/tools/glossary/index.php?id=N

54The C@emissions from the bio component of the fuel are not counted adrdmiting to global climate change.

i1 fca LYGSNYyFGA2Y I OFTANY ca2 RBSASHES WY yRANBO ! O AfFo6tS FayY
http://www.astm.org/SNEWS/JF_2009/nelson_jf09.html
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the B5 blend. However, the current price for B20 is $0.25 per gallon below diesel {$28&661F B20
prices have been below diesel pricky similar levels since 2018. We thus project that B20 prices will be
10 percent below diesel mes in the future, and that B5 prices vinllveneither a discounhor a

premium.

The SEDS data show differences in residential wood prices between thevNEngland states. As the
starting basis for wood priceAESC 2021 uses recent data from New Haing38 Actual wood prices

and wood quality can vary widely, and we recommend that anyone interestedsittis8ue carry out an
independent investigation of local wood prices. In previous AESC studies, we linked the future wood fuel
price changes to that dfistillate oil andwe do so agaithere.

Because recent oil prices have changed so much since the 2DBdaEawe adjusted those prices to
represent the changes in oil prices since then. The AESC 2021 starting prices are shown in the following
table.

Teable 16. New England fuel prices in 2021 by ende sector (2021 er MMBtu)

Residential Commercial Industrial Transportation Electric

Distillate fuel oil 19.1 20.9 20.0 20.0 18.5

Kerosene 23.6 26.4 16.8
LPG (Propane) 33.9 19.7 21.2 15.9
Residual fuel oil - 12.0 14.6 8.8
Motor Gasoline - 25.3 25.6 19.7

Wood 17.9

Wood & Waste - 23.2 23.6

Prices in future years start with the base year prices as indicated above and then increase following the
trajectory fa the oil price forecastas showrin Figurell. They then follow that same retave trajectory

and match the AEQ021New England price projectiomsd trendsin 2022and future years. The AESC
2021 starting prices are based onIB0SEDS historical data and actual 2020 prices, but the changes over
the aralysis period are based on tA&EO projections?

Since fuel oil prices do not show meaningful variations by month or seasdmweenotdeveloped
monthly or seasonal price variatie for petroleum products. Storage for petroleum products is
relatively irexpensive and this also tends $mooth out variations in costs relative to market prices. For
these reasons, our forecast does not address volatility in the prices of these fuels.

S7ys. Department of Energy Alternative Fuels Data Center, April 2020 igess/www.afdc.energy.gov/fuels/pricesitml.

8pSe 1L YLBKANB hFFAOS 27F { (NI dtStAsN@vwing.dovidsileneryefergnb/icatzS t  t NA OS
prices/index.htm Accessed August 31, 2020.

5911 cases where there are noticeable differences between the SEDS and the AEO prices we have relied on the SEDS prices, as
these represent actual reported costs.
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3.4. Avoided costs

For the avoided costs for fuel oil products and other fugisitd-use we used the pricessadiscussed
above and the consumption as projected in AEQL The consumption of these fuels is not expected
to increase significantly over the stuggriod. Moreover, the supply systems are flexible and diverse,
andthey ae not subject to the capacityor time-based constraints associated with electricity and
natural gas. Thus, we believe the market prices provide an appropriate representationaxfdiced
costs.

For petroleumrelated fuels, we started with the costs thiose fuels by sector by multypng our
projected regional prices for each fuel and sector by the relative quantities of each petroddated
fuel that AEO projects will be usadthat sector. We estimated that the crude oil price component of
these pojected prices is the portiorhait can be avoided througilemandside managementgSM
programs. For other fuels, we used the projected regional prices multiplied by the consuroptimse
fuels as projected by AE®ith appropriate fractional adjustmestbased on the SEDS historitata.
Consistent with prior AESC studies, we model the full cost of those fuels as avoidable.

3.5. Greenhouse gas and criteria pollutant emissions

Tablel7 providescarbon dioxidgCQ) emission rates for the various fuels analyzethis chapter. This
table defines the C£emission rate for wood fuels as zero. This essentigilpeeholdevalue as there

are differing views abouthe GHGmpacts of wood fuels. Additional information on emissions rates can
be found inAppendixG: Marginal Emission Rates ahtbrrembedded Environmental Cost Detail

Tablel7. CQ emissim rates for nonelectric fuels(lb per MMBtu)

Distillate fuel oil 161
B5 Biofuel 153

B20 Biofuel 129
Kerosene 159

LPG 139

RFO 173
Transportation Diesel 161
Gasoline 157
Wood Zero

Wood & Waste Zero

Note:Biofuel rates are d&sed on the fossil fuel fraction. The direck €ission rate for wood combustion depends strongly on
wood type and moisture content, but a rough range would be;280Ibs/MMBtu. Version February 2016.
Sources: Emission rates for petroleum products fEbAhttps://www.eia.gov/environment/emissions/co2_vol_mass.php

Combustion of these fuels also produsesfur dioxide (S& and nitrogen oxides (N@Pemissions. Met
of the avail#®le emission data is quite old and the impacts are very small. However, for reference we
provide the emision rates from AESC 2018 (Jexble18). Mog of the Northeast has switched to Ultra
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Low Sulfur Diesel (ULSD) fuel oil, \utgonsists of only 50 or 15 parts per million (ppm) of s¥fBy
contrast, 1 percent sulfur ail historically in wide use in New Englandontains 10,000 ppm of sulfur.
The siift to ULSD reduces the $€missions by a factor of over 600. Distillate ol &tppm sulfur is
equivalent to 0.0016 b S@er MMBtu, which rounds to the 0.002 Ib §&r MMBtu shownin Table
18. Heavier oilsvill likely have higher sulfur content and the emission rates should be adjusted
accordingly basedn their actual characteristics.

Table18. SQ and NG emission factorglb per MMBtu)
Emission Rates of Significant Pollutants fror

Fuel Oil Sector and Fuel

#2 Fuel OIl (€)]
Residential, #2 oil 0.002 0.129
Commercial, #2 oil 0.002 0.171
Industrial, #2 oll 0.002 0.171
Kerosene Residential heating 0.152 0.129 (b)
Woodt Residential heating 0.020 0.341 ()

Notes: For fuel oil, we assumed sulfur content of 15 ppm.

Sources: Table originally from AESC 2B%Bibit 415. Page 93. Embedded sources include (a) Environmental Protection
Agency, AR2,Volume | Fifth Edition, January 1995, Chapter 1, External Combustion Sources.
http://lwww.epa.gov/ttnchiel/ap42/ (for S@and NQ); (b) AESC 2013; (c) James e Brian Eagle, OMNI Environmental
Services, Inc., Control Analysis and Document for R&ald&fwodCombustion in the MAN¥U Region, December 19, 2006.
http://www.marama.org/publications _folder/ResWoodCombustion/RWC FinalReport 121906.pdf

The table bdéow provides emission assumptions for gasoline and diesel used in transportation. Note that
criteria pollutants from the transportation sector can vagbstantially based on vehicle type and age.
These numbers are based on national averagesdhicles o the road in 2018 and may change as new
vehicle emission standards are implemented in the future and older vehicles are retired.

Tablel19. Transportation fuel emission factors (lper MMBtu)

CcO PM2.5(Exhaust) PM2.5 (Bake and Tire)

Gasoline 0.124 0.137 1.620 0.003 0.001

Diesel 0.717 0.077 0.239 0.026 0.002

Notes: NQ= nitrogen oxides; HC = hydrocarbons; CO bocamonoxide; PM2.5 = particulate matter with diameter <= 2.5
micrometers. Gasoline includiéght-duty \ehicles, lighduty trucks, and motorcycles. Diesel includes trucks of six tires or more.
combination tucks, and buses.

Sources: Derived from the Natil Transportation Statistics tables of the Bureau of Transportation Statistics 0fShe U
Department ¢ Transportation. Available dittps://www.bts.gov/product/nationaltransportation-statistics Seerablesl-35, 4

43, and 46M.

60 o{® 9L! ® ! LINKE MyS HAMH® a{ dzt FdzNJ / 2 v & @iggov Adlable &tk GAy I hAt 2
https://www.eia.gov/todayinenerqy/detail.php?id=5890
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Vehicle emission rates vary at the state leveldwariety of factors including vehicle mix and inspection
programs for example seethe data inTable20).51 U.S Department of Transportation doest publish
state emissiordata, but this data may be availablef state transportatioror environmental

agencie$?

Table20. Transportation fuel 2018 emission factors (gramesr mile)

Ga®line Diesel
Pollutant Lightduty  Lightduty  Heavyduty  Motor-  Lightduty  Lightduty  Heavyduty
vehicles trucks vehicles cycles vehicles trucks vehicles
HC 0.350 0.421 1.160 2.544 0.183 0.324 0.645
co 3.941 5.655 21.352 13.58 2.663 2.754 1.994
NOX 0.289 0.478 1.416 0.719 0.153 1.321 5.971
E;L‘/:L;St 0.008 0.010 0.030 0.024 0.004 0.045 0.213
Briﬁ"‘;ear 0.003 0.003 0.009 0.001 0.003 0.003 0.013
Tﬁwff 0.001 0.001 0.002 0.001 0.001 0.002 0.004

Sources: Derived from the National Transabion Statistics tables of the BureauTafinsportation Statistics of the. &
Department of Transportadin. Available ahttps://www.bts.gov/product/nationaltransportationstatistics Table, 443.

61 |n addition, there may be volatile organic compound (VOC) emissions from fuel oil handling and from wood fuel combustion.
These emissions are not quantified as part of 4i€SQ021 study

621 9{ ® 9YGANRYYSYydGlt tNRGSOGAZY ! 3Sy0eQa 69t!0 ah+9{ Y2RSt Aa
https://www.epa.gov/moves
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4. [haahB 9/ ¢!/ at ¢Lhb{

The following section contains input assumptions \wrace common to the calculations of avoided
electric energy, avoided electric capacity, and avoided RPS compliance.

One of the main tasksf the AES@021study is to estimate the ettricity supply costs that would be
avoided by reducing retail sales déetricity through energy efficiency initiatives or other emerging
DSM programs. It includes methodologies, assumptions, and sources relating to dedémgo
frameworks, electricitdlemand, transmission, renewable policies, generic resource additions,rknow
and anticipated resource additions, and known and anticipated resource retirements

In addition to differences in underlying natural gas prices amdidil prices (discussed Clapter 2 and
Chapter3, respectively modeling assumptions in AESC 2021 dfffem those used in AESC 2018 in
terms ofthe following

1 Examination of different load traggoriesunderfour counterfactual scenarios

1 Lower projections for annual sale®of including impacts assiated with building or
transportation electrification)

1 Inclusion of impactsf transportation electrification in afour counterfactualscenarios

1 Updatedassumptionon clean energy additions, includisgbstantial updates to new
long-term contractingrequirements(e.g., for offshore wind and other renewab)es
modifications to online dates for certain clean energy projects, @thtes of other
renewable policies includinBPS

1 Updatedassumptiongor known and estimated unit retirementss well as uti
additions

1 Lower projections for compliang&ices undeiRGGI

4.1. AESC 2021 modeling framework

The wholesale energy markets in New England are managksibiNew England. There are two primary
energy markets: (1) the Dajhead Market (where the majority ofansactions ocur) and (2) the Real
Time Market, in which ISO New England balances the remaining differences in energy supplies and
demand®3 On averageprices in these two markets are typically close to one another, although there is
a tendency for greatevolatility in the RealTime Market. ISO New England also manages a capacity
market, which is an auctichased system that ensures the New England posystem has sufficient
resources to meet future demand for electricity. Forward Capacity Auctions @r€hgld eah year,

63/ 88 L{ h b 2019 8niEEMarKels ®R&pdur moreinformation athttps://www.iso-ne.com/static
assets/documents/2020/06/a6_2019 annual markets report.pdf
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three years in advance of a specified future operating period. ISO New England also manages other
ancillary markets, including ref@tion and reserve markets.

AESQ021usesthree models to concurrently forecast avoided energy market easpacitycosts. These
models include:

The EnCompass Model

Developed by Anchor Power Solutions, EnCompass is a single, fully integrated powemptatitem
that allows for utilityscale generation planning and operations analysis. EnCompass israizafin
model that covers all facets of power system planning, incluthegollowing

1 Shortterm scheduling, including detailed unit commitment acbnomic dispatch
1 Mid-term energy budgeting analysis, including maintenance scheduling and risk analysis

1 Longterm integrated resource planning, including capital project optimization and
environmental compliance

1 Market price forecasting for energy, anaily services, capacity, and environmental
programs

EnCompass provides wsipecific, detailed forecastd the compgition, operations, and costs of the
regional generation fleet given the assumptions described in this document. Synapse has populated the
model usingthe EnCompass National Databaseeated by Horizons Energy. Horizons Energy
benchmarkedts comprehensie dataset across the 24orth American Electric Reliability Corporation
(NERTAssessment Areas and it incorporates market rules and traassom constructs across 76 distinct
zonal pricing pointsSynapse ussEnCompass to optimize the geneaatimix in Mw England and to

estimate the costs of a changing energy system over time, absent any incremental energy efficiency or
DSM measures. Morafiormation on EnCompassd the Horizons datasét available atvww.anchor

power.com

EnCompass modeling topology

EnCompass, like other productiaost and capacitgxpansion models, represents load and generati

by mapping regional projections for system demand and specific generating units to aggregated
geograplicalregions. These load and generation areas are then linked by transmission areas to create
an aggregated balancing aréaable21 showsload and generation areas to lbeported on in AESED21
andTable22 details modeled load and generation aredsis is the same modeling topology that

used in AESC 201or AESC 2021 ewseloadweighted averges to translate modeling zones into

reporting zones. While some zones under each topologglase matbes, other reporting zones are

made up of a number of different modeling zones. The percentages for weighting percentages are based
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on locations of pndes in specific states and modeling zote=eTable23).5* These weighting
percentages are updated with 2019 nodal data that are similar, but nattidel to, the weightings used
in AESC 2018 (which was based on 2016 nodal data).

Table21. Reporting zones in AESC 2021

AESC Reporting Zones

1 Maine

2 Vermont

3 New Hampshire

4 Connecticut

4a  Southwest Connecticyincluding NorwalkStamford)
4b  Rest of Connecticut (Northeast)

5 Rhode Island

6 Massachusts

6a SEMA (Southeastern Massachusetts)
6b WCMA (Westentral Massachusetts)
6¢c NEMA (Northeastern Mssachusetts)

Table22. Modeled load zones in AESC 2021

EnCompass Region ISO New England stdrea

NE Maine Northeast BHE
NE Mane West Central ME
NE Maine Southeast SME
NE New Hampshire NH

NE Vermont VT

NE Boston Boston
NE Masachusetts Central CMA/NEMA
NEMassachusetts West WMA
NE Massachusetts Southeast SEMA
NE Rhode Island RI

NE Connecticut Northeast CT

NE Connecticusouthwest SWCT
NE Norwalk Stamford NOR

64 pnode load factors for 2019 are availabretbe 1SO New Englamekebsite athttps://www.iso-
ne.com/isoexpress/web/reports/loadnd-demandt/tree/nodal-loadwgts.
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Table23. Translation betweerEnCompasmodeling zones (vertical) andESC 202f%porting zones (horizontal)

Al SW NE Al SE NE WC

MENH-REVT CT CT CT MA MA MA MA

NE Maine
Northeast

NE M West
aine Wes 500 -
Central
NE Maine
S 35% -
Southeast

15% -

NE New
] 82% ] 3% ] ] ] ] ] ) ]
Hampshire
NE Vermont \a) - 16% - 91% - - - - - - -
NE Boston Boston - - - - - - - 46% - 100% 1%
NE Mass.
- 3% - - - - - 13% - - 46%
Central NEMA
NE Mass. West WMA - - - 6% 1% - 2% 15% - - 53%
NEMass.
- - 10% - - - - 20% 77% - -
Southeast
NE Rhode Islanc RI - - 90% - - - - 6% 23% - -
NE Connecticut
- - - - 50% - 98% - - - -
Northeast
NE Connecticut
SWCT - - - - 32% 66% - - - - -

Southwest

NE Norwalk
Stamford

- - .- 1% 3% - - - - -

Notes: Totals may not add due to rounding.

Neighboring regions modeled in this study are New York, Quelnelcthe Maritime Province3 hese
regiors are not represented with unitpecific resolution. Instead, they are representesia source or
sink ofimport-export flows across existing interfadg@sorder to reduce modeling run tinf®

6511 this analysis, the Maritime®ae includes Emera Ntze and Eastern Maine Electric Cooperative (EMEC) which are not part
of ISO New England and, therefore, are not included in any of the New England pricing zones used in this study. These
regionsare not modeledaspart of the Maine pricingzoneandwere modeledaspart of the New Brunswickransmission
area.
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The Renewable Energy Market Outlook Model

In addition to EnComss,AESC 2021ses{ dza i Ay 6f S 9y SNHe& ! RAlIylGl3ISQa
Energy Market Outlook (RED), a et of models developed by Sustainable Energy Advantage that

estimate forecasts of scenargpecific renewable energy buittlits, as well aREGnd clean energy

certificate (CEC) price forecasts. Within REMO, Sustainable Energy Advantage cdordefids for

both nearterm and longterm project buildout and REC pricing.

Nearterm renewable builds are defined as projects under development that ateeiadvanced stages
of permitting and have either identified lorigrm power purchasers or an alinativepath to securing
financing. These projects are subject to customized, probabilistic adjustments to account for
deployment timing and likelihood of aidving commercial operation. The nemrm REC price forecasts
are a function of existing, RIe&tified renewable energy supplies, nesarm renewable builds, regional
RPS demand, alternative compliance payment (ACP) levels in each market, and othdc dyctans.
Such factors include banking, borrowing, imports, and discretional curtailment efvadrie energy.

The longterm REC price forecasts are based on a supply curve analysis taking into account technical
potential, resource cost, and market valokproduction over the study period. These factors are used
to identify the marginal, REC prisettingresource for each year in which new renewable energy builds
are called upon. The lortgrm REC price forecast is estimated to be the marginal cositof éor each
year, meaning the premium requirement for the most expensive renewable generatibdeplyed

for a given year.

The FCM Model

The AES2021study ussa spreadsheet model to develop FCM auction prices for power years from
June2021onwards We coordinate lhe major input assumptions regarding the forecasts of peak load

and available qaacity n each power year with the input assumptions used in the Encompass energy
market simulation model. General assumptidasthis model include the assystion that resources
generally continue to bid FCM capacity in a manner similar to their bididiRGAL2 through FCAL5,

the assumption that FCM prices will be to a large degree determined by the price of new peaking units,
and the assumption that the gply curvein future FCAs feature similar slopesRGA 155e Chapters:
Avoided Capacity Codts more detail on tle methodology.

Modeled market rules

The EnCompass model approximates market rules used in ISO New England. The following sections
LINE 3A RS |y 2 @S NIpkodchtothdserildeS Y2 RSt Qa | LJ

Marginal-cost bidding

In deregulated markets, generation units are assumed to bid marginal cost (opportunity cost of fuel plus
variable O&M costs plus opportunity cost of tradable permits). The model prices are based on such
represenative marginal costs. Notably, the model calculates bid adders to close any gap between
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energy market revenues and submitted bids. The resulting engtigg outputs are benchmarked
against historical and future prices.

Installed capacity

Installedcapadiy requirements for the EnCompass model include reserve requirements established by
ISONewENgland on an annual basis. Current estimates of the resaargin and installegapacity
requirement (with and without the Hydro Quebec instaHeapacity creditsare described iitChapters:
Avoided Capacity Costastalled capacity for the emgy model in each model yearconsistent with the
values assumed in the FCA analysis, although thesala not necessarilthe same due to imports and
exports.

Ancillary services

EnCompass allows users to define geneatinits based o | O K  atiljfyAtdip@rticipate in various
ancillary services markets including Regulation, Spinning Reservaspa®pinning Reserves. The
model allows users to specify these abilities for each unit, at varying levels of graniaftympass
allows units to cotribute to contingency and reserves requirements, and it considers applicable costs
when determining bids

Figurel2 highlights the inteactions between the models used in AESC 2021

Figurel2. AESC 202hodeling schematic
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Energy Security Initiative

ISO New England proposed a package of newatiead reseve products through itEnergy Security
ImprovementgES) proposal to address concerns over fuel security in the winter. The proposal utilized

call gotions on energy, which have not been used in ottegional transmission organizatigrs

addresswhati KS L{h RSAONAOGSA | & | & ¥iha tufrehtIndrieRulgsy OSY (i A B¢
The Federal Energy Regulatory Commisdi@R({Dejected ISONe® y 3t | Y RQA LINR LR &It 2V
2020 due to concerns about the impact it would have on energy seasgitgeasured by metrics such as

reserve shortage hours arndss of loagas well as the costs the proposal would impose on consuffers.

FERC was partieuly concerned that ESI would produce reserves on adayahead timeframe that

would not provide resorce owners enough time to procure firm fuel suppli€ee New England Power

Pool NEPOO)offered an alternative version of ESI that adjusted soméefreserve products the ISO

would procure and reduced the tat quantity of reserve product purchasesteularly in the non

winter months. The NEPOOL alternative was projected to be less costly to consumers but was also

rejected by FERC because itdddih F RRNBX&aa CoOw/ Qa 02y OSNY éurementi K (KS
and the expected limited impact aeserve shortage hou¥.L { h bS¢ 9y It yR Aa NBODAS
decision and will be discussing next steps with stakeholderef November 2020, timirfgr next steps

was uncertainWe recommendthat any impactsattributed to ESI be incorporated in a futube=SC

study or study update.

Modeling timescale

In EnCompass, REMO, and the FCM Model, we explicitly mogears from2021through 2035. In
order todevelop 30year levelized avoided cosBESC 202dontinuesthe trajectory of each avoided
cost componat through 20508

For each modeled year, we use the temporal resolutidescribed below.

For avoided energy costs:

1 Each yeaisfirst modeled in EnC6LJF & &4 Q -e@pamnsiorCcanstiict. In this construct,
EnCompass optimizéo determine the most coseffective capacity addition&’ We run
EnCompasat the resolution of a typical weeK'tis means that EnCompass represent
each yeafrom 2021to 2035 asan aggregation of 12 months, each of which is
represented by a typical week, each week of whichisrépygdi SR 068 FTAGS a2y LIS |
RF&a I yR (g 2¢addeaEiFfdayldBahith isRdprésinted by alRsur
chronological dispatch period.

66SO New England In&73 FERC 1 61,108020).
67173 FERC 1 61,106
5811 all cases, this involves extrapolating values through 2055A8eendix AUsage Instructionfor the methodology used

69 Note that these capagitadditions are limited to generic resource types (described below). Note that we enter other
capacity as exogenous additions.
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1 After running E€ompass in the capacigxpansiorconstruct, we next run it in
productioncost mode for a subset of yeaps 9 y'/ 2 Y LI & &6st mateRigesitiel A 2 v
capacityexpari A 2 Yy 2 dzl LJdz(i & lit&llowsdhs @delél to Beltell = | Y R
approximate unit commitment owethe course of a year. In this construct, wse an
8,760hour resolution for each year between 2021 &2@135.

1 Hourly 8760 dataarethen aggregated using loadeighted averages to the four time
periods used for reporting in previous AESC studies (surampeak, summer ofpeak,
winter on-peak, and winter ofpeak)’®

For avoided capacity costs:

1 Program adrmistrators can claim avoidechpacityby either biddingcapacity (cleared)
into the FCAs, doy reducingpeak summer loadghrough nonbid capacity (ocleared)
(which then becomes phased load forecasts fosubsequent FCAsHence, all avoided
capacitywill be stated per kW of peak load reductidrhe effectof uncleared capacity
for demand response will vary with the number days each summer for vpieiak load
is reduced and the number of years for which the load reduction conti(eess
Appendix for more information)

9 The capacity value of passive demand resource (such as an @figcggncy program)
or an active demandesource cleared in the capacityarketwill be determined by the
capacity value accepted by thedSTheuser of the model will need to estimate how
much capacity value will be recognized by the ISO for each resource that will be bid into
the market. The @pacity value oénergy efficiencyhat is not cleared in the capacity
market will be approximatgitheR R NB RdzOG A2y 2F (GKS YSI &dzNB
peak conditionsg?

1 1SO New Englandodels peak load by regressing daily peak in each day of July and
August on a number of variables, including monthly energy, \WBHime trend x WTHI,
and dummiedor weelends and holidays (also x WTHI). While it is difficult to determine
exactlyhow load reductions in various summer conditions will affect the peak &stec
an energy efficiency measure that reduces load throughout the summer or in the days
with above-average WTHI should fully affect the load forecast. Load management that
affects only a few summer days would have a much smaller impact on the load torecas

"OThese time periods are defined by ISO New England as followr\Wi-peakis October through May, weekdays from 7am
to 11pm;winter off-peak is October through May, weekdays from 11 p.m. to 7 a.m., plus weekends and holidays; summer
on-peak is June through September, weekdays from 7 a.m. to 11 p.m.; and sumsealoft June through September,
weekdays from 11 p.m. to 7 a.nplus weekends and holidays.

I Thenormal peak conditions are defined as a weighted temperatwmidity index (WTHI) for the day of 79.9°, where the
gSAIKGAYT A& omn BAIKSPONBEYNBERAR Gza K B R ENICI7.ITHe ddilf T H
is 0.5x temperature+0.3x dewpoint+15. The THIs are computed for eight cities (Boston, Hartford, Providence, Portland,
Manchester NH, Burlington VT, Springfieldd Worcester) and weighted by zonalads.
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For DRIPE:

1 Energy DRIPE is estimated as proportional to avoided energy cost. Thus, en&igy DRI
can le applied to any level of disaggregated avoided energy cost.

1 Capacity DRIPE is stated per kW of peak load reduction, for bid resources and-for non
bid load reductions. Those values can be attributed to programs in the same manner as
the avoided cagpcity casts and with the sameomputationsfor demand response

1 Naturalgas supply DRIR#Ed oil DRIPE are intrinsically annual values.

1 Naturalgas basi®RPEis associated with higload days in the winter, for both electric
and naturalgas loads.

Model calibration

Because one of the main outputs of the AESC 2021 study is the estimation of avoided electric energy

costs, it is essential that modeling outptits wholesale energy prices are in line with actual, recent

historical wholesale energy prices. Inthiflaf @ A aX ¢S O02YLI NB (GKS Y2RSf Qa
LINAOS T2NBOFada G2 wnmd LINR OS’ESeaSgctiomdBenchmarkingS ¢ 9y 3
the EnCompasmnergymodelfor more information orthe results of themodel calibratiorfor energy

costs

Note that because several of the AESC counterfactuals project futusetatk any incremental energy
efficiency installed beyond 2020, prices in future years are likelytistantially diverge from remt
historical prices.

4.2. Modeling counterfactuals

The AESC 2020ser Interfacda separate Excel workbooikicludes hourlyvaues in addition to the four
traditional energy costing periods (summer-paak, summer ofpeak, winteron-peak, and winteoff-
peak)’3 These8,760 avoided cost values may help refine the quantification of traditional DSM programs
that have relied upon avided cost values from previous AESC studies.

New to the AESC 2021 study is the developmefbwfdifferent counterfactudscenarios for our

analysisTable24 details the DSM components modeled in each of the counterfactuaisef@lly

aLISE1TAY3IE SHEOK 27F (KS (i OR2ANES RO208208a0 a0GINSRALoYdal S\Ra Gi2K S
scenario, so those specific DSM components are excluded in the specified scenario. For purposes of
simplification and comparison, Counterfactualigthe counterfactual used for the discussion of many

26{a5¢ Aa 2yEYSINBRSNNIWI (2 a{dFyRINR al N] SiG 58aA3ydé / dzNNBY
naming of this dataset. The SMD dataset containing hourly data for 2019 can be founthatl&® New England website at
https://www.iso-ne.com/staticassets/documents/2019/02/2019_smd_hourly.xIsx

& Appendix BDetailed Electric Outpstontains the cost streams associated with the four costing periods consistent with
previous AESC studies.
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highlevel findings and comparisons with previous2C study resultsroughoutthis report. The
following two sections ogystem demand and renewable energy polidescribe the assumptions used
for each of the DSM components.

Table24. Modeled counterfactual scenarios in AESC 2021

Counterfactual #1
DAz NESE mlEe, ply  MBIEEIEES e e e e

AESC for EE only AESC fdeE and ADM o

component
included?

AESC for building

Hie] Iofefig electrification only

electrification
Energy
Eficiency(EE)

Active Demand
Management Yes
(ADM)

Bu!ldmg No No Yes Yes
electrification

Yes Yes Yes Yes

Transportation

electrification
D'Smbu@ Yes Yes Yes Yes
generation

b2GSay | &,Saé¢ AYyRAOFIGSa (GKIFIG ORBRNBIBWI il Bya ORIYILIZYSdAGG 3 NF |
indicates that the DSM component is not incorporated into the modeling in 2021 or any future year.bny §emoves the
programmaticresources associated widachDSM component (e.genergy efficiencpssodated with codes and standards is

modeled in all scenarios, as is storagel@mand responsewnedor fundedby entities other than program administrats).

4.3. New England system deman

Forecasts of annual peak demand and energy used in each of the2BEB@odelsare in large part
based on the 50/50 values published by ISO New England 20#t@Forecast Report of Capacity,
Energy, Loads and Transmiss{@ELT) stud$ However, our forecast includes modifications and
enhancements to this forecast. Specifigaour load forecast covers the following components:

1 Econometric forecastThis is a projection of energgnsumption(iin MWh) and peak
demand (in MV) related to traditional electriend-uses, based on data provided in ISO
bS¢ 9y 3If | yRQA& stulvasoinclides]historigaPeNdg efficiency installed
through 2020, but does not include any energy efficienctaltesd in 2021 or later years.
It also does not include impacts from any of the categories discussed below.

1 Enerqy efficiencyThis is g@rojection of energyefficiencymeasures for 2021 and later
years, for all New England states based on data provided{imh b Sé 9y 3If | YRQA HAHN

MeKS apnkpné T2NBOIAad O2y il A yikely éstiriate dfSube demamif IBO/NR@EBNgland alst A a G A OF €
publishes other forecasts for demand, including a 90/10 and a 10/90 forecast, which represent high and low ranges of
estimates for demand.
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CELT f®cast. It is used in counterfactuals that estimate avoided costs for measures
other thanenergy efficieay.

9 Building electrificationThis is a projection afie impacts from residential heat pumps,
basedon dataprovideyi L{ h bSé 9y JfolecAR@Busedirin / 9[ ¢ F
counterfactuals that estimate avoided costs for measw#er thanbuilding
electrification.

9 Active demand managemerithisis a projection of the impacts from demand response
and behindthe-meter (BTM energy storage, basedondatay L{ h b SECMO9y 3f | YRQ&
and program data reported by states and utilities. It is used in counterfacthat
estimate avoided costs for measurether thanactive demand management

9 Transportation electrificationThis isa projection of the impacts fra light, mediunt,
andheavwyRdzieé St SOGNAO OSKAOf Saz o6lFasSR 2y RFEGF TN
(BNEF) Electric Vehicle Outlook 2020. It is used in all counterfactuals.

9 Distributed generationThis is a projection ohe impacts from distributed sat, based
on the implied quantities resulting from state renewable policy. It is used in all
counterfactwals. Se&ectiond.4: Renewable energipr more information on this topic.

Economéric forecast

The followinga SOl A2y a F20dza 2y GKS aSO2y2YSiN®Kpeakingf 2 NEOI & i
this forecast includes futures impacts of measumgh asnergy efficiency) installed in past years, as

gStt | & Fdzii dzZNISA 2AyVYrHLOF D diGaEs fgFindikiEdspoRakion electrification or

building electrification).

Annualenergydemand

In May 2020)SONew Englandeleased its newest electricity demand forecast, CELT.Z028in the
CELT forecasts before it, in CELTOA8® New England developeforecasof annual energy for New
England as a whole and for each individstate and load zoneThese forecasts are based on regression
models that integrate inputs opreviousannual consumptiorreal electricity price, rdgersonal
income,gross sate product,andheating and cooling degree daydth data from 1990 through @19.

To calculate the econometric component of electricity demand in AESC 2021 (e.g., the component of
electricity demand driven by factors like poptiten, gross domestic prodticand weathert rather than
energy efficiency or electrificatiorff.We do not ely on the specific MWh demand quantities articulated

PCAdNIKSNI AYTF2NYEGA2y Fo62dzi G§KS [/ 9[websifeatMBsywaniiso-Od.cgm/sysfem T 2 dzy R |
planning/systermplansstudies/celt https:// www.iso-ne.com/systermplanning/systerdforecasting/loadforecast/and
https://www.iso-ne.com/staticassets/documents/2020/04/modeling_procedure_2020.pdf

N2 i8S GKE G L{ recoboBetriciorgtast canybRifdgacted by the effects of federal energy efficiency standards and
other nonprogrammatic energy efficiency.
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in the 2020 CELT study, as these quantities start with a projected level of 2020 demand thiaglyvill
exceed actual 2020 demand in part due to the CGMIPandemic.

Instead, we examined monthly a@l versus projected system demand through July 2888Kigure

13).”” From January through July, actual regionwide systemastehwas, on average, 7 percent lower
than system demand as projected in CELT 2020. These maiiffiererces range from a high of 12
percent lower than projected in May to a low of 3 percgmeaterthan projected in July. These monthly
differences are nosolely attributable to the COVAIR pandemic; instead, differences in projections and
observedsystem denand in January, February, and (at least part of) March are likely mostly due to
differences in projected versus actual weatHér.

Assuming that systemiemand returns to projected levels in August through December 2020 (as the

June and July dataoints sugjest it may) we find thafor the year as a whole, actual 2020 system

demand would be 4 percent lower than projected by CELT 2020. We apply thig $aelor to ISO New

9y 3t yRQa LINR2SOlGA2Y 2F HnHn DeBtd énegy &ficiengyRasit f Saa S
Ad RSTAYSR Ay L{h bS¢ 9y3AtlryRQa Hnuwn /9[ ¢ addzRe
AESC 2021 forecast. To cresystem load values for 2021 through 2029, we apply the compound

annual growth rate (CAGR) 2020 throudn 2029, as estimated for each of the 13 modeling regions in

CELT 2020. To calculate system demands for 2030 through 2035, we apply the CAGR dalceitatied

region in CELT 2020 for the last five years (2025 through 20@99ompared to AERXD18(seeFigure

14).7°

77a2yﬂ Kfte | OGdat aeadsSY RSYIFYR T2N Hnhtps/iwév.iso-@elcdnf/statiet S 2y L{h b
assets/documents/2020/02/2020 _smd_monthly.xIsx

8 Note that this comparative analysis does not distinguish betwagftsin system demande.g., commercial versus
residential ai conditioning).

"9 Note that the regionwide CAGRilculated for gross demand in each of the CELT forecasts from CELT 2015 to CELT 2019 have
ranged from 0.9 percent to 1.1 percent.
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Figurel3. Actual versus projected system demand for 2020, ISO New England
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Notes: Altrajectories are inclusive of the effects of energy efficieB&solar, and electrification.

Figurel4. Historical and projected annual energy forecasts for all of ISO New England
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demard management, building electrification, trarmpation electrification, or distributed solar are included.
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In order to develop hourly system enerdgmand, we apply hourly load shapeégveloped for each load
zone published by ISO New England in the 2@0TGtud§® Note that while it is possible thioad

shapes may change over time, the scale and shape of these changes are uncertain. As a regylt, we r
2y L{h bS¢ 9y3aAflyRQa f2IR &aKILSa T2NJ LMzNLI2 &S4a
system load (e.g., energy efficiency, trangption electrification) are discussed in tiher System
Demand Componenggection, below.

Peak demanddrecasts and capacity requirements

To calculate peak demand, we compare projected summer peak demandJELT 2020 with actual
historical data. Per CHE 2020, the projected 50/50 net summer peak for ISO New England in 2020
(inclusive of impacts from eneygfficiency, distributed solar, building electrification, and transportation
electrification) was 25,12 MW. Through July 2020, the actual observestay peak was 25,054 MW
(about 0.3 percent lower than projected). Based on the available data, it appsdh®ugh the COVID

19 pandemic has not had a substantial impact on summer peak in New England sak, averely on

the gross summer peak as s in CELT 2020 (sEgyurelb).

80 Hourly load shapes developed byi8Slew England for the CELT 2020 forecas be found on the ISO New England website
at https://www.iso-ne.com/staticassets/documents/2020/04/hourly _sa_fc&tei2020.txt
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Figurelb. Historicaland projected summer peak demand foredador ISO New England
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value is calculated based on annual data available in ISO Nelv FrigiQa / 9[ ¢ T2 NB Ol &dluesaceK SNBI a GKS
calculated dynamically based on hourly, regional load shapes. For Counterfactual #1, thisvkugtméction matches the

modeled projection within +% percent in all years.

The load forecast in ongear is used in the forward capacity aioct early in the next year to set the
installedcapacity requirement for the capacity period starting threanrgeafter that. For example, the
peak forecast for the summer of 2021 (released in May 2020) will betossat the installeecapacity
requiremert for FCA 15 (held in February 2021) which sets the capacity obligations and prites for
period June2024 b May 2025.

The actual capacity requirement is determined by the intersection of the supply curve (dietek iy
NE&2dzNODS 6ARa0 FyR I atNewBandriBuseYoshows the deNEns éurvéd SG 0 &
used in FCAs 12 throudh. ISO New England has transitioned from demand curves that partly followed

the marginal reliability index (MRI) and were partially linear, with a flat part in between,-\Ril

curves in FCA 14 and 15.
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Figurel6. Sloped demand curves, FCAs 11 to 15
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Other system demand components

The following sections desbe our other modifications to system demand. Some of these components
are incorporated in aRESQ021counterfactual scenarios, while other compongmay only be used in
a single counterfactual.

Programmatic energy efficiency

Since 2008, ISONew Endgtan K & &2dZAK{d (G2 O2YLISyaldS FT2N 6KSasS a
by explicitly accounting®fNJ a LI 8 & A @S R S Y I¥YyTRus, NiBgiamdny En8rgy efficiencBisv 0 @
SEOft dzZRSR FNRBY (KS YIAYy L{h bSg 9y Haty F 2NEOf 2YGS (FNRIN
energy and peak demand that is higher than it would be without the impBPOdR. Starting in 2008,

ISO New England has puttfoa separate PDR forecast for energy efficiency resources, and since 2015,

it has published a third feicast for distributed solar (PV). ISO New England then subtracts the

forecasted quantities of PBRNddistributed PV from its gross forecastto estind | Gy St ¢ F2NBO
lower number that reflects the actual estimated demand for each modeled year.

81 prior to 2008)SONew By 3 f | fgréta@stimplicitlcontainedsome level of reductions from efficiency programs because the
programswerein effect during the historical period
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During the development of each CELT forecast, ISO New England works vitietiggEfficiency
ForecasWorking Group (EEFWG), which produces an estinoateifure energy efficiency based on
expected future energy efficiency expenditures and program perémce.ISO New England estimates
future energy efficiency impacts first based on levelsagfacity that hae cleared in the FCM, and then
on future estinated levels of resource addition and attrition. Like other components of the 2020 CELT
forecast, this foecast contains estimates of energy efficiency through 2029.

For an energy efficiencyajectory in AESC 2021, we rely on a modified version of theggregficiency
forecast described in CELT 200 his modified forecast includes three major differenoaative to
CELT 2020:

T CANRGZ GKAa F2NBOIFIad NBY2 dddncastealatay S 2F L{h DbS
which causes cosiger-MWh of energy efiiency to be roughly 10 percent larger in
2029 than in 2021The Study Group requested thescalatorbe removedin order to
develop a forecast that is more consistent with the program adiiifiss 4 2 NA Q Ay G SNY | €
energy efficiency plans.

9 Second, this forecastssumes that all energy efficienoydgetsassumed by ISO New
England for 2029 remain constant througb35. This forecast also assumes that all-end
use shares for energy efficiency measuies, howmuch2 ¥ + a4k G5Qa SySNH& ST
budget is dedicad to HVAC, or lighting, or other measures) remains constant from
2029 through 2035.

9 Third, this forecastitilizes an energy efficiendgrecastfor Vermont provided by
Vermont Department of &blic Service, rather than tH&O New Englarfdrecast for
enemy efficiency in Vermont developed in the above steps.

Figurel7illustrates tre difference in this modified forecast relative to the energy efficiency forecast
provided in CELT 2020.

Generally speaking, past AESC studies haveamsidered scenarios thatclude forwardgoing levels of
energy efficiency. This is the case in AERT for Counterfactual #1 and Counterfactual®3Blowever,
Counterfactual #2 requires a projection of energy efficiency.

82 Another alternative considered by the Synapse Team would have extended recent historical levaisnoéntal savings
through 2035. This forecast produced cumulative savings that wer2Qlpercent higher than the CELT 2020 forecast
through 2025, with grater differences in savings in later years.

83 Note that, as in AESC 2018 but unlike AESC 201do wet decrease demand in future years to reflect energy efficiency for
which program administrators are financially committed, but have not yet delivered resources with capacity supply
obligations in the 8 Forward Capacity Auction and later yga8ee AESC 2015, page$4d. Although these resources do
have a financial commitment to be implemented, we believe that embedding them in the load foremalst prohibit users
27 GKS 19{/ wHwnum TFTNRBY Sdfécliveabss Beyadsef dokbfeaotntingl & 2 dzZNDSaQ 02 ai
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Figurel?. Historical and projeted cumulative regionwide energy efficiency impaaised inCounterfactual #2
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For Counterfactual #Zynapse uses the same load shape for energy efficiency that is used for the

econometric component of the energy foreca®tiswill effectively reduce th econometric component

in every hour by the fraction of modeled energy efficig (in MWh) relative to the system demand.

While in reality, different energy efficiency measures have different load profiles, this simplified

approach is meant to approximatte implementation of a portfolio of energy efficiency measures.
Peakimpact8 ¥ Sy SNH& STFFAOASYOes>s YR SySNHe& STTAOASYyOec
be determined by estimating the peak hour for energy é@ficy in each year, basea the annual

regionwide energy efficiency amount and annual system demanddmpa

Active demand management

For the purposes of AESC 202dtive demand managemeiricludes both demand response measures
as well aBTMenergy stoage measuredNe modeled bth resources as suppbide resources in the
EnCompass model. Impacts of bdypes of resourceare applied to peak demand calculations in the
relevant counterfactuals.

This component is included in the modelingdinterfactual #2 andCounterfactua#3, but not
Counterfactua#l.

Demand Response

Demand responsearticipatesinf h b S¢ 9y 3Ifl yRQa C/a |yR aSNBSa |
Demand responspatrticipation in he FCM has grown steadily for several years. To forelemsand
responsampacts in future years, we have extended the trend observed between capacity compliance
periods between the summers of 2019 and 2023 linearly through 2035+geeel8). In FCA 1492

MW of demand responseapaciy cleared the market and received a capacity supply obligatés.

QX

Synapse Energy Economiks. AESC 2021 75




assume that all demand response thts cleared in the FCM so famonprogrammatic and is
modeled in all counterfactuals.

In addition, we assume that under the current draft plannmgnbers for demand response
Massachusetts is planning to install roughly 160 MW of measures capablenahdeesponse in 2020
and perfaps double that quantity by 2027 his is the programmatic quantity assumed to be modeled in
Counterfactual #2 and Counfactual #3.

Based on recent historical behavior in the energy market, we assume that 10 perd¢batentire
demand responseesourcedispatches when prices are greater than $30 per MWh (in 2019 dollars)
while 90 percent of this resource dispatches wipgites exceed $900 per MWh (e.g., a stamfbr
rare, very high price events).

Figurel8. Demand response foreast for New England
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Enerqgy Storage

There is currently no regional projection of BTM storage for New England. Furtlesriinere is no data
on existingB TMinstallations publicly available, although this data may be availabindividual utilities.
Toestablish a baseline of existing and projected BTM storage installation in New England, we have
assembled data and projeéons from policy mandates and incentives for BTM storage for every state
and New England. We then aggated these projections to forst total BTM storage capacity through
2035.
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1 Connecticut In Connecticut, Eversource administers the Connected Sodupiogram
which provides residential customersentivesfor supplying their own battées8
Under thisprogram, customers careceiwe incentive payments of up to $225 per
average kW used from their demand response resasioser a threehour period in
certain seasons. The program supports only three battery vendackiding Sonnen,
Generac, and Tesla.

1 Maine: In December 2019, the Maine PUC was tasked with considerddgN\JA y 3 € 2 dzNJ 26 Y
R S @ ABYSIpprograms for BTM energstoragein the state®® While there is no
official BTM storage target or policy incentive, movement on this topic is forthcoming.

1 Massabusetts The first major incentive for storage is an adder as part oSthlar
Massachusetts Renewable Targ8MARYprogram. As oFebruary2021, this program
had approvedabout 40MW of BTM storagé Massachusett§® In April 2020,the state
doubledthe program target for solar from 16 GW to 32 GW. Though there is no specific
target forBTM storage in this expansion; for the purposes of AESC 202Eswme the
capacity for BTM is doubled to reflect this update.

Second as in Connecticugversource ath National Grid deploy the Connected Solutions
program through Mass Save, which provides residential customers an incentive for
supplying their own baeries®” 88

Third there are other programmatBTMstorage initiatives currently ongoirng
Massachusas, including the Daily Dispatch program and the Cape and Vineyard
Electrification Offering (CVEO) progr8fdowever, data on expected projections of
BTMstorage was not available at the time of our analysis.

84 Eversource. Accessed March 10,202hgram Materials for Connected Solutions for Commercial/Industrial Customers
Available atttps://www.eversource.com/content/docs/defausource/savemoneyenergy/programmaterialsdemard-
response.pdf?sfvrsn=695bd362 0

85Maine 127" $3A &t I i dzNB & Con8nBEoriotEStddytire Ecpdomié, Envirental and Energy Benefits of

Energy Storage to the Maine Electricity Indugtry. ! @ | A litthsd/ledislatliré.ivaine.gov/doc/3710

alaal OKdzaSiGida 5SLI NIYSYd 2F 9ASNREE ywi $i&2pdzNID DO SGHIBRwW ICH 6 Nz INE ¢

https://www.massgov/doc/smartqualifiedunits-0.

87a 1 da{l @S [Laid ! O0SaaSR al NODK MAZIHAHMBDRGAZARS  RPdadd | A Vii SNB ¢
Massave.comAvailable athttps://www.masssave.com/saving/residentieébates/connectedsolutionbatteries

88 Members of the Study GroupINE A RSR AYF2NXNI GA2y 2y NBOSydte AvyadlttSR YSI A
program For purposes of simplification and &void doublecounting, we assume that all measures in this program are

either also participating as demand responsé¢hia FCM or in the SMART program and are already accounted for in either
one of the two projections.

Mass Save. February 11, 20Bdergy Efficiency Program Administrators Quarterly Repavailable ahttps:/ma-
eeac.org/wpcontent/uploads/QuarterlyReportof-the-PAs2019-0Q4-2-11-20-1.pdf.

Mass Save. August 12, 20R0assachusetts Energy Efficiencpdtam Administrators Quarterly Repo#vailable at
https://ma-eeac.org/wpcontent/uploads/QuarterlyReportof-the-PAs2020Q2-Final.pdf

89Winter, D. Mach 16, 2016D.P.U. 283 ¢ Fitchburg Gas and Eleict Company d/b/a Until (Electric DivisioKpegan Werlin
LLP prepared for Department of Public Utilities. Available at
https://fileservice.eea.comacloud.net/File&ice.Api/file/FileRoom/11942570

86
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Finally the newly launched €an Peak Standdr(CPS) may also serve as an incentive for
BTM storage in the state. The CPS went into effect in June 2020. Qualified resources
under the CPS includeew renewable resources that also meet eligibility under

al aal OKdza S i ( & @ RPStptografif. Ekistirtg yeRewdbfe Fegodrces in both
programs are eligible, so long as these resources are paired with a new energy storage
system. Furthermore, bothtandalone energy storage systems and demand response
resources are eligible to meet tf@PS. Modeling lished by Massachusetts

Department of Energy Resources describes the estimated benefits under the CPS, which
are projected to reach over 120,000 mettbns by 20301 Assuming that all of these
benefits are provided by BTM storage, ahdttstorage is alelto provide a benefit of 60
metric tons per MW, this implies a 2030 capacity of about 2.0%Wiis is substantially

f I NBSNJ GKI Yy K Srert gtoragetafgetdi- 5000vKIra2028.dz

Based on recommendatioritom the AESC Study Group, we assumexagenous 500
MW of storage in Massachusetts in 2025 and all later y¥=@d.this quantity we
assume that 70 percent is funded through the curreneryy efficiency programs, due
to the size of the incentives offered in that program versus others @MART, CPS).
This 350 MW is thprogrammaticportion of storage assumed in Massachusettse Th
remaining 150 M\Whon-programmatic portioris met throughother programs, including
SMAR®Nd CPS.

1 New HampshireThe New Hampshifeublic Utilities CommissiqiRUC)is currently
examining whether and how BTM storage can or should be incentivized. laryanu
2019, the NH PUC approved a BTM pilot project foNlibed ! G Af AGAS&aQ Odzaid2 YSN
partnered with Tesla to install 500 Tesla Powerwall batteries and BG4 private
company batteries (totaling 1,000 BTi\dtteries to be used fodemand respons&®

90 Massachusetts Department of Energy Resources. October 26, QR2h Peak Energy Resource Eligibility GAilable at
https://www.mass.gov/doc/cleaspeakresourceeligibility-guidelines/download

91 Massachusetts Department of Energy Resources. August 7, PBdTlean Peak Energy Standéwilable at
https://www.mass.@v/doc/drafts-cpsreg-summarypresentation/download Slide 39.

92 per members of the Study Group, this metric tons per MW value is the avoided emissions value that has been applied for use
in discussions regarding CPS.
State of Charge. 201Klassachusett&nergy Storage Initiative Studrepared for Masszshusetts Department of Energy
Resources. Available https://www.mass.gov/files/201707/state-of-chargereport.pdf. P. 95
BMaz a OKdza S G aQ Sy GOREWh oitiraghiby 2025 Feedath available ftlie SMART program, the
average duration of storage installed to date is 2 hours, which yields a storage target of 500 MW.
Massachusetts Department of Energy Resoutced I aii | 00SdaSR al NOKS mmE NEsSgbwicém a9 { L D2
Available atttps://www.mass.gov/infedetails/esigoalsstoragetarget.
928 y20S8 GKIG GKS Y2RSt Aa alff 2 ¢ DBeEinahydf tiedouritefactdaasNiitesidr 2 NI 38 A
years. See Sectigh5: Anticipated norrenewable resource additions and retiremeftts more information on the
assumptions used for thimdogenous storage resource.
95 Gheorghiu, 1ulia2019.66 S& A3y Ay 3 [AGSNI& | GAtAGASAQ ®&een TethWMeliaKGTNES NB & A RS
Available athttps://www .utilitydive.com/news/designindiberty-utilities-new-hampshireresidentiatstorage
program/548940/

Synapse Energy Economiks. AESC 2021 78


https://www.mass.gov/doc/clean-peak-resource-eligibility-guidelines/download
https://www.mass.gov/files/2017-07/state-of-charge-report.pdf
https://www.mass.gov/info-details/esi-goals-storage-target
https://www.utilitydive.com/news/designing-liberty-utilities-new-hampshire-residential-storage-program/548940/
https://www.utilitydive.com/news/designing-liberty-utilities-new-hampshire-residential-storage-program/548940/

This program will put an estimated 5 MW of BTM storagiéw Hampshiré® The
program estimates roughly 100 batteries, equivalent to 500 kW of battery storatje, w
become operational per yedY.

1 Rhode IslandAs in Massachusetts and Connecticut, &l Grid administers the
Connected Solutionsrogramwhich provides residential customers incentaf®r
supplying their own battées*®

1 Vermont The main service pvider for the state of Vermont, Green Mountain Power
(GMP), has partnered with Teslapiot a BTM storage program for the stafighis
programcoupS R A GK | LINP@GAaAAZ2Y (GKFG Fft26a Odzad2YSN
(BYOD)hasincentivizedbetween 13and 14 MW of BTM storagestalledin the state in
20192° The program has been expandadd is projected to add up to 5 MW per year
for the next 15 yees.

The storage forecast from 2019 through 2035 for the entire New England region is shiéigarei9.

96 State of New Hampshire Public Utility Commission. Order No. 26,209. January 2019. Avahdtipie: /Anww.clf.org/wp-
content/uploads/2019/01/26209.pdf

Ma8YoSNB 2F (KS {(dzRe DNRdzL) LINEGARSR AyT2NXYIGA2y 2y NBOSyite
Response Progna This includes 7.5 MW of existing capacity. Ewsv, demand response and BTM storage programs are
not differentiated in this document. For purposes of simplification and to avoid dectolating, we assume that all
measures in this program are accounted in the demand response projection describadhie section above (sdeigure
18).
bSé | I YLIAKANBQAE 9t SOGNRO I y R Nbw Hangshiré Stabelvide Eneiigy EfficiéntyP @020 y dzl NEB
Update Prepared for NH Saves. Availablétips://www.puc.nh.gov/Requlatory/Docketbk/2017/1¥36/LETTERSEMOS
TARIFF37-136 202001-15 EVERSOURCE UPDATED_EE PLAN.PDF

Bphr a2yt DNARS® ! OO0OS5848R ! d3dzad GKS DNNROaaNBS{ d&ENAYF §1Sme
website. Available ahttps://www.nationalgridus.com/RHome/ConnectedSolutions/BatteryProgram
9D K S 2 NBK A dzs GreedzMduhtan PawemnerpéndiPYOD and Tesla battery programs as it targets fossil§eakers

Utility Dive Available athttps://www.utilitydive.com/news/greeamountain-power-to-roll-out-byod-and-tesla-battery-
programsasit-targ/578573.
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Figurel9. BTM storage forecast for New England
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Our modeling uses the same battery dispatch pedfir all BTM storage in New England. Given the
predominance of te CPS in this forecast, we assume #tatage will dispatch according to the CPS
seasonal peak periods: Winter (December 1 through February g8).4o 8 p.m., Spring (March 1
through May14) 5p.m.to 9 p.m., Summer (May 15 through September 14).81.to 7 p.m.and Fall
(September 15 throgh November 30) g.m.to 8 p.m.1%° Under the CPS, systems may only get CPS
credits for dischargingithin these daily hoursf hours per day, sae assme each system is limited to
discharging once per ddgr 365 cytesperyean).

Our BTM storage modelirassumes a round trip efficiency (RTE) op8&centfor all storage systems as
is consistent with field tests of battery storage performaf®ewe calclate MWh from capacity
assuming &-hour duration.

Given the lack of data dBTMstorage projections, is challenging to determine what portion of the

above programs might be deployed as part ofaative demand managemeptrogram managed by @n

of the AESC 2021 Sponsors, and what portion may be deployed regardless of actions taken by the AESC
2021 Sponsar. Table25 describes what category each of the abgwregrams appears to fall into. For

the purposes of AESC 2021, we assiinfel & 2y f & LIt AOASAa YINJSR & at NP
all other policies are modeled in all coenfactuals.

100\jassachusds Department of Energy Resources (DOER). August 7, PBdZlean Peak Energy Standdnhilable at
https://www.mass.gov/doc/dafts-cpsreg-summarypresentation/download Slides 15 and 19.

101 Deline, Chris, et al. July 20HeldAging Test Bed for Befiithe-Meter PV + Energy StoragdationalRenewableéEnergy
Laboratory (NREL). Available fattps://www.nrel.gov/docs/fy190sti/74003.pdf
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Table25. Behindthe-meter storage categoriation

State Policy Categorization

CT Connected Solutions Programmatic Program entirely administered tBversourceno
data available

ME No known BTM storage policies -

MA SMART program Unclear.Project may overlap with other Massachusetts BTM
storage policies. Measures assumed to be counted in the CPS
program.

MA Clean Bak Standard Unclear.Project may overlap with other Massachusetts BTM
storage policies.

MA Connected Sations Programmatic Program entirely administered by National Grid bt
assumed to be counted within the CPS program

MA Daily Dispatch Programmatic Programentirely administered by PAs

MA CVEO Programmatic Program entirely administered by CLC; no data
available

NH BTM Pilot (Liberty) Programmatic Program entirely administered by Liberty Utilities

RI Connected Solutions Programmatic Programentirely administered by National Grid; nc
data available

VT BTM Pilot (GMP) Programmatic Program entirely dministered by Green Mountain
Power

Building electrification

The adoption of electric air source heat pumps is projected to be a significant souoea gfrowth over

the study period, in certain counterfactuals. ISO New England developed a forecasilential heat

pump load as part of its CELT 2020 reportxaraine the winter electricity consumption of heat pumps
(seeFigure20). ISO New England developed its forecast in collaboration with regional stakeholders who
providedinformation about heat pump programs, incentives, and policy targets across the New England
states. Heat pump adoption was modeled at the state leaskol on specific heat pump incentive
programs.
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Figure20. Heat pump wholesale eleédcity impacts on heatingor Counterfactual #3
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To develop hourly impacts, ISO New England combined its forecast for residential heat pump
installaions withadvanced metering infrastructudead profile data for 18 residential heat pump
installations m northeastern Massachusetts. ISO New England nihiztkhis is a small sample size and
that it may not be reflective of the entire regidf? As more leat pumps are installed and additional
studies become available, it is likely that this data will benegfi Currently, data availability for load
profiles based on recent heat pump installations is limited.

ISO New England presented load shapes for hamithsand without heat pumps in thadvanced
metering infrastructuredata it acquired. This dataset inded 33 homes with heat pumps and more
than 400 hones without heat pumps. We calculated the hourly load profile of a heat pump by
subtracting the basetie home load profile from a heat pump home load profile. The January load
profiles (used for the wintere;son) are shown iRigure21.

102 {h bSg 9y Diaft 30P0Pleating Eleettfitan Forecast. Load Forecast Committe@vailable at:
https://www.iso-ne.com/committees/reliability/loadforecast/. Page 3.
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Figure21. Hourly heat pump load profiles for January
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As in the CELD20 forecast, we assume that summer impacts of residential heat pump adoption will be
small As a resultwe do not explicitly adjust summer loads. To inform this decision, we examined
several different sources. First, a 2019 evaluation study of Connthgeti pump installations reports

the increased electricity loads resulting from heat pumgtallationsin homes that previously lacked air
conditioning, as well as the decreased electricity loads in homes that had central or window air
conditioning priorto heat pumpst®® The Connecticustudy concludes (based on a weighted average of
cooling sgtems prevalenin the stateand average summer conditionthat heat pump installatios

summer savings are about 47 kWh per ton.

However, for several reasons, weliege that the expected lonterm, New Englandvide impact on
cooling would be significantlsmaller. Fat, some of the other New England states (particularly
Vermont, New Hampshire, and Maine) would be expected to have lower penetrations of existiimg cool
systems and would therefore see more summer load growth and fewer cooling savingssatt af

heat pump adoption. Second, the Connecticut study reports that heat pumps consume 26 percent as
much electricity for cooling as they do for heating. Bagedaooling and heating degree data for
Massachusetts, we expect the lotegrm ratio of cooing to heatingenergy consumption to be
significantly lower, as data for recent years suggests that the number of cooling degree days is only
about 10 percent of theumber of heating degree day8? This difference suggests that the heat pumps
evaluated inthe study maynot have been sized to meet the full heating loads of the households, and

103pNy GL. Jurgd, 2019.R1617 Connecticut Residentizictless Heat Pumps Market Charactetitma Studyg Final Report
Available athttps://www.energized.com/sites/default/files/R1617 CT%208dential%20DHP%20Market%
20Characterization%20Study Final%20Report 6.20.19.pdf

041 aav3200 | 00544 S AMads.$HbaledH¥ating Ribfile Bakgrodns NGB IGA t F 6 S | GY
https://www.mass.gov/servicaletails/masshome-heatingprofile-background
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that incremental heat pump installations in these households (or future peatps installed without

backup heating systems) would provide additional heat but notldcgpany additnal cooling. Finally,

heat pump energy savings in the summer may be included in the energy efficiency forecast, and thus not
including additional samgs here avoids potential doubtmunting. Additional data would improve the
precision wih which heat pmp summer impacts could be quantified, but we believe these impacts are
likely to be small andie have not quantified them in AESC 2021.

For the purposs of AESC 2021, all residential heat pump impacts are assumed to be progratfi®natic.

At this time, we dmot have information to develop a forecast for other types of building electrification,
including commercial or industrial heat pumps or variable geftant flow (VRF) systems, or other types
of industrial electrification. The Study Groigentified seveal studies that examine pilot programs
aimed at these technology types in Massachusetts, Rhode Island, and Vebubptojections that

mirror the trgectories modeled for residential heat pumps, energy efficiency, and transportation
electification (forexample) are currently unavailabté®

This component is included in the modelingGafunterfactuakl andCounterfactuak3, but not
Counterfactuak2. While some norprogram heat pump adoption would be expected even in
Counterfactua#2, wedo not includeany specific heat pump load forecakt{ h b S ¢ d¢enpedf | YRQA
load forecast methodology includes a regression over historical load data thadéadome amount of

heat pump load. Thus, the general forecast implicitly includes a small amount of heatguoption,

which is appropriate for a case in which no heat pump programs are implemented.

Transportation electrification

Over the study periodf AESC 2021vehicle electrification is projected to increase demand for

electricity. In CELT 2020, ISO Newgl&nd developed a forecast for electric vehicle (EV) electricity

consumption as part of its CELT 2020 report. The CELT forecast uses a prdjehgamumber of EVs

sold in New England from AEO 2019. Among projections of EV adoption, AEO 2019 hakelmvest

forecasts, with EV sales projected to largely plateau after a limited increase in the 2020s. In place of this,
Synapse has developed d&n forecast to reflect the likelihood of continued growth in the EV market in

the mediumto longterm. Wdza S 'y 9+ &l t Sa F2NBOIFad FNRY .f22Y06S
Electric Vehicle Outlook 2029 ¢ KS ¢ NI yaLR2 NI | G A 2y |) gidende tasevforetast Ly A G A
was also considered, but ultimately not chosen due to its high deom EV saleforecast, which is not

105Note that historically, a small amount of heat pump load growth has lieficitly projected inthe CELTorecast through
ISONS ¢ 9 y TrégressiBriniodel.

106Syna|sse also examined deployment of commercial heat pumps in the 2020 edition of the AEO. According to underlying
modeling data provided by EIA, commercial heat pumps currently make up less than 0.5 percent of New(Ehngland
electricity demand; they are not pregted to have any change in electricity consumption between 2018 and 2040, under
the baseline conditions modeled in the 2020 AEO Reference case.

107 Bloomberg New Energy Finance. 20R&ctric Vehicle Outlook 202@wailable at https://about.bnef.com/electricvehicle
outlook/.
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in line with the most recent sales datef 19%110Both the BNEF and TCI forecasts show similar levels of

EV sales in the edium 1 long term. The Synapse forecast uses the Electric Vehicle Regional Emissions

and Demand Impacts (ERED) model to evaluate how long EVs remain on the road, how many miles

EVs are driven, and how much electricity they conséith@ne advantage ohis metrodology is that it
StAYAYlI (0S4 GKS ySSR G2 SEGNI LRt GS lkbal fotetapte T2 NBO
for medium and heavyduty vehicle electrification to project electrification load associated with

medium- and heavyduty trucks(includng buse} The CELT and Synapse load forecasts are shown in

Figure22 and peakdemand impacts are shown Figure24.

Figure22. Projected wholesale electricity consumption from EMsISO New Englanfdr all Counterfactuas
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CELT 2020 also includes an hourly EV charging profile baskda acquiredrbm the EV charging

station company ChargePoint. This dataset includes a sample of charges located at both residential and
commerciadlocations. ISO New England narrowed the dataset to include a greater fraction of residential
chargingreflecting ISO Newnglan@iew that most EV charging occurs at homes. The CELT 2020 daily
charging profiles are shown Figure23. These same EV load profiles are also used in the 223C

108Transportation and Climate Initiative. August 8, 2019. Reference Case Results Webinar. Available at:
https://www.transportationandclimate.org/sites/default/files/20190808%2620TCI%20Webinar%20
%20Reference%20Case%20Results.pdf

1097¢yis a@egional cokiboration of 12 states and the District of Columbia to improve clean transportation. Participating states
include Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania,
Rhode Island, Vermonand VirginiaStates will choose individually whether to adopt the final proposed policy framework.

MWpags GKEG ¢S KF@PS dzaSR . bocQa F2NBOFad Tauwvediclesindivhd SN BS KA Of
includes both passenger vehiclagd light conmercial vehicles.

Hlr g8 {8yl L $upal/syndpsedneriydont/tdols/electrievehicleregionatemissionsand-demandimpactstool-
ev-redifor more information on the EREDI model.
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Study for both lighduty vehiclegLDV)and medium and heavyduty (MHD)vehicles!'2 The summer
peak impact resulting from thiVadoption and load shape is shownHRigure24.

Figure23. Seasonal, hourhEV load profiles assumed by ISO New &nd in CELT 2020

1.2

| Wi
2E -
0
£z 08 Fall
L c Summer
Y8 06
o . =
= 3
52 04
0O 0
IO

0.2

0

| 23 4567 8 9101112131415161718192021222324

Figure24. SummerEVwholesale peak demand impacts in I9@w Englandor all Counterfactuas
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12, reality, MHDvehicles are likely todiffer in terms of daily charging profileslowever,given the diversity of MHBnd-uses
and the early stage of MHD EV adoptitimere is little data wailable for areasonable alternative. Finallyinse most EV
charging load modeled in AESC 2021 is associated @¥sit is unlikely that a different charging profile would
substantially impact avoided costs
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Importantly,the ChargePoint data represents how EV charging has occurred historically. As EV load
grows, there wilbe greater benefits associated with implementing managed charging programs and
shifting more chargintp off-peak periods. Limited managed charginggrams are currently in place in
New England. While the ChargePoint data is the best available soutustfirical charging patterns, it
may misrepresent future charging behavior and may overstate pea&atap

While the COVIR9 pandemic has affected thedbVmarket during 2020, we do not anticipate significant
medium- or longterm impacts to the rate of E&doption, in line with recent projections from other
analyses. For example, an August 2020 EV piojepublished by Wood Mackenzie suggests that the
impact of the COVHR9 pandemic on mido longterm EV adoption is likely to be limitéé As a result,
we have not explicitly adjusted the EV load forecast to account for the CO\pBndemic. However,

the EV sales forecast described above does have-tron sales projections in agreement with the
most recent sales data that has been released during #relpmic.

This component is included in all counterfactuals and does not differentiate betweenapnagatic or
non-programmatic components.

Distributedgeneration

C2NJ GKS LldzN132asSa 2F ! 9{/ HnAnumMI AGRAAGNRAOsHArSR ISy SN
Likeactive demand managemendistributed generation is modeled asupplyside resourcén the

EnCompass model. Impacts from distributed@mtionis applied to peak demand calculations in each
counterfactual.

The 2020 CELT forecast contaims@ection ofBTMsolar. This forecast appliesaterial discount

factors (350 50 perceni to postpolicydistributed PVinstallation to reflect uncgainty associated with

future policies and/or market conditions. This approach, which yields lowerdeMéaluctionghan

what may be realistic, is appropriate for reliable planning and operation of the system. For the purpose

of the AESC 2021 studye usedadistributed P\forecast that is more representative of expected solar

installation under existingolicies and future policies (if applicable) and / or market conditions, based

on research and market analysir more ifiormation on the Synapse T¥Qa Y SUGK2R2ft 238 T2 N
modeling distributed solar, including policies modeled and load profiles, see Séctidtenewable

energy.

This component is included in all counterfactumtsl does not differentiate between programmatic or
non-programmatic components.

U3 K yRNF 881 NI Y3  wahic Vetirledziariiet ta GeE Baek o Tiagk PEOVIEM dhWeod MacKenzie
Available athttps://www.woodmac.com/news/opinion/electrievehiclesmarket-to-get-backon-track-post-covid-19/.
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Other resources not modeled BMESC 2021

There are other emerging DSM prograrssgTable26) that may be modeled using the 8,760 avoided
cost values. Thesesources are not modeled in any AESC 2021 counterfactuals.

Table26. Currentstatus o emerging DSMechnologies

Technology Other Components or Considerations

Conservation  The traditional avoided costs stre® may be applied for CVR programs. CVR occurs in fr

Voltage of the customer meterSome feeders, such as tlowith highmotor load may not be

Reduction appropriate for CVR. CVR factors for feedeosild need to be quantifiedUtilities must

(CVR) maintain service quality guirements whichmay limit applicability. Distribution planning
personnel fromprogram administratorshould wegh in on the matter.

Volt-Var The traditional avoided costs streams may be applied for VVO progké&.@curs in front

Control(VVO) of the customer meter. Hourly data for real and reactive power will determine hourly line
losses, and the diffence between baseline and impact losses yields energy savings.
Distribution planning personnel froprogram administratorshould weigh in on the madt.

Energy losses

Electric systems incur energy losses when delivering power from power plants to chéldie & A (1 S &
through T&D wires. T&D losses are developed in AESC 2021 for two main reasons:

1 First, the development of certain categories of load forecashponents requires the
conversion between retail electricity consumption and wholesale electricity itspac
this case, T&D losses are inputs into the avoided costs.

1 Second, readers of AESC 2021 may wish to apply a T&D loss factor to convert the
wholesde avoided costs calculated in AESC into retail avoided costs. In this case, T&D
loss factors are applietd modeling outputs.

The following section is primarily concerned with the development of the T&D losses under the first
category, as it is owrnderdanding that each program administrator calculates and applies (or uses a
T&D loss factor based on stgteecedent). However, readers may wish to review the following section
to help inform their selection of loss factors.

Marginal loss factors

Theamountof energy loss is affected by a number of factors including resistance in wires, system

utilization rates and weather conditions. Energy losses are generally higher when loads are higher and
significantly higher during peak periods because residtigses in wires increase with the square of the

load (loss power ZR). This means théihe losses for incraental loadgd Y I NH A y ) tiat wolldd & S & €

be avoided by DSM programs are likely higher than average line losses. On the other hand, a certain

amount2 ¥ f2a3aX NIyYy3IAAYy3I FNBY HAn LISNDOSY20 R 2 2008 SAENINKYE G
not increase with the square of the currgrunlike resistive losses. These losses incur to energize the
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system (i.e., create a voltage available to serve d)lb4 This means that the influence of resistive
losses is greater at higher load levels because the itmdadbe noload losses is fixeand relatively
smaller at higher load levels.

A 2011Regulatory Assistant Project (RAB) LIS NE & + | t dzioryo#Enérdy Efficiedcytd NA 6 dzi

|l 2ARSR al NBAYLlFt [AyS [ 2dsoSsesihdétRinewnSsEastorddiSs papérlj dzA NB Y
presents an example of line loss factors and demonstrates how marginal and average losses vary at

different system load kels as shown iRigure25. Thisfigure shows that the increases marginal

losses are greater than the increases in average losses as the system load levels increase. For example,
when the system is loaded at 5@ngent of the capacity, average and marginal losses are approximately

6 percent and 8 percent respectiweland when the load is near its capacity, average and marginal losses

are approximately 12 percent and 20 percent respectively.

Figure25. Average and marginal line loss factdrem Lazar and Baldim (2011)
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In order to accuratelgstimate annual average marginal losses, we need to know detailed ledacdd

system utilization ratefor each hour of a year. However, detah system utilization rates are not

readily available for ISO New England. The RAP paper suggests ahutalpfalue that marginal

losses are about 1.5 times average losses. Mmisise a factor of 1.5 to coaxt annual average line

losses to marginal line losses. This value is also the value recommended by some stakeholders including
one local utility in Nev Jersey and recently adopted by New Jersey Board of Public Utilities for

HaRap. 2011valuing the Contribution of Energy Efficiency to Avoided Marginal Line Losses and Reserve Requirements
Available atttp://www.raponline.org/wp-content/uploads/2016/05/raplazareeandlinelosse2011-08-17.pdf
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establishing the New Jersey €dest®In AESC 2021, we apply a marginal loss factor to any
incremental load added in a given year; all other portions of the load (i.e., the quamit is less than

or equal to the total load in the previous year) iz# an average loss factor. Weeuan average loss

factor of 6 percent and a marginal loss factor of 9 percent (calculated by multiplying 6 percent By 1.5).

For estimating marginabsses associated with capacity, we would need to know the system titifiza
factor at peak hours, or iather words, the degree to which the T&D system is stressed. While the
utilization ratesat the peak hours are by definition higher than the averade far an entire year,
detailed data for system utilization rates foretkentire ISO New England grid figak hours is not

readily available. Thus, we rely oteager factor tharused for annual energy. Based on the data in
Figure25, factors for marginal losses over average losses range from 1.4 gieadght system

utilization factor to 2.6 at a 9percent system utilization factor. Based on this range, we rely omplesi
factor of 2.0. For the purposes of calculating the Velsale impact of load components (see above), we
apply a marginal loss factor of 16 percent (calculatednltiplying 8 percent by a factor of 2.0) and an
average loss factor of 8 percent to anyisting demand (e.qg., the quantity of demand in a year that
Slidzl £ G2 2NJfSaa GKIFIYWIKS LINS@GA2dza &SI NDa RSYIYyRO

For more orapplyingenergy losses to wholesad&oided costs, seAppendix BDetailed Electric
Outputs.

4.4. Renewable energassumptions

See Chapter: Avoided Cost of Compliance witbrirwable Portfolio Stadardsand Related Clean

Energy PolicieE 2 NJ Y2NB Ay F2NXI GA2Yy 2y GKS | dadzyLlirazya dzaS
energy and capagitmodelingWe describe dditional assumptions on offshore wind interconnections

below.

Offshore wind irterconnection

The REMO Model provides information projected offshore wind capacity and generation but does

not specify where these facilities int&¢ey y SOlG 6AGK bS¢ 9y3AflyRQa St SOGNR
offshore wind that is built isouthernNew Eglandis builtin the U.S. Bureau of Ocean Energy

al yI 3SYSy i Qa RSaA I¥durd2d)RHoweser, théSe id opgiigiBcussian®BSwhere

these offshore wind facilities will interconnect. Options include tioces on ornear Cape Cod; New

London or further west in Connecticut; Quonset, RI; Brayton Point, MA; or in the Greater Boston region.

1SNew Jersey Board of Public Utilities. 2020. Orderptidg the First New Jersey Cost Test. DocketQ@1901004@nd
Q020060389
116 Note that 6 percent is the average T&D loss factor assumed by ISO New England fizrtoremergy forecast.

ISO New England. November 18, 2018date on the 2020 TransportatioreEfrification Forecastvailable at
https://www.iso-ne.com/staticassets/documents/2019/11/p2_transp_elect fx_update.pdf

1173ee 1ISO New England MarketéRySection 111.13.1.4.1.1.6.(a).
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In order to minimize pricanomalies, we distribute the offshore wind interconnection points

throughout southern New Engghd 118 Although there is uncertainty about which interconnection points
gAff 0S dzaSRX G2 6KIG RSANBSI |yR gKSipcatethé NBf &
offshore wind throughout various modeling zonéksing 800 MW blocks, we changeth

interconnection point of offshore wind projects as they are built, moving from Southeast Massachusetts,
to Rhode Island, to Connecticut Northeast, to Boston, laack through again. By 2035, this produces
interconnected quantities that are largely coneist with those described in two separate recent

modeling studies by Anbaric and NESEBE.

Figure26. Bureau of Ocean Energy ManagementQBM)lease zones in southern New England and potential

interconnection points
/(95((),1 Massachusetts
B
Mystic (MA): 2,200 MW i)

Springfield

Brayton Point (MA): 2,600 MW

Cape
Cod Bay

Kent County/Davisville (RI): 1,500 MW

Millstone (CT): 1,000 MW

Bourne/Canal/Pilgrim (MA): 3,400 MW

g Rhodg Island &
&o{un}i &

Montville (CT): 1,300 MW

und

[[] Deepwater Wind/Orsted Lease Areas (OCS-A 0486, 0487)
W Bay State Wind Lease Area (OCS-A 0500)

[ Vineyard Wind Lease Area (OCS-A 0501)

[ Equinor Wind Lease Area (OCS-A 0520)

W Mayflower Wind Energy Lease Area (OCS-A 0521)

M Vineyard Wind Lease Area (OCS-A 0522)

Source: Figure reproduc&om https://www.iso-ne.com/static
assets/documents/2020/03/a8_anbaric 2019 economic_study prelimltsesnarpac.pdfslide 9.

1l{:"Through exploratory analysis in AEXRR1,we discovered that interconnecting all the offshore wind builds in the Southeast
Massachusetts modeling zone produced very low energy prices in that zone and Rhode Island.

Wy h pbss 9yt yRDd &! yoehNRTE M2INGD 29i0RR/182GREOM 4iliisidRiRpsavww.iso-
ne.com/statc-assets/documents/2020/03/a8 anbaric 2019 economic_study prelim_resulispac.mif. Page 51.
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4.5. Anticipated nonrenewable resource additions and retirements

The following section highlights key input assumptions regarding retirements of exisiisgas well as
anticipated additions of new generating unifhis section is not meant to keecompretensive census

of all existing generators; instead, it is meant to provide an overview of the significant changes to non
renewable capacity expected tecur during the analysis peridgd®

Nuclear units

There are twaemaining nuclear plants in New EnglaBeabrook (located in New Hampshire) and
Millstone (located in Connecticut). Seabrook has one anidMillstone has two (se&able27). None of

the three units have announced a retirement date within the AESC 2021 analysis petiogl recent

past, he Nuclear Regulatory Commission (NRC) relicensed Pil@pireviously located in

Massachusetts and retired in May 201®)ijistone 2, and Millstone 8 along with many other reactors
outside New Englardwithout denying a single extsion1?! Based on this track record and the lack of
evidence suggesting that the NRC would deny license renewals for any of these plants, we assume that
all three nuclear units continue to operate throughout the entire modeling petféd

Table27. Nuclear unit detail

: Announced CurrentLicense
TRy () Retirement Date Expiration Date
Seabrook 1 NH 1,242.0 None March 2050
Millstone 2 CT 909.9 None July 2035
Millstone 3 CT 1,253.0 None November 2045

We do not model anyncremental nuclear unit additions during the study period.

Coal units

As of August 2020, there are three coal units operating in New England, soresdtwo power plants
(seeTable28). Other recently retired plants includedton hPint (retired June 2017), Mount Tom
(retired June 2014), Salem Harbor (retired June 2014), and Schiller (retired July 2020).

120Note that we are not proposing to include any incremental demand response resources in our analysis, in line with our
assumptions for conventional energy eféinty resources.

PlhgLre [Frad 00SaasSR al NID&U.9 Nebargiivailetle at b dzOt S NJ 9y SNB& Ay
https://www.nei.org/resources/statistics

122 These assumptions are consistent with those assubyelBO New England in 2819 Regional System Plan (see

https://www.iso-ne.com/staticassets/documents/2019/10/rsp19_final.docpage 152)with the addition of an asumed
license extension for Seabrook 1.
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Of the remaining uits, Bridgeport Station 3 has already announced a retirement date. The Merrimack
units have undergone sshantid environmental retrofits in recent years. In this analysis, we make the
belowl aadzYLJiA2ya F2N) 0KSaS dzyAGaQ FdzidzNBE 2LISNI GA2Y

Merrimack

The Merimack power plant consists of two cefaled units, and two 1MW gasfired combustion

turbines. The twacoal units at Merrimack were built in 1960 and 1968, making the units 52 and 60 years
old, respectively, as of 2020. Both Merrimack coal units featunest fluidized gas desulphurization

(FGD) system to control for @ selective catalytic reduction (8)Csystento control for NQ, and an
electrostatic precipitatorESPto control for particulate matter. Merrimack 1 operated at a capacity

factor of 7percent in 2019 and Rercent in the first six months of 2020; Merrimack 2 operated at 8
percent and Jercent in those same periodall four Merrimack units have capacity commitments

through FCAL4 (i.e., through May 31, 2024)onsistent with AESC 2Q18e assume that both

Merrimack 1 and Merrimack 2 retire on January 1, 2025, and that the othe(gasfired) Merrimack

units are operational throughout the analysis period.

Table28. Coal unit detail

Announced Modeled
Unit State Capacity (MW) Retirement Retirement
Date Date
Bridgeport Station 3 CT 400.0 June 2021 June 2021
Merrimackl NH 113.6 None January 2025
Merrimack 2 NH 345.6 None January 2025

We do not model any incremental coal unit additions during the study period.

Natural gas and oil units

Throughout the study period, we assume over 40 MW of new capacity additionswfxtural gas or oil
resourcesTable29lists the unitsaddedexogenouslyluringthe study period. Data on capacities and
onyS RIGSa | NB Tau@theFOLTheQaires@uicésldre gssumed to be primarily natural
gasfired.

Table29. Incremental natural gas and oil additions
Modeled Online

Unit State Capacity (MW) Date Unit Type
MIT Central Utities/Cogen Plant MA 217 Feb 2021 Combustion
GT200 Turbine
MIT Central Utilities/Cogen Plant MA 21.7 Feb 2021 Combustion
GT300 Turbine
- Combined
Killingly CT 632 Oct 2023 Cycle
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In addition, there are a number of major natural gasd oilired units which are assumed to retire
during the study period (se€able30). Unit retirenments are basé on announcements by the unit
owners. We do not assume any additional exogenous naturalogasl-fired unit retirements beyond

those cetailed in this table.

Table30. Major natural gas and oil retirements

State

Capacity (MW)

Announced /
Modeled
Retirement
Date

Unit Type

Mystic Generating
Station 7
Mystic Generating
Station GT1
Mystic Generating
Station GT81
Mystic Generating
Station GT82
Mystic Generating
Station GT93
Mystic Generating
Station GT94
Mystic Generating
Station ST85
Mystic Generating
Station ST96

Cleary Flood 8

Pawtwcket Power
Associates GEN1
Pawtucket Power
Associates GEN2
Mass Inst Tech Cntrl
Utilities/Cogen PIt CTG1

Cape Gas Turbine GT4

Cape Gas Turbine GT&

William F Wyman Hybrid
(Yarmouth) 1
William F Wyman Hybrid
(Yarmouh) 2
William F Wymarybrid
(Yarmouth) 3
William F Wyman Hybrid
(Yarmouth) 4

Middletown 2

Middletown 4

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

MA

ME

ME

ME

ME

CT

CT

617.0

14.2

278.6

278.6

278.6

278.6

315.0

315.0

28.3

41.8

27.0

21.2

17.5

17.5

50.0

50.0

113.6

632.4

113.6

414.9

June2021

June2021

June 2024

June 2024

June 2024

June 2024

June2024

June 2024

June 2023

June 2022

June 2022

Feb 2021

June 2022

June 2022

June 2020

June 2020

June 2022

June 2022

June 2022

June 2023

Steam
Turbine
Combustion
Turbine
Combired
Cycle
Combined
Cycle
Combined
Cycle
Combined
Cycle
Combined
Cycle
Combined
Cycle
Steam
Turbine
Combined
Cycle
Combined
Cycle
Combustion
Turbine
Combustion
Turbine
Combustion
Turbine
Steam
Turbine
Steam
Turbine
Steam
Turbine
Steam
Turbine
Steam
Turbine
Steam
Turbine

No FCA oblig.
in Jun 2022
No FCA oblig.
in Jun 2022
No FCA oblig.
in Jun 2020
No FCA oblig.
in Jun 2020
No FCA oblig.
in Jun 2022
No FCA oblig.
in Jun 2022
No FCA oblig.
in Jun 2022
No FCA oblig.
in Jun 2023
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Announced /
Modeled
Retirement
Date

Middletown 10 CT 18.5 June 2023

Capacity (MW)

Unit Type

Steam No FCA oblig.

' Turbine in Jun 2023
MassEz:(:SP?:;gtsP E\ngrmte MA 113.6 June 2023 TSJfb"’i‘r’:; '\:r? fui"*zgggg'
Springfield) 3
vanehdepes we e ez Cpomed NofCeons
e e ams  anema Sopned NofChdl
neehiee e asas  ameass  Conbned NoPCaons
Conter (COECCA OTC T 8 anezozs SIS N0 en
ChLbmESeD or %07 e Coponed Nefchcls

We note that after the modeling phase of this projehad concluded, ISO New England posted detailed
data on resource additions and retirements identified through FC¥3I5arge, notable additions

include a 60 MW capacity addition at Ocean State Power ih3RIMW of new battery storage at
Cranberry PoinBattery Energy Storage MA, 250 MW of new battery storage lstedway Gridn MA,

175 MW ofnew battery storage aResource Cross ToumME, and 20 W ofnew battery storage at

Great LakeMiillinocketin ME. Large notable addition includ®a MW retirerrent at West Springfield 3

in MA.We expect that the inclusion of these changes would likely have limited impacts on projections of
avoided energy costavoided capacity costs, and other alex cost categoriedVe note that there are
numerous uncertaintis in any projection of the future as new resources are announced and others are
retired and that future modelingfforts should endeavor to include thenpacts of these resource
changes.

Other resources

Note that our analysis also includssveralother existing resources not discussed in the above sections.
These include conventional hydroelectric resources, purrgiedage hydroelectric resources, aather
natural gadired and oiffired resources thatire notassumed to exogenously retire during the dju
period.

123150 New England. Last Accedgkach10, 2021 FCA Obligationé\vailable athttps://www.iso-ne.com/static
assets/documents/2018/02/fca_obligations.xlsx
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Other resources (e.g., biomass, wind) may have specific retirement tht€sese retirements and
additions are accounted for in Sectidr: Renewable energy

Generic norrenewable resource additions

In addition to known and anticipated pacity additions, we allow the EnCompass model to construct
generic unit additions ahe types represented iffable31if it is determined there is a peak demand
need These parameters are similar, but not identjitalthe parameters assumed in the 2018 AESC
Study. Note that there are two types of each of thgemeric additions: one type that is built in
Massachusetts load zones (and therefore subject to MassSECMR 7.74) and one type that is built
in any of the other New England load zorés.

Table31. Characteristics of generic convéanal resources assumed ithe EnCompass model

Natural gasfired Natural gasfired
combined cycle combustion turbine
Maximumsize MW 702 237
Minimum size MW 225 120
Heat rate Btu/kwWh 7,408 9,800
Variable O&M costs 2021$/MWh 3.80 3.84
Fixed O&M cds 2021$/kW-yr 11.93 19.16
NGOk emissions rate Ib/MMBtu 0.0075 0.0300
SQ emissions rate Ib/MMBtu 0 0
CQ emissions rate Ib/MMBtu 119 119

Note: Each type of generic resource may be fueled either with natural gas or fuel oil.
Source: Anchor Power Sotuts New England database

In addition to the exogenous storage buillisscribed above, EnCompass candailt two- and four

hour duration storage resources if it determines it is optimal to do so. For these additional storage

resources, we relyoncapitdlE LISY RA 1 dzZNB Rl G FNRY GKS bl dAlylrf w$
2020 Annual Technology Basel@dBY*°b w9 [ Q& Hnwu A | ¢ -hour dudtimYsfodageld KI G (0 & 2
resources have capital expenditures of $963 per kW in 2018 before declining to $60K pei2030

and thereafter increasing slightly to $647 per kW in 2dDvalues in nominal dollars).dssumes that

four-hour duration storage resources have capital expenditures of $1,633 per kW in 2018 before

declining to $1,029 per kW in 2030 and thafter increasing slightly to $1,098 per kW in 2040 (all values

in nominal dollars).

In general, the moel builds new storage resources to meet reserve margin requirements as peak
RSYIFYR AYyONBIlaSaod !'a GKS Y2RSt 2régiirdmentiitdfien findd Y SSi

124 These retirements include Pinetreerer (MA) in June 2022.
125 \1ore information on thissnvironmental regulation can be found in the subsequent section on electricity commodities.

126 \ational Renewable Energy Laboratdryt a4 I OO0Saa SR al NOK wih.Brel.gomAvailable & . | GG SNE { G2
https://atb.nrel.gov/electricity/2020/index.php?t=st
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that storage resources are the most casgfective resource availablén AEE 2021, we use a fiweear
optimization horizon, wherein the EnCompass model looks over the next five years to evaluate reliability
requirements and csts in order to retire or build capacity as necessary.

4.6. Transmissionimports, and exports

This section éscribes the existing, under construction, and planned intigional transmission modeled
in the AESC 2021 study. It also describes our assumptiomsvotransmission between New England
and other adjacent balancingithorities, and how we model importsver these inteiregional
transmission lines in the analysis.

Intra-regional transmission

The interface limits used in the AESC 2021 study reflectthethxisting system and the ongoing

transmission upgrades discussed/ L{ h bS¢ 9y 3t | BaR¥Ahe taBsinisoy paths { € A G SY
that link each of the 13 modeled regions in New England are basgdmsmission limits published by

ISO New Englar(dee Table32).12°

127 Earlier AESC studies typically used-gear optimization horizons, largely because of computing power limitations. We
have seleted afive-year optimization horizon because shis roughly the horizon used to conceptualize and build large
power plant projects (the FCM has a thrgear horizon, but projects are conceptualized and qualified in the market before
each auction at leagine year and possibly more). When comparing réisig avoided costs in AESC 2021 with earlier
dGdzRAS&aT GKS YvY2aid tA1St@& AYLIOG 2F GKA& OKIFy3aS Ay 2LIGAYAT I
unlikely to cause avoided costs to loever or higher but is more likely to reduce tlyearon-year variation in costs.

128yd3a2yrt {8ad8SYy tftly R20dzySyida OF hipstvvwiemzgorisydteir L{ h bSs 9y 3t
planning/systerplansstudies/rsp

129Note that recent analysis by Synapse which examines large amounts of renewable construction has found that, depending
on where and how much renewable capacity is built, at a certain point, additiomadrtrizsbn capacity is required to
facilitate themovement of renewable generation in northern New England (i.e., areas with favorable wind capacity factors)
to southern New England (i.e., areas of high customer load). In response to thimdeta new 60 MW transmission line
between Maine West Centrand Massachusetts Central beginnin@023. The transmission line is intended to help limit
issues of curtailment in Massachusetts.
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Table32. Group transmission limits

B to A (MW)

Notes

Transmssion
Limit

NE EastiNVest

NE Massachusetts CentrdlE
Massachusetts West

NE New HampshireNE \érmont

NE Rhode IslandNE Connecticut Northeas

3,500

3,000

NE NorthSouth

NE New HampshireNE Boston

NE New HampshireNE Massachusetts
Central

NE Vermont NE Massachusetts West

Hydro Quebee NE Massachusetts Central

2,725

2,725

NE EMA/RI

NE Massachusetts Southea®dE Boston

NE Rhode Island\NE Boston

NE Rhode land- NE Connecticut Northeas

NE Rhode IslandNE Massachusetts Centr

1,800

3,400

NE Southeast

NE NewHampshire NE Boston

NE Massachusest Central NE Boston

NE Rhode IslandNE Connecticut Northeas

NE Rhode Island\NE Massachsetts Central

5,150

NE SW CT

NY K Long IslardNE Norwalk Stamford

NE Connecticullortheast- NE Connecticut
Southwest

2,800

NE Connecticut

NEConnecticut NortheastNY K Long Islan

NY K Long IslardNE Norwalk Stamford

NEMassachusetts WestNE Connecticut
Northeast

NE Rhode IslandNEConnecticut Northeast

NY G Hudson ValleWNE Connecticut
Northeast

3,400

3,400

New Brunswick

New Brunswick NE Maine Northeast

variable

variable

-249 to 989

NY to NE

NY F CapitalNE Massachusetts West

NY D North NE Vermont

NY G Hudson ValleWNE Connecticut
Northeast

variable

variable

-1,400to
1875

Northport

NY KLong Island NE Norwalk Stamford

variable

variable

-246 1o 213

Quebec

Hydro Quebee NE Vermont

2,000

2,000

Hydro Quebeg NE Massachusetts Central

217

100

Cross Sound

NE Connecticut NortheastNY K Long Islan

variable

variable

-177 to 333
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Inter-regional transmission

In addition, we model transmission between subregions of New England and ridgedancing

authorities in New York, Québec, and New Brunswick. As withriegianal transmission, transmission

lines between these regions are tgpily grouped into aggretglinks with aggregate transfer

capacities. These transmission links were digyed by Anchor Power Solutions and updated by Synapse

G2 SyadiNBE O02yaraidSyoe gAGK L{h | aslgddrtl yRQa OSya
guantities between New Engha and adjacent balancing areae represented as fixed, based on

recent histaical quantities. Anchor Power Solutions has calibrated transfers on these lines such that

transfers in historical years match actual historical trars{seeTable33).

Table33. Single pathway transmissiolimits with regions adjoining ISO New England

Zone A Zone B A to B Capacity (MW) B to A Capacity (MW)
NEConnecticut Northeast NY G Hudson Valley 600 600
NE Connecticut Northeast NY K Long Island 330 330
NE Maine Northeast NE Maine West Central 1,325

NE Maine Northeast New Brunswick 1,000 1,000
NE Maine Southeast NE Maine West Central 1,500
NEMaine Southeast NE New Hampshire 1,900

NE Massachaetts Central Hydro Quebec 217 217
NE Massachusetts West NY F Capital 700 700
NE Norwalk Stamford NY KLong Island 100 100
NE Vermont Hydro Quebec 2,000 2,000

In addition, we model amcremental 1,200 MW transmission line from Québec to southeash®)aier

the topology of the New England Clean Energy Connect (NECEC) J5fbjéis. line is modeled as

providing 9.45 TWh per year. This transmission line represents compliance with Mas=a& 0 6 8 Q HAaAmMT
Act to Promote Energy Diversity, and the associatadterm contracts signed per that legislation.

Under Massachusetts Chapter 188 Section 83D, any consalested from the 83D solicitation process

must be executed by no later than Dedeen 31, 2022. Per the latest data available, we assume that this

line will instead be energized on July 1, 2023. Because this cost is assumed to be unavoidable to
Massachustts ratepayers, welo not develop or incorporate a price for this resource at this time.

4.7. Operating unit characteristics

Under the production cost modelg framework, EnCompass represents the detailed operations of
individual generating units. This represation includes detaion following operational characteristics
for dispatch data

1 Unittype (steamcycle, combinegycle, simplecycle, cogeneratiorgtc.)

1305ee the New England Clean Energy Connect webdittpat//www.necleanenergyconnect.ordbr more information.

( Synapse Energy Economiks. AESC 2021 99



https://www.necleanenergyconnect.org/

1 Fuel type (including dudilel capabilities, startup fuel usage, and fuel delivery point or
basin d origin)

Heat rate alues and curve

Seasonal capacity ratings (maximum and minimum)
Variable operation and maintenance costs
Commitment bid adders anahultipliers

Forced outage rates and planned outage rates and schedules

=A =2 =4 =4 =4 =2

Minimum up and down times, inclitg maximum hours fowarm and hot start
scenarios

Quick start, regulation, and spinning reserves capabilities
Startup costs

Ramp rates

= = = =4

Emission rate$SQ, NQ, and C@) with options for fixed, linear, quadratic, cubic, and
guartic rates

=

Seasonal and/ordurly capacity factor profiles for hydro, wind, and solar resources
9 Acceptable curtailment levels for hydro, wind, and solar resources

i Storage chargeral discharge rates (in MW), maximum enegtgred levels (in MWh),
and payback rates for pumped hydropowandbattery storage

Unit operational restraints (for example, minimum up times and ramp rates) are used to simulate unit
commitment for hourly chronological model runs. During unit operations, units incur costs based on

fuel usage, variabl®&M costs,and emssion costs. Operational units also receive revenue based on

their provision of grid services, including energy, regulation, and reserve serkieery model run

LINR RdzOS& +y SaGAYFGS 2F SIHOK dzyAlGQ@prhdEBHRe G 6 Af A (@
lowest overall electric system costs for the region.

O&M costs for existing conventional generation are based ongmitcific data contaed in EnCompass.
Capital, operating, and maintenance costs and heat rate for new conventional gemesegioased on
data from the 201 AEO

4.8. Embedded emissions regulations

This section contains detail on the emission regulations embedded in the elzmtnimodity forecast.
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The Regional Greenhouse Gas Initiative

All six New England states are founding merslisd RGGI. Under the curreptogram designthe six
states (along with New York, Maryland, Delaware, and New Jersey) conduct four auctions ineeach ye
which CQallowances are sold to emitters and other entities.

In August 2017, the RGGI states ammeeda set of proposed program changes ¥@ars2021 through

203013 Under this extended program design, the RGGI states will continue to redu@n@Sions

through 2030, eventually achieving af&missions level 30 percent below 2020 levels. This new

progt Y RSaAday KIFa Ff&az2 Lidzi F2NIK | ydzYoSNI 2F OKI y3aSs
mechanism that allows for the release of more allowancemimuction if the price exceeds a certain
GKNBAK2f RO | yR GKS ONBI A 2ySé2méchansm wiich withtildsay a / 2 y
number of available allowances if the allowance price remains below a certain threshadgther,

these triggers déctively act as a floor and ceiling on RGGI priges.

In addition, in recent years, the RGGI region heguinto expand. The first new state to join RGGI was
New Jersey in January 2020 (rejoining the program after leaving it in #¥12jterin 2020, Virgiia
finalized its rulemaking to join RGGI, effective January 1, ¥3Finally, Pennsylvania is also dieyeng
a draft regulatory proposal to join RGGI (with the stslted toon January 1, 2023), though this
rulemakingremains ongoing3°

Starting in Apit 2020, Pennsylvania Department of Environmental Protection taskEdriternational

with developing RGIGprice projections under a base case and a case where Pennsylvania joins the 11
state RGGI regiofhCF International is the same firm that typicallgates RGGI price forecasts on behalf
of RGGI, Inc. This includes REGI price modeling generated irth016 RGGI Program Design, which
served as the basis for RGGI prices in the 2018 AESC-%tudy.

Figure27 displays the recenprices for RGGI allowances from auctions in 2010 through.Z028figure
includesa trajectory through2030 where Pennsylvania does not join RGGI, plus a trajectory where

131The official announcement ca be found on the RGGI websh#f/rggi.org/docs/ProgramReview/201@8-23-
17/Announcement_Proposed Program_Changes.pdf

12yd3a2ytrt DNBSYK2dzaS DIa LYAGAIGAOBSDd 530SY6SNI MpS HAMT O GwDE
I Y Sy RY RgbiioggAvailable arggi.org/sites/default/files/Uploads/PrograsReview/1219-
2017/Principles_Accompanying_Model_Rule.pdf

133Njew Jersey Department of Envimentalt N2 G SOGA 2y o [ ad F O003aaSR al NDK MANZ HAHMOD
state.ny.usAvailable ahttps://www.state.nj.us/dep/ages/rggi.html

134Virginia Department of Environmental Quality. Last accessedflarm 1 X H A H M ®  Degvigihis2ggy. Abalebl® A y 3 & ¢
at https://www.deq.virginia.gov/air/greenhousgases/carbortrading.

135 Pennsylvania Department of Environmental riion. Last accessed March 16, 2 m dgiodalnGreenhouse Gas
L y A (i ADepiph.go8ADailable ahttps://www.dep.pa.gov/Citizens/climate/Pages/RGGl.aspx

136 Regional Greenhouse Glmitiative. Last accessed Marth. 201 @ ¢ t N2 3 NRgyi.ong Avgilabk atd &
https://www.rggi.org/programoverviewand-design/prograrareview.
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Pennsylvania does join RGGI. The RGGI price trajectory used in AESC 2018isralkw sbference.

This figure also shows the prices associated with the emissions containment rdéSERggnd cost
containment reserve (CCR). Although two states (Maine and New Hampshire) do not use the ECR (the
floor price), emissions from these twtages make up a small fraction of RG@@de emissions and are
unlikely to have a substantial effect oretiprice.

Because the RGGI region includes states not modeled in the AESC 2021 study (New York, Delaware,
Maryland, New Jersey, Virginia, and Pennsybdj)amnd is in fact dominated by emissions outside of New
England (se€igure28), we model the effects of RGGI as an exogenous price rather than a strict cap on
emissionsNote that neither of thescenarios recentlynodeledby ICHnternationaldisplayed irFigure

27 exactly represent the assumptions used tfloe New England electricigystem throughout this

report (for example, they do not include any assumptions about transportation electrificatiorhahd
assume some amount of energy efficiency persists through 2030). Both of them indicate prices lower
than what is implied by the IRCin at least some years. Prices lower than the ECR are possible in
situations wherehe full ECRe.qg., 10 percent of #nallowances sold in any given auctiayvithheld

and there is still not enough demand at the triggeicp for the remaining allowees. If only some of

the ECR neexto bewithheld, then the price willnatchthe ECR trigger price.

The RGGI price modsl in AESC 2021 follows the ECR price (and follows a trajectory that extends the
9/ WQA& HAHA td2P31ks2@85). Thidajectery reflects a future in which reductions in the
RGGI cap are continued after the current compliance period ends in 208@& future in which New
England electricity demand is higher than recently modeled by ICF Internlationa
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Figure27. Historical RGGI allowance prices, recently modeled RGGI allowance prices, the prices associated with
the cost continment reserve (CCR) and emissions containment reserve (ECR), and RG@kpdderAESC 2021
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Figure28. Electricsector CQemissions in existing and proposed RGGI states, 2019
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Massachusetts Global Warming Solutions Act and MassDEP regulations

AESC 2021 modedlse GHG regulations finalized by thassachusetts Department of Environmental
Protection (MassDEP) in 2017 in accordance with the Massachusetts BGlatming Solutions Act
(GWSA). Under this finalized rule, MassDEP established two regulations that tihepeleictric sector:
310 CMR 7.74, nch establishes a statgpecific cap on G@missions from emitting generators in
Massachusetts and 310 CMR 7.x#hjch establishes a Clean Energy Standard for Massachusetts load
serving entities (LSE). Impacts of thg@licies in $er-metric-ton termsare available inAppendixG:.

310 CMR 7.74/assbased emissions limit on istate powerplants

310 CMR 7.74 assigns declining limits on total an@GlBemissions fran identified emitting powe

plants within Massachusett3.able34 lists the affected power plants under this regulation. In the AESC
2021 study, we modl this regulaibn as a statavide limit through which plants receive g@llowances
pursuant to 310 CMR.74 at the start of each yed?’ The emissions limit starts at 9.1 million metric
tons in 2018. It then declines by 2.5 percent of the 2018 emissimitsd 8.7 million metric tons in

2020, and 6.4 million metric tons in 2030 (Sesble24).138

In this analysis, we assume that both new and existing units fall under the same aggregate limit, as was
done in the 2018 AESC study. Wedeled all new and existing units as able to fully trade allowances
pursuant to 310 CMR 7.74 throughoe&ich compliance year. To simplify computation,deanot model
A(Psor banking of Cgallowances pursuant to 310 CMR 7.74.

137 e understand that alloancesmaybe distributed througHree alocation through an auction, or through some
combination thereof. Welo not plan tomake a distinction between these approachestia 2018 AESC study, as the
approach is unlikely to substantially impact allowandegs

138 ynder the regulation, ta emisgons cap continues through 2050.
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Figure29. Analyzed electric sector GOmits under 310 CMR 7.74
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Table34. List of gmerating units modeled as subject to 310 CMR 7.74

o Unit Cillis :
Facility Fuel Type Year EnCompass Unit Nam¢
Type .
(if recent)

1588 Mystic ST  Natural Gas - Mystic 7
1588 Mystic CC Natural Gas - Mystic CC
1592 Medway Station GT o]] - West Medway Jet
1595 Kendall Green Energy LLC ST Natural Gas - Kendall Square Jet
1595 Kendall Green Energy LLC CC Natural Gas - Kendall Square CC
1599 Canal Station ST 0]] - Canal 1
1599 Canal Station ST oil - Canal 2
1642 West Springfield ST 0]] - West Springfield 3
1642 West Springfield GT Natural Gas - West Springfield 10
1642 West Springfield GT Natural Gas - West Springfield 2
1660 Potter CC Natural Gas - Potter Station 2
1660 Potter GT  Natural Gas - Potter Station 2 GT
1678 Waters River GT Natural Gas - Waters River 1
1678 Waters River GT  Natural Gas - Waters River 2
1682 Cleary Flood ST o]] - ClearyFlood
1682 Cleary Flood OT  Natural Gas - ClearyFlood CC
6081 Stony Brook CcC Qil - Stony Brook CC
6081 Stony Brook GT 0]] - Stony Brook GT
10307 Bellindham CC Natural Gas - Bellingham Cogen
10726 MASSPOWER CC Natural Gas - Masspower
50002 Pittsfield Generating CC Natural Gas - Pittsfield
52026 Dartmouth Power CC Natural Gas - Dartmouth Power CC
52026 Dartmouth Power GT Natural Gas - Dartmouth Power GT
54586 Tanner Street Generation, LLC CC  Natural Gas - L'Energia Energy Cente
54805 Milford Power, LLC CC Natural Gas - Milford Power (MA)
55026 Dichton CC Natural Gas - Dighton Power
55041 Berkshire Power CC Natural Gas - Berkshire Power
55079 Millennium Power Partners CC Natural Gas - Millennium Power
55211 ANP Bellingham Energy Company,| CC  Natural Gas - ANP Bellingham
55212 ANP BlackstonEnergy Company, LL CC  Natural Gas - ANP Blackstone
55317 Fore River Energy Center CC Natural Gas - ForeRiver
1626 Footprint (Salem Harbor) CC Natural Gas 2017 Salem Harbor CC
1599 Canal 3 GT  Natural Gas 2019 Canal GT
59882 Exelon West Medway Il LLC GI'  Natural Gas 2018 West Medway |l

Note: This list includes some units that are modeled as retiringnag gmint in the study period.

310 CMR 7.75: Clean Energy Standard

This regulation establishes additional tranches of clean energy that are eligipality for Clean
Energy Certifid@s. More information orhow we modeledhis regulation (along with i@nt regulations
for existing energy that were finalized in 202@n be foundn Sectiord.4: Renewable energy

i Synapse Energy Economics.
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Other environmental regulations

Several other environmental regulatioase modeled in EnCompass and are thus embedded in the
avoided energy costs. Other environmental regulations not ireaiuid the avoided energy costslande
the following.

Sulfur dioxide (S€) and nitrogen oxides (N

Allowance prices are applied for arall5Q emissions covered under the CreState Air Pollution Rule
(CSAPR) and the Acid Rain Program (ARP). Actubtedeftyerage allowance prices fnothe 2020 S©
spot auction ($0.0per short ton) for SQare escalated at the rate of inflation througfe study period,
where SQallowances are trading at a transaction c68tTheseassumed prices are lower than the
prices assumed in AESC 2018 ($0&i2sport ton, in 2018 dollars).

In AESC 2021 we assume no embeddedmi©es. This assumption stems frahmee factors: the New
England states being exempt from the CSAPR program; an assumption that currently propsed sta
specific regulations in Massaatetts and Connecticut on ozoseasoRANCOk are unlikely to be binding;
and NQ prices having been excludérom being modeled in previous AESC studies.

Mercury

As in past AESC studies, we assumed no trading of mercunpailbwance prices.

Other statespecific CQpolicies

Similar to MassachusetGWSA, all other New England states have specified a gtzabet for

reducing C@emissions (se&able35). Unlike Massachusetts, no other state has currently isspetific
electricsector regulations aimed at requiring that electsiector emissions remain under a gifeed cap

in some futureyear. In the AESC 2021 analysis, we do not include any embedded costs of GHG reduction
compliance from states other than Masshusetts, and we assume no additional eleesector

regulationsto those put forth under 310 CMR 7.a#d 7.754°

B9 o{o 9ttt o [Fad F00SaadR 2ad NOKERAGIEMNaNEig@ G H nH A { h
https://www.epa.gov/airmarkets/2026s02-allowance-auction#tab2.

140Note thatAESC 202does not assume that the full costs of the Massachusetts GW8Any otheré | 1 $4Q Ot AYF GS 3J21
are embedded in the energy prices and CES compliance prices. AESC 2021 only models the cost of casplzieck a
with regulations promulgated by MassDEP, including 310 CMR 7.74 and 310 CMR 7.75. In reality, the full cost of the
Massachusetts GWSA and similar goals, targets, and requirements, will also be driven by (a) other, modeled impacts to the
electricsedor (i.e., new unit retirements, unit additions, natural gas prices, load forecasts) and (b) expliciiyautsmted
impacts b the electric sector (i.e., energy efficiency and other DSM programs), (e) eriediming actions that occur
outside the eletric sector, and will be bounded by (c), the interim targets for specific milestone dates, which are in many
cases, not yet eablished.
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Table35. Statespecific GHG emission reduction targets 2050

Substitute House Bill No. 5600
Public Act 088: "An Act
Goncerning Global Warming
Solutions" (Global Warming
Solutions Act, or GWSA). See
https://www.cga.ct.gov/
2008/ACT/R/2008PA00098

Interim Targets / Ndes

Senate Bill No. 7 Publict No. 182
An Act Concerning Climate Change
Planning and Resiliency. This 2018
Act established an interim goal of
45% below 2001's GHG emissions
level by January 1, 2030. Available ¢
https://www.cga.ct.gov/2018/

ROOHBO5600GPA.htm

38 MRSA 8578. Greenhouse gas
emissions eductions. See
http://www.maineleqislature.org/
legis/statutes/38/title38sec576

2008, Chapter 298n Act
Establishing the Global Warming

https://malegislature.gov/laws/
sessionlaws/acts/2008/chapter298

https://www.mass.gov/doc/final
signedletter-of-determinationfor-
2050emissiondimit/d ownload
2009 New Hampshire Climate

https://www.des.nh.gov/
organization/divisions/air/tsb/tps/

documens/nhcap_final.pdf

TITLE 42, State Affairs and
Government Chapter 426.2
Resilient Rhode Island Act of 2044
Climate Change Coordinating
Council, Section 48.2-2. See
http://webserver.rilin.state.ri.us/
Statutes/TITLE42/48.2/42-6.2-

Title 10 V.S.A. 8 578 Conservation
And Development Chapter 028ir
Pollution Control. See
https://legislature.vermont.gov/
statutes/secton/10/023/00578

act/pa/pdf/2018PA00082
ROOSED000FPA.pdf

The legislation has the following
interim goals{a) Reduce GHG
emissions by 45q¥cent byJanuary 1,
2030and (b) byJanuary 1, 2040, the
gross annuaGHGemissions level
must, at a minimum, be on an annue
trajectory sufficient to achieve the
2050 annual emissions level.
Statutory target set at 80% below
1990 levels by 205@GWSAequires
the Exective Office of Eargy and
Environmental Affairso set
economywide GHGemission
reduction goals fo2020, 2030, 2040,
and 2050.

n/a

Interim targets below 1990 levels
include:(a) 10 percenbelow 1990
levels by 202@nd (b) 45 percent
below 1990 levels by 2035;

Interim targets below 1990 levels
include:(a) 25 percent by January 1,
2012and50 percentby January 1,
2028

State 2050 Target Category Sources
CT 80% below  Statutory
2001 levels Target
ME 80% below  Statutory
1990 levels Taget
by January
1, 2050
A.htm|
MA Net zero Statutory
emission by Target
2050; gross Solutions Act. See
emissions
must be at
least 85% and
below 1990
levels
NH 80% below Executive
1990 levels Tamet Action Plan. See
climate/action_plan/
RI 80% below  Statutory
1990 levels Target
2.HTM
VT 75% below  Statutory
1990 levels Target
b2GSY

& ludedidefigoNsErérttps://www.c2es.org/document/greenhousgasemissiongargets/.

& Synapse Energy Economics.

AESC 2021108


https://www.cga.ct.gov/2008/ACT/PA/2008PA-00098-R00HB-05600-PA.htm
https://www.cga.ct.gov/2008/ACT/PA/2008PA-00098-R00HB-05600-PA.htm
https://www.cga.ct.gov/2008/ACT/PA/2008PA-00098-R00HB-05600-PA.htm
https://www.cga.ct.gov/2018/act/pa/pdf/2018PA-00082-R00SB-00007-PA.pdf
https://www.cga.ct.gov/2018/act/pa/pdf/2018PA-00082-R00SB-00007-PA.pdf
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https://malegislature.gov/laws/sessionlaws/acts/2008/chapter298
https://www.mass.gov/doc/final-signed-letter-of-determination-for-2050-emissions-limit/download
https://www.mass.gov/doc/final-signed-letter-of-determination-for-2050-emissions-limit/download
https://www.mass.gov/doc/final-signed-letter-of-determination-for-2050-emissions-limit/download
https://www.des.nh.gov/organization/divisions/air/tsb/tps/climate/action_plan/documents/nhcap_final.pdf
https://www.des.nh.gov/organization/divisions/air/tsb/tps/climate/action_plan/documents/nhcap_final.pdf
https://www.des.nh.gov/organization/divisions/air/tsb/tps/climate/action_plan/documents/nhcap_final.pdf
https://www.des.nh.gov/organization/divisions/air/tsb/tps/climate/action_plan/documents/nhcap_final.pdf
http://webserver.rilin.state.ri.us/Statutes/TITLE42/42-6.2/42-6.2-2.HTM
http://webserver.rilin.state.ri.us/Statutes/TITLE42/42-6.2/42-6.2-2.HTM
http://webserver.rilin.state.ri.us/Statutes/TITLE42/42-6.2/42-6.2-2.HTM
https://legislature.vermont.gov/statutes/section/10/023/00578
https://legislature.vermont.gov/statutes/section/10/023/00578
https://www.c2es.org/document/greenhouse-gas-emissions-targets/

Federal C@policies

In August 2018, the U.Environmental Protection Agen¢gPARannounced a successor policy to the
Clean Power Plan in the form of the Affordable Clean Energy (ACEYduldanuary 2021, the D.C
Circuit vacated the ACE Rule and remanded it to'®8\Ahile other plans for federahction on C@

have been discussed in recent years, there are currently no regulations or policies in federal rulemaking.
AESC 2021 models no othedézal CQpolicies.

141Synapse has written a short summary of an earlier ACE propds#ibst/www.synapseenergy.com/abouus/blog/ace
whatscardsemissionsreductions-0.
I

Pd{d 9t! d [adG I O0SaaSR al NOK MMXI HAaHmM® ! FF2NRIotS /Sy ¢
https://www.epa.gov/stationarysourcesair-pollution/affordable-cleanenergyrule.

142 ynited States Court of Appeals USCA Casel#40. October 8, 202@merican lung Association and Anoan Public
Health Association V. Environmental Protection Agency and Andrew Wheeler, Administrator, Respanaiatite at
https://statepowerproject.files.wordpress.com/2021/01/americdang-assnv.-epadc-cir.-no.-19-1140per-curiam
decison.pdf.
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5. 1'+h L5951 / Lhe[ ¢ {

AESC 2021 develops avoided capacity prices for annual commbipariods sarting in June 2021. The

avoided capacity costs are driven by actual and forez®tf S+ NAy 3 LINAOSAaFCMy L{h bS,
TheAESC@1forecast prices are based @bservations madéen recent auctionss well agxpected

future changesn demand, suply, and market rules. These prices are applied differently for cleared

measures (i.e., measures that participate in the capacity magtat)uncleared measures (i.e.,

measures that do not participate in the capacity markég)

We find that inCounterfactual #1, capacity prices range from $2.80 pemkdth to $4.34 per kW

month in 2021 dollardMarket-clearing prices in the outears are pincipally determined by future
changes in supply (including additions of battery storagéar, wind, ad occasionally new natural gas
fired power plants; as well as and retirements of thermal generation) and future changes in demand.
Small yeaon-yearvariations are due to changes in load, new resources coming online, and other
resources reting.

Comparel to AESC 2018, capacity priggeAESC 202dre about half as large on a-y&ar levelized
basis. In general, Counterfactual #2 has lower capaditgpdue to a lower projection of load, while
prices inCounterfactual #1Counterfactual 8, and Countegctual #4are relatively similar due to similar
projections of annual loads. Small yearyearobserveddifferences are due to changes in load, new
resources coming online, and other resources retiring.

5.1. Wholesale electric capacity markétputs andcleared capacity
calculations

The following section provides a description of the analysis used to develop avoided capacity prices from
the FCM auctions,sawell as key input assumptions.

Description of Forward Capacity Market analysis

AESC 202develops avoide capacity prices from the FCM auction prices for peyears from June
2020 onward, using the actual results in auctions for delivery year¥2R2hrough 2@4/25 (FCA42
through 15) and extrapolating the historical results for the rest of the analysitod. The major
assumptions used to simulate the future operation of the F@dlude

1 1SO New England will continue to operate the FCM in a mamméasto recent years,
includingusing a similarly shapetemand curve.

3461 v Ot SFNBR NBa2dNDSaé AyOf dzRSa NB&E2dNDSE GKIFG ljamst ATE TF2NJI (
GKFG aAayYLXte R2 y2G LINGAOALI GS Ay GRS NYISNDES NBla® deNGOIS®& ¢ K S & (
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1 Resources generally continue tald~CM capacity in a manner similar to their bidding in
FCA 9 through FCI&. Most existing resources (renewables, nuclear, hyd&, Yo iy SR
O & Giid®odern combustion turbines) contire to bid in as pricgéakers, at or below
likely FCM clearing prices.

1 The buildout of the transmission system and additions of capacity in southern New
England, as well as restrictions on the shifting of resources amumes in the
Competitive Auctionwith Sponsored Resourc@SASPR) programwill minimize the risk
of sepaation of capacity prices among the internal ISO capacity zones. The location of
future potential zonal price spikes is difficult to assess; sincettmt of the FCM, ISO
New Englandhas observed or anticipated capaefiyice separation for Maine,

Conneticut, NEMAnorthern New Englandyermontand New Hampshiry SEMA,
SEMARI, andsoutheasterrNew England (NEMA, SEMA amddéR Islandl The
transmision and 1ISO New England have mgdat efforts to eliminate binding

capacity constraints between zonesdhave been successful since FCA*\dle

observed relatively minimal price separation in FCA 15, but we do assume no price
separation in future yearsAlthough it is possible that jges separation could occur in
some future years, there is much uncertgiiin terms of when this separation could
occur, where it could occur, what level of price spread occurs, and how long the effect
lasts. Thus, for pposes of simplicity, we assumesiagle regional clearing price in all
modeled years.

1 Retirements and adtons of resources will change the amount of capacity in the low
price section of the supply curve, but the shape of the demand curve around the
market-clearing point will remain siifar to the shape of the supply curve in FGA

1 Due to retirements anébad growth, FCM prices in the oyears are likely to be
determined by the price of new resources, net of energy profits and operatisgyve
reventes. Those new resources may bentwistion turbinesQ 2 Y 6 #0Oye SDRitS or
battery storage.

1 The capacit priceisset in the primary FCA based on the bids of existing resources, new
unsubsidized resources, subsidized resources that could clear withesubsidy, and
imports. New stat-mandated resources, such as purchases of Canadian hydro power
and offstore wind,are assumed ta@ontinue to participate ira substitutionauction
under the CASPR program, in which they can contract to take over the tyagpaguly
obligation (CSO) of a&geration resource that clears in the primary FCA and stect
permanenty retire, giving up its transmission rights.0Once a sponsored resource has
cleared in the CASPR marketsithenconsidered an existing resourcadis able to
participate in the primary auctiariThe existence of the CASPR market should encourage
unecaomic generators (including a large amount of fossil steam capacity) to bid low to

1441he abrupt norprice reirement of the entire Brayton Point station and Vermont Yankee in FCA 8 resulted in insufficient
competition in the atire ISO in FCA 8 and in SEMA/RI in FCA 9.

1457ne retiring resource may pay the sponsored resource to take over the obligation (at &psitkan the FCA clearing
price) or the sponsored resource may pay the retiring resource for the right to becomdstimg resource in future FCAs.
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clear the FCA, with the intent of offloading their CSOs to spods@sources*® Once

they are recognized as existing resources, sponsmsaurcesare likely to bid largel

as pricetakers, since they will not want to shut dowi.detailed discussion of the

CASPR market is found belovsibsectiontitted { h bSg 9y 3IfFyRQa [/ 2YLISGAIDG
Auctions with Sponsored Resourggsadtive.

1 Forpurposes of simplification, we assume that all resources are paid a-giegigrice,
rather thana multiyear price. The option to elect a mujtéar pricewill no longerbe
allowedbeginning in FCA 16’

AESC 202Zhcorporatesthese assumptions to estiae FCM prices for power years from J@@25
onward.

Input assumptions to FCM analysis

The analgis of future capacity prices utilizes the reswatshe four most recenforward capacity

auctions(FCA 12 through FCA l&hichare among theonly ISO Ne England FCAs to clear at bid

prices, rather than an administrative linit8 Table36 shows the Rest of Pool (ROP) resultsefach

round of each auctions. ABe price fallsn eachround G KS L{h AYONBI afeathei KS f SO
amount ofcapacity it deems appropriate to procure. Simultaneously, the amount of supply that would

clear falls with the price, and the exasof supply over demand falls even faster.

146150 New England requires that an existing capacity resource which seeks to participate in thetismbstittion offer a
Test Price that indicates its estimate of a price at which it would not earn enough revenumsetdts goingforward costs.
¢KAad R20dzrSyd Aa NBGASHESR o6& L{h bSg 9y3Afl yRanismyili SN} It al |
preclude many existing resources from clearing.

147y s. Federal Energy Regulatory Commission. Decemd@2@, Order on Paper Hearing 173 FER&1,198. Available at
https://www.iso-ne.com/staticassets/documents/2020/12/el264-000_122-20 order_new_entrant_rules.pdf

148 cA 9 and FCA 10 also cleared at bid prices.
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Table36. FCA price results by rour(dest-of-pool results only)

Net

Price 2021 $/kWmonth  $11.35  $8.04 $10.50 $8.00 $5.50 $4.63
Demand MW 33,362 33,732 34,626 35,030
Excess MW 3,972 3,589 2,669 0
Supply MW 37,334 37,321 37,295 35,030

FCA B Price 2021 $/kWmonth  $11.07  $8.00 $10.30 $7.30 $4.30 $3.80
Demand MW 33,437 33,897 34,724 34,954
Excess MW 4,039 3,431 1,696 0
Qpply MW 37,476 37,328 36,421 34,954

FCA 4 Price 2021 $/kWmonth  $11.03  $7.87 $10.30 $7.30 $4.30 $3.00 $2.00
Demand MW 32,204 32,631 33,237 33,591 34,194
Excess MW 5,704 4,973 3,612 2,480 0
Supply MW 37,908 37,604 36,849 36,071 34,194

FCAL5  Price 2021 $/kWmonth  $11.26  $8.20 $9.71 $6.88 $4.05  $2.83 $2.46
Demand MW 33,049 33,493 34,102 34,464 35,081
Excess MW 4,547 3,857 3,078 1,246 0
Supply MW 37,596 37,350 37,179 35,710 35,081

Notes: All prices have been converted to 202lado
Sources: Sd#tps://www.iso-ne.com/staticassets/documents/2016/12/summary_of historical icr_valuesxisk

https://www.iso-ne.com/staticassets/documets/2018/05/fcaresultsreport.pdf

Historical supply curves

Figure30shows the pice results of the auction rounds, asuamction of the supply available at that

price. These areffectivelythe supply curves for capacity inaaof these auctions. Each year, the

market has been able to provide more capacity at a given price, or grevgiven capacity at a lower

price. Theprice curves for the last four auctions are relatively closely clustered and guide the AESC 2021
projection for future priciry. For futureyears we move the FCA 15 supply curve right or left to reflect
changes inapacity additions and retirementsdereach counterfactual
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Figure30. FCA price results by roun(@ffective supply curvep
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Note: All prices have been converted into 2021 dollars.

Historical demand curves

ISO New England has used the administrative demand curve faasgears to provide greater stability

in capacity prices and acquire additional resources when pricelewarestarting with FCA 14, the

demand curve has been a smooth curve, shaped to ntimichange in losef-load expectation. The
demandcurveissc@lR a2 (GKFd GKS OF LI OAG& LINR OStofhgwdzl £ & L{ h
entry (CONE) at thaet indalled capacity requiremen(iNet ICR).

Figure31 showsthe FCA 12 and FCA d8mand curvesthe last two auctions featuring stepped
demand curves, and the two more recent auctidhat haveusedfully smootheddemand curves. Net
that the curve for F& 14 moved considerably lower relative to FCA 13, while the curve for FCA 15
moved back up.

To model FCA 16 and future year, ely on the demand curve for FCA 15, shifted according to
projected changes in demand in each countetdat
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Figure31. Recent~-CAdemand curves
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Note: All prices have been converted into 2021 dollars.

Historical capacity prie results

Figure32 shows the result of ntahing thedemand and supply curves fBCA 12 through FCA 15. The
figure shows each FGépresented by a distinct color. The figure then is further differentiated with:

1 A solid line repremnting the demand curvéor each FCA
1 A dashed line representing ttseipply cure for each FCA

1 A dotted lire for the supply curve for Counterfactual #1 that excludes the 2020
energy efficiencyor each FCA

9 A solid circle that shows the actual markdgaring pricefor each auction

1 An empty circle that indicateshat the clearing pricavould have been if nofor energy
efficiencythat was installed in 2021 and later years
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Figure32. Market clearing capacity prices for FCA 12 thgh FCA 15
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Notes: Solid lies markeddDe are demand curves, dashed lines mark&tare actual supplywrves, and dotted lines marked
02 are supply curves absent pe20 energy efficiency. Solid circles denote the clearing price under actualarenditile
empty circles denote/hat the clearing price would have been but for pp820 energy efficiencnly results for resvf-pool
are shown.

The exact clearing price in each auction depends on the size of the marginal unit, since ISO New England
accepts entire units rather thamdividual megawatts. Hence, the actual FCA supply curve does not

quite intersect with the demand curve, especially for FCA 12 and FCA 14; these clearing prices must have
been set by large unit3.able37 summarizes the clearing prices for the actual &nd LJ2 § KS G A OF & 4 A
postH N1 H N caSe8 describenh Figure32.

Table37. Capacity prices for recent and pending FG2821$ per kW-month)

Commitment Period Actual Clearing Price Actual Clearing Price Without

(June to May) post-2020 EE

2021 $ 2021 $
2021/2022 12 $4.63 $4.77
2022/2023 13 $3.73 $3.96
2023/2024 14 $1.92 $2.47
2024/2025 15 $2.46 $3.29

Note: Resbf-pool prices only.

As a poinof reference Figure33illustrates the actual clearing prices since the stdrthe FCM The
average resbf-pool dearing priceover the four most recent auctions is $3.19 kénth.
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Figure33. Forwardcapacity auction clearing prices for gdhstauctions(rest-of-pool prices only)
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Note: All prices havieeen converted into 2021 dollars.

Projecting future capacity prices

For each subsequent auction after FCA 15, vienage both the demand curve andh¢ supply curve
using the stepslescribedabove The demand curve shifts to the right as the forecastealkpncreases.
The supply curve shifteft or right, depending on the extent of resource retirements and additidfs.
The intersection of these two cues indicates the capacity price.

Table38 depicts the estimated peak demand wrdeachcounterfactualin the future years where prés
are simulated (as opposed to 20&fkough2024, where capacity prices are based on actual
obseavations) We calculated pak demand based on the aggregate hourly peak load from the drivers
described irSectiord.3: New England system denmérPeak demand faCounterfactuad #1, #3,and #4
are relativdy similar due to thesimilarityof their underlying assumptions. Peak demand for
Counerfactual#2 is substantially lower, as thisunterfactual incorporates incrementahergy
efficiencyafter 2020.

149¢ kS HdzldLdt @ OdNBS sAtt [ta2 OKIy3dS sAGK GKS $02y2YAOda

2F 02y

AONY GSAASET GKS | G At | 0 A f siar Beso@ce eligiMibi2andbthet fadtofshweh&@nod y 3t | Y RQa

estimated those chages, which will be driven by factors that are difficult to forecast.
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Table38. Projected cumulative change in demand (GW), relative to FCA 15
Counterfactual #1  Counterfactual # Counterfactual #3 Counterfactual #4

FCA 16 2025 0.5 0.1 0.5 0.5
FCA 17 2026 0.8 0.1 0.8 0.8
FCA 18 2027 1.2 0.2 1.2 1.2
FCA 19 2028 1.6 0.2 1.6 1.6
FQ\ 20 2029 21 0.4 2.1 2.1
FCA 21 2030 2.5 0.5 2.5 2.5
FCA 22 2031 2.9 0.6 2.9 2.9
FCA 23 2032 3.3 0.8 3.3 3.3
FCA 24 2033 3.9 1.0 3.9 3.9
FCA 25 2034 4.4 13 4.4 4.4
FCA 26 2035 4.9 15 4.9 4.9

Table39 depicts the availal® supply under eacbounterfactualin the future years where prices are

simulated (as opposed to 2022024, where capacity prices are based on actual observations).

Projeced supply is based on the impacts from the drivers described in ChagEemmorElectric
AssumptionsChapter7. Avoided Cost of Compliance witerlRwable Portfolio Stadardsand Related

Clean Energy Policieend the dynamics of the CASPR auction described belihwe subsection titled

L{h bS¢ 9y3aftlyRQa / 2YLIS{AdulA dfiativedzfelsipplydepicted herkis { L2 y &
the net cumulative suply relative to FCA 15, after accounting for conventional plant retirements and

additions, as well as CASBligibleplant additions

Projected supply for Counterfactisatl, #3, and #4 are relatilyesimilar due to thesimilarity of their
underlying assuiptions. Projectd supply for Counterfactual #2 is substantially lower, as this
Gounterfactual incorporateincrementalenergy efficiencwfter 2020. See Chaptér Avoided Energy
Costdor more discussion on these results.

Table39. Projectedcumulative change in sudp (GW), relative to FCA 15

Counterfactual #1  Counterfactual #2 Counterfactual #3 Counterfactual #4

FCA 16 2025 -0.6 -0.9 -0.3 -0.3
FCA 17 2026 -0.5 -0.8 -0.2 -0.2
FCA 18 2027 -0.4 -1.8 -1.0 -0.9
FCA 19 2028 -0.4 -1.7 -0.9 -0.9
FCA 20 2029 -0.3 -1.7 -0.9 -0.8
FCA 21 2030 0.3 2.1 -0.5 0.4
FCA 22 2031 0.4 2.1 0.2 0.3
FCA 23 2032 0.4 -2.0 0.3 0.3
FCA 24 2033 1.1 -2.0 0.9 1.0
FCA 25 2034 1.1 -1.9 1.0 1.0
FCA 26 2035 2.4 -1.3 2.3 2.3

As described above uo simplifiedcapacity markemodeldoesnot estimategeographigrice

separation in any years after FCA e observed relatively minimal price separation in FCA 15, but we
do assume no pce separation in future years. Although it is possible that prices separation could occur
in some futureyears, there is much uncertainty in terms of when this separatiomdcoccur, where it
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could occur, what level of price spread occurs, and how lbagffect lasts. Thus, for purposes of
simplicity, we assume a single regional clearing price in all redd&ars.

Results

As described above, for each year and eeminterfactual, MW differences in demand (relative to FCA
15) are added to or subtractddom the FCA 15 demand curve to create a new future demand curve. A
similar operation is performed for theCA 15 supply curve using the changes in supjgyre34
illustratesthe resulting market clearing prices in Counterfadtta for a selection of yeark this
counterfactua) capacity pricetqn FCA 16 and lateange from .72 per kWmonth to $.67 per kW

month in 2021 dollars. The marketearing prices in the owutears are principally determined by

whether the balance ate qualified and cleared capacity additions, primarily from battery storage and
offshore wind, and retements of thermal generation (fossil steam, combustion turbines, some older

O 2 Y 0 10Oy SDRitS and some biomass), and how the resulsagplycompares to thechange in
demand

Figure34. Forecast obelectedFCA prices in Coterfactual #1(2021 $ per kWmonth) in restof-pool region
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Notes: Solid lines markefé¢ are demand curves while dotted lines mark&iare supplycurves. Empty circles denote
estimated clearing prices. Several supply curves are not marked on thés figtitie in between 16S and 28&ta on clearing
prices for other counterfactuals and iegs can be found in theESC 202Uiser Interface.

Thesecapacity prices, projected for 2025 and later years, are then appended to actual capacity prices
for 2021¢2024 (in the case of Counterfactu@)#nd capacity price projections for these same yéaits
for the impact of pos2020energy efficiency (in thease ofCounterfactuad #1, #3, and #4 Table40
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andFigure35 compare thecompletecapacity price projections for each counterfactual. In general,
Counterfactual #2 has lower capacity prices due to a tquvejection of load, while Counterfactual #1
Counterfactual #3and Counterfactual #dre relatively sintar due to similar projections of annual
loads. Small yeawn-year differences are due to changes in load, new resources coming online, and
other reurces retiringThese are the avoided capacitysts used for cleared resources.

Compared to AESC 201BetAESC 2021 capacity prices are about half as large opead evelized
basis. Prices tend to be lower and remain low because the amount of deamahsupply resources
modeled in future yearssiexpected to produce clearing prices that occur in a iradht low and shallow
part of both the supply and demand curves.

Table40. Comparison of capacity prices rest-of-pool (2021 $ per kW-month)

Commitment Actual but AESC 2021 AESC
Period FCA Actual for post | Counter Counter Counter Counter 2018
(June toMay) 2020 EE | factual #1 factual #2 factual #3 factual #4
2021/2022 12 $4.63 $4.77 $4.77 $4.63 $4.77 $4.77 $4.99
2022/2@3 13 $3.73 $3.96 $3.96 $3.73 $3.96 $3.96 $5.10
2023/2024 14 $1.92 $2.47 $2.47 $1.92 $2.47 $2.47 $5.21
2024/2025 15 $2.46 $2.75 $2.75 $2.46 $2.75 $2.75 $5.50
2025/2026 16 $2.72 $2.69 $2.59 $2.59 $5.95
2026/2027 17 $2.88 $2.69 $2.75 $2.75 $6.46
2027/2028 18 $3.11 $3.33 $3.46 $3.43 $6.95
2028/2029 19 $3.30 $3.30 $3.65 $3.62 $7.45
2029/2030 20 $3.59 $3.41 $3.94 $3.92 $7.95
2030/2031 21 $3.42 $3.77 $3.97 $3.94 $6.95
2031/2032 22 $3.67 $3.81 $3.79 $3.77 $7.45
2032/2033 23 $3.90 $3.86 $4.02 $3.99 $7.95
2033/2034 24 $3.86 $4.02 $3.95 $3.92 $6.95
2034/2035 25 $4.67 $4.47 $5.09 $4.95 $7.4%6
2035/2036 26 $3.66 $3.86 $3.73 $3.71 $7.95

15year
levelized cost

Percent
difference

Notes: Levelizatioperiods are2021/2022 to 2035/2036 for AESC 2@2118/2019 t02032/2033 for AESC 201Real discount

rate is0.81 percent for AESC 20&4d 1.34 percent for AESC 2048. f dzSa F2NJ a! Ol dzl f-2020BER | NIBO(G dzZ f 6
calculatel based on resbf-pool. Data on clearing prices for other counterfactuals and regions can be foundAE®E 2021

User Interface.

1501he shapes of both of these curves are determined by data published by ISO New England, either daegtiyath
publication by ISO New England (in the case of the FCA 15 demandasungd)ectly via auction results (in the case of the
FCA 15 supply curve).
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Figure35. Comparison of capacity prices in AESC 28@bss different counterfactuals
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5.2. Uncleared capacity calculations

Any load reduction thatlearsprovides avoided capacity coststhe year that the resource participates

in the capacity auction. For ample, if a program administratéras bid 1 MW into FCA 15 and expects

to deliver that 1 MW starting in the summer of 2024 (the beginnindhefRCA 8 commitment period),

that benefit will receive the full avoided capacity cost benefit starting in 20Réwlise, if this measure

is re-bid into each subsequent auction for the duration of its life, it will receive an avoided capacity cost
equal b the maket clearing price for all future years

But ot all resources are bid intine FCAProgram administratrs may choose to claim lower savings
from new installations until the program is approved, funding is more certain, or the rate of installati
is beter known. Thus, a program administrator miaig some (oronly a portion of the anticipated
capacityinto the F@.1°1

¢CKA& NBYIAYAY3 OFLI OAGE A& 1y26y | & dadzyOf SI NBRE
¥ o e

with this resource isot simpe G KS OF LI OAG& LINAOS Ydz GALX ASR

Blig t2y3 ra AdG A& aljddt AFTASRE G2 LI NI A Okl theirfleakey pottiaiz®fi A 2 v &
the resource may be later bid into monthly annuetonciliation auctions (MRA), annual reconciliation auctions (ARA), as
well as for the FCAs for later commitment periods. In general, ARA prices are lower than FCA ptiee&Réis
completed for the commitment periods ending in 2018 to 2021, theé ARA averaged about 76 percent of the FCA price,
the second ARA averaged 37 percent, and the third ARA averaged 31 percent.
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these resources are indirectly captured in the development of inputs toNKSOENd! y FFQM

Phasein

Each year, ISO New England generates a demand forecast using a complex regregsisroéiadd,

weather, and a time trend over 15 years of historical summer (primarily July and August) daily peak

loads. As load reductionsoin uncléd NER STFAOASY O& LINPIAINI Ya F LIISIENI AY
capacity requirements (i.e., load) areduced!®2Because each annual capacity auction is performed

three years in advance of a commitment period, and because there is a lag in terms oflveimgyes to

load appear in the load forecast used for a capacity auction, we assume that benefits fraaradcl

cgpacity do not start until 5 years after their installation dai@ble41 describes a hypothetical timeline

where a neasure is installed in 2019, but does not produndrapact on the capacity market for

another five years.

Table4l. lllustration of when uncleared capacity begins to have an effect

2019 Measure is installed and begins teduce load.

2020 ISO New England publishes a load forecastithpartially impacted by the load redtions
installed in the previous year.

2021 An annual capacity auction occurs (effective three years from now in 2024). The demand
in this aucion is based otthe load forecast made in the previous year.

2022 -

2023 -

2024 The year the prices fra the capacity auction take place. The uncleared measure now beg
to have an impact.

Phaseout

However, once impacts begin (in year N+5), theydiseounted to some degree. The phareof these
impacts is nodinear, depending on the duration of loadductions and when in the }gear dataset the
reductions occur. The following paragraphs illustrvo examples of this phenomenon.

Figue 36illustrates how a measure with a ofy@ar measure life may impact the load forecased in

the FCMIn each panel, the b&k dots illustrate historical load data, with the righibst dot representing
data from the most recent historitgear. The red line is a simple bdistinear regression continuing for
several years into the futur&he first panel shows a base casewilib years of data and no reduction in
load. The second panel shows the effect of a-paar load reduction on Bnear regression when that
load reduction occurs in the most recent historical year. The third panelshovalternate situation,
where the me-year load reduction occurred two years in the past. The final panel shows a situation

1521he effect of the load reduction on the coefficierf the weather variables is less predictable and depends on the weather
condtions on the days affected by the program.
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where the oneyear loadreduction has occurred five years in the past. These examples show that the
singleyear load reduction hathe largest impact on the forecasthen it is at the end of the data, in the
most recent past year. When the reduction has aged, the impact on teedst is more modest. This is
because the critical point is more towards the center of theyg&r time gries rather than on the edge.

Figure 36. lllustrative impacts of a singlgear load reduction on the peak forecast
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In a £cond examplekigure37 depicts the impact of a loagduction with a fiveyearmeasure life. This
measure is illustrated at having been installed at various times: not at all in the first panel, one year ago
in the second panetwo years ago in the third panel, and five years ago in the final panel. TEeNdo Y Q a
effect on the loadorecast (the red line) increases with multiple years of operation. The longer a

measure is in effect, the flatter the resulting trend line.

Figure37. lllustrative impacts of a fiveyear load reduction o the peak forecast
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Loadforecast effect (LFESchedule

The above observations lead us to a set of conclusions:

In reality, we would expect the capacity marketrespond tothe cumulativeeffect of each program on

the load forecast (and hence the demand curve used in the anjcBcause of the complexity

associated with these forecast reductions, we approximateitieeemental phasén schedule using
simplified blocks (se€able42). We assume that the first year a oiyear measure produces an impact

on the load forecast, the uncleared capacity benefit is scaled by 30 percent. In the following three yea
the benefit is scaled by 20 percent. In tloairth year, the benefit is scaled by 10 percent, and by the

fifth year, we assume the benefit is erassaimpletely.
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Table42. LFE shedulefor a measure with aone-year lifetime installed in 2021

Percent of uncleared capacity ipact in place

2021 0%
2022 0%
2023 0%
2024 0%
2025 0%
2026 30%
2027 20%
2028 20%
2029 20%
2030 10%
2031 0%
2032 0%
2033 0%
2034 0%
2035 0%

However, because these effects are assumed to be driven byutimellativeimpact of a measure, if a
measure produces savings for multiple years, it will have a greater and morengdisgaice effect.
Table43 shows the schedule assumed for measures with lifetimes varying from one to ten'yars.
Each successive phaisecolumn ha the same series of values (equal to the effect of ayma

program), offset byne year.The percentage of the actual load reduction integrated into the forecast is
the sum of the effect from each program yéaf.For example, in 2027, the assumed effisctqual to

50 percent, or the sum of the 2026 impact from a egrear program andhe 2027impact from a one

year program.

153 5ee theAESC 2021 User Interfdoe a detailed schedule of uncleared capacity DRIPE effects for measures lasting one
through 35 yars. We note that AESC 2018 described there being two separate LFE schadategdoration and short
duration measures. This is because for measure lives 10 years or greater, the LFE schedule is effectively same for the first
15 years of a measure lifme (see the last column ihable43). In theAESC 2021 User Interfaeee explicitly calculate the
uncleared resource effects for 35 different measure lives for the entire study period (2021 through 2055) and thus no
longer needo make this simfifying assumption.

154 1his modeling is a simplification to facilitate screening. In some simple-timméxamples, the forecast can actually fall by
slightly more than the full load reduction in some years. Given the effects of othiebles on the rgression equation,
and the uncertainties in the decay schedule, greater complexity in modeling the capacity DRIPE effect does not seem
warranted.
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Table43. LFEschedule foruncleared capacity valuér measures with L lifetimes installed in 2021

2021 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
2022 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
2023 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
2024 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
2025 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
2026 30% 30% 30% 30% 30% 30% 30% 30% 30% 30%
2027 20% 50% 50% 50% 50% 50% 50% 50% 50% 50%
2028 20% 40% 70% 70% 70% 70% 70% 70% 70% 70%
2029 20% 40% 60% 90% 90% 90% 90% 90% 90% 90%
2030 10% 30% 50% 70% 100% 100% 100% 100% 100% 100%
2031 0% 10% 30% 50% 70% 100% 100% 100% 100%  100%
2032 0% 0% 10% 30% 50% 70% 100% 100% 100%  100%
2033 0% 0% 0% 10% 30% 50% 70% 100% 100%  100%
2034 0% 0% 0% 0% 10% 30% 50% 70% 100%  100%
2035 0% 0% 0% 0% 0% 10% 30% 50% 70% 100%

Note: Measures installed in subsequent years utilize the same schedule, but shéteddpropriate number of years (e.g., a
measure installed in year 202®uld see dects beginning in year 2027). Note that effects for measures with measure lives of
Six years or greater continue to phase out after 2035. Because of this, the AESC 202tefsee calculates these effects
through 2050 for each individua¢gr, ratherthan extrapolating values.

Reserve margin requirements

Each year ISO New England calculatest anstalled capacity requiremeiiiNet ICR) that represents the
target amountof capacity to be purchased in the Forward Capacity Auction in orddatofor asystem

that meets the accepted standard for resource adequacy. While the actual amount of capacity procured
depends upon many factors, the percentage by which the Net |I€&tds the projected system peak is

the planning reserve margin. Overethast fourauctions, the reserve margin has averaged 14.2 percent
(seeTable44). We assume this average value persists from 2025 through 2035 for all cantteds.

AESC 2021 estimates reserve margins independently of clearing pricas.bBuause the planning

reseve margins are based upon the target amount to be procured, and actual capacity purchased is
often much higher as incumbent generation owners willing to accept very low capacity payments
dictated by a downward sloping demeh curve.

Table44. Calculated reserve margins

Summer FCA # Calculated reserve margin
2021 12 15%
2022 13 16%
2023 14 13%
2024 15 14%
Average = 14%

The reserve margin is particularly relevant to the calculation of uncleaedoity benefits. Uncleared
YSI &dzZNBa NB STFSOUA@Ste alO2dzyiSRé 2y GKS RSYF YR
forecast). In contrast, cleared measures afiedively treated the same as conventional power plants
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(i.e., supply), and thragh the auction effectively require the purchase of some extra amount of capacity
to act as a reserve margin. As a result, we increase the uncleared capacity benefilum egral to
one plus the reserve margin.

Calculating the benefit from unclearedapacity

Finally, to calculate the benefit from uncleared capacity in any particular year, we calculate the product

of:
1 The capacity pricee(g., the values iffable40)
f ¢KS STFTSOU aOKSRdz S (KI G Yhevadds8Tmbled3dX S Y S| a dzNB Q3
1 One plus the reserve margfe.g., the values imable44)

Table45 descibes the uncleared capacity benefit in Counterfactual ®is table describes betfits for
measures installed in 202yjth measure lives ranging from one to ten years

Table45. Uncleared capacity valuéor measures with Lifetimes installed in 2021 in Counterfactual #1 rest-of-
pool region
L=1 L=2 L=3 L=4

2021 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
2022 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
2023 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  $0.00
2024 $0.00 $0.00 $0.00 $0.00 $000  $0.00 $0.00 $0.00 $0.00  $0.00
2025 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
2026 $11.67 $11.67 $11.67 $11.67 $11.67 $11.67 $11.67 $11.67 $11.67 $11.67
2027 $8.47  $21.17 $21.17 $21.17 $21.17 $21.17 $21.17 $21.17 $21.17 $21.17
2028 $9.02 $18.05 $31.58 $31.58 $31.58 $31.58 $31.58 $31.58 $31.58 $31.58
2029 $9.83 $19.66 $29.49 $44.23 $44.23 $44.23 $44.23 $44.23 $44.23 $44.23
2030 $4.68 $14.03 $23.39 $3274 $46.77 $46.77 $46.77 $46.77 $46.77 $46.77
2031 $0.00 $5.02 $15.07 $25.12 $35.I7 $50.24 $50.24 $50.24 $50.24 $50.24
2032 $0.00 $0.00 $5.34 $16.01 $26.69 $37.36 $53.38 $53.38 $53.38 $53.38
2033 $0.00 $0.00 $0.00 $5.28 $15.85 $26.42 $36.98 $52.83 $52.83 $52.83
2034 $0.00 $0.00 $0.00 $0.00 $6.39 $19.17 $31.95 $44.73 $63.90 $63.90
2035 $0.00 $0.00 $0.00 $0.00 $0.00  $5.01 $15.02 $25.03 $35.04 $50.06

15year levelized $2.92 $5.96 $9.12 $12.39 | $15.74 $19.21 $22.36 $24.82 $26.66 $27.61

Note: Noe that effects for measures with measure lives of six years or greater contiphage out after 2035. Because of this,
the AESC 2021 User Interfacé | 6 & !caldulids th¥eé effects through 2050 for each individual year, rather than
extrapolatingvalues. See the AESC 2021 User Interface for benefits in other counterfadbealsegionsand benefits for

measures with longer lifetimes.

Important caveas for applying uncleared capacity values

Uncleared capacitys different than many other avoidicost categories. Because uncleared capacity

describes an effect that fades out®NJ G AYS RdzS (2 GKS YIN]JSiQa NBaLRYy:
sum avoided costs over the entire study period, regardless of anyongd med5 Qa f AFSGAYSd C2
the avoided costs of a 1 MW measured installed in 2021 would be equal to the sum wlties from
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2021 through 2055, regardless of whether that measure hag/eat measure life or a 3gear measure
life.155

Uncleared resouses affect the load forecast onlp the degree that these resources provide load
reductions on the hours used in th@ad forecast regression. Some resoumcasich as demand
response resourcasmay be active only on one or some of the hours used in the flo@tast. As a
result, these resorces would provide a diminished uncleared capacity benefit. We recommend that
program administrators apply a scaling factor to the benefits detailebhinie45to account for this
effect. SeeAppendix KScaling Factor for Un@eed Resource®r more information on howhis scaling
fadtor is calculated and how it can be applied.

5.3. Other considerations

The following sections provide greater detail on other aspects of the capacity markesedse AESC
2021.

L{h bSg¢g 9y3ItlyRQa /2YLISGHAGADSnitiatideOG A2y a HAGK {
Thisa SOGA2y RS&AONARO6S& L{h bS¢ 9y3IflIYyRQa /! {tw NMHZS |
is integral to the calculation of projected capacity supghiscribed above.

ISO New England has run two capacity auctions using a new nietladidw some Bw resources

sponsored by state policy to acquire capacity supply obligations without swamping the FCM. ISO New
gy 3t yRQa /! {tw NIzt Sircdi@fidintoyha dapatity dustidns &t a pfice deloNXsd 2
estimated cost, net oéxpected revenas from the 1SO energy, capacity, and ancillary markets, plus
revenues from RECs that are available to resources from a broad geographic and technolog§mange.
additional targeted revenuesannot be used to justify a lower bid price. Timay includerevenue from
alaal OKdzaSdidaQa {a! we LbERENEae ClFad Bdergy/RERI(MACH =i SR 4 2 €
selected 246 MW of solar and 126 MW of wind prtgeo be divided among Massachusetts

Connecticut, and Rhode Islandy statemandated contractdor purchases from Canada, offshore wind,

or other renewablesAs a result of CASPR, sponsored resources will often be unable to bid low enough
to clear in tle main auction, especially at the low prices observed in recent FCAs.

The CASPR sgtibn treats the existing FCA as the first stage of a-stage process. After the capacity
supply obligations are determined in the primary auction, without participatibthe sponsored
resources, the 1ISO runs a substitution auction in which cleareerggon resoures can retire and buy
out of their capacity supply obligations, by paying the sponsored renewable or green resources. For
example, if an FCA clears at $4 R@tmonth, a cleared generator might offer to pay up to $3 perkwW
month to get out d a capacity spply obligation. The substitution auction may clear at $1 per kW

155\e note that this is the same approach used for summing avoided costs for unclearedycapdaincleareaapacity
DRIPE, but no other avoided cost categories.
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month, in which case the retiring generator will be paid$4 = $3 per k\Wnonth for doing nehing in

the delivery year. The substitution auction could even clear at a negatiee, in whity case the retiring

resource would be paid more for not performing in the delivery year than for delivering capacity. The

ISO considersthe gaintotherefird ISYSNI G2NJ I G¢aS@SNIyOS LI eySyias
markets.

Theretiring resource must then give up its transmission interconnection rights and permanently retire
from all ISO marketS The substituted sponsored resource will be treatedhe future as though it

had cleared in the FCA, and it will be able to bid fatare FCAs as an existing resource. The prospect of
receiving capacity revenues for many years into the future may result in the sponsored resource bidding
a substantial ngative price in the substitution auction, such as paying $5M@nhth for one yeato

receive future market prices indefinitely.

One effect of the CASPR rules will be to create incentives for marginally viable existing generators to bid
in the FCA with théntention of selling the capacity supply obligation in the substitution auctiea A

result, most existing capacity supply obligations from transmisstmected generators may never

retire, since they can be profitably transferred to sponsored resources

Through FCA 14, sponsored renewables were able to qualify under a temporepi@xdo the

minimum bid limits, known as the Renewable Technology Rule. The exception was removed in FCA 15,
after which new sponsored resources with need to acquire c@pabligations in the CASPR secondary
auction.

We model CASPR by treating CA8IRfible resourcessfich asvind and solar) separately within our
capacity model. We first assess the incremental yaayear firm capacity of these resources, then
determinewhether or not there is sufficient retiring capacity in that same yearedf cpacity from

these resources is deemed eligible for the main capacity market and is added to the overall calculation

of supply.

Other capacityrelated avoided costs

In addiion to the locational marginal energy prices and capacity prices, ISO Niw Enyhénhigt
Wholesale Load Cost Reportludes the following cost components:

FirstContingency Net Commitment Period Compensation (NCPC)
SecondContingency NCPC

Regulation (atomatic generator control)

= =4 = =4

Forward Reserves

156OnIy existing generation resources with transmission interconnection rights are able to discharge their capacity supply
obligations in the substitution auction.
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RealTime Reserves
InadvertentEnergy

Marginal Loss Revenue Fund
Auction Revenue Rights revenues
Price Responsive Demand Cost

ISO Tariff Schedule 2 Expenses

= =4 =4 =4 =4 -4 =4

ISO Tariff Schedule 3 Expenses
1 NEPOOL Expenses

These ost components are described in more detail in iNolesale Load Cost Refsot®’ Far 2019,

L{h bS¢ 9y3IftlyRQa SadAvylraSa 2F Oz2aita (G2 t2F)R o f
comprised energy (about 70 percent of the total) and capacity dastsut 26 percentas well as few

percent for all of the NCPC, reseryasd regilation put together. These ratios will change over time, for
example, as capacity prices fall.

None ofthe componentdisted belowvary clearly enough with the level of &0 warrant inclusion in
the avoidedcost computation. More specifically:

1 TheNCPosts(by far the largest of these categories, although much smaller than
forward capacity charges) are compensation to generators that comply with ISO
instructions to warnmup their boilers, ramp up to operating levels, remain available for
dispath, posibly generate some energy, and then shut down without earning enough
energy or reservemarket revenue to cover their bid costs. Older boiler plants may take
many hours toeach full load and have minimum rtimes and shutdown periods,
requiringplants o continue running at minimum levels overnight. Lowergmak loads
would tend to reduce the need for bringing these plants into warm reserve, thus
reducing NCPC costs. Ometother hand, lower energy prices (especiallypak) would
tend to incease thenet compensation due to these units when they were required,
since they would earn less when they actually operated. Hence, while energy efficiency
may affect NCPC costhetdirection and magnitude of the effects are not clear.

1 Regulation costare assotated with units that follow variations in load and supply in
the range of seconds to a few minutes. Reduced load due to efficiency is likely to result
in reduced variationn load (in megawatts per minute), reducing regulation costs. On
the otherhand, sane controls may increase regulation costs if ersg equipment
responds more quickly to changing ambient conditions. Overall, energy efficiency

157150 New England. dteaccessed Marda M HnHM® 69y SNHEE S {EPAJGRORAvalahidat 5SYF YR wS LR NI 3
https://www.iso-ne.com/isoexpress/web/reports/loagind-demandA/tree/mthly -whl-load-costrpt.
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programs will probably reducegulation costs, but we cannot estimate the magnitude
of the effect.

1 Forward andreal-time reserve requirementshould decrease slightly with energy
efficiency, for two reasons. First, lower load will tend to leave more available capacity
on transmissionines, which will tend to reduce the need for local reserves. Second, a
portion of reaktime reserves are priced to recover forgone energy for units that remain
in reserve; lower energy prices will tend to depress reserve prices. We expect that these
effects would be small and difficult to measure.

1 Inadvertent energyexchangesith other system operators (NYISO, Hydro Québec, and
New Brunswick) are small and probably not affected by energy efficiency.

1 TheMarginal Loss Revenue Fumneturns to load the difrence between marginal
losses included in locational energy prices and the avdmges actually experienced
over the pool transmission facilities. That fund Isy definitiort generated by infra
marginal usage, and it will not lz#fected by reduction olbads at the margin.

1 Auction Revenue Righrevenues are generated by the sale afdncial Transmission
Rights (FTR), to return to load the value of transfers on the ISO transmission facilities. To
the extentthatS T F A OA $ yw@Ee NBENRBZDNE § ¥ §id\H de of@@sé Hobta (
will tend to decrease.
f Price Responsive Demamthargsa NBX O2@SNJ | LR NIA2Yy 2F (GKS L{hQa
demand resources. The use of those resources would tend to fall as peak prices fall, but
so woud their compensation frm the energy markets, potentially increasing this
charge. This category is miniseul

Expenses (ISO Tariff Schedules 2 and 3 and NEPOOL) are largely fixed for the pool as a whole, although a
portion of the 1SO tariffs are recovaet®n a pesMWh basis. Somof the ISO costs may decrease slightly

as energy loads decline, if that leadsatoeduction in the number of energy transactions, dispatch

decisions, and other ISO actions required. Any such effect is likely to be small amol stmwr, and

energy eficiency programs add their own costs in load forecasting, reseatleguacy plannig, and

operation of theFCM
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6. '+hL5®Bwbh{ ¢{

Thischapterdescribes the findings associated with avoided energy costs. As a point of comparison, we
compare theelectric energy prices for the West Central Massachusetts beheeenAESQ021and
AESQ018%%80n a levelized basis, the-yBar AESE021| vy y dzl durs priceforCgunterfactual #1s

$41 per MWh, compared to the equivalent value ddBper MWh from AES@018. This represents
reduction of20 percent.For Counterfactual #2, the ifear AESC 2021 annuattadiurs price is $8 per

MWh, regesenting a eduction of26 percent relative to the value from AESC 2018. Counterfactual #3
and #4 both featurd 5-year AESC 2021 annuattadurs prices of $41 per MWh, al9 percentreduction
relative to AESC 2018% Thedecrease irenergy prices observed AESQ021is primarily due to a

lower estimate of wholesale natural gas prices in New Englanc doter estimate of RGGI prices

6.1. Forecast oknergy andenergyprices

Figure38 presents theprojected level of Mw England electric system energy fr@a@21to 2035 These
energy levels are estimated by the EnCompass model given the capacities spe€ifipata®9, fue
prices, availability factors, heat rates, and otheitwattributes. Figure38 assumes a future in whicno
new energy efficiency is added2021or later yearsand other assumptiongre consistent with
Countefactual #1 This figure includes an accounting of enarggorts over both existing and new
transmission lines from eledtrregions adjacent to New Englambte that all prices discussed in this
chapter are wholesale prices, not retail prices.

158 This WCMA prics intended torepresent the ISO New England Control Area price, which is within this zone.

159The difference in percentage change relative to Counterfactual #1 is a result of rounding.
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Figure38. AESQ021New Englanewide gereration, imports, and systendemandin Counterfactuall
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Figure39. New Englanevide capacity modeled in EnCompass@uunterfactual #1
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Forecast of wholesale energy prices

In additionto modelingthe generation shwn inFigure39, the EnCompass model also produces
wholesale energy prices (s€égyure40 and Table46).15° Thesemodeled prices change over time (and on

a peak and ofpeak basis) depending on the system demand, available units, transmission constraints,
fuel prices, and other attributes. This trend is causedd)increasing amounts of renewable and

imported geneiation which increasingly displaces higlerst fossil uits, and(b) a lower future

Algonquin basis in redollarterms, in some months. Ye&w-year variations in prices can be traced to
impacts associated with the new transmission fireen Canadan the early 2020s, large quantities of
offshore wind in thamid to late 2020s, a flattening of assumed Henry Hub prices irdiar terms

through the 2030sand lower RGGI pricé&t

Note that these energy prices are not inclusive of RECghbwytareinclusve of modeled environmental
regulations that impose arjze on traditional generators, including RGGI and 310 CMR 7.74.

Figure40. AESQ021wholesale energy price projection for WCMA Counterfactual #1
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Note: As elsewlre in tis report, in this figure, cpeak and offpeak aredef Y SR | OO2NRAy 3 (G2 L{h bSég
and may not match popular conceptions ofpeak or offpeak. Seéppendix B: Detailed Electric Outpfdr more information
on this topic.

160Note that all surmarized energy pees are calculated using a leagighted average.
®lh2 8 (KFG Y2RSt SR SySNHe LINAOSE RSEONAGSR KSNB R2 y2i
Initiative (ESI) which was rejected by FERC in October 2020.
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Table46. AESQ021 wholesale energy price projection for WCMA regianCounterfactual #12021$ per MWh)

Annual Winter Winter Summer Summer
All hours Peak Off-Peak Peak Off-Peak

2021 $36.05 $42.85 $36.72 $31.93 $26.26
2022 $37.61 $45.03 $41.65 $28.79 $25.30
2023 $3661 $43.18 $42.03 $26.19 $25.06
2024 $39.05 $45.30 $44.19 $29.39 $27.84
2025 $39.56 $45.69 $44.61 $30.23 $28.35
2026 $39.94 $46.69 $44.26 $31.50 $27.97
2027 $40.12 $47.43 $43.35 $32.90 $27.77
2028 $40.49 $45.79 $45.45 $31.62 $30.45
2029 $41.80 $46.95 $47.18 $32.77 $31.46
2030 $41.99 $46.97 $47.04 $33.46 $31.98
2031 $42.86 $47.91 $47.92 $34.52 $32.47
2032 $43.74 $50.30 $47.22 $37.19 $31.48
2033 $44.04 $49.72 $47.97 $36.93 $33.15
2034 $44.73 $49.65 $49.59 $36.57 $34.69
2035 $45.57 $50.49 $50.43 $37.52 $35.35

Comparison to AESC 2018

Table47 shows a comparison between AESC 2018 and AESC 2021 foryier 1&velized costs for the
WCMA reporting regiarPrices are showfor all hours, and for the four periods analyzed iayious
AESC studies. On an annual average basi§;dbaterfactual #115-year levelized prices in the AESC
2021 fudy are20percent lower than the prices modeled in the ARSC8 fudy, while the
Caunterfactual #2 15/ear levelized prices a6 percentlower. Counterfactual #and#4 both show
levelized priceshat are 19 percent lowerthan the prices modeled in the AES@.8 $udy. Key drivers

of these lower prices include lower overall demanddtactricity (even in a future with no incremental
energyefficiency), lower Henry Hub natural gas prices, lower RGGI prices, more renewables (caused by
changes to renewable policies in several states), and the addition of a new transmission line from
Cana@.'®? This decrease is larger than the change in avo@®gy costs observed between the AESC
2015 Studyand the AES2018 $udy.

In particular, AESC 2021 modeling results feature a lower ragoromer pealprices to the annual
average than observed previous AESC studies. This difference can be attdliotg1) increased levels

of solar generation, which is largely coincident with this period and which have a marginal cost of zero
dollars per MWh, (2) difference summerwholesale gas costs (whielne driven by new recent

historical data on montho-month gas costs), and (3) higher levels of zerarginal cost imports. These
are the same factors that drove the change in energy prices from AESC 2015 and AEBEa10ddle,

the ratio of winter pealprices to annual average prices are largely unchanggative to AESC 2018.

162 5ther factors, incluithg the Massachusettspecific emissions cap under MA DEP 310 CMR 7.74 and a lower discount rate,
push the avoided costs observed in AESC 2018 up, but not enough to overcome the impact of the other factors mentioned
above.
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This is due to largely consistent assumptions on winter gas costs (relative to annual averages) and
similar load shapes.

Among the counterfactuals, prices are generally similgg th the relatively flat supply curve for energy

in New England. In other words, the region has a large number of relatively new, similar, natural gas
fired combined cycle units that are frequently marginal in any future year, in any future counterfactual

That said, Counterfactual #2 does feature lower mmEmpared to the other two counterfactuals due
to lower system loads and lower peak demalfiél.

Table47. Comparison of energy priceer WCMA region2021$ per MWh, 15-year levdized)

Annual Winter Winter Summer Summer

All hours Peak Off-Peak Peak Off-Peak
AESC 2@l $51.17 $58.66 $54.17 $45.22 $38.69
AESQ021 Counterfactual 1 $40.85 $46.86 $45.20 $32.67 $29.86
AESC 2021 Counterfactual 2 $37.79 $42.98 $41.66 $30.87 $27.95
AESC 2021 Counterfactual 3 $41.34 $47.43 $45.63 $33.28 $29.93
AESC 2021 Counterfactdal $41.29 $47.40 $45.62 $33.17 $29.87
%Change: Counterfactual 1 -20% -20% -17% -28% -23%
%Change: Counterfactual 2 -26% -27% -23% -32% -28%
%Change: Gunterfactual 3 -19% -19% -16% -26% -23%
%Change: Couerfactual4 -19% -19% -16% -27% -23%

Notes: All prices have been converted to 2021 $ per MWh. Levelization periods ay20321®r AESC 2018 and 2§2Q35 for
AESQ021 The real discount rate s34 percent for AESC 2018 and 0.81 percent for AESCAERC 2018 values are from
AESC 2018hapter 5 and th&AESC 2020ser Interface.

Table48 compares 15-year levelized costs between AESC 2018 and AES(2@2tH of the six New
Englandstates. These values inpmrate the relevantosts of RPS mpliance as well as the impact of
wholesale risk premiums. Avoided energy costs for each reporting regéatetailedin Appendix B:
Detailed Electric Outpat

163 Theseresults NB 02y aAaiSyid 6AGK GKS a2AGK 99¢ aSyaAriArodrie
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Table48. Avoided energy costs, AESC 2021 vs. AH38(15year levelized costs, 2021 kr kWh)

Winter Peak Winter Summer Summer
Off-Peak Peak Off-Peak
AESQ021 1 Connecticut $0.059 $0.057 $0.043 $0.040
Counterfactual 1 2 Massachusetts $0.062 $0.060 $0.047 $0.044
3 Maine $0.057 $0.056 $0.042 $0.039
4 New Hampshire $0.058 $0.057 $0.043 $0.040
5 Rhode Island $0.065 $0.064 $0.050 $0.047
6 Vermont $0.054 $0.053 $0.039 $0.036
AESC 2@L 1 Connecicut $0.063 $0.059 $0.049 $0.043
2 Massahusetts $0.062 $0.058 $0.049 $0.043
3 Maine $0.058 $0.054 $0.045 $0.039
4 New Hampshire $0.063 $0.060 $0.051 $0.044
5 Rhode Island $0.061 $0.057 $0.048 $0.042
6 Vermont $0.062 $0.058 $0.049 $0.042
Delta 1 Connecticut -$0.005 -$0.002 -$0.006 -$0.003
2 Massachusetts -$0.001 $0.003 -$0.002 $0.001
3 Maine $0.000 $0.002 -$0.003 $0.000
4 New Hampshire -$0.005 -$0.003 -$0.008 -$0.004
5 Rhodelsland $0.003 $0.007 $0.002 $0.005
6 Vermont -$0.008 -$0.005 -$0.010 -$0.006
Percent Difference 1 Conneticut -1% -3% -12% -1%
2 Massachusetts -1% 5% -4% 2%
3 Maine 0% 4% -6% 1%
4 New Hampshire -8% -5% -15% -8%
5 Rhode Island 6% 12% 5% 12%
6 Vermont -13% -8% -20% -14%

Notes: These costs are the sum of lekale energy costs and wholesatists ofRPS compliancécreased by a wholesale risk
premium of 8 percent, except for Vermont, which uses a wholesale risk premium of 11.1 gdrcests have beeronverted
to 2021dollarsper kWh. Levelization periods are 2Q2832 for AESC 2018 and 2@2@35 for AESC 2018. The real discount
rate is 1.34 percent for AESC 2018 and 0.81 percent for AES@&02%.do not include losses.

6.2. Benchmarking the EnCompassergy model

The AES@021Study Group required calibration of tle dispatch model used withctual, historical
data. Tocomplete this, theSynapséleam developed modeling inputs that reflect our best
understanding of electric system market operation2@1.9 This includd assumptions relating to
available generating uts, fuel prices, and systedemand.
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Figure41l compares actual dagheadlocational marginal prices.MP for each New England region
reported on by ISO New England against the same prices modeled in EnCompas9.16t This figure
also deuils the percent difference between actual and modeled LMPs for each region. For the WCMA
region, for example, average modeled LMPs2@t9are 3 percent higher than actual historical LMPs.
For all regions, modele2019LMPs rage fran 1 percenthigherto 3 percent higher than actu&1019

LMPs.

Figure41l. Comparison o2019historical and simulated2019locational marginal prices
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Figure42 compares the monthlynodeled LMPs fo2019in the WCMA region against acti2019LMPs

for the same region, anbigure43 compares hourly modeled New Englawitle average LMPs f@019
against actual hourl2019LMPs for New Englarié Our calibration fo2019produces differences

between modeled results and actual historical prices ia Viith the differences observed between a
calibrated2016yearfrom the 2018 AESC study. The scale of these differences indicates that the
EnCompass atel is accurately capturinge magnitude and differential spread of LMPs around New
England durin@019 As in previous AESC studies, differences between price on a regional or temporal
basig for both the annual, monthly, and hourly calibratianare likdy related to differences bsveen
actual anomalies in the electric systewhjch are challenging to represt in an electric system dispatch

164 Actual LMP data is available from the 1ISO New England webéitist//www.iso-ne.com/isoepress/web/reports/load
and-demandt/tree/zone-info.

165Note that the prices modeled in EnCompass most closely approximatetaag, raber than realtime prices. The day
ahead market is where most of the generating fleet is committed and compensatedeaghthe reatime market mostly
represents transfer payments for ovperformance and undeperformance; they do not necessarily approgite the price
implied by the howby-hour demand.
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modebl YR (GKS LINPRdAzOS8a@¥YPD@EINBEFRSNRYIOSAEGE KA&G2 NN
may includeactual and assumed generatand transmission outagg$or which hourly data is

unavailable or difficultd access)maintenance satdules (which are plargpecific and typically

unknown), and operator discretion (which is often masked by ISO New Engtarahfidentiality

purposes)These differences may imply that depending on variations in future ysars hourly

avoided costsnay beunderestimated while sometherswill be overestimated.

Figure42. Comparison oR019historical and simulated2019locational marginal prices for the WCMA region
(monthly)

$70

$60

$50 \ 2019

$40 k Modeled

$30 \//\

$20

LMP Comparison
(2019 $/MWh)

$10

$0
1 2 3 4 5 6 7 8 9 10 11 12

Month

I8 Synapse Energy Economices. AESC 2021138




Figure43. Comparison oR019historical and simulated 209 locational marginal prices for New England (hourly)
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Energy efficiency programs reduce the cost of compliance with RPS requirements by reducing total LSE
load. Reduction in load due to energy efficiency or other derrgidd resources will therefe reduce

the RPS ofliatiors of LSEs and the associated compliance costs recovered from consumers. This
estimate of avoided costs includes the expected impact of avoidingaash or tiet®® of RPE’ or
Renewable Energy StandattfRES) within each of tisix New England sies. Table49, Table50,
Table51, andTable52list the avoided costs of complianfm Counterfactuad #1, #2, #3and #4
respectively'®® Generally speaking, avad costs are lowest in Counterfactual #2. Avoided costs are
higher in Counterfactual #1 as a result of increased load and incefseand for RECs. Avoided costs
are highest in Counterfactual #3 and #4, which feature the sahefsavoided costs and havkee

highest loads (as they both ignore agyergy efficiencyadded in 2021 or later, but also model
additional load frombuildingelectrification).

Table49. Avoided cost of RPS compliance for Countettal #1 (2021 $er MWh)

Class 1/New $6.59 $6.92 $5.61 $2.66 $14.96 $1.34
MA CES. CPS - - $4.14 - - -
All Other Classes $1.34 $0.45 $2.05 $5.44 $0.03 $2.56

$7.37 $11.81 $8.10 $14.99

Table50. Avoided cost of RPS coriigince for Counterfactual #2 (2021 g&r MWh)

Class 1/New $3.43 $3.10 $3.10 $1.31 $5.62 $0.75
MA CES & CPS - - $4.14 - - -

All Other Classes $1.34 $0.45 $1.80 $5.11 $0.03 $1.93

Total $4.77 $3.55 $9.04 $6.41 $5.66 $2.67

Table51. Avoided cost of RPS compliance for Counterfactual #3 (20@&r$1Wh)

Class 1/New $7.50 $8.11 $6.66 $3.18 $16.77 $1.58
MA CES & CPS - - $4.14 - - -

All Other Classes $1.34 $0.45 $2.13 $5.49 $0.03 $2.86

Total $8.84 $8.56 $12.93 $8.67 $16.81 $4.44

166, SNIV2y (i dzasa GKS GSNY aiASNE &St & SINvE 6T K SINUED §i@ RBHIONA R 83 (
167 Massachusetts, Connecticut, Maine, and New Hampshire use the term Renewable Pordiutiar@i(RPS).
168 Rhode Island and Vermont use the term Renewable Energy Standard (RES).

169 Al values are levelized oves years and include energy losses.
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Table52. Avoided cost of RPS compliance foounterfactual #4 (2021 er MWh)

CT ME MA NH RI VT
Class 1/New $7.50 $8.11 $6.66 $3.18 $16.77 $1.58
MA CES & CPS = = $4.14 - - -
All Other Classes $1.34 $0.45 $2.13 $5.49 $0.03 $2.86
Total $8.84 $8.56 $12.93 $8.67 $16.81 $4.44

To the extent that the price of renewable energy exceeds the market price of electric energy, LSEs incur
a cost to meet the RPS percentage tarJdat incremental unit cass the price of a REC. Tasoided

cost of RPSomplianceis not equal to the RE&ice, however. Instead, the avoided cost is a function of
both REC pricandload obligation percentage (i.e., the RPS target percentdge)efore, the state

with the highest or lowest REC price does not necessarily have the highest or lowest comgiistnce
because of the multiplicative impact of the RPS target.

Table53 shows that avoided costs projed in AESC 2021 are gengrddigher than thos@rojected in
AESQ018. This is primarily due to recent (or anticipated) increases in RPS target obligations combined
with expected increases in load due to electrificatimtreases in the cost of RPS cdiance in states

that have ot increasel RPS tagets (e.g., New Hampshire) are due to an increase in REC demand in the
New Englandvide REC market, of which all six states are participants.

Table53. Avoided costs in AESC 2018 (26&per MWh)

CT ME MA NH RI VT
Classl/New $3.00 $0.22 $1.83 $1.61 $2.54 $0.56
MA CES - - $0.48 - - -
All Other Classes $1.00 $0.33 $1.53 $3.65 $0.03 $1.55
Total $4.00 $0.55 $3.84 $5.25 $2.57 $2.12

Notes: Values have been converfeam 2018 dollars to 202dollars. All values shown use a 9 percent loss factor, consistent
with AESC 2021, rather than the 8 percent loss factor used in AESC 2018.

7.1. Assumptions andnethodology

The purpose of this section is to describe the assumptionsveattiodology for forecastigthe avoided

cost of RPS and Massachusetts CES and CPS compliance. REC price forecasts are developed for each RPS
sub-category and are based on expectations regarding eligible supply, annual demand targets, and

where applicable the longterm cost ofentry of renewable energy additions. These forecasts are

converted to an avoided cost of RPS, CES, and CPS compliance on a dollar per MWh basis. Voluntary
demands for Class 1 RECs (such as a portion of corporate renewable energgesiarid community

chaice agyregation) are also taken into account as a factor influencing Class 1 REC prices

Renewableportfolio standards andclean energystandards

All six New England states have aciRS or RES poliaieeferred to hereafter as RPEach RPS
program hasnultiple classes referred toastiersin Vermont which are used to differentiatthese
policy mandates by technology, vintage, emissions, and other criteria that reflectsgiatific policy

il Synapse Energy Economice. AESC 2021141



objectives. Massachusetts also has a @B&h is met in largpart by the MA Class | RPS obligation. It

£ &2 KEE |IT 200 Sgmitagirdsguites egffically nuclear and hydroelectric facilities
from New Hampshire, Connecticut, and eastern CanBuheally, Massachusettsegulatiors also include

an Altenative Energy Portfolio Standard (APS), which applies to combined heat and power, renewable
thermal, flywheel storage, fuel cells, and watteenergy, and increases by 0.@ércentper year
indefinitely. While largely supporting neenewable resources\PS pogram targets and avoided cost

are nonetheless included in this section because the mandate is avoided by energy efficiency in the
same manner as the RP&ble54 provides a summary overview of RPS @i obligations throughout
New England. Maine Class IA and MA-EB& new policy additions since AESC 2018.

Regional @ss | requirementsag well as Class Il in New Hampshire and Tier Il in Vermont) are idtende

to create demand for new renewable emgradditions. As a resulthe RPS targets for these classes

increase each year until a specified maximum obligation is attained. Massachusetts Class | is the notable
exception to this rulgit increases indefinitgt presumably until the sum of all RPS &@ES mandates

reaches 100 peent. Class,"°Class Ill, Class IV, and ottefe A & suppfyDbligationgocus on

generatorsthat were alreadyin operation prior to theadoptionof RPS program These policies are

intended to maintain thgre-RPSleet rather than spur the developent of new generating facilitieg\s

a result, the RPS targets for these classes do not generally increase each year, although some are subject
to periodic adjustmenbased either on supply conditions or policymaker discrefidre percentage

targets for ech class are summarized belowlmble55 and Table56.

170\wjth the exception of NHL L 6 6 KA OK Aa RSRAOL (i §RIl (ftach ig dedided to wiadtétd-eNdigy | y R LJ2 & & A
and is without a vintage requirement).
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Table54. Summary of RPS antESclasses

State RPS Class or Tie COD Threshold Eligibility Notes
Connecticut Class | No threshold Subject to emissionthreshold
Class Il No threshold Dedicated to WTElass | resources also
eligible
Class llI No threshold Gonservation and load managemergsources
Maine Class | Beginning®/1/2005 Allows refurbshed facilities
Class IA Beginning9/1/2005 Doesnot allow refurbished facilities
Class Il Before 9/1/2005 Allows hydro up to 100 MW
Massachusetts| Class | Beginningl/1/1998 Includes two solar carveuts
Class INon+ Before 1/1/1998 Includes sarma biomass standards as Class
WTE
Class WTE Before 1/1/1998 Dedicated class for waste-energy
APS Beginningl/1/2008 Combined heat and poweuseful thermal
energy
CES Beginning 1/1/2011 MA Class | certified resources also eligible
CEE Before 11/2011 Nuclear & hydro fronNH, CT &astern
Canada
CPS No threshold New MA1, existing MAL w/ storage, DRR
New Class | Beginningl/1/2006 Includes a thermal carveut
Hampshire Class Il Beginningl/1/2006 Solar only
Class llI Before 1/1/2006 Dedriated to biomass and LFG
Qass IV Before 1/1/2006 Small hydro only
Rhode Island | New Beginningl/1/1998 Fuel standard requirements apply
Existing Before 1/1/1998 Fuel standard requirements apply
Vermont Tier | No threshold Class Il and RE portion ofports also eligible
Tierll Beginningl/1/2015 Must be instate and <5 MW
Tier 1l Beginningl/1/2015 Class Il resources also eligible

Notes: The COD thresholdhg tdate after which a project must have commenced commercial operation in ordeeligibke

For theMassachustts CES, eligible projects must have a COD on or after 1/1/20dible facilities from adjacent control areas

must be delivered over transmission energized on or after 1/1/B&wwé | NB 5SYl yR;forSardl2 yaS wSa2 dzNJ
information, see tips://www .mass.gov/serviceetails/programsummaries.

In addition to distinguishing between new and existing supply, some New England RPS programs also

include specified subomponent requirements for solar, biomass, hydroelectambned heat and

power, wasteto-energy, thermal resources, energy transformation, or energy efficiency. These classes

are also included ifiable54 and their respective targets are sumnmad inTable56. Fa simplicity, this

discussiy Ay Of dzRS&a (GKSaS 20t A3FrGA2ya dzy RSNJ awt { | yR [/ ¢
include resources that are noénewable.

RPS and CESmplianceassumptions

AESC 2021 assumes that each retail LSE complies with RESSawtaligations, by class dnylstate, in
each calendar yeareither by securing certified RECs or by making ACPs to the applicable regulatory
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authority. RPS requirements are calculated by miytig obligated loatf* (adjusted for contract

exemptions) by t& | LILIX A O 6 f @cifit PG gaArcenta@eftdrgataThedfdrdcast of obligated

load is based on the aggregate impact of econometric load, energy efficiency, active demand response,

and elestrification described in Sectich3: New England system deménThis includes a detailed

forecast ofBTMgeneration, which is critical because it both reduces obligated load and generates RECs

for RPS compliandé?In all states, RPS targets areidetl as a percentage of obligated loddble55

summarizes RPS targets for new renewable energy additions, Vidble56 summarizes RPS targets for

existing resource categories. Beginning in 2025, Masdltargets are based on legislative proposals

expected to pass during the 2020 session. Miassachusetts legislature is also considering a
GDNBSyK2dzaS DI & 9YAaarzya { (ThfBEGHSR éxpartbdi®cfedte T 2 NJ Y dz
incrementald& YR FT2NJ yS¢6 NBySégloftS OFLIOAGE 6SIAYYAYT H
are assumd to align with Executive Order 0 andThe Road to 100% Renewable Electricity by 2030 in

Rhode Islandeport, which calls for 100 percent renewable electritity2030. All other targets reflect

current statutes

171Municipal utilities are currently exempted from RPS &5 obligations in all states except Vermont. These exemptions are
assumed to remain for the duration of the study period.

172 5everal stes have begun to consider whether load offset by BTM generation should be added to the total RPS obligation.
These disussions are preliminary, however, and therefore not included in this analysis.
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Table55. Summary ofmodeledRPSargets fornew resourcecategories

CH ME ME MA- MA- MA- MA MA  NH  NHI
I IA 1 SREC SREC CPS 176 Thermal
[174 11275 (est)

2021 225% 10% 5% 18% 166%  3.92%  3.0% 525% 11.4% 18% 0.7% 155% 3.4%
2022 24% 10% 8% 20% TBD TBD  45% 550% 12.3% 2.0% 0.7% 24.7% 4.0%
2023 26% 10% 11% 22%  TBD TBD  6.0% 5.75% 13.2% 2.2% 0.7% 33.8% 4.6%
2024 28% 10% 15% 24%  TBD TBD  75% 6.00% 14.1% 22% 07% 43% 5.2%
2025 30% 10% 19% 27%  TBD TBD  95% 6.25% 15%  2.2% 0.7% 52.2% 5.8%
2026 32% 10% 23% 30% TBD TBD 11.75% 6.50% 15%  2.2% 0.7% 61.3% 6.4%
2027 34% 10% 27% 33%  TBD TBD 13.75% 6.75% 15%  2.2% 0.7% 70.5% 7.0%
2028 36% 10% 31% 36%  TBD TBD 15.25% 7.00% 15%  2.2% 0.7% 79.7% 7.6%
2029 38% 10% 35% 39%  TBD TBD 16.75% 7.25% 15%  2.2% 0.7% 88.8% 8.2%
2030 40% 10% 40% 40%  TBD TBD 18.25% 7.50% 15%  2.2% 0.7% 98% 8.8%
2031 40% 10% 40% 41%  TBD TBD 19.75% 7.75% 15%  2.2% 0.7% 98% 9.4%
2032 40% 10% 40% 42%  TBD TBD 21.25% 8.00% 15%  2.2% 0.7% 98% 10%
2033 40% 10% 40% 43%  TBD TBD 22.75% 8.25% 15%  2.2% 0.7% 98% 10%
2034 40% 10% 40% 44%  TBD TBD 24.25% 850% 15%  2.2% 0.7% 98% 10%
2035 40% 10% 40% 45%  TBD TBD 25.75% 8.75% 15%  2.2% 0.7% 98% 10%
2036 40% 10% 40% 46%  TBD TBD TBD 9.00% 15% 2.2% 0.7% 98% 10%
2037 40% 10% 40% 47%  TBD TBD TBD 9.25% 15%  2.2% 0.7% 98% 10%
2038 40% 10% 40% 48%  TBD TBD TBD 950% 15% 22% 0.7% 98% 10%
2039 40% 10% 40% 49%  TBD TBD TBD 9.75% 15%  2.2% 0.7% 98% 10%
2040 40% 10% 40% 50%  TBD TBD  TBD 10.00% 15% 2.2% 0.7% 98% 10%
2041 40% 10% 40% 51%  TBD TBD  TBD 10.25% 15%  2.2% 0.7% 98% 10%
2042 40% 10% 40% 52%  TBD TBD  TBD 1050% 15%  22% 0.7% 98% 10%
2043 40% 10% 40% 53%  TBD TBD  TBD 10.75% 15%  2.2% 0.7% 98% 10%
2044 40% 10% 40% 54%  TBD TBD TBD 11.00% 15% 2.2% 0.7% 98% 10%
2045 40% 10% 40% 55%  TBD TBD  TBD 11.25% 15%  2.2% 0.7% 98% 10%
2046 40% 10% 40% 56%  TBD TBD  TBD 1150% 15%  22% 0.7% 98% 10%
2047 40% 10% 40% 57%  TBD TBD  TBD 11.75% 15%  2.2% 0.7% 98% 10%
2048 40% 10% 40% 58%  TBD TBD  TBD 12.00% 15% 2.2% 0.7% 98% 10%
2049 40% 10% 40% 59%  TBD TBD  TBD 12.25% 15% 2.2% 0.7% 98% 10%
2050 40% 10% 40% 60%  TBD TBD  TBD 1250% 15%  22% 0.7% 98% 10%

Notes: The modeling horizon of AESC 2021 is through 2035; percentage targets are shown through 20&hte. refe

173 This is the gross MAtarget. The MASREC target isrw&d out of the MAI target.
174 without exemptions for load under contract.

175 without exemptions for load under contract

176 This is the gross NHarget. The NH Thermal target is carved out of the Nithrget.
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Table56. Summary ofRPSargetsfor other resourcecategories

NH NH- RF VT-I@) VT

11 v Existing

2021 4% 4% 30% 3.56% 3.5% 22% 20% 8% 1.5% 2% 55.6% 4.67%
2022 4% 4% 30% 3.6% 3.5% 24% 20% 8% 1.5% 2% 55% 5.33%
2023 4% 4% 30% TBD 3.5% 26% 20% 8% 1.5% 2% 58.4%  6.00%
2024 4% 4% 30% TBD 3.5% 28% 20% 8% 1.5% 2% 57.8% 6.67%
2025 4% 4% 30% TBD 3.5% 30% 20% 8% 1.5% 2% 57.2%  7.33%
2026 4% 4% 30% TBD 3.5% 32% 20% 8% 1.5% 2% 60.6%  8.00%
2027 4% 4% 30% TBD 3.5% 34% 20% 8% 1.5% 2% 60% 8.67%
2028 4% 4% 30% TBD 3.5% 36% 20% 8% 1.5% 2% 59.4% 9.33%
2029 4% 4% 30% TBD 3.5% 38% 20% 8% 1.5% 2% 62.8% 10.0%
2030 4% 4% 30% TBD 35% 40% 20% 8% 1.5% 2% 62.2% 10.67%
2031 4% 4% 30% TBD 3.5% 42% 20% 8% 1.5% 2% 61.6% 11.33%
2032 4% 4% 30% TBD 35% 44% 20% 8% 1.5% 2% 65% 12.0%
2033 4% 4% 30% TBD 3.5% 46% 20% 8% 1.5% 2% 65% 12.0%
2034 4% 4% 30% TBD 35% 48% 20% 8% 1.5% 2% 65% 12.0%
2035 4% 4% 30% TBD 3.5% 50% 20% 8% 1.5% 2% 65% 12.0%
2036 4% 4% 30% TBD 3.5% 52% 20% 8% 1.5% 2% 65% 12.0%
2037 4% 4% 30% TBD 3.5% 54% 20% 8% 1.5% 2% 65% 12.0%
2038 4% 4% 30% TBD 3.5% 56% 20% 8% 1.5% 2% 65% 12.0%
2039 4% 4% 30% TBD 3.5% 58% 20% 8% 1.5% 2% 65% 12.0%
2040 4% 4% 30% TBD 3.5% 60% 20% 8% 1.5% 2% 65% 12.0%
2041 4% 4% 30% TBD 3.5% 62% 20% 8% 1.5% 2% 65% 12.0%
2042 4% 4% 30% TBD 3.5% 64% 20% 8% 1.5% 2% 65% 12.0%
2043 4% 4% 30% TBD 3.5% 66% 20% 8% 1.5% 2% 65% 12.0%
2044 4% 4% 30% TBD 3.5% 68% 20% 8% 1.5% 2% 65% 12.0%
2045 4% 4% 30% TBD 3.5% 70% 20% 8% 1.5% 2% 65% 12.0%
2046 4% 4% 30% TBD 3.5% 72% 20% 8% 1.5% 2% 65% 12.0%
2047 4% 4% 30% TBD 3.5% 74% 20% 8% 1.5% 2% 65% 12.0%
2048 4% 4% 30% TBD 3.5% 76% 20% 8% 1.5% 2% 65% 12.0%
2049 4% 4% 30% TBD 3.5% 78% 20% 8% 1.5% 2% 65% 12.0%
2050 4% 4% 30% TBD 3.5% 80% 20% 8% 1.5% 2% 65% 12.0%

NotesO EOSLJI al a4l OKdzaSidda / t | & &RPS$targeyaBsumpRodstai bdsed fort cyirient v, $he ¢ (| NB S

modeling horizon of AESC 2021 is through 2p8f;entage targets are shownrthugh 2050 for reference.

(a) Connecticut Class | supply can be counted toward compliance with Class Il requirements

(b) The CES target is 20 percent in 2021 and 2022. Beginning in 2023, thE @&8entage obligation ietermined by a

formula that istier to historical production

(c)The NH PUC has the authority to review and reduce tRBINRPS target, retroactively, each year.

(d) Vermont Tier | is derived by subtracting the Tier Il requirement from the total \go&ESer Il RECs can be cedhtoward

compliance with Tier | requirements.

Alternative compliancepayments

Table57 providesa summary of ACRaluesfor each RPS category. Note that some ACP values stay
constant (in nominal terms) throughout the study perjachile other values change over time.
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Table57. Summary of Alternative Compliance Paymeletvels
2020 Alternative

Compliance Payment
(nominal $per MWh)

CT Classl $55.00 $40 beginning 202Fixed and flat
Class Il $25.00 Fixed and flat.
Class I $31.00 Fixed andlat. There is also a $10 floor price.

MA Class | $71.57 Adjusted by CPI each year.
Solar Carveut | $384.00 Schedule set by DOER.
Solar Carveut Il $316.00 Schedule set by DOER.
Class It RE $29.37 Adjusted by CPI each year.
Class It WTE $11.75 Adjusted by CPI each year.
APS $23.50 Adjusted by CPI each year.
CES $53.88 75% of Class | ACP in 2020, 50% in 2021 and afte
CESE NA 10% of Class | ACP

Rl New $71.58 Adjusted by CPI each year.
Existing $71.58 Adjusted by CPI eagfear.

ME Class | $50.00 Fixed and flat.
Class Il $50.00 Fixed and flat.

NH Class| $57.61 Adjusted by ¥ of CPI each year.
Class # Thermal $26.18 Adjusted by Y2 of CPI each year.
Class Il $57.61 Adjusted by Y2 oEPI each year.
Class lli $34.54 Adjusted by CPI each year.
Class IV $29.06 Adjusted by CPI each year.

VT Tierl $10.71 Adjusted by CPI each year.
Tier Il $62.74 Adjusted by CPI each year.
Tier Il $62.74 Adjusted by CPI each year.

Notes: 2021 Alternative Compliance Payments have not yet been released

The MA RPS regulations are currently under review. AESC 2021 assumes that the proposed Class | ACP of $60 per MWh in 2021,
$50 per MWh in 2022, and $40 per MWh in 2023 and thereafter (fixeda)avill be approved as part of this review. AESC

2021 further assumes that CES ACP aneEGKSP will continue to be indexed to Class | ACP at the current ratios.

There is 0 MA CEE& compliance obligation until 2021.

VT Tier Il values aretgsated base on$60 per MWh in 2018, escalated by CPI thereafter. VT does not appear to publish its

ACP rates.

Impacts of the COVHR9 pandemic on Renewable Energy Deployment and Avoided Cost of RPS
Compliance

The COVIR9 pandemic has impacted, and will continudrtgact, many facets of the renewable
energy industry. For larggcale projects in the pipeline, estimates of COMiticed delays are based on
project-specific research and interviews witlevelopers and investors (s&&gured4). For distributed
generation projects, the models assume a range of potential delay impacts tdereaprojects. The
distributed generation delay options are summarized able58, which shows the numbief months of
delay modeled for projects expected to come-lare each year from 2020 to 2023. Projects with
expected comrmercial operation dates in 2023 or later are not expected to face Giddized delays.
TheBase Impactase is used for all countedial cases.
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Table58. Range opotential project delays resulting from COVAD® pandemic

2020 2021 2022 2023
Low Impact 2 months 1 month 0.5 months No delay
Base Impact 3 months 1.5 months 0.75 months No delay
High Impact 5 months 2.5 months 1.25 months No delay

Figure44. Potential impacts of the COVHDO pandemic orrenewable energy deployment

Impacts on Project Development Process

uSite access impaired, leading to delays in site control

oStayat-home orders, distancing requirements, and resulting limits tesib@ activity
oPermitting and construction delays

osupply chain disruptions

wMost delays translate into increased cost

Impacts on Project Development Pipeline

ubtayat-home and distancing orders increase costs
wContracted projects face reduction in available capital

ulittle to no appetite for merchant risk
uBSchedule delays impair ability to access expiring federal incentives

Impacts on Investment Climate

oAvailability of capital depends on developer type and funding source

wPool of capital expected to contract as a result of general recessive conditions (cash
equity) and reduced federal income tax liability (tax equity)

alenders (and all investors) challenged to accurately assess risk in this environment

wDfftaker credit risk subject to particular scrutiny

wHowever, absence of other attractive investments likely to prevent cost of capital
from increasing

Impacts on Operating Projects

uReduced market prices; ISO New England calls for curtailment in exputrained

areas
wincreased O&M costs; exacerbated by supply chain disruptions
wilravel limitations impact O&M crews, resulting in increased unplanned outages

alimitations on mobility of fuel suppliers (biomass)
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7.2. Renewable Energy Certificate (REC) Price Forecasting

This section summarizes REC price forecasting outcdbt@ss Jor & b S éhdrkets are discussed first
followed byd 9 E A @nérkets. Fér context, this section also includes a summary of historical REC prices
in each market, as represented by broker quotations

Historicalrenewableenergy certificate prices

We rely upon recent broker quotem part,to inform the market pricesat which RECs are transacted.

REC markets in New England continue to suffer from a lack of depth, liquidity, and price visibility. Broker
quotes for RECs represent the best visibllity 1 2 G KS YIN] SGQa @ASs 2F OdzNNEB:
since RPS conighce must be substantiated annually, and actual REC transactions occur sporadically
throughout the year, the actual weighted average annual price at which RECs are transacted will not
necessarily correspond to the straight average of broker quotes awer. Broker quotes for RECs may

span several months with few changes and no actual transactions (being represented by offers to buy or
sell), and at other times may represent a significzolume of actual transactions. As a resatialysts

should filter sich data for reasonableness. This table was developed from a representative sampling of
REC brokers quotes, which is comprised of lsotiisummated transactions and kigk spreads in

periods where transactiongere not reported. For referenc&,able59 shows annual average historical

REC prices farew RPS market§.able60 shows historicaREC prices faxistingRPS markets

Table59. Annual average historical REC pricdew supply: 20152020(nominal $ per MWh)

2015 2016 2017 2018 2019 2020

CT Class | $44 $22 $12 $8 $35 $41
MA Class | $44 $22 $12 $8 $35 $41
APS $21 $21 $20 $17 $9 $7

CES NA NA NA NA NA NA

RI New $43 $23 $12 $7 $34 $41
ME Class | & IA $18 $22 $8 $3 $2 $3
NH Class | $45 $24 $12 $8 $35 $41
Class i Solar $51 $43 $26 $13 $27 $35

VT Tier Il NA NA NA NA NA NA*
Tier Il NA NA NA NA NA NA*

* Broker quotes not yet available foemontmarkets at the time these data were collected.
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Table60. Annual average historical REC pricEgjstingsupply: 20152020(nominal $per MWh)

2017 2018

Class llI $27 $27 $26 $26 $22 $13
MA  Class It NonWTE $27 $26 $26 $26 $23 $20

Class It WTE $6 $6 $6 $6 $10 $11

CESE NA NA NA NA NA $2.75
RI Existing $1 $1 $1 $1 $1 $1
ME Class Il $0 $1 $1 $1 $1 $1
NH Class llI $37 $28 $23 $13 $40 $38

Class IV $25 $25 $25 $26 $26 $23
VT Tier | NA NA NA NA NA NA*

* Brokerquotes not yet available forevmontmarkets at the time these data were collected.

Forecasting renewable energy certificate prices compliance with Class | RPS obligations

The key input to calculating the avoided cost of RPS compliance is REChs&€REC prices are
forecast using the REMO and Solar Market Study (SMS) nid@éfe. describe & methodological
steps and assumptions thughout this documentSustainable Energy Advantaigeecasts norClass |
markets with arange ofclassspecificmethodologes, whichwe describdater in this section.

Nearterm supply and demand, RE@rices and renewableenergy additions

The Class | Rip@ice forecast from 2021 to approximately 2030 is based on an assessment of the near
term supply and demanbalance, ACP levels in each market, banking limits and observed practices,
operating import behavior, and discretional curtailment of operatingimss.

Resources considered in the estimation of resam Class | REC supply and pricing are those eligible for
any of the categories listed ifable55. These resources midall into one of the following categories:

a) Certifiedsupply, operating and located in 19@w England
b) Certifiedsupply, operating and imported from adjacent control areas

c) Additional potential imports from adjacent control areas, delivered over exisi@sgy t
and

d) Nearterm committed renewable resources that &je in theinterconnectionqueue; (ii)
have been RR&ertified in one or more multiple New England states; (iii) secured
financing; or (iv) obtained lorggrm contracts, either with distribution utties through
competitive solicitations, or through otheneans.

177 see Section.1: AESC 2021 modeling framewdok more information.
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For nearterm committed resources that are not yet operational, this analysis applies a customized
probability-derating to reflect the likelihood that not all proposed projects will be karilinay not be
built on the timetable reflected in the que or as otherwise proposed by the project sponsors.

In addition to the resources described above, we forecast the generation from renewable resources that
are expected to come oline as a resultfoexistingstate procurement policies and incentive progrs,
including but not limited to:

Largescalerenewables

1 MA Sec. 83C Offshore Wind Procurement: 1,600 MW by 2026 (Vineyard & Mayflower
Wind). Projectselectiondhave been made, and timing updatesince AESC 2018

1 MA AdditionalOffshoreWind ProcurementDOER Authority: up to 1,600 MW by 2031.
This procurement policy goal is new since AESC 2018.

1 MA Offshore Wind Procurement, Additional 83C Authorit¢02 MW (to be procured
by 12/31/2027) is expected to be approved during the 20&yislative session.

1 MASec. 83D Hydro Procurement: Delivery of 9.45 TWh beginning 7/1/2023 (date on
which NECEC is assumed to be energidéaing and resource assumptions have been
updated since AES2018.

1 CT & RI Joint Offshore Wind Procurement: 700 MW (Revolution WindbyRPx@ject
selections have been made, and timing updated, since AESC 2018

1 CT Offshore Wind Procurement: 804 MW (Park City Wind) by. P@@fgct selections
have been made, arntitming updated, since AESC 2018.

1 RI Additional Offshore Wind Procurement: 8@V in 2021 as announced by Governor
RaimondoThis procurement is new since AESC 2018.

1 ME Longlerm Procurement: Approximately 1 TWh by 20Pfis procurement policy
goal is n&v since AESC 20I8anche 1 was completed in 2020. The RFP for Tranche 2
was eleased in January 2021.

Distributedgeneration

1 SolarMassachusett®enewable Target (SMART) Program: 3,200 MW by. Pd8dram
expanded from 1,600 to 3,200 MW since AE®IB178

17816 model the hourly geeration impacts from distributed solar in the SMART program and all other distributed solar
programs, wWNB f & 2y | 2NAT 2ya 9y SNH&@Qa bl dAaz2zylf 5Fd4GFolas F2NJ az2ftl N
shapes using irradiationd- G G SNy & T W&t THeywife chasert frem airport locations that were closest to the
market areas included in the National Database.
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1 Solar Massachusetts Renewable Target (SMART) Pr&y@ansionA 2,000 MW
expansion (assumed to be reached by 2033) is included in legislation assumed to pass
during the 2021 session.

1 CT LovandZero Emissions Renewable Energy Certificate (LRECY#Rograms.
Quantity and timing updated since AESC 2018

1 CT Lowand ZereEmissiongd ariff ProgramsThis program is new since AESC 2018

1 CT Residential Solar Home REC (RSIP/SHREC) and Tariff PTbgr&asidential Tariff
Program is new since AESC&01

1 RI Renewable Energy Growth Program (including expansiinmshg updated since
AEE 20187°

1 VT Standard Offeffiming updated since AESC 2018.

1 ME Distributed Generation Solar Policy: Laggale Shared; Commercial & Institutianal
This program isew since AESC 2018

1 Netmeteringand virtual new metering, as applicable, in all New Erkiates.
Quantity and timing updated since AESC 2018

Given the eligibility interaction between the MA CES and MA Class | RPS markets, REanatdergy
Credit(CECprice forecasts are modeled interdependently. RECs and égeBsor Massachusettsasks

I compliance will be counted toward CES compliance. Incremental CES demand above the
Massachusetts Class | RPS will be satisfied first b)RR&aligible large hydro resources delivered over
new transmission lines (if available), and seaoifdapplicdblet by a combination of Class | resources
and Massachusetts CES ACPs, depending on regional Class | supply availability.

Forecasted Class | REC syjphllocated proportionally among the states based on an algorithm that

F OO02dzy G a T2 NJ i§ibiliy kequireinent Safking limits{ relafivie ACP levels, and the

expected discretional behavior of operating imports and biomass plants. EacstateNB & dzf- G A y 3 & dzl
demand balance, banking balances, ACPs, and forlwaking market dynamics are usenlinform the

forecast of neaterm Class | REC prices.

Spot prices in the near term will be driven by supply and demand. But they are also inflignie&Lr
market dynamics and to a lesser extent by the expected cost of entry (through banking), as:follows

1 Market shortage: Prices approach the capp@P

1 Substantial market surplus, or even modest market surplus without banking: Prices crash to
approximately $2/MWh, reflecting transaction and risk management costs.

9 SNBz YR (KNRdAAK2dzi (GKAA aS0GA2YyST GlGAYAYy3IE NB®BSNB (2 (GKS ¢
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1 Market surplus with banking: Prices termirtards the cost of entry, discounted by factors
including the timevalue of money, the amount of banking that has taken place, expectations of
when the market will return to equilibrium, and other risk management factors.

Solar Renewable Energy Certific6REC) prices are fore@btisinga separate set gbroprietary
models, developed fof dza G Ay I 6 f S 9 yWi&sbdhBhasetts Rafar Matkét SyHIQ &

Longterm cost of entry and renewableenergyadditions

The longterm Class | REC price forecast (agpnately 203@2050) is based on the cost of new entry of
the marginal renewable energy unit required to meet the incremental RPS demand in eacim sath
year and the extrapolation thereof. To estimate the new or incremental REC cost of entry, we
constucted a supply curve for incremental New England renewable energy potential that sorts
resources from lowest cost of entry to highest cost of enfitye resources in the supply curve model are
represented by 1,277 blocks of supply potential from resostoéies, each with total MW capacity,
capacity factor, and cost of installation and operation applicable to projects installed in each year. This
supgdy curve is based on several resource potential studies commissiongddtginable Energy
Advantageand b proprietary. The cost components of the supply curve analysis are derive@dfrom
combination of public (e.gh w9 [ Qand cohfidential sourceg.Q.,Sustainable Energy Advantage
research interviews with dozens of New England renewable energy devsjop

The supply curve consists of lahdsed wind, offshore wind, utilitgcale solar PV, biomass, biogas,
hydro, landfill gas, and tidal resourcE8 While utility-scale solar is the largest potential resource by
MW, landbased wind is the largest sourbg number of blocks (modeled as 1,031 separate individual
land-based wind sites)Modeled wind blocks valyy state, land area, number and sizewbines in

each project, wind speed, topography, and distance from transmission.

Resources from the supptyrve are modeled to meet net demand, which consists of the gross demand
for new or incremental renewables, less the néamm renewable supply (adescribed above).

The estimated 2§ear levelized cost of marginal resources is based on several key agsusnpt
including projections of capital costs, capital structtftedebt terms, required minimum equity returns,
and depreciation, which are combinedid represented through a carrying charge. The estimated
levelized cost of marginal resources also inclddesi and variabl®©&M costs, generatotead
interconnection costd82transmission network upgrade cost&and wind integration costs. Phaseit

1801pe supply curvincludes only the Clasgligibleresource potential for each resource type.

1810y this analysis, we assume incrememil supply will be financed with a blend of fully bundled power purchase
agreements for a 2@ear term and paitl hedging for duratins available in the shoterm for their RECs, energy, and
capacity.

182 A5 a function of voltage and distance fréransmission

183t is assumed that 133 percentof the transmissiorcosts are socialized and thereby not borne by geaerators.
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of the Federal Production Tax Credit and phdeen of the Investment Tax Credit are modeled as
adopted in theFurther Consolidated Appropriations Act of 2020

Revenues for lanbased wind, offshore windind utility-scale solar resources are adjustedwotways:

1. ¢KS @I tdzS 2F SySNHE& Aa |R2dzadiSR G2 NBTFt SO
and, forland-based wind, historical discount of the re¢ahe market (in which wind
plants will likely sell a significant portion of their output) versus dayahead market.

2. Landbased wind, offshore wind, and utiligcale solar PV generators are assumed to
receive FCM revenues corresponding to only a percentage of nameplate capacity (~25
percent for landbased wind, 45 percent for offshore wind, andd&tcent for utility-
scale solar PV), reflecting the seasonal reliability of the intermittent resources, as
determined by ISO New England.

The REC cost for each block of the supply curve is estimated for each year. For each generator, we
determine thelevelized REC premiufor market entry or the additionalrevenuethe project would
requirein orderto attract financing byperforming the following operation: we subtracted tag

nominal levelized value of production consistent with the AESC 202dctimo) of wholesale electric
energy and capacity prices frofin) nominal levelized cost of marginal resouré&Thenominal

levelized cost of marginal resources is the amount the project needs in revenue on a levelized $/MWh
basis, or:

1. The nominal levetied value of production is the amount the project would receive from
selling energy and capacity into the wholesalarket; and

2. The difference between the levelized cost and the levelized value represents the REC
premium.

Unless the revenue from REC pricaga make up the REC premium, a project is unlikely to be
developed. Resource blocks are sorted from lowest to lgREC premium price, and the intersection
between incremental supply and incremental demand determines the manlketring REC price for
market entry. Our projections assume that REC prices for new renewables can never be negative.

Resource levelized coistexpected to undergo several changes throughout the analysis period. These
changes include impacts resulting from capital cost decleehriological improvements (increasing
capacity factorsyandneed for transmission solutions, as well as the levékderal tax credits.

The levelized commodity revenue over the life of each resoisioased on the sum of energy and
capacity prices. REpricsand avoided cost of RPS compliaacederived through an iterative
approach. Draft REC pricesre based o preliminary energy and capacity forecasiad were then
used to informfinal energy and capacity priceBhesdinal prices arenputs fa the final REC price and

184\ve calcubited these levelized analyses using discount rates representative of the cost of capital to a developer of
renewable resource projects.
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avoided RPS compliance cost calculatideeFigurel2in Sectim 4.1: AESC 2021 modeling framework
for more information on this process.

/1 aa m Zyicéfor&asts w9

Future REC prices in new renewables markets will be driven both by thef@rgty for renewable
resources eligible in each staa@dby the quantity of statespecific supply compared to stagpecific
demand. RPS eligibility criterigfdr by state, and so REC prices are differentiated by state and reflect
state-specific expetations with respect to generator certification and H&ked compliance. Eligibility
criteria also overlap across multiple states, and so the interaction di+stake supplies and demands
and the fungibility of RECs across markets are also considetleid analysis.

For New RPS categories, we assume that in the long run the price of RECs (and therefore the unit cost of
RPS compliance) will be determined hg tost of new entry of the marginal renewable energy unit. To
estimate the new or incrementd&REC cost of entry, we constructed a supply curve for incremental New
England renewable energy potential based on various resource potential studies. The supplyosts

the supply resources from the lowest cost of entry to the highest cost of éfijhe resources in the

supply curve model are represented by 1,390 blocks of supply potential from resource studies, each

with total MW capacity, capacity factornd cost of installation and operation applicable to projects

installed in each year.

The suppt curve consists of ladolased wind, offshore wind, utilitgcale solar, biomas$§® hydro,

landfill gas, and tidal resources. The price for each block of thdysappre is estimated for each year.
For each generator, we determine the-g6ar levelized REZemium for market entry, or additional
revenue the project would require to enable financing, by subtracting the nonéwalized energy and
capacity price$rom the nominal levelized cost of marginal resources:

9 The nominal levelized cost of marginasources is the amount the project needs in
revenue on a levelized $/MWh basis;

9 The nominal levelized value of production is the amount the project would receive
from selling its commodities (energy and capacity) into the wholesale market; and

1 The differerce between the levelized cost and the levelized value represents the REC
premium.

As described aboveniess the revenue from REC prices can make up the RE@preanproject is
unlikely to be developed. Resource blocks are sorted from low to high RE@ipreand the

185These assumptions are based on technology assumptions compiled by Sustainable Energy Advantage, LLC from a range of
studies and interviews with market participants, as well asdnse geospatial resource potential studies conducted by
Sustainable Energydvantage, LLC. Typical generator sizes, heat rates, availability and emission rates are consistent with
technology assmptions used by ISO New England in its scenario planning process. The resulting supply curve is proprietary
to Sustainable Energy Advage, LLC.

186Including biogas and biodiesel.
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intersection between incremental supply and incremental demand determines the meldating REC
price for market entry. Our projections assumathREC prices for new renewables will not fall below $2
per MWh, which is the estimated transte@n cost associated with selling renewable resources into the
wholesale energy market. This estimate is consistent with market floor prices observed in various
markets for renewable resources.

The estimated levelized cost of marginal resources is bassdw®ral key assumptions, including
projections of capital costs, capital structure, debt terms, required minimum equity returns, and
depreciation, which are cobined and represented through a carrying charge. The estimated levelized
cost of marginal resaues also includes fixed and varial&M costs, transmission and interconnection
costs (as a function of voltage and distance from transmission), and windatitegcostst®’ The

analysis assumes tlwirrenty plannedphaseout of Federal Tax incentivé®® Capital and operating
costs were escalated over time using inflation.

We determined he levelized commodity revenue over the life of each resource based on the sum of
energy and capacity prices, both utilizing preliminary AESC 2021 estimated&@Mpgice and athour
zonal LMP.

Resources from the supply curve are modeled to meet netated, which consists of the gross demand
for new or incremental renewablekess existing eligible generation already operating. All imports, as
well as New Englanidasedbiomass facilities, are modeled as discretional and responsive to expected
REC pricethrough an iterative process. In addition, renewable supply expected to result frorrtdomgy
procurement and distributed generation policies was modeled independenthynatted from gross
demand.

The projection of the cost of new entry (REC premitonCounterfactual #1s summarized ifTable61.
REC premium for market entry (202p& MWh). We assumeé&EC prices for the Massaisetts CES
track MA1 REC prices until CEjible hydro comes online (2023Jhereafterpnce hydro contracted
under MA Sec. 83D is used to fulfill 100 percent of the CES obligatiaassume a price 8D because
the cost of the 83D contracts canno¢ avoided

Even inyears when there is market surplus, REC premiums are not necessarily equal to $0 per MWh.
This is because we assume a level of banking injections (to hedge against future shortages) that mitigate
potential price crashes that could ogoeven in years witka large surplus.

187\we assume that reinforcement of major transmission facilities (e.g.,duga connections between Maine and the rest of
New England) will be socialized.

188, s. Office of Energy Efficiency & Renewable EnergyiiLal 00344 SR al NOK Mns Haumd awSaiRSy
Cl O a ESRyigoweailable ahttps://www.energy.gov/eere/solar/downloads/residenti@nd-commercialitc-
factsheets
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Table61. REC premium for market entry (2021p&r MWh)

CFH ME-| ME-IA MA-I MA CES MA CPS
$39.69 $21.64 $21.64 $55.01 $29.82 $44.33
2022 $38.61 $40.18 $40.18 $2.45 $40.18 $24.13 $43.44
2023 $30.14 $31.97 $31.97 $2.40 $31.34 $0.00 $42.60
2024 $20.96 $20.96 $20.96 $2.36 $20.96 $0.00 $35.59
2025 $13.68 $15.04 $15.04 $2.31 $13.90 $0.00 $29.30
2026 $13.56 $14.09 $14.09 $2.27 $13.22 $0.00 $29.59
2027 $12.09 $12.14 $12.14 $2.22 $10.17 $0.00 $34.20
2028 $10.29 $10.40 $10.40 $2.18 $8.44 $0.00 $32.22
2029 $9.89 $10.10 $10.10 $2.13 $8.06 $0.00 $30.26
2030 $22.77 $22.90 $22.90 $2.09 $22.84 $0.00 $28.42
2031 $22.02 $22.27 $22.27 $2.05 $22.14 $0.00 $26.60
2032 $21.62 $21.62 $21.62 $2.01 $21.62 $0.00 $18.85
2033 $7.34 $9.14 $9.14 $1.97 $5.27 $0.00 $17.15
2034 $9.45 $11.14 $11.14 $1.93 $7.65 $0.00 $15.52
2035 $12.67 $13.16 $13.16 $1.90 $12.06 $0.00 $13.95
Levelized
(2021:2035) $19.38 $18.73 $20.05
i NHHI N VT-I VT-II
Thermal
$23.80 $52.37 $61.13 $55.01 $31.21
2022 $4.41 $40.18 $23.55 $46.21 $49.42 $40.18 $31.20
2023 $4.32 $36.65 $23.33 $36.04 $47.46 $31.34 $31.21
2024 $4.24 $20.96 $20.58 $24.10 $20.96 $20.96 $20.96
2025 $4.16 $9.09 $18.17 $15.99 $13.50 $13.90 $13.90
2026 $4.08 $7.86 $16.03 $15.20 $15.70 $13.22 $13.22
2027 $4.00 $7.20 $14.14 $11.70 $18.12 $10.17 $10.17
2028 $3.92 $5.80 $12.49 $9.71 $15.80 $8.44 $8.44
2029 $3.84 $5.29 $11.00 $9.27 $15.13 $8.06 $8.06
2030 $3.77 $22.90 $9.72 $26.26 $22.90 $22.84 $22.84
2031 $3.69 $22.27 $8.57 $25.46 $22.27 $22.14 $22.14
2032 $3.62 $21.62 $7.56 $24.87 $21.62 $21.62 $21.62
2033 $3.55 $3.90 $6.67 $6.06 $11.56 $5.27 $5.27
2034 $3.48 $4.97 $5.89 $8.80 $13.44 $7.65 $7.65
2035 $3.41 $6.07 $5.20 $13.87 $15.06 $12.06 $12.06

Levelized $22.26 $20.05

(2021:2035)

The REC premium (REC Price) results are highly dependent upon the forecast of weldlesae

energy market prices, atuding the underlying forecasts of natural gas and carbon allowance prices, as
well as the forecast of inflation. A lower forecast of market energy prices would yield higher REC prices
than shown, particularly in the lortgrm. In all cases, project dewglers will need to be able to secure
longterm contracts and attract financing based on the aforementioned natural gas, carbon, and
resulting electricity price forecasts in order to create this expected REC market envitbirhis

presents an important ceeat to the projected REC prices, as such-teng electricity price forecasts
(particularly to the extent that they are influenced by expected carbon regulation) are uncertain.
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Forecastingenewable energy certificate prices for compliance wigxistingRPS obligations

As previously described, naflass | markets are focused on maintaining existing resoumegiser than
spurring new developmentand are therefore fundamentally different fro@lass | markets. As a result,
the approach and assumptions forézasting norClass | REC prices must be tailored to a different set
of market characteristicsable62 describes how REC prices for Aolass | markets are forecasted

Table62. REC price forecasting apprdzes

RPS Market REC Price Forecast Approach

CT Class Il

CT Class Il
ME Class Il

MA Class It
Non-WTE

MA Class I¢
WTE

MA APS
MA CFS

MA CES

MA CEE
NH Class Il

NH Class Il

NH Class IV

RI Existing
VT Tier |

VT Tier lll

REC priceare estimated based on current broker quotes ame assumed to trend toward
values which reflect a market in equilibrium over tinwgith limited eligible supply, REC price:
are expectedad remain modestly below the ACP.

REC priceare estimated based on current broker quotes ame: assumed taemain nearthe
minimum nominal Class Il REC price of $10/MWh.

REC priceare estimated based on current broker quotemnsider theinteraction withother
cexisting markets andreflect an assumption of supply adequacy through the study period
In the nearterm, REC pricegre estimated based on current broker quotes. In the ldegn,
REC priceare forecased as the lesser of the CT CIA&EC price antb percentof the MAI-
NonWTEACP.

REC priceare estimated based on current broker quotédith static supply and stable
demand targets, REC pricare expected to remain at arear current levels

REC priceare estimated at 90% of the MA APS ACP.

Based on a proprietary model developed by Sustainable Energy Advantage, including
preliminary assumptions before market data wereailable (circa Nov 2020), and dexdvas an
average of six scenarios

CEC pricearethe lesser of the MA Class | price and the CES ACP unréligtBli§ hydropower
isdelivered pursuant to MA 83D contractBnce these deliveries begin, CECqwiare assumec
to decrease to $1/MWhh y OS y o5 RSt AGSNRAS& 6S3IAysx (K¢
supply will dramatically exceed demaaddall eligible supply will be controlled by the
distribution utilities. Separately, our understanding is thatGiECs in excess of CES demand
be retired by the distribution utilitiegandtheir associated ovemarket costs (defined as the
contract cost minus energy and capacity revenues collected upon liquidation into the mar}
will be collected from all disibution customers.

REC pcesare estimated based on current broker quotes atmhsidering thenteraction with
other éexisting markets.

REC priceare estimated at the lesser of 105% of the MA Class | REC price and 90% of the
Class Il ACP

In the neaarterm, REC pricegre estimated based on current broker quotes. In the Idegn,
REC priceareforecased as90% of theNHI11 ACR assunng a systemic shortage

In the nearterm, REC pricegre estimated based on current broker quotes the longterm,
REC priceareforecased as the lesser of the CT Clag&ECthe MA Class Il neWTE REC price
and 75 percentof the NH Class INCP

REC priceare estimated based on current broker quotesonsider thanteraction withother

G SEA &G A Y and refieet Adlassiiniption of supply adequéttsough the study period
REC priceare estimated based on current broker quotensider thenteraction withother
cexisting markets and reflect an assumption of supplyegliacy through the study period.
Based on the overlap in eligibilitREC priceare estimated based on the lesser of the VT Tier
REC price and the NH Class | Thermal €arvBrice.
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In contrast to the New RS markets (where lorgrm REC prices are t&bon the cost of new entry),
REC prices in Existing RPS markets are based on the relationship between supply and demand,
interactions with other markets, and the ACRble63 shows ou projection of REC prices for existing

resource categories. For referendeble60 shows annual average historical REC prices for Existing RPS
markets.

Table63. Summary of REC pricés existing resource categorie®021$ per MWh)

MA-II MA-II MA RFE
CHI CFIII ME-II RE WTE CESE NHHII NHIV S VT
2021 $20.50 $12.00 $0.75 $23.25 $12.00 $3.50 $36.47 $23.24 $1.00 $0.88
2022 $20.09 $11.76 $0.74 $22.46 $13.23 $3.43 $36.03 $22.22 $0.98 $0.86
2023 $20.74 $11.53 $0.72 $22.46 $12.97 $3.36 $36.20 $22.23 $0.96 $0.84
2024 $22.37 $11.30 $0.71 $20.96 $12.72 $3.30 $36.33 $20.96 $0.94 $0.82
2025 $21.95 $11.09 $0.69 $13.68 $12.47 $3.23 $36.46 $13.68 $0.92 $0.81
2026 $21.52 $10.87 $0.91 $13.56 $12.23 $3.17 $36.56 $13.56 $1.13 $1.02
2027 $21.09 $10.66 $1.11 $12.09 $11.99 $3.11 $36.65 $12.09 $1.33 $1.22
2028 $20.69 $10.45 $1.31 $10.29 $11.76 $3.05 $36.75 $10.29 $1.52 $1.42
2029 $20.26 $10.24 $1.49 $9.89 $11.52 $2.99 $36.80 $9.89 $1.71 3$1.0
2030 $19.88 $10.04 $1.67 $22.47 $11.30 $2.93 $36.89 $22.24 $1.88 $1.78
2031 $19.48 $9.84 $1.85 $22.02 $11.07 $2.87 $36.94 $22.02 $2.05 $1.95
2032 $19.10 $9.65 $2.01 $21.62 $10.85 $2.81 $37.03 $21.62 $2.21 $2.11
2033 $18.72 $9.46 $2.17 $7.34 $10.64 3$276 $37.11 $7.34 $2.36  $2.27
2034 $18.36 $9.28 $2.32 $9.45 $10.44 $2.71 $37.21 $9.45 $251 $2.42
2035 $18.00 $9.10 $2.46 $12.67 $10.23 3$2.65 $37.31 $12.67 $2.65 $2.56
Levelized
(2021 $2024 $10.54 $1.36 $36.70

2035)

Notes:Connecticut Classupply can be counted toward compliance with Class Il requiremé&ntsont Tier |l supply can be
counted toward compliance with Tier | requirements.

7.3. Avoided RPS compliance cost per MWh reduction

The RPS compliance cost thatail customers avoithrough reductions in their energy usage is equal to
the price of renewable energy in excess of market prices multiplied by the percentage of retail load that
a supplier must meet from renewable energy under the RPS regulation. énwtrds:
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Equationl. RPS Compliance Costs
. 3

a Pn,i Rn,i

n

1-1
Where:
i =year
n= RPS classes
Pni = projected price of RECs for RPS olasgeari,
R.i= RPS requirement, expressed as a percentage, for RPSiclgss i,
| = losses from ISO wholesale load accounts to retail meters (modéeetiaten)

For example, in a year in which REC prices arp&d8\Wh and the RPS percentage target is 10
percent, the avoided RPS cost to a retail customer would bepgt31Whx 10percent= $1.50per
MWh.

Comparingesultsacrosscounterfactuals

Avoided REC prices, and the resulting avoided cost of RPS compliance, are a function of supply and
demand dynamicsThese dynamics include both policy evolution (i.e., changes sddggh and

regulation over time) and market participant behavior (e.g., LSE decisions related to RPS compliance
banking, generator decisions related to operations, etc.). The belowmsediffer across counterfactuals
based on the relationship betweenmewable energy buildouts (largely driven by policy), load (driven by
both behavior and energy efficiency and electrification assumptions), and REC price. As such, the
avoided cost of RR®mpliance may vary between counterfactuals as a result of diffeseimceodeled

load even when renewable energy buildouts are the same.

Counterfactual #Iresults

Table64 shows the avoided cost of RPS compliance aggregated for all new and other catd@ies.
65andTable66 provide additional detail, and displalye avoided cost of RPS compliance, by year and
by cdegory, for both New and Existing RPS programs. All levelized eatu&Syear levelized values

Table64. Avoided cost of RPS complianfa Counterfactual #1(2021$ per MWh)

CT ME MA NH RI VT
Class 1/New $6.59 $6.92 $5.61 $2.66 $14.96 $1.34
MA CES CPS - = $4.14 - - -
All Other Classes $1.34 $0.45 $2.05 $5.44 $0.03 $2.56

$7.93 $7.37 $11.81 $8.10 $14.99 $3.90
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Table65. Summary of avoided cost of RB8mpliance, New RPS categories (20248 MWh)

CH ME| MEIA MET MA-I MA CES MA CPS
2021 $9.73 $2.36 $1.18 $0.01 $7.57 $1.30 $1.45
2022 $10.10 $4.38 $3.50 $0.02 $6.38 $1.05 $2.13
2023 $8.54 $3.48 $3.83 $0.03 $5.81 $0.00 $2.79
2024 $6.40 $2.28 $3.43 $0.04 $4.73 $0.00 $2.91
2025 $4.47 $1.64 $3.12 $0.05 $3.65 $0.00 $3.03
2026 $4.73 $1.54 $3.53 $0.06 $4.01 $0.00 $3.79
2027 $4.48 $1.32 $3.57 $0.07 $3.55 $0.00 $5.13
2028 $4.04 $1.13 $3.51 $0.08 $3.31 $0.00 $5.36
2029 $4.09 $1.10 $3.85 $0.08 $3.43 $0.00 $5.52
2030 $9.93 $2.50 $9.98 $0.09 $9.96 $0.00 $5.65
2031 $9.60 $2.43 $9.71 $0.09 $9.89 $0.00 $5.73
2032 $9.43 $2.36 $9.43 $0.09 $9.90 $0.00 $4.37
2033 $3.20 $1.00 $3.98 $0.09 $2.47 $0.00 $4.25
2034 $4.12 $1.21 $4.86 $0.08 $3.67 $0.00 $4.10
2035 $5.52 $1.43 $5.74 $0.08 $5.92 $0.00 $3.91

Levelized

(20212035) 059 $2.03 $4.83 $0.06 $5.61 $0.17 $3.98

MA APS NHH i NHHI RENew VT VT
Thermal

2021 $0.26 $6.28 $2.49 $0.40 $10.33 $2.04 $1.59
2022 $0.26 $5.39 $2.64 $0.35 $13.29 $1.75 $1.81
2023 $0.27 $5.27 $2.80 $0.28 $17.50 $1.57 $2.04
2024 $0.28 $3.22 $2.67 $0.18 $9.82 $1.19 $1.52
2025 $0.28 $1.49 $2.53 $0.12 $7.68 $0.88 $1.11
2026 $0.29 $1.29 $2.24 $0.12 $10.50 $0.92 $1.15
2027 $0.29 $1.18 $1.97 $0.09 $13.93 $0.78 $0.96
2028 $0.30 $0.95 $1.74 $0.07 $13.72 $0.70 $0.86
2029 $0.30 $0.86 $1.54 $0.07 $14.65 $0.72 $0.88
2030 $0.31 $3.74 $1.36 $0.20 $24.46 $2.19 $2.66
2031 $0.31 $3.64 $1.20 $0.19 $23.79 $2.27 $2.73
2032 $0.32 $3.54 $1.05 $0.19 $23.10 $2.36 $2.83
2033 $0.32 $0.64 $0.93 $0.05 $12.35 $0.57 $0.69
2034 $0.32 $0.81 $0.82 $0.07 $14.35 $0.83 $1.00
2035 $0.33 $0.99 $0.73 $0.11 $16.09 $1.31 $1.58

Levelized

(2021-2035)
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Table66. Summary of avoided cost of RPS compliance, Existing RPS categories (2021\#h)

MA-II MA-II MA RE
CHil CHII ME RE WTE CESE NHIII NHIV Existing VT
2021 $0.89 $0.52 $0.25 $0.91 $0.46 $0.76 $3.18 $0.38 $0.02  $0.53
2022 $0.88 $0.51 $0.24 $0.88 $0.50 $0.75 $3.14 $0.36 $0.02  $0.51
2023 $0.90 $0.50 $0.24 $0.88 $0.49 $0.73 $3.16 $0.36 $0.02  $0.54
2024 $0.98 $0.49 $0.23 $082 $0.49 $0.72 $3.17 $0.34 $0.02  $0.52
2025 $0.96 $0.48 $0.23 $0.54 $0.48 $0.71 $3.18 $0.22 $0.02  $0.50
2026 $0.94 $0.47 $0.30 $0.53 $0.47 $0.69 $3.19 $0.22 $0.02  $0.67
2027 $0.92 $0.46 $0.36 $0.47 $0.46 $0.68 $3.20 $0.20 $0.03  $0.80
2028 $0.90 $0.46 $0.43 $0.40 $0.45 $0.66 $3.20 $0.17 $0.03  $0.92
2029 $0.88 $0.45 $0.49 $0.39 $0.44 $0.65 $3.21 $0.16 $0.04  $1.09
2030 $0.87 $0.44 $0.55 $0.88 $0.43 $0.64 $3.22 $0.36 $0.04  $1.21
2031 $0.85 $0.43 $0.60 $0.86 $0.42 $0.63 $3.22 $0.36 $0.04 $1.31
2032 $0.83 $0.42 $0.66 $0.85 $0.41 $0.61 $3.23 $0.35 $0.05  $1.50
2033 $0.82 $0.41 $0.71 $0.29 $0.41 $0.60 $3.24 $0.12 $0.05 $1.61
2034 $0.80 $0.40 $0.76 $0.37 $0.40 $0.59 $3.25 $0.15 $0.05 $1.71
2035 $0.78 $0.40 $0.81 $0.50 $0.39 $0.58 $3.25 $0.21 $0.06  $1.81

Levelized $0.88

Counterfactual #2esults

Table67 shows the avoided cost of RPS compliance aggregated for all new and other catd@ies.
68 and Table69 provideadditional detail, and display the avoided cost of RPS compliance, by year and
by categoryfor both New and Existing RPS programs. All levelized values-gearllgvelized values.

Table67. Avoided cost of RPS compliance for Counterfactual #2 (20@&r$1Wh)

CT ME MA NH RI VT
Class 1/New $3.43 $3.10 $3.10 $1.31 $5.62 $0.75
MA CES. CPS - = $4.14 - - -
All Other Classes $1.34 $0.45 $1.80 $5.11 $0.03 $1.93
Total $4.77 $3.55 $9.04 $6.41 $5.66 $2.67
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Table68. Summary of avoided cost of RPS compliance, New RPS categories (p@2M$Vh)

CFH ME-| ME-IA MET MA-I MA CES MA CPS

$8.95 $0.96 $0.48 $0.01 $5.02 $1.29 $1.45

2022 $5.90 $2.46 $1.97 $0.02 $3.58 $0.98 $2.13
2023 $6.60 $2.54 $2.79 $0.03 $4.32 $0.00 $2.79
2024 $3.94 $1.36 $2.04 $0.04 $3.13 $0.00 $2.91
2025 $3.98 $1.32 $2.51 $0.05 $3.30 $0.00 $3.03
2026 $0.63 $1.09 $2.50 $0.06 $3.04 $0.00 $3.79
2027 $2.92 $0.87 $2.35 $0.07 $2.99 $0.00 $5.13
2028 $2.39 $0.75 $2.33 $0.08 $2.46 $0.00 $5.36
2029 $2.20 $0.63 $2.21 $0.08 $2.29 $0.00 $5.52
2030 $1.92 $0.47 $1.89 $0.09 $2.07 $0.00 $5.65
2031 $1.75 $0.38 $1.53 $0.09 $2.03 $0.00 $5.73
2032 $1.88 $0.37 $1.49 $0.09 $2.30 $0.00 $4.37
2033 $2.23 $0.44 $1.75 $0.09 $2.86 $0.00 $4.25
2034 $2.69 $0.55 $2.19 $0.08 $3.57 $0.00 $4.10
2035 $2.66 $0.61 $2.44 $0.08 $3.37 $0.00 $3.91

Levelized
(2021-2035)
i NHHI N VT-I VT-II
Thermal

$2.49 $0.32 $6.17 $1.35 $1.59

2022 $0.26 $3.02 $2.64 $0.20 $6.06 $0.98 $1.31
2023 $0.27 $3.35 $2.80 $0.20 $8.59 $1.17 $1.52
2024 $0.28 $1.12 $2.67 $0.12 $6.13 $0.79 $1.01
2025 $0.28 $1.02 $2.53 $0.11 $7.57 $0.80 $1.01
2026 $0.29 $0.81 $2.24 $0.09 $7.61 $0.70 $0.87
2027 $0.29 $0.61 $1.97 $0.08 $5.58 $0.65 $0.81
2028 $0.30 $0.57 $1.74 $0.06 $4.79 $0.52 $0.64
2029 $0.30 $0.57 $154 $0.05 $4.90 $0.48 $0.59
2030 $0.31 $0.54 $1.36 $0.04 $4.21 $0.46 $0.55
2031 $0.31 $0.51 $1.20 $0.04 $3.72 $0.47 $0.56
2032 $0.32 $0.49 $1.05 $0.04 $4.01 $0.55 $0.66
2033 $0.32 $0.55 $0.93 $0.05 $4.43 $0.66 $0.80
2034 $0.32 $0.65 $0.82 $0.07 $4.86 $0.81 $0.97
2035 $0.33 $0.75 $0.73 $0.06 $5.25 $0.75 $0.90

Levelized

(2021:2035)
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Table69. Summary of avoided cost of RPS compliance, Existing RPS categories (2021\#h)

MA-II MA-II MA RE
CHil CHII ME RE WTE CESE NHIII NHIV Existing VT
2021 $0.89 $0.52 $0.25 $0.91 $0.46 $0.76 $3.13 $0.38 $0.02  $0.53
2022 $0.88 $0.51 $0.24 $0.88 $0.50 $0.75 $1.97 $0.36 $0.02  $0.51
2023 $0.90 $0.50 $0.24 $0.88 $0.49 $0.73 $2.03 $0.36 $0.02  $0.54
2024 $0.98 $0.49 $0.23 $0.51 $0.49 $0.72 $3.17 $0.21 $0.02  $0.52
2025 $0.96 $0.48 $0.23 $0.48 $0.48 $0.71 $3.18 $0.20 $0.02  $0.50
2026 $0.94 $0.47 $0.30 $0.07 $0.47 $0.69 $3.19 $0.03 $0.02  $0.67
2027 $0.92 $0.46 $0.36 $0.31 $0.46 $0.68 $3.20 $0.13 $0.03  $0.80
2028 $0.90 $0.46 $0.43 $0.24 $0.45 $0.66 $3.20 $0.10 $0.03  $0.92
2029 $0.88 $0.45 $0.49 $0.21 $0.44 $0.65 $3.21 $0.09 $0.04  $1.09
2030 $0.87 $0.44 $0.55 $0.17 $0.43 $0.64 $3.22 $0.07 $0.04  $1.21
2031 $0.85 $0.43 $0.60 $0.16 $0.42 $0.63 $3.22 $0.07 $0.04 $1.31
2032 $0.83 $0.42 $0.66 $0.17 $0.41 $0.61 $3.23 $0.07 $0.05  $1.50
2033 $0.82 $0.41 $0.71 $0.20 $0.41 $0.60 $3.24 $0.08 $0.05 $1.61
2034 $0.80 $0.40 $0.76 $0.24 $0.40 $0.59 $3.25 $0.10 $0.05 $1.71
2035 $0.78 $0.40 $0.81 $0.24 $0.39 $0.58 $3.25 $0.10 $0.06  $1.81

Levelized $0.88

Counterfactual #3esults

Table70 shows the avoided cost of RPS compliance aggregated for all new and other catd@bies.
71andTable72 provideadditional detal, and display the avoided cost of RPS compliance, by year and
by category, for both New and Existing RPS programs. All levelized valuesyars lidvelized values.

Table70. Avoided cost of RPS compliance for Counterfactual 2882¢ $per MWh)

CT ME MA NH RI VT
Class 1/New $7.50 $8.11 $6.66 $3.18 $16.77 $1.58
MA CES:. CPS - - $4.14 - - -
All Other Classes $1.34 $0.45 $2.13 $5.49 $0.03 $2.86
Total $8.84 $8.56 $12.93 $8.67 $16.81 $4.44
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Table71. Summay of avoided cost of RPS compliance, New RPS categories (2021MWh)

CH ME| MEIA MET MA-I MA CES MA CPS
2021 $9.46 $2.36 $1.18 $0.01 $6.81 $1.30 $1.45
2022 $10.10 $4.38 $3.50 $0.02 $6.38 $1.05 $2.13
2023 $8.56 $3.55 $3.90 $0.03 $5.82 $0.00 $2.79
2024 $7.04 $2.52 $3.77 $0.04 $5.21 $0.00 $2.91
2025 $4.55 $1.68 $3.20 $0.05 $3.67 $0.00 $3.03
2026 $4.67 $1.50 $3.45 $0.06 $4.03 $0.00 $3.79
2027 $4.26 $1.37 $3.70 $0.07 $2.94 $0.00 $5.13
2028 $3.83 $1.25 $3.87 $0.08 $2.70 $0.00 $5.36
2029 $3.86 $1.21 $4.24 $0.08 $2.63 $0.00 $5.52
2030 $9.80 $2.50 $9.98 $0.09 $9.88 $0.00 $5.65
2031 $9.63 $2.43 $9.71 $0.09 $9.91 $0.00 $5.73
2032 $8.85 $2.36 $9.43 $0.09 $9.72 $0.00 $4.37
2033 $7.56 $1.89 $7.56 $0.09 $8.13 $0.00 $4.25
2034 $9.18 $2.30 $9.18 $0.08 $10.10 $0.00 $4.10
2035 $11.33 $2.81 $11.25 $0.08 $12.94 $0.00 $3.91

Levelized

(20212035  °750 $2.28 $5.77 $0.06 $6.66 $0.17 $3.98

MA APS NHH i NHHI RENew VT VT
Thermal

2021 $0.26 $5.61 $2.49 $0.40 $9.31 $1.84 $1.59
2022 $0.26 $5.39 $2.64 $0.35 $13.29 $1.75 $1.81
2023 $0.27 $5.37 $2.80 $0.28 $17.53 $1.57 $2.04
2024 $0.28 $3.55 $2.67 $0.20 $10.82 $1.31 $1.68
2025 $0.28 $1.51 $2.53 $0.12 $8.00 $0.88 $1.12
2026 $0.29 $1.32 $2.24 $0.12 $9.98 $0.93 $1.16
2027 $0.29 $1.27 $1.97 $0.07 $14.83 $0.64 $0.79
2028 $0.30 $1.06 $1.74 $0.06 $14.03 $0.57 $0.70
2029 $0.30 $0.97 $1.54 $0.05 $15.66 $0.55 $0.67
2030 $0.31 $3.74 $1.36 $0.20 $24.45 $2.17 $2.64
2031 $0.31 $3.64 $1.20 $0.19 $23.78 $2.27 $2.74
2032 $0.32 $3.54 $1.05 $0.19 $23.10 $2.31 $2.78
2033 $0.32 $2.83 $0.93 $0.15 $18.52 $1.89 $2.27
2034 $0.32 $3.44 $0.82 $0.18 $22.50 $2.30 $2.76
2035 $0.33 $4.21 $0.73 $0.23 $28.36 $2.88 $3.45

Levelized

(2021:2035)
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Table72. Summary of avoided cost of RPS compliance, Existing RPS categories (2021\#/h)

MA-II MA-II MA RE
CHil CHII ME RE WTE CESE NHIII NHIV Existing VT
2021 $0.89 $0.52 $0.25 $0.91 $0.46 $0.76 $3.18 $0.38 $0.02  $0.53
2022 $0.88 $0.51 $0.24 $0.88 $0.50 $0.75 $3.14 $0.36 $0.02  $0.51
2023 $0.90 $0.50 $0.24 $0.88 $0.49 $0.73 $3.16 $0.36 $0.02  $0.54
2024 $0.98 $0.49 $0.23 $0.88 $0.49 $0.72 $3.17 $0.36 $0.02  $0.52
2025 $0.96 $0.48 $0.23 $0.55 $0.48 $0.71 $3.18 $0.23 $0.02  $0.50
2026 $0.94 $0.47 $0.30 $0.53 $0.47 $0.69 $3.19 $0.22 $0.02  $0.67
2027 $0.92 $0.46 $0.36 $0.45 $0.46 $0.68 $3.20 $0.19 $0.03  $0.80
2028 $0.90 $0.46 $0.43 $0.38 $0.45 $0.66 $3.20 $0.16 $0.03  $0.92
2029 $0.88 $0.45 $0.49 $0.37 $0.44 $0.65 $3.21 $0.15 $0.04  $1.09
2030 $0.87 $0.44 $0.55 $0.88 $0.43 $0.64 $3.22 $0.36 $0.04  $1.21
2031 $0.85 $0.43 $0.60 $0.87 $0.42 $0.63 $3.22 $0.36 $0.04 $1.31
2032 $0.83 $0.42 $0.66 $0.80 $0.41 $0.61 $3.23 $0.33 $0.05  $1.50
2033 $0.82 $0.41 $0.71 $0.68 $0.41 $0.60 $3.24 $0.28 $0.05 $1.61
2034 $0.80 $0.40 $0.76 $0.83 $0.40 $0.59 $3.25 $0.34 $0.05 $1.71
2035 $0.78 $0.40 $0.81 $0.88 $0.39 $0.58 $325 $0.36 $0.06  $1.81

Levelized $0.88

Counterfactual #4 results

Table73 shows the avoided cost of RPS compliance aggregated for all new and other catd@hies.
74 and Table75 provide additional detail, and display the avoided cost of RPS compliance, by year and
by category, for both New and Existing RPS programs. All levelized valuesyaes lévelized vaks.

Table73. Avoided cost of RPS compliance for Counterfactual #3 (20@&r$1Wh)

CT ME MA NH RI VT
Class 1/New $7.50 $8.11 $6.66 $3.18 $16.77 $1.58
MA CES. CPS - = $4.14 - - -
All Other Classes $1.34 $0.45 $2.13 $5.49 $0.38 $2.86
Total $8.84 $8.56 $12.93 $8.67 $16.81 $4.44
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Table74. Summary of avoided cost of RPS compliance, New RPS categories (2@2M$Vh)

CH ME| MEIA MET MA-I MA CES MA CPS
2021 $9.46 $2.36 $1.18 $0.01 $6.81 $1.30 $1.45
2022 $10.10 $4.38 $3.50 $0.02 $6.38 $1.05 $2.13
2023 $8.56 $3.55 $3.90 $0.03 $5.82 $0.00 $2.79
2024 $7.04 $2.52 $3.77 $0.04 $5.21 $0.00 $2.91
2025 $4.55 $1.68 $3.20 $0.05 $3.67 $0.00 $3.03
2026 $4.67 $1.50 $3.45 $0.06 $4.03 $0.00 $3.79
2027 $4.26 $1.37 $3.70 $0.07 $2.94 $0.00 $5.13
2028 $3.83 $1.25 $3.87 $0.08 $2.70 $0.00 $5.36
2029 $3.86 $1.21 $4.24 $0.08 $2.63 $0.00 $5.52
2030 $9.80 $2.50 $9.98 $0.09 $9.88 $0.00 $5.65
2031 $9.63 $2.43 $9.71 $0.09 $9.91 $0.00 $5.73
2032 $8.85 $2.36 $9.43 $0.09 $9.72 $0.00 $4.37
2033 $7.56 $1.89 $7.56 $0.09 $8.13 $0.00 $4.25
2034 $9.18 $2.30 $9.18 $0.08 $10.10 $0.00 $4.10
2035 $11.33 $2.81 $11.25 $0.08 $12.94 $0.00 $3.91

Levelized

(20212035  °750 $2.28 $5.77 $0.06 $6.66 $0.17 $3.98

MA APS NH i NHHI RENew VT VT
Thermal

2021 $0.26 $5.61 $2.49 $0.40 $9.31 $1.84 $1.59
2022 $0.26 $5.39 $2.64 $0.35 $13.29 $1.75 $1.81
2023 $0.27 $5.37 $2.80 $0.28 $17.53 $1.57 $2.04
2024 $0.28 $3.55 $2.67 $0.20 $10.82 $1.31 $1.68
2025 $0.28 $1.51 $2.53 $0.12 $8.00 $0.88 $1.12
2026 $0.29 $1.32 $2.24 $0.12 $9.98 $0.93 $1.16
2027 $0.29 $1.27 $1.97 $0.07 $14.83 $0.64 $0.79
2028 $0.30 $1.06 $1.74 $0.06 $14.03 $0.57 $0.70
2029 $0.30 $0.97 $1.54 $0.05 $15.66 $0.55 $0.67
2030 $0.31 $3.74 $1.36 $0.20 $24.45 $2.17 $2.64
2031 $0.31 $3.64 $1.20 $0.19 $23.78 $2.27 $2.74
2032 $0.32 $3.54 $1.05 $0.19 $23.10 $2.31 $2.78
2033 $0.32 $2.83 $0.93 $0.15 $18.52 $1.89 $2.27
2034 $0.32 $3.44 $0.82 $0.18 $22.50 $2.30 $2.76
2035 $0.33 $4.21 $0.73 $0.23 $28.36 $2.88 $3.45

Levelizel

(2021:2035)
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Table75. Summary of avoided cost of RPS compliance, Existing RPS categories (2021\#h)

MA-II MA-II MA RE
CHil CHII ME RE WTE CESE NHIII NHIV Existing VT-I
2021 $0.89 $0.52 $0.25 $0.91 $0.46 $0.76 $3.18 $0.38 $0.02  $0.53
2022 $0.88 $0.51 $0.24 $0.88 $0.50 $0.75 $3.14 $0.36 $0.02  $0.51
2023 $0.90 $0.50 $0.24 $0.88 $0.49 $0.73 $3.16 $0.36 $0.02  $0.54
2024 $0.98 $0.49 $0.23 $0.88 $0.49 $0.72 $3.17 $0.36 $0.02  $0.52
2025 $0.96 $0.48 $0.23 $0.55 $0.48 $0.71 $3.18 $0.23 $0.02  $0.50
2026 $0.94 $0.47 $0.30 $0.53 $0.47 $0.69 $3.19 $0.22 $0.02  $0.67
2027 $0.92 $0.46 $0.36 $0.45 $0.46 $0.68 $3.20  $0.19 $0.03  $0.80
2028 $0.90 $0.46 $0.43 $0.38 $0.45 $0.66 $3.20 $0.16 $0.03  $0.92
2029 $0.88 $0.45 $0.49 $0.37 $0.44 $0.65 $3.21 $0.15 $0.04  $1.09
2030 $0.87 $0.44 $0.55 $0.88 $0.43 $0.64 $3.22 $0.36 $0.04  $1.21
2031 $0.85 $0.43 $0.60 $0.87 $0.42 $0.63 $3.22 $0.36 $0.04 $1.31
2032 $0.83 $0.42 $0.66 $0.80 $0.41 $0.61 $3.23 $0.33 $0.05  $1.50
2033 $0.82 $0.41 $0.71 $0.68 $0.41 $0.60 $3.24 $0.28 $0.05 $1.61
2034 $0.80 $0.40 $0.76 $0.83 $0.40 $0.59 $3.25 $0.34 $0.05 $1.71
2035 $0.78 $0.40 $0.81 $0.88 $0.39 $0.58 $3.25 $0.36 $0.06  $1.81

Levelized $0.88
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Some environmentaD2 a1a I NS SY06SRRSR 0S02y2YAada ¢g2dA R &l @
through regulations that require expenditures to reduce emissions. Other environmental impacts, which

also impose real damages on society, are not embedded iapNonembedded osts are (by

definition) not includedn the AES@021modeling of avoided energy costa.contrast costs associated

with RGGI, SONE 3 dzf G A 2y LINE 3 NI 318 EMR- 7y Rregalatianzate ODdudisiti® i G & Q
AESQ021modeling of energy prices drthusimpactthe avoided energy costa a quantifiable way
(seeSectiond.8: Embedded emissions regulatidos a discussion of how these costi®e modeled).

For the AESR021Study, ve estimate values for some of the principal rembedded environmental
costs. Here we address two $ucategories: the noembedded portion of GHG impacts, and the costs
of NOcemissions.

Because different states participating in the AESC study havemifigolicy contexts, we offer several
different options and approaches for calculating then-embedded GHG cosAESC 2021 provides

these approaches to enable individual state address specific policy directives regarding GHG impacts.
Table76 and Table77 compares these four values to values described in AESC 2018.

O
N
ax

T ! aRIEYF3IS O02&80¢ | LILINR EA YKICS)Rheré @re ninfyS a2 OA | ¢
different options for a socialostof carbon. The Synap3eeam recommends using a
value that applies low discount rates, considers global damages, and considers the
impact of highrisk situationsOne source for this valusthe Decembef020SCC
Guidancepublished by the State of New Yotksinga 2 percent disount rate (the one
alsorecommended by New York for most decisioaking),we recommend a lyear
levelized SCC 828 per short tonin AESC 202We also recommend that program
administrators continually review this valge.g., for the purposes of migtrm
modifications) as updates to the federallecommended SCC are expected in early
2022.

9 An approach based aglobal marginal abatement costs. In ARB21, we estimate a
total environmental cost based on the cost of lasgmale CCS equal t8&per short ton
of CQ-eq. This is lower than the $105 per short ton of@@ value (in 2021 dollars)
described in AESC 2018. This lower cost reflects the declining coststetlimislogy.

1 Anapproachbased on New England marginal abatement costs, assumingt dexived
from electric sector technologies. In AESC 2021, this is a total environmental cost of
$125per short ton of C@eq emissions, based on a projection of futuretdeajectories
for offshore wind energwlong the eastern seaboard@his comparesata cost of $2 per
short ton of C@eq emissions (in 2021 dollars) based on a projection of future costs of
offshore wind energy, as described in AESC 2018irnEhéasedcost reflectsupdated
information on this technologin the United Statesas wellas lower energy costs in this
edition of AESC

1 An approach based on New England marginal abatement costs, assuming a cost derived
from multiple sectorsin AESC 2021, thissa total environmental cost o83 per short
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ton of CQ-eq emissions, based orpaojection of future cost trajectories fARNG
derived from powetto-gas technologyThis approach may be useful for policymakers
who are considering more ambitious carbaduction targets (e.g., 90 percent or 100
percent reductions by 2050)

Table76. Comparison of GHG costs under different approaches (2021 $ per shoririddunterfactuaktl
AESC 2018 AESC 2021 Difference % Difference
Social costofcarbod { / / 2 NJ &

O 2 jah 2% discount rate Not quantified $128 i i
Gldbal marginal abatemetrcost $105 $92 -$13 -12%
New Englandased marginal abatement

cost, derived from the electric sector $72 $125 $53 5%
New Englandased marginahbatement Not calculated $493 i i

cost, derived from multiple sectors

Notes:All values shown are levelizeaer 15 years. All AESC 2021 values excef@@i@re levelized using a 0.81 percent
discount rate CQises a 2.0 percent discount rate). All AEGIBvalues are levelized usiagl.34 percentliscount rate, then
converted into 202 dollars.In AESC 2@, damage costs were discussed, but not quantif#deSC 201did not discuss or
estimatea New Englandbased marginal abatement cost derived from multiple sectdatues shown above remove energy
prices, but not embedded costs. \&dushown above do notclude losses.

Table77. Comparison of GHG costs under different approaches (26&itsper kwWh) in Counterfactuak#l
AESC 2018 AESC 2021 Difference % Difference

{20ALt O2aid 2F O N

O 2 aat 2%40discount rate Not quantified 481 i i
Global marginal abatement cost 4.64 3.41 -1.23 -26%
New Englandaased marglnal_ abatement 283 4.74 101 67%
cost, derived from the electric sector

New Englanédased marginal abatement Not calculated 1972 ) i

cost, derived from multig sectors

Notes Values shown above remove embedded costs (e.g., RGGI, MA 310 7.74, MA 310 7.75. All values are quoted using a
summer orpeak seasonal marginal emission rate, and include a 9 percent energy loss factor.

AESC usemay wish tancludea non-embedded costo fully account for the cost of GHG impacts or
GHG abatementn order to do this, users must first subtract out the RGGI cost (in Connecticut, Maine,
New Hampshire, Rhode Island, or Vermont) or both the RGGands310 CMR 7.74 cost (in
Massachusettsmly) from the relevant GHG emission cost to determine the remaining cost that is non
embedded. The noembedded NQ@cost may be simply added to the energy cost, as we do not model
an embedded N@cost in AESC 2020/e finda nonembedded N@emission cosbf $14,700 pershort

ton of NOx, based on a review of findings in the literature

SeeAppendix BDetailed Electric Outpsand AppendixG: Marginal Emission Rates ahtbnembedded
Environmental Cost Detddr more detail on this topic.
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8.1. Non-embedded GHG costs

Costs of GHG emissions are partially embedded in prices through RGGI allowances, state regulations
such as 310 CMR 7.74 and3IMR 7.75 in Massachusetts, and fededdices such as the previously
proposedClean Power Plan. However, the costs embedded by these policies represent only a portion of
the total environmental impacts of GHG emissions. Therefore, we estimate thectmtabf GHG

emissions; the noembedded prtion isthe difference between our tial cost estimates and the

smaller, embedded portion of GHG impacts. Because different states participating in the AESC study
have differing policy contexts, we offer sevediferent options and approaches for calating the non
embedded GHG cost. Besauof the time horizon of modeling in AESC 2021, our essfecused on

the likely costs expected in the timeframe of 2GArough 2035.

There are two leading methods fortemsating environmental costs: based on dage costs or based on
marginal abatemencosts. (In the idealized market of textbook economics, the two would coincide; in
the real world, they are not necessarily identical.)

Social cost of carbon (damage cost)

The SCC attempts to monetize the currentlidoture damages resulting from @@missionst?

Policymakers can use this value to assess policies that address climate change. Developing a reasonable
value for the SCC can be a complex endeavor. This sectiaibdeghe SCC promulgated and used by

the U.S. federal government, as well asC3iudies and guidelines by other parties. This section closes

with an SCC recommendation for users of AESC.

Federal agency consideration of the SCC

In a series of analyses hieging in 2009, the Obama Administratioonvened an Interagency Working

Group (IWG) to develop a recommendation for an SCC value to use in deciiony by federal

agencies. The revised technical support document published in August 2016 relies ots dnatpu

three different integrated assessmt models (IAM) to develop sebf SCC valué®’ These different

sets of values vary according to the discount rate used (i.e., how heavily future damages are discounted)
and whether or not they include lowaarobability, higherimpact values. The Obama rthistration

issued a centralecommendation of a percent discount rate, without the inclusion of higherpact

values. This yields an SCC value of $49 per short torp@f @QR21, (in 2021 dollarsyhese valug

escalate over time; by 2050, these vadumre 1.7 times larger thanét2020 values, in realollar terms.

1891 most contexts, the SCC is recommended to also be applied to other GHGs (e.gneneinous oxides). In these
situations, the SCC is converted using a series of calculations that seek to estimate the equivaldéatafhifisgarate

DI Dad® C2NJ LldzN1Ll2asSa 2F aAYLXAFTAOIGAZ2yYyS (KAh aldapSdpriatelybe] Sa& NB TSI

converted and applied to other GHG emissions as necessary.

190Interagency Working Group on Social Cost of GreenhoasegsAugust 2018echnical Update of the Social Cost of Carbon

for Regulatory Impact Analysidnder Executive Ordé2866.Available at
https://obamawhitehouse.archives.gov/sites/default/files/omb/inforeg/scc_tsd _final clean 8 26 16.pdf
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In 2017, the Trump Administration issued guidance to update the SCC estimate that only included

domestic impacts of carbon emissions and to recanohdiscount rates from 3 to 7 percent. the

lower bound of JPercent, the Trump Administration estimated the SCC to be $7 per short ton of carbon

dioxide in 2020 (in 2021 dollars). This value isjustdr@@Sy G K 2F (GKS hol Y | RYAYA
At a discount rate of 7 percent, the Trund@iministration found a SCC of $1 per short ton of carbon

dioxide in 2020 (in 2021 dollars) The issue with measuring only domestic damages of carbon,

however, is that the emissions quickly spread on a globa¢ saal contribute to climate change impacts

around the world. Moeover, high discount rates such as 7 percent are a way to reflect returns on

capital, rather than climate change impacts for future generatitis.

In February 2021, the Biden Administratiosued its draft guidance for the SE8Thedraft guidance

resands the 2019 draft GHG guidance issued by the Trump Administration, effectively rejecting the 7

percent discount rate and the notion that climate change damages caused by U.S. emissions but

suffered in other countries should be ignorethe Biden Adminisation has stated that it intends to fe

convene the IWG, restimate the SCC, and-igsue new guidance on a federal SCC in January 2022. We

should anticipate that the update will reflect recenformation and analysis of climate impact

valuationofdarth 354> | yR RAa02dzyiAy3dd ¢KS CSONHzr NBE HAaum 3
agencies should consider all available tools and resources in assessing GHG emissions and climate

change effectsf their proposed actions, including, agpmopriate and relgant, the 2016 GHG

DdzA RI$#0S d¢

Other SCC recommendations

The federal IWG SCC is one among many SCC calculations. Some other calculations of the SCC use one of
the identical models used by the IWBut update key parameterS?® Yet other céculations of theSCC
utilize different models and also take leggvobability but highesimpact costs into account (see, for

191y s. Governme Accountability Offie. June 2020. RSy i AF&8 Ay 3 | CSRSESNIt 9ydAade G2 ' RRN

Ba
Recommendations Could Strengthen Regulatory Anaiygdable ahttps://www.gao.gov/assets/gad0-254.pdf See
Page 3, Table 10.
192y s. Government Accountability Office. June 228 Sy GAF& Ay 3 F CSRSENI f 9yidAade G2 ! RRNBa
Recommendations Could Strengthen Regulatory Analysdlable ahttps://www.gao.gov/assets/ga@0-254.pdf See
Page 32.

198/ 24z OAt 2y OYBANRBYYSYydlt vdzd tAGe8d CSONHZ NBE MpPS HAHMD abl Az
DNBSYyK2dzi S DFederabeYisteigowilaiedat
https://www.federalregister.gov/documents/2021/02/19/20203355/nationalenvironmentaipolicy-act-guidanceon-
consideratiorof-greenhousegasemissions

1949 ESQdzii A PSS hTFAOS 2F (GKS t NBAARSY(Gd® WHydZd NBE HAS HAHMD Gt NRG S
¢ O01tS (KS HedefaeyistedgoanilalBleratitips//www.federalregister.gov/documents/2021/01/25/2021
01765/protectingpublichealthrandthe-enviromment-andrestoringscienceto-tacklethe-climate-crisis

19p 2 NRKF dza S 2 d5® HamMT @ & wS CPozekdingsyoithe iNatiénal Achd@iny of Sci@BS () 1218 O NI 2 v d
1523; DOI: 10.1073/pnas.16092441https://doi.org/10.1073/pnas. 1609244114y R |  yasSt s / & ad S [t o
SO02y2YA0a &adzldL)2 NI F 2Neiuré ®liatel Changhftpi/acdcA087 fréd. frithBnSel 2q0bif:
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example the 2014 metanalysis described in AESC 20$8Y.hese studies may also recommethé use

of lower discount rates than thosanalyzed by théWG1°” While high discount rates may be useful in
contexts relating to financial rates of return, lower discount rates are thought to be more ethically
compatible with preserving the planet for futelgenerations of humanity, and thus maappropriate

for an SCC. Still other calculations may be derived through other means, includingmadtsis of other
researcht®® Depending on the year being described and discount rate used, SCCs in these ahghies r
from roughly $53 to $820 per shortricof CQ (in 2021 dollars). We note there are also published
recommendations on the SCC that do not necessarily specify values, but instead suggest best practices
for performing the calculatiof?®

Generally speakingexperts examining or calculating an $gically reommend using reasonable, low
discount rates; evaluating the SCC with a global perspective; and including the evaluation of low
probability, highh Y LI Ol S@Syidia Ay SAGKSNI (dkissegarale seyfsitivitips. / 0 SA

New York Site Social Cst of Carbon Guideline

In December 2020, the New York State Department of Environmental Conservation released a guideline
R20dzySyid GAGfSR aoadlrofAakKAy3d ?POThidddcumdnt @ovidesd ND 2 ¥ €
range of carbon valigeas well aguidance for state entities on which values to use. Most notably, the

NYS SCC Guideline recommends using the values identified as an interim SCC by the Biden

Administration in February 2021 (and prewsty issued by the Obama Administratior201.6), butwith

I RAFFSNBYy (G Nry3aS 2F RAaO2dzyi NraGSaod 2S RA&AOdzaa i
similar energy landscape and policy context to the six New England states.

The NYS SCC Guidelieeammends basing the SCC on the estimaticaiculatedy the federal IWG in

2016 and identified as interim in 2021, as these use a global scope of emissions impacts and estimate
impacts through the year 2300. As described above, the federal IWG usesragea$CC from three
different IAMsmodelsto providerobustness to the final calculation. The NYS SCC Guideline also
recommends that the full scope of impacts of all relevant GHGs (e.g., methane, nitrous oxide) should be
considered, not jus€Q. This isxecessary to ensure that reducing one tygfeemissiors does not

transfer the pollution to another emission or jurisdiction. Similarly, the NYS SCC Guideline explains the

B\wo. pwoad Gy RSY . SNEK YR 2 owed2d . 2658)a HhcdugeBhingte 6! € 2 6 SNJ ¢
Changet, 253258

OG8Ny S bods FyR WO 90 {GAIEAGT © namMB@iaCKSEt JABENE | y2ad GBRYL K
NBER Working Paper Serietip://www.nber.org/papers/w28472

198Richards J ®l,H n m Yh& Ecénomic Impacts of Climate Chab&eview of Environmental Economicsl &vlicy Volume
12, Issue 1, Pageg2b, https://doi.org/10.1093/reep/rex027 Also available at
https://academic.oup.corfreep/article/12/1/4/4804315#110883856

199\ational Academies of Sciences, Engineering, and Medicine. Z8allilng Climate Damages: Updating Estimation of the
SocialCost of Carbon Dioxidé&/ashington, DC: The National Academies Phigss://doi.org/10.17226/24651

200New York State Department of Environmental Conservation. ZB&@blishing a Value of Carbon: Guidelines for Use by
State Agenciedvailable athttps://www.dec.ny.gov/docs/admiistration pdf/vocfquid.pdf
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necessity of considering the global impact of emissions, as carbon impacts arealizeld.
Furthermore, the NYS SCC Guigetiecommendstaying upto-date with peerreviewed literature
related to the SCC to ensure the most accurate cost estimates. Finally, the NYS SCC Guideline
encourages the use of an appropriate discount rate, dififéfrom the range in the IWG document.

While the fedeal IWG provides SCC values using discount rates of 2.5 percent, 3 percent, and 5 percent
O06AGK | aOSYiUNIté¢ ARSYUGATFASR QI tdzS 2F o LISNOSydo
a discaint rate of 1 percent, 2 percent, and 3ngent to uncerstand the range of potential SCC

values?®lIn particular, the NYS SCC Guideline also recommends using a central discount rate of no more
than 2 percent for decisiomaking. The NYS SCC Guideline recemaisi relying on the central discount

rate of 2 percem or less for several reasons:

9 First, higher discount rates are more approprifdeevaluating private investments,
while the issues here are about lotgrm impacts to the public from global climate
change.

I Second, the NYS SCC Guideline paint thatrecentresearch has found that the
federal IWG underestimates the value of avoiding emissions damages (see discussion
above on other estimates of the SCC that utilize the same methodology as the IWG, but
update key input parameters). The NYS &Qidelinenotes that the federal IWG
estimates do not fully account for damages from higipact events or climatic tipping
points, and that these damages could be accounted for through the use of lower
discount ates.

1 Third, the NYS S@Tidelinedoes na recommendusing a discount rate of O percent at
this time. A discount rate of O percent values the present and future equally, which is
potentially not representative of how society values the present and future.

1 Fourth, the NYS S@uidelinenotes that Ex@ertsnow generally consider a range af 1
3 percent to be more acceptalsieé¢ percent discount rate is the central value of this
range.

As a result, the NYS SCC Guideline recommends a discount rate ofenthamo percent, as this will

best accounfor public safety and welfare and significant environmental impacts, while recognizing

some difference in societal value between the present and the-teng future. The NYS SCC Guideline
y20Sa 0KI (appraath@ésRRH as dezliviing discounesaard providing estimates at the 95

percentile of the central value could also be considered by the Department in the future as more review

FYR NBFAYSYSyld 2F GKS SadAyYl ( 3ire reodamsRECCOfO02 NRA Y 3

201)tis theoretically possible to calculate an SCC using any discount rate, rather than the ones enumerated here. However, the
application of discount rates in tH&CC calculation happens fairly early in the methodology, mgahat users of the SCC
are limited to the use of the SCCs calculated using the published discount rates.
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$116 per shortan of CQ at a 2percent discount ratéin 2021 dollars)escalating over timé®?On a 15
year levelized basis, this SCC is equal to $128 per short ton.of CO

Recommendation for AESC 2021

Table78 summarizes the NYS SCC Guidelahges across time and provides a levelized/&ar value

for each of the three series. We recommend that users of AESC rely on the SCC values shown in the
column based on the 2 percent discount rate, with SCC galaieging from $116 (in 2020) to $165 (in
2050) in 2021 dollars per short ton of £@nd a 15/ear levelized value of $128 per short ton. We
recommend the use of a central value of 2 percent fordiseount rate in line with the NYS SCC
Guideline. This@&C value is likely to be suitable for is&lew England states that consider the social
cost of GHGs in casffectiveness planning, since the New England states are similar to New York in
terms of energy landscape and policy context. Moreover, the NYGG@&@deline values consider the
global immct of emissions, use reasonable discount rates, and consideirhjzgtt events through low
discount rates. Analyses since the August 2016 IWG report suggoettations of greater damages

from climate change anthe use of lower discount rates. For exple, a survey of approximately 200
SELISNIE& FT2dzyR I YSIy NBO2YYSYRSR a420Alf RA&AO2dzy i
percent are comfortablevith a SDR somewhere in the interval of 1 percent t&3INIO % (G d ¢

Note that the discount rate weecommend for the SCC is different than the discount rate used
elsewhere in AESC. For the SCC, we recommend the usepefe@eBt discount rate, as this dment

rate is based in part on an ethical considerationhef value of future generations of humawj rather
than derived from observations in the financial markets (such as treasury bill rates or utility rates of
return, which ardargelyunrelated to cmsiderations important to the SC&Y.Other values descréd in
Table78 may be useful to examine in sensitivity testing of program or measureaftesttiveness.

202New York State Department of Environmental Conservation. 28@20endix: Value of @aon. Available at:
https://www.dec.ny.gov/docs/administration_pdf/vocfapp.pd¥/alues were originally reported in 2020 dollars per metric
ton; here, they have been convertedinto2im  R2f £ F NBE 1JSNJ 3K2NII {2y dz&AAy3 ! 9{/ HAHM

203prypp,a ! @3 ad/ ® CNBSYFYyS . ® DNR2YSI CAmelicdEeoSomic donrnay Bronarbid & O 2 dzy (i 7
Policy November, page 33.

204\\e note that the original 2003 methodology used tdccdate a 3 percent discount rate involved subtracting they8ar
average of yeaon-year CPI changes (1973 through 2002) from thg&4 average of 19ear U.S. Treasury yields (1973
through 2002). Using the data currently available from the U.S. Trneasul the Bureau of Labor Statistics, we calculate an
implieddiscount rate of 3.01 percent, which rounds to 3 percent. When this same methodology is applied to a more recent
30-year period spanning 1991 through 2020, we calculate an implied discourtfrdt®2 percent, which rounds to 2
percent. In short, even dne were to rely exclusively on financial markets to determine an appropriate discount rate for
the social cost of carbon, it would be appropriate to use a 2 percent discount rate rather thparaent discount rate.
Obama White House Archives. Last@cé&S R al NOK MM In duén Hhvodt Yo/ GAKNEOIE K 2Ndzal S @2 NB© | @1 A
https://obamawhitehouse.archives.gov/omb/cirtars a004 &l/.
U.S. Department of Treasury. Last accesseNJd&K X MMP® HAHMD G5 At Freabuiyovhveihide at, A St R/ dz
https://www.treasury.gov/resourcecenter/datachartcenter/interest-rates/Pages/TextView.aspx?data=yield
Po{d . dzNBldz 2F [FyR {dGFGAaAdGA0&ad [Fad | O0SaaSR al NOK MMI HAt
Bls.govAvailable ahttps://www.bls.gov/cpi/tables/supplementafiles/historicatcpiu-202101.pdf
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Importantly, we note that this is the recommendation being made by the AESC authors at the time of

0KA A& NI LR Npassibleaeweh likelyytimdhislvalue wi change as new information becomes
available. Such new information may include new data igh-tmpact events and climate change risks

and feedbacks, information about time preference and discount rates, updatatel input parameters,

or other factors.This information may be promulgated by the federal government in the course of the
BidenAdmiha a G NI GA2y Qa FAyLrft {// NUzZE SYFr{Ay3azZ RdzsS G2 0S5
assessments published by vargthird partiesWe recommend that progra administrators continually

review this value and potentially revisit an update to this vdremid-term modification purposes in

early 2022.

Whenever possible, we also recommend considering the full scope is§mms impacts and the effect
on noncarbon emissions to ensure one pollutant is not replaced by another.

Table78. Comparison of social costs of carbon at varying discount rates from NYS SCC Guideline and federal IWG
(2021 dollarsper short ton)

3.0% 2.0% 1.0%

2020 $49 $116 $390
2021 $49 $118 $391
2022 $51 $119 $394
2023 $52 $120 $396
2024 $53 $122 $399
2025 $55 $124 $401
2026 $56 $125 $403
2027 $56 $127 $405
2028 $57 $129 $408
2029 $57 $130 $410
2030 $59 $131 $413
2031 $60 $133 $415
2032 $61 $135 $416
2033 $62 $136 $419
2034 $64 $138 $421
2035 $65 $140 $424
2036 $66 $142 $426
2037 $68 $143 $428
2038 $68 $144 $430
2039 $69 $146 $432
2040 $70 $148 $434
2041 $72 $150 $437
2042 $72 $152 $440
2043 $73 $154 $442
2044 $74 $155 $445
2045 $75 $157 $447
2046 $77 $158 $449
2047 $78 $160 $451
2048 $79 $162 $452
2049 $81 $163 $454
2050 $81 $165 $456
15-year levelized $57 $128 $407

Sources and notes: Values are obtained fhitps://www.dec.ny.gov/docs/administration pdf/vocfapp.pdill values have
been converted into 2021 dollars per short tons. Value streams are shown from lowest to highest, left to right. Alidevelizat
calculatiod ¢ SNB LISNF 2 N¥ SR deidisogumtrael OK O2f dzvYy Qa y2i
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Marginal abatement costs

A second approach to pricing carbon is the marginal abatement cost mefhigsimethod asserts that
the value of damages avoided, at the margin, must be at least as grédeas asst of the most expensive
abatemen technology used in a comprehensive strategy for emission reduction.

There are two interpretations of marginal abatement costs, leading to different cost estimates. On the
one hand, GHGs are a global problem: beesdtley are persistent and wetlixed inthe atmosphere,
emissions anywhere affect climate change everywhere. This suggests an international perspective
identifying the marginal abatement cost on a leasst global scenario for emission reduction. On the
other hand, New England states have @etir own targets for GHG emission reduction and are
developing regional strategies for meeting those targhts may only include the deployment of

certain technologiesThis suggests a local perspective, idemtgthe marginal abatement cost on a

locd scenario for meeting regional emission reduction targets.

International perspective

Previous AESC studies (AESC 2013, AESC 2015, and AESC 2018) all arrived at the conclusion that CCS was
the marginalabatement tetinology in many global scenarios fonwie mitigation These global

scenarios often consider both electric and relectric measures, meaning CCS is the marginal economy

wide technologyln AESC 2018, we determined this value had a total cost of $1&hpkrton (in 2018

dollars) accordingo a 2015 metaanalysis of CCS codt8.The latest data assembled by NREitsin

2020 release of the ATB suggests this nunfizer decreased since that study took pl&&According to

this study, anatural gas combinedycle (NGCC) power planinning at an agrage capacity factor built

with CCS has an incremental cost of $29 per MWh versus a standard NGCC running at the same capacity
FILOG2NI 6AY Hnmy R2ffFNRO® ! YyRSNI K AvaidingBoyderdedit Qa | & a
of cabon emissions, @ducing an avoided emissions rate of ®shorttons per MWh. Dividin§29 per

MWh by 0.3 shorttons per MWh yields an incremental cost @&8%er shortton (in 2018 dollars)in

2021 dollars, this is a cost d®&per short ton.This isour internationd perspective estimate.

Local perspective

AESC 2021 proposes two different local marginal abatement codieiEnglandtates with different
policy contexts.

2059 Rg I NR {® wdzoAyS W2Ky 9@ 5 A a2y ,dapfuie ahdateraghiRternaidonal JBuNdI2 3 0 H 1 M p
of Greenhouse Gasftrol, https://www.cmu.edu/epp/iecm/rubin/PDF%20files/2015/Rubin_et_al_Thecostof CCS_
IJGGC_2015.pdfhe estimate cited here is the midpoint of the range in Table 16, lisgated as$59- $143per metric ton
in 2013 dollars).

206 NREL (Nation&enewable Energy Laboratory). 2020. 2020 Annual Technology Baseline. Golden, CO: Natisaal&ene
Energy LaboratonAvailable ahttps://atb.nrel.gov/electricity/2020/data.php
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Derived from the electric sector

AESC 2018roposedan electricsector technolgyas the margial abatement technology in New
Englandas it assumethat allend-uses would need to be electrifiednd then powered by zer@r low-
carbon electriesector technologieg order to achieve substantial GH@issiorreductions.In AESC
2018,we determined hat the most appropriate marginal abatement technology for New England was
offshore wind.

After reviewing recent literature on this topiender the AESC counterfactual paradjgme find that
offshore wind remainsghe best estimate from aokal perspectiveConventionally, marginal abatement
technologies are identified through comparative analysis of technology costs (measured inpeHars
ton abated) and potentials (measured in total potential tons to abates.dixpensive and challemgj to
define a egional marginal abatement technology for four reasons:

9 First, prices of technologies change over time as technologies improve and new policies
come into effect

1 Second, technology potentials change over time ews data becomes availablas
technologiesmprove, and as new resources are constructed (thereby decreasing the
amount of future emissiongeducing potential)

f ¢KANRI (GKS GRSYFYRé¢ F2N) FdziidzNB SYAaaizy NBRdAzOi
may have déned emissiomreduction goals, targets raequirements for some years,
but not all years being considered. Other states may not identify emission reduction
targets for the sectors of interest to AESC, or may be ambiguous in terms of how
& NB lj dzA NBnhissioniredustanSare.

1 Finally, in an idal world, this exercise would be performed for every year being
considered for analysis. This temporal aspect complicates each of the factors described
above.

Given that AESC 2021 does not have the scope or timiéahle to peform an exhaustive marginal

abatement estimate, we look to the literature. One 2019 study, relying in part on cost and potentials

data assembled by the Synapse Team in AESC 2018, found tha0infhore wind represents about

half of theoverall emissins reduction potential foMassachusett€®” Furthermore, if this same study

were performed absent the resources being tested for ef&ctiveness with AESC 2021 (e.g., future

energy efficiency or electrification)e would likely find offsbre wind to be the marginal resouré&®

Bed dza S 2F 2FFaAK2NB 4AYyRQa fIFNBS NBaz2dz2NOS LRGSYGAl f

207 Stanton, E T. Stasio, B.Woods. 202arginal Cost of Emissions Reductions in Massachusgipied Eonomics Clinic for
the Green Energy Consumers Alliance. Available at
https://staticl.squarespace.com/static/5936d98f6a4963bcd1ed94d3/t/5de5363d20783a433fff5ffe/1575302718557/Margi
nal+Cost+of+Emissions+Reductions+in+Massachudéits-2019. pdf

208 Other information may be available from a forthcoming climate policy seitgitiSee Chaptet2: Sensitivity Analysior
more information.
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number of scenarios that test the sensitivity of marginality to variables like pricestialte states
consideredi 2 Kl @S & NB|j dzA NB R #d yéavbeigzdngdgredNG matgDality.2 y 4 = |

With this under consideration, the Synapse Team performed a review of the literature to develop an up
to-date forecast of offshore wind prices avine AESC 2021 study ped. In October 2020, NREL

published it2019 Offshore Wind Technology Data Updatiich contained the levelized adjusted

strike prices for oveBO different offshore wind auctions across the United States and EuftiiEhe
NRELtske price refers to theontract price agreed upon by the buyerdaseller of energy for a given
project. This price is typically tied to a specific contract lengthresents what the project will be paid

for the energy and other benefitand likelyncludes some profit margifor the developer In this

document, NREhas adjusted all strike prices to include grid connection and development costs in order
to ensure an applem-apples comparison across projects. NREL has also accounted for diffédrences
contract length by corerting the annual strike price to a prederalue. Since this report contains strike
price data for projects with estimated online dates between 2020 and 2025, we used the average cost in
each year to develop our price forecast.

In order to project how theost of offshore wind could change aftern v p X S NBFSNBYOSR b
recentATB*!°NREL releases a new version of the ATB each year as a way to track how improvements in
R&D and supply chain can affect technology costs anidipeance assumptions. Oraf the metrics

provided in the ATB is tHevelized cost of energyrhis metric uses the projected technology cost and
performance to calculate the total costs as spread out over the total anticipated energy generation.

b w9 [ @erateYezhnology innovatinscenario projects a decrease in offshérd y RQa f S@St A1 SR
energy over time, largely due to increasing turbine sizes and increased efficiency in the supply chain.

This yeaoveryear cost decline was used in conjunctisith the average strike pre from 2025 to

develop a more forwardooking trend out through 2035 Figure45 shows the offshore wind price

trajectory used to calculatéhe marginal abatement cost over the AESC 2021 study pd?iomk data for

Mayflower windwas adjusted based on new information fsning to the extended investment tax

credit released in January 2022

209NREL (National Renewable Energy Laboratory). 204@ Offshore Wind Technology Data Upda&teailableat
https://www.nrel.gov/docs/fy210osti/77411.pdf

20, wo[ o6bldA2ylt wSySslotS 9OySNHE [ 02NIG2NBOD HAHAD GHAHA !y
https://atb.nrel.gov/electricity/2020/about.php

211\e referenced thdevelized cost of energyajectorythat assumedi KS aal N] S b t pamoderat®a¢ TFAY L y OA
technology innovation scenariand the default technologglass.The Market + Policies case considers federal tax credits
YR RSod AydSNBSad NIrdSao /flaa o ¢la aStSOGSR a GKS RSTI d
resource characteristics of nearSNlY RS LI 228 YSy (G F2NJ FAESR 62602y (SOKy2f238¢ e
https://atb.nrel.gov/electricity/2020/index.php?t=ovor more detail.

21201 8 Ft26SNI 2 Ay RD WHydzk NE Y246 n10YiONBHAEFNROSNI VAYOQAUR 6BR (2 =
CoOrYAGYSyid G2 tlhaa /2ad {1 Ay 3 Ma@chvendrdl RdoMbailabletat E / NBRAG& (2 [
https://mayflowerwind.com/mayfloweswind-low-costenergyprice-anticipatedto-go-evenlower-due-to-unique-
commitmentto-passcostsavingsof-federattax-creditsto-customers/
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Figure45. Price trajecory for offshore wind
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Mayflower Wind based on updated pricing announced in a January 8, 2021 by the project developers.

After wedeveloped the cost trajectory using the methodology described above, we subtracted the
estimatedenergy costs from the total offshore wintice2'3 Because the amount paid for energy
represents revenue to the offshore wind project owner, only the remainsleonsidered the

abatement cost!“ This abatement cost represents the incremental cost of thisemitting

technology. After levelizindhe abatement cost stream into a present value, the cost was multiplied by
the annualmarginal emissions rasof described below inTable80. The final value translates to a cost
per avoicd short ton of C@of $125per short ton.

In AESC 2018, the cost of avoided ®&s reportedo be $68 per short ton in 2018 dollaws $72 per
short ton in 2021 dollardVe find that the updated cost ig5 percenthigher. Thigost increase is driven
by two factors:First in AESC 2021, viraveaccess to more cost data specific to U.S. projectéaw
Jersey, New York, Massachusetts, and Maryl&hd.previous AESXD18 reportprimarilyreliedupon
European prices due to a lack of U.S. dblatably, in &£ZSC 2021, we assume annual changes indke
of offshore wind (e.g., costs start relativdligh but decline over time). AESC 2018 assumed a single,
unchanging cost throughout the study peridgecond, the projected energy prices are lower in this

213For the calculations described in timiaragraph, we have subtracted the energy costs associated with Counterfactual #1.

2147his calculation doesot remove capacity payments. These are unknown for projects that are currently proposed in New
England, and given the rules of the FCM, are higépendent on the timing of retiring power plants. This cost also does
not account for any additional costslated to network upgrades or storage (e.g., for balancing purposes). If these
components were included, the total cost would be higher, makingctist described above a conservative estimate.

I8 Synapse Energy Economices. AESC 2021180




edition of AEC 2021, which means that the residtpst of offshore wind is higher, compared to AESC
2018.

Derived from multiple sectors

AESC 2018 assumed thateaitiuses would need to be electrified in order to achieve substantial GHG
emission reductions. Haaver, in some policy contexts, policymagéincluding utilities and program
administrators)who are considering more ambitious carbon reduction targets (e.g., 8&peor 100
percent reductions by 2050hay have another avenue to eliminate GHG emissibmparticularend-
uses in the thermal sctor that are currently powered by the esite combustion of fossil fuels could
instead be powered by lovor zerccarbonvariations of that same fuel’his comparison may be a
necessary one in cases where poliej®rs are seeking to develop a complest¢ ¢if comparative,
politically feasibléechnologies that would lead to decarbonizatjar in other cases where
electrification is not being considered as a viable technology (e.g., under one of the countegactual
Under this construct, we would compatiee cost of the marginal abatement technology derived from
the electric sector (described above) with the cost of the riraigabatement technology derived from
the thermal sector (described below). The more exgiea of these two costs could then be stite
the marginal abatement cost across these two secté?s.

One such technologg RNG?6RNG is a term for natural gdsat is derived from biomass or other

renewable resources and is fully interchangeable withventional natural gas. RNG can be praatlic

through a variety of methods, including deriving biomethane from waste via anaerobic digestion or
gasification, derivig hydrogen from electrolysis, and deriving synthetic natural gas from hydrogen and a
renewalle CQ source (like biomass$}.’ RNG produag from each of these methods varies in both

potential and costsOf these methods, some are established technologies with decades of operating
experience(e.g., extracting and purifying biomethane from biogas sesisuch as landfills and waste
digesters)whereas other methods are still in their technological infafeyg., processes where

St SOUNRfe&aAa Aad dzaSR (2 LINERJIAGS 2WBhESynaasYesdsa A YSa OF
reviewed the literature to dedrmine what an appropriate coef RNG shold be for New England.

The primarysourcewe evaluatedis a March 2020 report published by ICF on behalf of Washington Gas
Light Company*8ICFprovides an estimate of nationwide RNG production for four years522@30,

215GHG emissions are of course produced from other sectogs (pdustrial, transportatioragriculture). Because program
administrators are primarily concerned with installed measures that impact the edestd thermal sectors only, we ignore
costs derived from technologies in the other sectors.

216 Other techndogies, such as diesel with high biofuel contents (e.g., B100) were also considered for analysis. However, they
were ultimately not included due t@j their low availability and (b) the challenges and costs associated with converting
existing furnaces anboilers to utilize this fuel. In other words, RNG can be used alongside or in place of conventional
natural gas in existing heating technology; #&me cannot be said for B100 and home heating oil.

217 §The Challenge of Retail Gagit f A T 2 NGafoth Budurehé2 ¢/ | t AT2NY Al Oy SNHE /2YYA&&AA2Yy D
https://ww2.energy.ca.gov/2019publications/CE00-2019055/CEE&00-2019055-F. pdf

218 Notethat the 2020 report is discussed here as it is the most recent and most comprehensive contribution from ICF on this
topic.
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2035, and 2040) acss three scearios (conservative low, achievable, and aggressive high) for nine

different types of RNGhe maximum potential in 2035 (the scope of AESC 2021) is 6 quadrillion Btu per

year for the nation as a whald his iompared tonatural gas consumjin in New Egland in the

residential and commercial sectors of 9 quadrillion Btu in 283Fhis suggests that even if the entire

O2dzy i NBE Q& LRGSYGAIf F2NJ wbD ¢gSNB RSRAOFIGSR (2 bSs
most expensive technology aNable, if itwere being deployed at a scale to considerably abate GHG

emissions.

The ICF study identifies P2G as being the most expensive variation of Risl@&chnology involves
havingrenewable technology produce hydrogemhich is then combined wit€Q to createmethane
P2G is also the RNG variation that is I¢éiasted by available feedstocks, and thus able to meet
marginal needs comparable in scale to the regional demanddtural gas.

ICF states that P2G has a pwotion cost of about $25 per MMBtu, assumgilarge economies of scale.
Assuming RNG derived from P2G completely replaces the consumption of natural gas (which has an
emissions rate of 53 kg ¢@er MMBtu), this transites into a cost of $471 per metric t8f This value
does not include the cost @Q for the methanation reaction, which ICF estimates at $30 per metric
ton.??1 Other estimates describe the cost of Qirect air capture in the 2035 timeframe at about $60
per metric ton??2 Adding either of theséwo CQ costs to $471 per metric ton andeforming unit
conversions yields a range of $455 to 482 per short ton (in 2018 doAxesjaging these two values and
converting to 2021 dollars produces a valuegd93per short ton.Depending on the policy @rsioned,

éStudy on the Use of &uels (Renewable Natural Gas) in the Greater Washington, D.C. Metropolitah &real. / C wS & 2 dzND S
Inc. March2020. Available as Appendix D at
https://edocket.dcpsc.org/apis/api/filing/download?attachld=101994&guidFileName=e68$863c4122aca3

3b45e838b2b7.pdf

American Gas Foundation. December 2(R8newable Sources of Natural Gagailable at
https://www.gasfoundation.org/wpcontent/uploads/2019/12/AGR0193RNGStudyExecutiveSummaryFinall 2-18-

2019-AS1.pdf.

ICF International. LastO0Saa SR al NOK MMIHAumM® a55aA3y t NAYyOALX Sa F2NJ I
https://staticl.squarespace.com/static/53a09c47e4b050b5ad5bf4f5/t/5a56701dec212d1888aa212a/1515614239606/ICF_
WhitePaper Design_Principles.pdf

219pata on natural gas consumption obtained frottps://www.eia.gov/dnav/ng/ng_cons_sum_dcu_nus_m.htifhis
quantity does not include natural gas cansed in the industrial sector, electric power sector, or for pipeline and
distribution use. Altogether, natural gas consumption in New England i& @@4dled about 32 quadrillion Btu.

22050me types of RNG are described as having negative emission rtteg asoid upstream GHGs associated with natural
gas (e.g., from production). Because P2G simply avoids the use of conventional natural gas, tbesasoan be ignored.
We also ignore emission reductions associated with pipeline leakage, as thes®esiss not considered elsewhere in
the AESC study.
Po{d 9y SNHE AYF2NXNIGA2Y ! RYAYAAUNI GA2Yy d doéSoNXH NE2 BT HBIImACTD &
https://www.eia.gov/environment/emissions/co2_vol_mass.php

221 \cF 2020, at page 76. Units are assumed to be in metric tons. Another set of costs thdtiackuded here are theosts of
a heat sinkfor the waste heaproducedfrom methanatior). Because these costs could theoretically be a benefit (i.e., the
heat could be repurposed), we ascribe no cost or benefit to this component.

222 Sutherland, B. G. (419).Pricing C@Direct Air CaptureJoule Cell Presd/olume 3, Issue 7, 17 July 20P@ges 1571573
https://doi.org/10.1016/j.joule.2019.06.025
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it is possible that this cost atd be imposed at its full value and carried through to the end of the study
period, or implemented along some phasetrajectory (e.g., evoking an RB& policy for natral gas).
For purposes of simplificatioand to match assumptions made for otheanginal abatement costs, we
assume that the same RNG cost is used in all analyzed Bearise this is greater than the abatement
cost derived from the electric sectohis is our local perspective estimate #m abatement cost

derived from multiple setors.

Caveats to damage costs and marginal abatement costs

Both damage costs and marginal abatement costs have uncertainties. Damage costs are typically based
on sophisttated climate and economic modeling, andyrdepend on the inputs being used or the
algorithms applied. Damage costs are also sensitive to assumptiadiscount rates, geographic scope,

and considerations diighrisk situatiors. Likewise, of abatementost modelingrequires numerous
assumption®n available technologies, costs, potet$i, emissions reduction targets, and timescales.

8.2. Non-embedded NQ costs

Combustion of natural gagseatesNOx emissions. N@contributesto groundlevel ozone and smog, and
a cause of respiratory illness. Theseigsions are reduced but not eliminated tyrrent regulations.

As in previou®\ESGtudies,we haveconducted a review of the literature to develop an estimate of the

damage cosbf NOcemissions (e.g., the cost that K@missions impose on human healths n AESC

2018, werelyon one2015stude Q& LJdzof AAKSR | @SNF 3Sa F2NAIFKS O2y A\
2010s2%2 Converted ta2021dollars per short ton ofiitrogen (N) (and rounded to the nearest $100), it

found a low case of %200, a median of $,600, and a high case 068800224 Basedon molecular

weights, a price per ton of N impliedaaver price per ton of NQ 47 percentof the N pricefor NO,and

22 o{ @ 9YBANRYYSYIl tblictHéaRhibénéfifs pe2 Kivh bf EeygEsfidiendytantt Renewable Energy in the
PYAGSR {dFdSay | ¢ SOKy A Btpd/iwwnSepa2qdMsi@siproducioni@#2d1® | g Af 6t S
07/documents/bpkreport-final-508.pdf
Other sources examined include Gilmore, E. A., Heo, J., Muller, N. Z., Tessum, C. W., Hill, J. D., Marshall, J. [P., & Adams,
(2019). An inteicomparison of the social costs of airaljty from reducedcomplexity modelsEnvironmental Research
Letters 14(7), 074016https://doi.org/10.1088/17489326/ablab5 These sources were not ultimdgencluded in this
review as they coveamore limited scope of NOmpacts, or are more concerned with variations in modeling approaches
of air quality, as opposed to the resultant Nedsts themselves.

224Daniel J. Sobota, Jana E. Compton, Michelle L.IME O1 Ay 2 F YR { K ¢ S firtactijemifcgdo reteasafom 0 = 6/ 2 & (
KdzYly | OGAGAGASA (2 G§KS EBnyidanedalReseyréh Latghe, @R5086. | yAGSR {dF iSax¢
https://doi.org/10.1088/17489326/10/2/025006 Calculatedrbm Table 1, assuming $1.00 in 2008 = $1.17 in 2018. Values
FNE OFfOdzZ I iSR o6& adzrYAy3ad (KS ¢ FEANESY3 SISO KS TSt Qdidvay FONER2YS S0 | YASYRAZ
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30percent forNG,.22° Assuming &0 10 mix of NO and N©this median value translates into aige of
$14,700 per short ton of N@?226

Usirg the dollarper-short ton cost described in the first study, and assuming the summeeak
marginal NQemissions rat in Table80, we find anavoided cost for N@equal t0$0.77per MWh.

8.3. Applying norembedded costs

Nonembedded costs can be applied to both the electric sector aod-electric sectors. The following
sections describe the approaches for each.

Electric sector

AESC 2021 embeds three electgctor regulations in New Elagnd in its forecast of avoided energy

cods: one (RGGI) is modeled regionwide, while two (310 €M a masbased, declining cap on-in

state CQemissions, and 310 CMR 7.75, the Clean Energy Standard) apply only to Massachusetts and are
used to represet a reasonable and current estimate fdret cost of compliance for the Massachusetts

GWSA regulations. In AEEI21, we sum these embedded costdl taree for Massachusetts, RGGI only

for the other five states), then subtract the annual values from #lewant marginal abatement cost
(seeTable79).

Table79. Interaction of nonembedded and embedded G@osts.

Marginal abatement cost (including neambedded components) a
Non-MA allowance price (embedded componerntg;luding RGGI) b
MA allowance price (embedded components RG&0 CMR 74,310 CMR 7.75) C
Externality cost (notMA) d=ab
Externality cost (MA) ez-ac

The resulting cost stream (measured in doliaes short ton) can then be multiplidoly amarginal

emissions rate (measured in short tons per MWh) to be converted into dollars per MWh. In this context,
- aYl NBAYLf ¢ Stthelemisshbryratdkbotided With Th&redources that change thei
output (e.g., ramp up or ramp down) ane demand is added or removed from the gtfd There are
shortrun and longrun emission rates, each of which has separate implications for the resulting-dollar

225 A oneton 50/50 mixture of NO and N@ontains 770 Ib of N based on molar fracgoof N in both NO and NOThe value
of the nitrogen in the ongon mixture of the AESC N@ill be 38.6 percent of the dollar price per ton.

226 F|yid. Last accessed March, 2021 Nitrogen oxides Formation in Combustion Procedsesilable at
http://fluid.wme.pwr.wroc.pl/~spalanie/dydaktyka/combustion_en/NOx/NOx_formatiodf.pPg. 42

2l¢kxa Oy 68 O2y(iN}aiSR 6AGK |tythedotaleBissioss Produddby thédii®oyeia NI G S =
long period of time (often a year) divided by the total generation output by the grid. This emissions rate includes many
resources (e.g., huclear, hydro) that do not economically respond to changes amdem
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per-MWh valuesShortrun and longrun marginal costmay both be applied to measures that dease
electricity consumption (e.g., energy iefency) the same way they are applied to measures that
increase electricity consumption (e.g., heat pumps).

Shortrun marginal emission rates

Using EnCompass, we cdita the marginal C£and NQ emission rags by comparingesultsin
Counterfactual #1 witlmesults inCounterfactual 2. Specifically, we calculate the change in emissions in
each year, and divide that number by the change in dema@he result is the mainal emissions rate

for any given yeaf?® This emissions rate nahen be aggregated over multiple hours to provide a set of
summarized marginal emissions rates (3able80). Marginal C@emission rates in the early periods
aresimilar those found in other sourcé$’ Marginal NQ emission rates in the early periods tend to be
lower than other sources for a number of reasons: chief among therpeN(&sion rates continue to

fall asthe grid relies more often on cleaner power plaand as the dirtiest power plants retire.

286 kA8 AA GKS alYS (GKS2NE da&aSR (2 LINRRIZOS YINBAYFf SYA&
AVoided Emissions and geneRation Tool (AVERT).
Po{® 9YGBANRYYSYyillt tNRGSOGAZ2Y ! Sy Oa/yd [IlyR(I DISFENI diSR ya
Epa.govAvailable ahttps://www.epa.gov/datelocalenergy/avoidegemissionsand-generationtool-avert

229 oy example, seedble 150 in AESC 2018 (availablétabs://www.synapseenergy.com/site&lefault/files/AES€01817-
080-OctReRelease.piifTable 5 Ay L { h b2818 AieBmBdiohsyRBa@ra (availablétibs://www.iso-

ar2ya

¢ NI K

ne.com/staticassets/documents/2020/05/2018 air_emissions report.pdE | YR Rl (i HREmddelfob{ ® 9t ! Q&

uniform energy efficiency measures installed in New England (available at
https://www.epa.gov/sites/production/files/202@09/avert_emissionfactors 0908-20.xIs}.
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https://www.epa.gov/sites/production/files/2020-09/avert_emission_factors_09-08-20.xlsx

Table80. Modeled electric sector marginal emissions rates filer MWh)

CQ NOx
Winter Summer Winter Summer
On Peak Off Peak OnPeak Off Peak| On Peak Off Peak On Peak Off Peak
2021 756 791 779 799 0.09 0.21 0.14 0.11
2022 740 752 729 813 0.10 0.09 0.14 0.11
2023 732 826 663 932 0.09 0.08 0.11 0.09
2024 791 869 767 967 0.10 0.08 0.12 0.10
2025 796 881 812 966 0.07 0.07 0.12 0.10
2026 756 878 772 939 0.07 0.07 0.11 0.09
2027 682 824 760 930 0.07 0.08 0.11 0.10
2028 686 735 764 822 0.08 0.07 0.12 0.09
2029 702 718 753 794 0.08 0.07 0.11 0.08
2030 636 669 732 760 0.06 0.06 0.09 0.07
2031 648 692 723 768 0.06 0.06 0.09 0.07
2032 644 720 686 774 0.06 0.06 0.09 0.07
2033 652 702 737 788 0.06 0.06 0.08 0.07
2034 678 693 752 770 0.06 0.06 0.08 0.07
2035 691 690 761 793 0.06 0.05 0.07 0.06

Notes:We assume all four counterfactuals feature the same marginal emission rates

Thissamestep can be applied for bothon-embedded GHG costsd norembedded NQcosts.

Because therare no embedded NO.JNA OS & Ay Of dZRSR Ay ! 9{/ HAHMQA LINP
the same way that RGGI embeds some of the cost pE@3sions), there is no preliminafable79-
equivalentsubtraction step required°

TheseSYA aaA 2y NIENbE ONSOlGdadsk® NIKSe | dadzyS + aAy3tsS @S
the grid otherthanthd 4 4 dzZRIX YR ¢ NBa2dzNOSd Ly 20KSNJ g2NRasx K¢
demand for wholesa generation decreasing in response taithi ¢ RdzY Y& ¢ NXB a2 dzZNDOS > 6 dzi
incorporate any secondrder effects.These shorrun marginal emission rates are best used for

analyzing emission changes over a period of less than one year.

Longrun marginal emision rates

Conversely, a longuin marginakemission rate takes these secendder effects into account. For the
purposes of AESXD21, the primary seconarder effect to consider are renewable buildhese
marginal emission rates are best used for analyzmission changes over a period grediem one
year.The following paragraphs providgiidance on one methodology that AESC usarsapply to
adjust their marginal emission raté3!

230 costs of controls or technology that limit or reducexé@issions from individual power plants are not considered.

231Because the avoided energy, avoided capacity, and other avoided costs do not change based on the seksited emi
accounting approaches, these avoided costs are independent of the AESCaisertta longun marginal emission rate
approach
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All New England states have some kind of RPS policy in effect @ateiGhAvoided Cost of

Compliance with &ewable Portfolio Stadardsand Related Clean Energy Poli¢éeanore

information). Under these policiekSE¢such as electricity utilitieshust pracurea quantity of RECs

equal to aspecifiedl S NDSy i 3S 2F (GKIFG SyGaAadeqQa St SOGNAROAGeE &
this percentage increasewertime T2 NJ a/ f | a4 wmé¢ owdidéldn Byfiotheatical itwhishdte NEZ O
percenige is fat: if electricity sales go uphén the entity will have to purchasand retiremore RECs

(implying the addition of more renewables to the grid). If electricity sales go dewn &s a result of
increasecenergy efficiencyrograms) the entitwill hawe to purchaseand retirefewer REE232 Because

the renewables driven by these RPS policies would also displace marginal generators and decrease
emissions, ignoring the effects of these policies will overestimate the emissdasing impacts of

energy eficiencyand other DSM resources.

For time periods of one year or more, the marginal emissions rate is derived from not only the marginal
displaced resource, but also RPS percentage targets (which require demonstration of compliance
annually). Onean detamine the effect of these RPS pddis on the overall marginal emissions rate by
calculating a weighted average of the modelrived emissions rate and the share of resources
purchased to meet RPS targets. For example, consider a hypotheticalviitage50 percent Class 1 RPS
target and asupporting policy to meet this obligation through letegm contracts with zerecarbon
resources In this situation, if 1 MWh adnergy efficiencyvere deployed, load would decrease by 1
MWh, avoiding thepurchaseg(and possibly creation) of 0.5 MWh of aerarbon generatiorf33 As a

result, this 1 MWh would avoid 0.5 MWh associated with the marginal emissions rate descritasdn
80, and 0.5 MWh of zeremitting energyWe assume this mabdology is applicable only to RPS
categoies where compliance is achieved through the retirement of RECs associated witmitting
resources’3*

However, renewable policies only pact the marginal emissions rate in certain circumstances:

1 First, some stizs may have policies that require utiifi to purchase renewables
other types of zereemitting generatioron an absolute MWh basis. In these
circumstances, contracts for renewlakenergy are not linked to load, meaning that
variations in load (due tenergy efficiencyr other DSM programs)adnot have any
effect on marginal emission rates. If a state only had policies of this type (i.e., with no
RPSstyle policies), the lonrgun marginal emission rates would be equivalent to the
short-run marginal enssion rates.

232Importantly, the renewable energy attributes of these MWh must be claimed in some way (i.e., the retirement ohRECS)
order to ensure there is no doublunting among different entities in New Ength

233This simplified example does not consider impacts of T&D losses.

234For example, there are some RPS categories where compliance is primarily achieved throughethemebf RECs
associated with combinebdeatand-power plants. These plants have #anemissions rates to the systemwide marginal
emission rate, and therefore do not contribute to avoided emissions.
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1 Second, because of the ovgrlamong resources that qualify for both these contracting
policies and RPS policies, sometimes the amount of available renewable energgexce
the quantity required under an RPS. For example, consider a hypathetiereutilities
in a state with 20 TWhre (a) required to purchase 12 TWh of renewable resources in
any given year, and (lthe state also has an RPS wherein utilities must pagseand
retire RECs equivalent & percent of their electricity salesqI'Wh). In this
Ké L} G KSi{A ORRSYolidy s 8xceedet iy 8 Tvibaning that changes to load
(short of increasing load by 2 TWh) will not have an impact on the quantity of
renewables purchased by that state.

For any one state, thearginal rengvable (RE) fractiothat should be applietb the modeled marginal
emissions rate can be calculated using the algorithBgonation2. The marginal RE fraction is then
applied to the modeled marginal emissions raté&quation3 to determine the final marginal emissions
rate.

Equation2. Marginal renewable (RE) fraction
O "YE ONIMIYQNR 6 QI @A Q¥ 0 o cdbi YO B Ol E YO Bra @i B
6 'YQn 6 "MAIGDQ & wé VECEN B
0€£€E0I1 QYOO MWIGENT WH¥OOE €10Q1I € GOM'Q QO MO HI iAo Q) QQ
YO GXQ @ed Mo Qi

If[B] > [A]
Then marginal RE fraction (%) = 0%
Else marginalREfraction (%) = [A]

Equation3. Final marginal emissions rate
"OQe i "QAEANGR [ 1A ED
DEQ@aBi Q@M { 1ER ip GO "FAHOQA wwo QE ¢

Inour example, [Als equal tdb0 percent Because the total number of RECs retired is 12 TWh (all 12

TWh of RECs from the contracting policy as assumed retairgdnavfurther RECs needed to meet the
RPSolicy),[B]is equdto 12 TWh divided b0 TWh, or60 percent Because B is greater than A, the
marginal RE fraction is zero. This makes the final marginal emissions rate equal to the modeled marginal
emissiongate.

In some circumstances, if [A] afi8] are very close together, applying some quantitgedandside

measures may cause [A] to exceed [B] or vice versa. In these situations, the marginal RE fraction should
be calculated separately first for (i) tlygantity of demaneside measures that arender the threshold

where [A] is less than [B] (or eizersa) and second for (ii) the quantity of demeande measures that

are over the threshold. Calculating the marginal emissions rate in this situationlsngiiag, but

doable. Practically speakinthis circumstance is unlikely to occur for two intdated reasons:

9 First, based on our renewable energy market fundamentals analysis, we anticipate an
RPS compliance surplus in each state, in each counterfaandin each study year.
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REC supply ardkmand are expected to be closest to equilibrium dutimg first three

years of the study perioduring this time, while curreagear REC suppigaytrail

currentyear demand in one or more years, Ritfigated entities currently hold large

Wol y] DD tAdgrSOK NBEFSNE (2 SE@SEKareadyf O2YLIE Al yO
have at their disposal) which can be used to fulfill RPS obligations and therefore provide

a clear signal that no incremental renewable enebgilds are requiredn the middle

and hter years of the study period, regional REC surplatep to 5,600 GWler year

are expected

1 Second, the quantity of demarglde measures would likely have to be very large to
cause the positions of [A] and][® switch. At any given time, programradhistrators
are likely only screeningonetothreeyi Q g2 NI K 2F YSI AdzZNBa 2 NJ LINE 3
that is unlikely to absorb the modeled REC surpluses by.itself

In other words, because regional REC surplusesxgrected throughout the study periodobviating

the need forrenewable energypuilds beyond potiy-mandated supply in all counterfactualsany

guantity of demaneside measure deployed (whether it increases or decreases demand) is unlikely to
affect the quantity of renewables built

Some AESC usemay take a stateor utility-specific approach to éeulating changes in emissions that

NBadzZ G FNRY OKI y3aSa A-gpedifigemisdidd inv@ritoryf ra&HeRiantdea Ay 3 |y |
regionwide approach desbtied above. For example, a state may actdor emissions based only on

the amount and type of BCs retired by utilities serving load in the relevant-gegional area. For these

users, procurements of fixed quantities of renewable or zeathon resource outside of the relevant
jurisdictionmay 2 i | FFSOG GKS 2dzNR &R escodbgcansidefethBea A 2y ax |
binding if the aredevel value of [A] exceeds [B]. In this approach and circumstance, the final marginal

emission rate would bequal to (i) the modeled emissions rate ipiied by (ii) the number of RECs

divided by the stawide electricity load3®

Non-electricsectors

The approach for the nealectric sectors is simpler. The doHa&r-ton nonembedded value is simply
multiplied by the relevant norelectric emissions rat(measured in tons per MMBtu) to produce dollar
per-MMBtu values. These emission rates may be-faledl sectorspecific (se@ ablel7 and Tablel8 for
more information on nonelectric emission ratespBecause policies like RGGI dRBS®nly impact the
electric sector, they should not be taken into account when calculatingatectric £ctor impactgi.e.,
they are not embedded)

235This term (ii) is functionally equal to the statesabNB IA 2y Q& Fyydz € wt { LISNOSydl 38s | &&dzy
meet the anial RPS percentage are retired.
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DRIPE refers to the reduction inges in the wholesale markets for capacity and energgfative to the

prices forecast in the Reference casesulting from the reductin in quantities of capacity and of

energy required from those markets due teetimpact of efficiency and/or demand respse programs.

Thus, DRIPE is a measure of the value of efficiency in terms of the reductions in wholesale prices seen by

all retail cistomers in a given periothsomeO2 Yy i SEG &S 5wLt 9 YI &R £¢012{NI SIRLINGL
STFSOG ¢

This chapter desiyes our results, methodology, and assumptions for energy DRIPE, capacity DRIPE,

natural gas DRIPE, fu@l DRIPE and cro&RIPE effds using a combination of quantitative analyses of

national and New England @arather than modeling projected markebditions.

DRIPE results in AE&TR21differ from those in AESC 2048 a result ofipdated information about
supply in each of the nmkets examined. Generally speaking, we find (a) losvergy DRIP&nd
capacityDRIPE values due to projections of flatapply curves compared to AESC 2018, (b) lower
natural gas DRIPE valwhse to lower commodity prices and flatter supply curves, éjtbwer oil

DRIPE values due ¢hangesn the underlying projection of crudel prices.See each of the subsections
below for detailed comparisons of DRIPE values in AESC 2018 and AESC 2021.

9.1. Introduction

DRIPHEs ameasureof the valueof efficiencyin terms of the reductionsin wholesalepricesseenby all

retail customersn agivenperiod.It is a separate and distihbenefit from avoided energy, avoided,
capacity, avoided natural gas, and avoidedragure46illustrates the impact of DRER Whereas

avoided energy (for examplégscribeghe benefis associated with a quantity reduction,casted

energy DRIP&escribeghe benefits associated with@icereduction. These effects are not double
counting in thisFigure46, each energy DRIPE and avoided energy (yellow arroe/spparate vector
components of theaggregte effect (green arrow)The total cost at point (a) is equal texpa., while

the total cost at point (c) is equal te p . If DRIPE were uncounted, the total cost would incompletely
be calculated as the coat point (b), or px .
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Figure46. Example figure depicting separate and nawerlapping avoided energy and energy DRIPE effects

Demand with EE Demand without EE
(MWh) (MWh)
EE lowers demand
(avoided energy)

— (b) | <
T I
S
=
&
b EE lowers prices
& (energy DRIPE)
Total impact of both
Po oo avoided energy and
energy DRIPE
9> q
Quantity (MWh)

Note: This example figure depicts impacts in the energy market, but the principles are th@salhetifier DRIPE categories.
Thisfigurel f &2 dzaSa ¢99¢ & Iy SEFYLXS YSIF&dNB® 5wLt9 STFFSOdGa OFy
measures that increase the demand of a commodity.

Broadly speakingye model fivecategories of RIPEn AESC

1 Energy DRIPHhe consumersavings from reducing load, resulting in the market price
being set by a plant with a better heat rate or less expensive fuel (e.g., natural gas
rather than oil). These computations hold gas prices constant, axgpatiy overlap with
the ElectrieGasElectic crossDRIPE discussed below.

9 Capacity DRIPHhe change in state and regional electricity bills due to reductions in
electric capacity prices.

1 Ownprice natural gas DRIPHhe value of reduced natural gas denthon both gas
commodity priceggas suppNDRIPE) and transportation costs to New England from the
production area (gas basis DRIPE).

1 CrossDRIPEThe value that gas reductions have on electricity prices and that electricity
reductions have omaturalgasprices. Cros®RIPE is separafi®m, andin addition to,
own-price DRIPE values. It does not doutideint any benefits.

0 Gasto-Electric (GE) crosDRIPEThe benefits to electricity consumers that result
from lower gas demand reducing gas prices foctie generation.

0 Electricto-Gas (EG) cossDRIPEThe benefits to gas consumers from a reduction in
electricity demand and hence gas demand for generation.
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o0 Electricto-Gasto-Electric (EG-E) crosDRIPEThe benefits of reductions in
electricity demad on gas prices which in turaduce eletricity prices, even if the
marginal generator does not changeGEE DRIPE measures the electric bill savings
associated with reduction in the cost of gas for the marginal ps@téing power
plant, resulting fronthe decline in natural gas uga for eletricity.

1 Ownprice oil DRIPEFhevalue of reduced demand for petroleum products (e.g.,
gasoline, diesel, residual) on petroleum prices.

The interactios of DRIPE effects are showrFigure4?7.

Figure47. DRIPE effect interactions
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There are two elements to these estimates: magnitude and duration. The magnitude of DRIPE depends
on market prices, market size, and the market price responsiveness. DRIPE laeaefilikely toexist

in perpetuity, however, @ benefits are adjusted dowvard, or decayed, to reflect how other market
participants respond to changes in market price over time.

Our estimates indicate that the DRIPE effects are very small when expreseensof an impact on
market prices, i.ereductions of a fraction od percent. However, the DRIPE impacts are significant
when expressed in absolute dollar terms for the state or region. Very small impacts on market prices,
when applied to all energy armhpacity being purchased in the markegrslate into large absolute

dollar amounts.
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GeneralDRIPE methodology

In AESC, DRIPE is estimated according to the following steps:

1. CANBGZ F GLINAROS aAKATFO¢e Aa OF f O@h.Jdal&Rd ¢ KAE aKA
per MWh) for a change inethand (e.g., MWh). Aggregat@ver many data points, this
price shift represents the supply curve of a particular resource. For many DRIPE
categories, this is calculated using a regression, where we observe madgretls or
thousands of historical datapdmto establish a relationgi between prices and
demand. For other DRIPE categories, these price shifts are based on an assumed supply
curve. This most notably occurs for capacity DRIPE, where there is not enough
information to develop a regression fronistorical data.

2. Second, thes price shifts are multipliety total future market demand, so that they
maythen be applied to any generthangein demand.In other words, the price shift is
expressed in terms of jme-per-demand? Multiplying the price st by demand
translates itmto a priceperrRS Yl yR @I f dzS GKI &G Oly GKSy 068 Ydz 0.
anticipated saving$>®

3. Finally the price-per-demand value is adjusted. This may include accountingddged
demand which has, in theory, already been pased and is not subject farice shifts.
Or, it may involveeducing benefitéo account for decays ineffe@ds 2 NJ G LKI aAy 3 Ay E z
effects to describe a lag in the way the market realizes these impaportantly, only
some categories of DRIPE have thelsifts applied.

Dependingon the DRIPE category, these steps may be more complex or performed in a different order
(in order to facilitate computation).

Price effects impact the entire region because there iy one market each faglectric energy, €ctric

capacity, and natuttagas. For all the DRIPE categories described in AESC, we estimaiattssitonal

DRIPE (i.e., the benefits that accrue within a zone from load impacts within that zone, sometintes calle
own-zone or zonen-zone) and intezond £ &8 O0A ®PSP>X GKS 6SySTALa GKFG OO
0 KS & NXB & litra-2ohalDRIPR i€akculated by multiplying the price effefttr a particular category

2F 5wLt9 o6& | adxemard Gath@rihanite fegiondl BN BNl interzonal

DRIPE is calculated by subtracting titea-zonal value from the regionsdtal.?3’

Ly a2YS 2dNAARRYIXZY Hw Lz Wi & SoebeEiveidessdestidigShedeasdR Ay 02
may vary, but in someasesthere may I a regulatory directive to only count the benefits that accrue to
' LI NOAOdzE I NJ aid 4§SQa NihdiGdrdtodaSobidits cdnthue o@8sNevend S y 2 (i S

236Throughout this chapter, we frequently discuss DRIPE in terms of benefits relating from savings, but DRIRE is a non
directional value thacan also describe price increases resulting from increased demand. Some meastiredube the
use of one kind of fuel (e.g., natural gas) but increase use of another fuel (e.g., electricity) may end up utiliziradi tiearly
DRIPE categories desauhin this chapter.

237 An equivalent mathematical operation would be to multiply tivéce shift by the regional total demanessthe demand
for the state in question.
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GKSe I NB y2i O2 dzldif&tivenasy testWe <D haiedhdi@hashenddi’d drdinot
counted by any other state.

The remaining text of this chapter describes the specific methodology used to generate DRIPE benefits
for each category of DRIPE.

9.2. Electric energ\DRIPE

A reduction irelectricity demand should reduce wholesaleergy prices, which benefits all market

participants. Thisectiondescribeghe AESC 2021 methodologiydassumptiongor electric energy

DRIPH]iscusses the benefits and detriments of various model forms pa@sknts ouestimatesof

energy DRIPE. engy DRIPE values are presented in two ways: first, by zone, month, and period; second
F2NJ GKS aG2L¥ mnann f2FR 2N LINAOS K2dzNE® ¢KS Y2y (Kt
targeting baseline reductions viht S G KS & (2 LJ¥E K 2 dzMiatesicr Qaieitargbtgdi & LINE O A
applications.

Our estimates of electric energy DRIPE follow the same approachrupeslious AESC studies from
2009 to 2018Generally speaking, we conduct a set of regressiomsstdgrical zonal hourly market
pricesagainst zaal and regional loatb develop elasticities. Then, vestimated the timing and
duration of benefitsbased upon the following market realities:

1. The reductions in wholesale pricage assumed télow through to cutomers as existing
contracts andther resources (legacy resources, renewable contracts, ksesicice and
other default contracts, direct contracts with marketers) expire.

2. Customers will respond to lower energy prices by using somewhat more efirgy.

3. The gneration market will respondtsustainedower prices by some combination of
retiring and derating existing generating capacity and delaying new resources that
reduce market energy prices (such as gas combayete units and higkfficiency
combustionturbines).

4. Lower loads will ted to resultin lower acquisition mandates under renewable and
other alternativeenergy standards that are stated as a percentage of energy sold.

Regression model selection

AESC 2021, like AESC 2@%8matesthe magnitudeof wholesaleenergymarketDRIPBy yearby
conductinga setof regression®f historicalzonalhourly marketpricesagainstregionalload. This top
down approach assumes that there is an underlying relationship between prices and loads which can be

238 Other factors (e.g., purchases of renewables, transmission construction, grid niwatérn, recovery of energgfficiency
costs) may simultaneously raise prices. Thergm DRIPE considers only the marginal effect on market energy prices on
retail prices and hence usage.
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represened using a single equation. iSlapproacthas the benefit that it is easy to understand and that
it captures the key features of the system transparently.

Regressions also have the benefit of modeling the average relationship between price and demand and
providing structure to heterogneous dataPeriods with similar demand often have very different

prices Price dispersion is a product of an uncertain system that contains dynamic unit commitment
decisions as well as a host of other stochastics suchresger-forced outages or tramsission

constraints. By assessing all system price and demand data, it is possible to capture both structural
trends as well as uncertain events that occurred in past years.

In prior AESC studies, wensidered many functical forms to describe the relathship between zonal
prices and loads. We tested the significance of variables related to ISO system performance (e.g.,
capacity surplus, maintenance), system implied heat rate, and zonal and regional loads. After
consideringhese candidate variables andrious furctional forms, we settled on a polynomial model to
characterize the relationship between zonal prices and loads. The model, describgaitiond,

relates zonal price to IS@ide demandand to natural gas prices.

Equation4. Regression equation relating zonal electric energy prices to ISO demand and najasgbrices
00 Beenl, 1,00008@1 0Qa &R 1,006 068 1 01 QR0

Equation4 describes @ubic function A cubicdinctionl £ £ 2 g & T 2 NJ -like groklevingr&e a G A O ¢
prices increase slowly at first, then quickly during high load periods. For example, at the extreme right

side of the supply cuev(e.g.6 KSy (G KS Y NJ SnigttSwitahirodA dag pebkenday A

natural gadfired combined cyclaunit), prices wilincreaseby approximately 30 percent even though

demand might onlyncreasea few MW. In the middle of the offer stack, by contrast, switching from a

more efficient gas combined cycle tostightly bssefficient one will onlyincrease pices by a few

percent.In Equationd4, changes imatural gas prices shift the overall curve up or down but do not skew

the shapeof the curve itself. This polynomial model offers five advantages over other assessed models:

1. Nonlinearity that depicts very high prices at high load times and flatter prices under
lower loads

2. Explicit control for natural gas pricesvhich is anajor driver of winter price volatility

3. Significantlybetter goodnessof-fit compared to linear models (e,d or sumof-
squared errors)

4. Single functional fornfor all zones, months, and periods
5. Simpleformulation, whereonly key attributesare included

b23GS (KIFG GKS &L Eduatiecnisnbt th&tétal IBRGdOdekan$Sidelectricity.

LYadStrRZ GKA& @I NRI of SethamanddSvNid ks cadculades by SUbthabtifRgS & ONJA 6 S
hourlywind, solarand nuclear outpufrom gross demand reported by ISO New Engl&iohd and solar

vary throughout the day predictably (escially for solar) and less predictably (as a function of weather).
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Nuclear output is quite even most days, but is sometimes reduced or eliminated ghlentoed and
unplanned outages. None of these generators are subject to- lmapricebased dispatchsince they
seltschedule orbidinth. { h b S & éngfg imarkeratvary low (in the case of wind, even
negative) priceg3° As a result, we remove &¢iMWh contributionof these nonprice-responsive
generators fromoutt L { h 5SYIF yYRé @F NRIFo6f S

In AESC 21, we utilize data from January 2018 through December 2019 as the basis for our
regressiong° Figure48 plots actual price and demand data (in blue) against predicted data (in red)
estimated usindg=quation4 for one illustrative region and period similar regression was performed for
nine regions (IS@ide, Connecticut, Maine, New Hampshire, Rhode Island, Vermont, SEMA, NEMA, and
WCMA), and foR4 time periods (one ofpeak period and onen-peak period for each monttff

239 earlier AESC studies, we also examined the impact of remihertgpurly contribution of other resource types from the
regression. Availability afther generation may also affect market energy prices, but the relationship between price and
output is complicated. The dispatch of thermal plants is driven by loadem@@dy prices; commitment of steam and
O 2 Y o 10 Spings is driven by forecastdds and prices; and hydro is scheduled within the week and the day to
minimize costs of energy and reserves. It is therefore difficult to determine whether a plantrismming (1) because it is
y2i F@FrAtFof ST o0n0 0S80+ dz@rfergyoid SNE becadudedt i©Beind held dadkarasenie K S LIt
(especially in the case of hydro and fatdrt combustion turbines) or to meet higher loads expected latéhé hydro
operating cycle. The output of most fossil units can be determinedfroh & ! ANJ al N]J Sié t N23INI Ya
England provides total daily capacity that is unavailable due to outages or failure to commit in thbkedaymarket, but
these sources do not provide enough detail to determine why particular units are moatpg. In any event, the
regression results are very similar whether gross load or net load is uggpiationd4, reducing the usefulness ofyp
additional complexy.

240Thjs time period spans 17,520 datapoints, which provides our regressions with sufficient detail to accurately predict the
relationship between prices and loads. Hourly energy price data and gross load data was obtained fxaw B@land
(ISONewEnNgland. 2019SO new England Publfovailable ahttps://www.iso-ne.com/static
assets/documents/2019/02/2019 smd_hourly.Xlsxd (ISO Newngland. 2018ISO New England Publozailable at
https://www.iso-ne.conistatic-assets/documents/2018/02/2018_smd_hourly.Xlsx
{dzo K2dz2NI & R G sfaeymixwasdownlBatied rgffASO-NE RSD New England. Last accessed March 11,
HAHM® &5 A &Ik n@ e Bwdlile ahtthstH/www.iso-ne.com/isoexpresweb/reports/operations/-
[tree/gen-fuel-mix) then averaged to produce hourly results for wind, solar, and nuclear generationdBilgn delivered

Fy

REGI

LINAROSa (2 !t3A2ylidaAy /AdGe3al S 6SNBE 2001 AYSR FNROKBOHDED HAHMC

Available atttps://www.naturalgasintelcom/data-snapshot/dailygpi/NEAALGC/

For points with very low zonal LMP, elasticities are very large. This is a bgipodthe modeling and elasticity calculation,
not of any structural phenomenon. When LMP is $0/MWh, the elasticity is infinite. \Weadexcalculated point elasticities
when zonal prices are less than $5/MWh. These exclusions occur very rioethe ISONew England region, for example,
there is one such hour

2L AAYAE NI FLILINERF OK A& dzaSR 2 saiitOSK dzeabuiesthaNd® Baudbératehtt ¢rlire T2 NJ & G 2

year but are instead targeted at certain hours. Rather than 24 pereegalculate regressions for 374 periods for all 9
regions. This includes 68 summer-péak regressions, 58 summer-peak regressias 132 winter offpeak regressions,

and 116 winter orpeak regressions. Each of these batches of regressions is dividdd in¥ Ay 2 NBINBaairzya GFf

[2FRé YR ac¢2L) [ at ¢ -ReaklzZNd toact (foriearple), theteveXisssNagnegshat cover the top
50 hours (sorted by 1IS@ide demand), the top 100 hours, the top 150 hours, and so on. Asymmatgmiber of
regressions across different time slices (summer, winteqpeak, and offpeak) is due to differences in the number of
hours included within each time slice.
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Figure48. lllustrative regression for WCMA, July greak hours
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Note: This chart is shown for illustrative purposes oty plot thered, fitted line in the figureywe assume a daily price o per
MMBtu for natural gas (as multivariate regression cannot be displayed in -@itwensional chart).fiis differs from our actual
analysis where differemtatural gasprices were used for each point. FIiD&IPE calculations use monthly timeframesadtof
quarterly; different zones have different price/load pairs.

In general, the model produces a good fit #Rove0.7) for 87 percent of the 216 regressions (24
periods X 9 regions). The remaining regmssifeature Rvalues that range from 0.5 toT. These
poorer fits are typically found during effeak or spring and fall time periodEhe average ®alue for
the grossdemand model, across all zones, months, and periods is 0.8, and the minifraaro® all
zones/periods/months is 6.

Calculatirg elasticities from the regression

After establishing &unctional form to model the relationship between price and demanmd,then
estimateelasticitiesusingthese regressiong:or each regression, we first calculate thexivative of the
polynomial regession modelEquationd) with respect to demand:

Equation5. Calculation ofregression derivative
Ot i 0wWE Oiwa & %7 O0Qawe Q O0Qawe Q
WT 04 O QT d o

For each hour within a regression, thisrivative describelow price would change in eatiour for a
small change in demandflext, we appljEquation6 to describe the elasticity for each hourly data point
(e.g., an estimate of the percent change in price parcent change in demand).

Equation6. Calclation of elasticity
b e AR QOTDE {0 G 0ikE LFI AUTH G DRRGE Q. . .
Cawl 0 e R e 0d Gt O OF 6 10 & 6 1 T0aHS o Oe 0 X we
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Each dthe resulting elasticities are then aggregated into a single-leeigihted elasticitydr each
regressionThis averagelasticityrepresents the average price response to a small change in demand
for a given zongseason and period Electric energy DREelasticitiesare presented imable81 by zone,
month, and period:*?

Table81. Energy DRIPE elasticities

Period Month ISO NE ME NH VT CT RI SEMA NEMA WCMA
Annual 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
Off-peak 1 2.3 2.4 2.3 2.3 2.2 2.2 2.2 2.2 2.3
2 1.2 1.3 1.2 1.2 1.2 1.2 1.2 1.2 1.2
3 11 1.2 1.1 11 11 1.0 11 11 11
4 1.0 1.0 1.0 1.0 0.9 11 14 0.9 0.9
5 0.7 0.8 0.7 0.7 0.7 0.7 0.8 0.7 0.7
6 0.7 0.8 0.7 0.7 0.8 0.7 0.7 0.7 0.7
7 1.0 1.0 1.0 1.0 1.0 1.0 1.1 11 1.0
8 1.2 1.2 1.2 1.2 1.2 11 1.2 1.2 1.2
9 0.9 1.0 0.9 0.9 0.9 0.9 0.9 0.9 0.9
10 11 1.2 1.2 11 1.1 11 1.1 1.1 1.1
11 14 15 14 14 1.3 13 14 1.4 14
12 14 15 1.4 1.4 14 1.4 14 1.4 1.4
Onpeak 1 2.7 2.7 2.6 2.7 2.7 2.7 2.7 2.7 2.7
2 1.2 1.3 1.2 1.2 1.2 1.2 1.2 1.2 1.2
3 11 1.2 1.1 1.2 1.1 11 1.2 11 1.1
4 0.9 11 1.0 1.0 0.9 0.9 0.9 0.9 0.9
5 0.9 1.0 0.9 0.9 0.9 0.9 1.0 0.9 0.9
6 0.7 0.6 0.7 0.7 0.8 0.7 0.7 0.7 0.7
7 1.7 1.6 1.6 1.6 1.7 1.7 1.7 1.6 1.7
8 2.1 20 21 2.1 21 2.2 2.2 21 21
9 11 1.1 1.1 11 1.1 1.2 1.4 1.1 1.1
10 15 1.6 1.6 1.6 15 1.6 1.7 15 15
11 1.8 20 1.8 1.8 1.8 1.8 1.8 1.8 1.8
12 15 15 1.4 1.4 15 15 15 1.4 15

Note: Elasticities for Connecticut subregid8suthwest CT and Other CT) are assumed to be equal to the Conneictecut
elasticity. A Massachusettgide elasticity is calculated based on a weighted average of the demand for the three subregions.
These values are available in the AESC 2021 Usdabster

Theresultsare stableacrosszones but vary by month and periothe modest spread in elasticity values
by zone indicates zonal prices are strongly correlated with system@aedn annual basis, a 1.0 percent
reduction in demand yields a 1.4 penteeduction in price. Depending on the month] & percent

242, § | taz2 OFtOdZGS St adrOA G A28FusifgaNanaiofais dethédalaipNg thecoieS & ONRA 6 SR
describedhere. These elasticities are not shown in this report due the large size of the table, but may be foundkstbe
2021 User Interface

I8 Synapse Energy Economices. AESC 2021198




reductionin loadthroughoutNewEnglandresultsin a0.7to 2.3 percentreductionin offrpeakprice,and
a0.7to 2.7 percentreductionin peakprice.

Comparisorwith AESC 2018

Table82 describes the summary statistics frohable81, and compares the resultgith analogous
values from AESC 2018. Elasticities in AESC 2021 are generally lowediffasstces in years analyzed
(AESC 2018 estimateegressions based on data fr&eptember 2015 through August 2Qivhile AESC
2021 uses data for January 2018 thgh December 2019), and minor modifications to the elasticity
algorithm.

Table82. Comparison of aergy DRIPE elasities, AESC 2018 and 2021

AESC 2018 AESC 2021
Min Median Max Min Median Max

Annual 1.81 1.83 1.87 1.35 1.36 1.40
Winter Onpeak 1.95 2.35 2.59 0.87 1.38 2.71
Off-peak 1.77 1.91 2.31 0.72 1.18 2.35
Summer On-peak 0.98 1.81 1.94 0.65 1.50 2.22
Off-peak 1.49 1.50 1.61 0.72 1.00 1.21

Calculating energy DRIPE

Next, we apply the above elasticities to hourly prices and loads to calculate the DRIPE benefit for any 1
MWh reduction in load. Conceptually, the value of DRIPE is equal to the change itihatiresults from
a 1 MWh reduction in load, multiplied by tl@nount of load that benefits from that reduction in price.

We calculate the value of DRIPE both irtemally (i.e., the benefits that accrue within a zone from load

impacts within that zoa) and interzonally (i.e., the benefits that accrue beyahdk | & T 2 y Q& 0 2 NR S
0 KS & NB i Equalich7 deseriBels the calculation for intzone DRIPE, whilgquation8 describes

the calculation for interrzone DRIPHatrazonal and interzonal valuese added to determine the total

DRIPE effect.

The first term inEquation? calculateghe change in zonal price given a change in ISO demand. It is
multiplied by the load in Zone Z to calculate the collective benefit of that price redu&uapration8 is
similar, but reflects how the demand reduction in Zone Z reduces prices in all other zones.

As in prior AESC stied, we assume that the value of DRIPE is reduced in twa ways

9 First, rather than relying on the full energy demand values, we instead rely only on the
unhedged portion of demand to calculate energy DRIPE. This is the portion of demand
that hasnot alreadybeen purchased through lorigrm contracts.

1 Second, we assume that the DRIPE effect decays over timés &tgeries that
aggregates expected effects related to resources responding to changes in prices,
demand elasticity, and binding RPS policies.

Eachof these two effects are described more hetsubsequent subsection.
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Intrazonal DRIPE values are roughly proportional to the percentage of ISO load in a given zone. Zones
with less load will have lower zorm-zone energy DRIPE values than zones withehnitpad. For

example, Maine accounts for rghly onefifth as much load as Massachusetts and has a-oorEONe

DRIPE value approximately ofiigh as large?*3 Conversely, interzonal estimates are approximately
proportional to the difference between 1SCald and zonal load. Zones with lower load Wéve higher
zoneon-Rest-of-Poolvalues.

Equation?7. Value of intrazonal electric energy DRIPE

. 0
0Y0b O . 0 0

Equation8. Value of interzonal electric energy DRIPE

0'Y'00 O s —— B . - 0 0

Where

- is elasticity

P isthe zonal markeenergyprice ($/MWh)

0 is zonaloadless hedged suppty A S ®> Gdzy KSRISR 2+ RV

0 is ISGenergyload
Disthe aggregate decagffect

Energy DRIPE reductions

We assume that the value ehergyDRIPHES reduced due tg¢a) some portion of energy purchased being
bought outside the spot market for energy (i.e., hedged) and (@&cay factarThe following subsections
describe the assmptions underlying each of these effects.

Hedging assumptions

Substantiaknergyis purchased months or up teeveralyears in advancef delivery, through utility

O2y (NI OlAY3 F2N adl yRINR aSwassudm@ne@NDRIPEedektdakeR mm LI NI &
calculated only using the share of demand that is unhedged (i.e., the share that is purchased on the

energy spot market)Our assumptions on energy hedging are basedoam factors

1. Investor-owned utility contracts These contracts includeINB 1 NB & ( NHzOG dzNA y 3 £ S|
O2yiNI} OGas LRAGRHINBAGNHOGANRAYI NBfAIGAtAGE O2yi
andpending purchaseBom Hydro Québeé*

243There are subtle differences that make coanigon inexact because DRIPE also depends on zonal elasticity andghedgin
estimates

244 pata on these contracts is obtained from utility IRPs and FERC Form 1.
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2. Hedging in VermontVermont is the sole remaining New England state that is vertically
integrated statewide. Based on the 2018 IRP for Green Mountain Power, we assume
that all utilities in Vermont have abo®0 percentof their energy ledged in all year&*®

3. Hedging of vertically integrated energy in the other five New England statése
resources owned or under contract toe verticallyintegrated utilities(various mixes of
municipals and coops the other five stags) are estimatedbaseddata from EIA 86346
Because exact data on hedged energy is difficult to compile, we assume that all load
related to vertically integrated utilities (outside Vermoatke 50 percenthedgedin all
years

4. Short term contractsln addtion to longterm hedging, some load is also subject to
short-term contracts. Based on our knowledge of the procurement policies for standard
AaSNIAOS: G(KS tSyadkK 2F GKANRTLI NGe O2ydaN) Oda:z
participating utilities, weassumethat 50 percg’ it 2 F Sy SNH& A& LINBnO2y (NI O
year of measure installation, 20 percent in the following year, and 10 percent in the
third year.Depending on the measure vintage selected, this assumption is shifted by
one year or more.

Table83 depicts theaggregateunhedged share of enerdyy yearin Counterfactual #1

245The 2018 IRP of Green Mountain Power (which serves the majority of Vermont load) reportséf peits energy comes
from owned resources and losgrm contracts. T8 LINA OS 2F (GKS un LISNOSyd 2F Dat Qa SyS
+ S NJy 2 v Gte@ra comtracyvth Hydro Québec varies in undisclosed part with market prices, so perhaps 60 percent of
GMt Qa Sy SNH@ adzlllid & Aa LINROS K SénBHuSeRhe sémb pelcentagizéfdedyetl énergyii K S NJ  dzi

248 (A Form 861, 2018019. Available atttps://www.eia.qgov/electricity/datakia861/.
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Table83. Percent of loacassumed to be unhedgeih Counterfactual #1

Year ISO CT MA = NH RI VT

2021 40% 27% 45% 47% 45% 46% 20%
2022 63% 43% 70% 75% 72% 73% 33%
2023 75% 54% 79% 94% 90% 91% 41%
2024 68% 48% 69% 91% 90% 76% 41%
2025 63% 38% 64% 88% 90% 73% 41%
2026 61% 39% 60% 88% 90% 73% 41%
2027 62% 43% 61% 89% 90% 73% 41%
2028 63% 46% 62% 89% 90% 74% 41%
2029 64% 47% 62% 89% 90% 74% 41%
2030 66% 55% 63% 89% 90% 75% 41%
2031 71% 76% 64% 90% 91% 75% 41%
2032 2% 76% 64% 90% 91% 76% 41%
2033 72% 77% 65% 90% 91% 76% 41%
2034 73% 7% 65% 91% 91% 7% 41%
2035 73% 7% 66% 91% 91% 7% 41%

Note: Because total energy demand varies for eacimterfactual, and because assumptions on contracted MWh are fixed,
these percentages vary for each counterfactual. See the AESC 2021 User Interface for detadammezthctual.

Decay assumptions

We assumehree factors tend to reduce energy DRIPEm@g passes after the initial effect on market
prices:

1. Resources respond to changes in pricE€svners of existing generating capacity would
GSYyR (2 It f poucingaSsetdtb RedoRE:S afficient and less reliable as
low energy prices make ntinued operation of the units less attractive, leading to more
2dzi 3S&4 YR KAIKSNI YFEN]SGinOt SINAYy3a LINAROSa®

2. Demand elasticityOvertime, customersnight respond to lover energy prices by using
somewhat more energy, pushing prices back up somewlatassme demand
elasticities that start at 3 percent in 2021 and increase to 8 percent by 2026, where they
are sustained through the study periétl.

3. Impact from binding RPBolicies.For every megawathour not required due to energy
efficiency, generation sere providers will not need to procure a fraction dREGrom
ySé NBYySélotS NBaz2dzNOSazr lFaadzyaAya KIFIG GKSasS L
construction of new reawable resources in New Englaré§We assume that reducing
load under conditions where Bolicies are binding will generally result in fewer
renewables being built, partially offsetting the reduction in energy load. This percentage
varies by state, yeaand counterfactual.

247 EJasticities are derivefiom Paul, A., et al. "partial adjustment model of U.S. electricity demand by region, season, and
sector." Resources for the Future. Published April 2009.

248 Eor more discussion on binding RPS policies, see Chapteoided Cost of Compliance witbrRwable Portfolio Stadards
and Related Clean Energy Policiad Sectior8.3: Applying norembedded costs
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We calculate the aggregate decay effect in each year as the groti(a) one less the percent of load

thatis bindingdzy RSNJ G KS adFiSQa wt{ LRfAOASaIT 0600 2yS fSa
the resource fadeut factor. This effect is shown irable84, for Countefactual #1 for measures

installed in 2021.

Table84. Energy DRIPE decay factors for measures installed in 2021 in Counterfactual #1

Year ISONE CT MA = NH RI VT
2021 93% 96% 91% 96% 93% 96% 88%
2022 90% 93% 88% 93% 91% 93% 85%
2023 88% 92% 86% 92% 89% 92% 82%
2024 87% 90% 84% 90% 87% 90% 79%
2025 85% 88% 82% 88% 85% 88% 76%
2026 82% 85% 80% 85% 83% 85% 73%
2027 78% 82% 76% 82% 79% 82% 69%
2028 73% 76% 71% 76% 74% 76% 63%
2029 66% 69% 64% 69% 67% 69% 56%
2030 54% 57% 52% 57% 55% 57% 46%
2031 37% 39% 36% 39% 38% 39% 31%
2032 0% 0% 0% 0% 0% 0% 0%
2033 0% 0% 0% 0% 0% 0% 0%
2034 0% 0% 0% 0% 0% 0% 0%
2035 0% 0% 0% 0% 0% 0% 0%

Note: This decay schedule will vary for measures installed in other years, underoothierfactuals. Seéne AESC 2021 User
Interface for detail on each counterfactual.

Energy DRIPE values

After combining the effects of the price shifts, unhedged demand, and decay, we are able to calculate
the energy DRIPE benefii&able85 provides15-year levelizee&nergy DRIPEenefitsfor efficiency
measures installed in 202singEquation7 and Equation8. These values may be multiplied by a MWh
guantity (e.g., energy savings from energyaahicy or energy increases from electrification) to estimate
the resultant DRIPE impact in dollars. Values are shown for measures installed in 2021; values for
measures installed in other years may be calculated usingB®C 2021 User Interface
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Table85. Energy DRIPE values for 2Dinstallations (2021 $ per MWh) for Counterfactual #1
Year Intrazonal Own Zon@ Interzonal (Resbf-Pool)
CT MA ME NH RI VT CT MA ME NH RI VT

2021 | $3.01 $9.25 $2.39 $2.11 $1.37 $0.42 | $15.64 $9.09 $16.24 $16.45 $17.22 $18.11
2022 | $5.50 $16.68 $4.38 $3.91 $2.54 $0.77 | $28.46 $16.72 $29.55 $29.89 $31.33 $32.96
2023 | $6.76 $18.66 $5.41 $4.82 $3.13 $0.93 | $33.19 $20.59 $34.50 $34.92 $36.69 $38.71
2024 | $6.23 $16.75 $5.41 $4.98 $2.69 $0.94 | $30.99 $19.82 $31.79 $32.06 $34.41 $35.98
Winter 2025 | $481 $1549 $521 $4.93 $254 $092 | $2027 $18.00 $28.89 $29.01 $3146 $32.89

2026 | $4.69 $13.99 $5.06 $4.76 $2.46 $0.87 | $27.32 $17.4 $26.96 $27.11 $29.46 $30.86
off-peak 5057 | 489 $13.30 $4.79 $4.49 $233 $0.80 | $25.92 $16.91 $26.01 $26.17 $28.38 $29.70
2028 | $5.00 $13.07 $4.71 $4.40 $2.29 $0.77 | $25.44 $16.84 $25.81 $25.98 $28.12 $29.43
2029 | $4.80 $12.29 $442 $4.10 $2.15 $0.70 | $23.87 $15.77 $24.24 $24.43 $26.41 $27.65
2030 | $4.61 $10.27 $3.69 $3.40 $1.79 $0.57 | $19.93 $13.71 $20.82 $20.99 $22.63 $23.67
2031 | $4.45 $7.23 $2.60 $2.38 $1.26 $0.39 | $14.04 $10.80 $15.82 $15.96 $1710 $17.84
2021 | $3.94 $11.92 $3.04 $2.72 $1.79 $055 | $20.13 $11.76 $21.00 $21.25 $22.21 $23.37
2022 | $6.64 $19.80 $5.12 $4.64 $3.07 $0.92 | $33.75 $19.91 $35.22 $35.56 $37.21 $39.19
2023 | $7.78 $21.14 $6.03 $545 $3.61 $1.06 | $37.56 $23.41 $39.25 $39.65 $41.59 $43.93
2024 | $7.17 $18.96 $6.01 $5.62 $3.10 $1.07 | $35.01 $22.46 $36.12 $36.34 $38.92 $40.74
2025 | $5.52 $17.51 $5.78 $5.56 $2.92 $1.04 | $33.01 $20.35 $32.76 $32.82 $35.51 $3717

WInter 2026 | $5.54 $16.26 $578 $552 $2.92 $1.02 | $31.70 $20.30 $31.47 $31.56 $34.23 $35.89
on-peak 5657 | $6.00 $16.07 $5.68 $541 $2.87 $0.98 | $31.25 $20.45 $3156 $31.65 $34.25 $35.90
2028 | $5.81 $14.67 $5.18 $4.92 $2.62 $0.87 | $28.49 $18.93 $29.00 $20.20 $31.54 $33.05
2029 | $539 $13.49 $479 $452 $2.37 $0.78 | $26.16 $17.40 $26.74 $26.87 $29.06 $30.41
2030 | $520 $11.31 $4.01 $3.76 $1.99 $0.64 | $21.92 $15.19 $23.06 $23.19 $25.00 $26.14
2031 | $5.02 $7.95 $2.82 $263 $1.39 $0.44 | $15.43 $11.98 $17.53 $17.65 $18.90 $19.71
2021 | $1.60 $490 $1.10 $105 $0.78 $0.20 | $8.07 $4.62 $856 $859 $8.88  $9.42
2022 | $2.38 $7.17 $1.65 $158 $1.17 $0.30 | $11.95 $6.92 $12.65 $12.68 $13.12 $13.93
2023 | $2.87 $7.86 $2.00 $191 $142 $0.35 | $13.65 $8.36 $14.49 $1452 $15.06 $16.04
2024 | $2.81 $7.49 $2.12 $2090 $1.29 $0.38 | $13.47 $8.49 $14.14 $1411 $14.93 $15.77
Summer 2025 | $218 $698 $206 $209 $1.28 $0.37 | $1281 $7.74 $12.93 $12.84 $1373 $14.49

2026 | $2.12 $6.27 $1.98 $2.00 $1.18 $0.35 | $11.87 $7.46 $12.00 $11.92 $12.77 $13.51
off-peak 5007 | 222 $6.02 $1.90 $1.91 $1.13 $0.33 | $11.38 $7.31 $11.69 $11.63 $12.43 $13.14
2028 | $2.44 $6.23 $1.96 $1.96 $1.17 $0.33 | $11.76 $7.68 $12.22 $12.17 $12.98 $13.73
2029 | $2.30 $5.84 $1.83 $1.82 $1.09 $0.30 | $11.00 $7.16 $11.44 $11.40 $12.15 $12.85
2030 | $2.24 $4.95 $1.56 $154 $0.92 $0.25 | $9.32 $6.33 $9.97 $9.95 $10.58 $11.17
2031 | $2.16 $3.49 $1.10 $1.07 $0.65 $0.17 | $6.57 $5.02 $7.59 $7.58 $8.02 $8.44
2021 | $2.89 $8.79 $1.81 $1.83 $1.46 $0.35 | $14.35 $8.16 $15.39 $15.32 $15.73 $16.78
2022 | $4.03 $12.12 $2.55 $2.61 $2.07 $0.48 | $19.99 $11.48 $21.42 $21.29 $21.88 $23.37
2023 | $4.46 $12.18 $2.83 $2.89 $2.29 $0.53 | $20.89 $12.72 $22.47 $22.34 $22.99 $24.64
2024 | $4.40 $11.77 $3.04 $3.20 $2.12 $0.57 | $20.89 $13.06 $22.20 $21.96 $23.09 $24.51
2025 | $3.45 $11.07 $2.97 $3.22 $2.03 $0.57 | $20.02 $11.98 $20.48 $20.15 $21.39 $22.72
2026 | $3.55 $10.49 $3.03 $3.27 $2.07 $0.56 | $19.58 $12.20 $20.08 $19.76 $21.01 $22.36
onpeak 5057 | $3.93 $10.61 $3.06 $3.28 $2.08 $055 | $19.7 $12.60 $2059 $20.29 $21.53 $22.90

2028 | $3.79 $9.66 $2.78 $2.97 $1.89 $0.49 | $17.97 $11.64 $18.94 $18.67 $19.79 $21.04

2029 | $3.58 $9.08 $2.61 $2.77 $1.78 $0.45 | $16.85 $10.90 $17.79 $17.55 $18.58 $19.76

2030 | $351 $7.72 $2.22 $2.34 $151 $0.37 | $14.33 $9.70 $1557 $15.38 $16.25 $17.25

2031 | $3.44 $552 $1.59 $1.66 $1.08 $0.26 | $10.26 $7.81 $12.03 $11.91 $12.52 $13.24

Note: Values differ across states because states vary in terms of size of unbkxigeécity demand.

Summer

Table86 providesthe levelized value for enerdyRIPE installed in each state, broken down between the
value of price reductions in the state of installationtrazonal) andn the restof-pool (interzona).
Intrazonal and interzonal values may be added to determine the total DRIPE effect.
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Table86. Seasonal energy DRIPE valuesrfirasures installed ir2021 (2021 $ per MWh)

Type Season Period CT MA ME NH RI \2)
On-Peak $2.78 $7.41 $1.93 $2.04 $1.38 $0.35

Intrazonal SUMMET offtpeak $1.72 $456  $1.31  $1.29 $0.82  $0.23
Winter ~ OPeak  $434  $1150  $368  $344  $195  $0.64

OffPeak  $3.72 $9.99  $3.26  $3.00 $1.67  $0.55

cummey  OTPeak  $1323  $8.20  $14.05 $13.89 $1458 $1551

Interzonal Off-Peak  $8.27 $5.23  $8.66  $8.64  $9.13  $9.67
Winter OnPeak  $21.36  $13.71 $21.99 $22.13 $23.66 $24.82

Off-Peak $18.61 $11.91 $19.05 $19.21 $20.58 $21.57
Note: Values shown are leizdd over 15 years.

9.3. Electric capacity DRIPE

Thissectiondescribesour methodologyandassumptiondor capacity markeDRIPE effect$f the capacity
market were in equilibrium, and all the marginal sources of capacity had similar cost characteristics,
reducing demand or adding capacity would not have much effect on capgaat.However results

from recent forward capacity auctions have shown that this is not the case (see discussion in &hapter
Avoided Capacity Cojt$nstead, the marginal sources of capacity vary in price. therlzes for

individual units appear to have declined over time, as well. Hence, the clearing price of capacity
continues to be sensitive to the amount8fy’ S BJ & A @aoSrgedeared in the FCM, and to the
effect of uncleare y SNH & &HiFrdeoh Beynénd?® As a result, we can be certain that

capacity price effects are both real and material.

AESC estimates two varieties of capacity DRIREt&ff

1 Cleared DRIPE benefits, which are benefits of measures that clear in the ISO New
England FCM

1 Uncleared DRIPE benefits, which are benefits of measures that are not submitted into or
otherwise do not clear in the ISO New England FCM

Thissection deschies the methodology used to calculate both types of capacity DRIPBegin with a
discussion of price shiftshen describe which components of regional demand these price shifts are
eligible to be appliedhen describe the methodologies for calculatibgnefits in the two categories of
capacity DRIPE

249ecMm prices will be determined to a largaent by the prices at which existing resources choose to delist. By delisting,
existing resources in New England are able to: (1) sell into another market such as New York, (2) shut (8)wperate
in the energy market without obligations in the cayity market. New resources can defer implementation or operate in the
energy market. Resources that do not clear in one FCA can bid into the subsequent auctions, including Annual
Reconfjuration Auctions, or sell capacity bilaterally, such as to assumedapacity obligation of a resource that cleared.

Synapse Energy Economiks. AESC 2021205




Calculating price shifts in the capdy market

CKS GLINAOS akKATGE 2F OF LI OAGE NBTSNW-yearper MB ¢ Y dzOK
changesn responseo changes in demand. As in pastSAE westimateprice shifs for future years

using the slope of the most recent capacity market auction (in the case of AESC 2021, this is FCA 15,
conducted in February 20213hifted to reflect the change in supply capacity that has occurred since

that auction.

Figure49 depicts thefive known datapoints for supply and price in FCA>The line segment between

each one of these points has a slope, which is effectively the price shift used in AESC 2021. Depending

on where demandmosses the supply curve, the clearing price will have a different associated price shift.

For example, ifrigure49, demand inYearl andYear2 will produce the same price shift. Demand in

Year3, however, crosses at a differeinié segment and will yield a different price shift. Practically
ALSEF{AYy3a: GKS akKlFtf2gSNI GKS fAyS aS3avySyidsz (GKS t2¢
segmelts produce higher price shiftSeeTable87 for our estmates of the price shifts for each

counterfactual.

Figure49. Supply curve for FCE5 with illustrative demand lines
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Note: Demand lines are illustrative and do not represent actual or projected demand in any year.

250150 New England. Last accessed March 11, Fa2hard Capacity market (FCA 15) Reswlhilable ahttps://www.iso-
ne.com/staticasses/documents/2018/05/fcaresultsreport.pdf
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Table87. Priceshifts for capacity DRIPR021 $/kW-month per MW) in restof-pool region
FCA Counerfactual #1 Counterfactual #2 Counterfactual #3 Counterfactual #4

2021 12 $0.00038 $0.00038 $0.00038 $0.00038
2022 13 $0.00033 $0.00033 $0.00@3 $0.00033
2023 14 $0.00051 $0.00051 $0.00051 $0.00051
2024 15 $0.00058 $0.00058 $0.00058 $0.00058
2025 16 $0.00058 $0.00058 $0.00058 $0.00058
2026 17 $0.00058 $0.00058 $0.00058 $0.00058
2027 18 $0.00083 $0.00083 $0.00083 $0.00083
2028 19 $0.00083 $0.00083 $0.00083 $0.00083
2029 20 $0.00083 $0.00083 $0.00083 $0.00083
2030 21 $0.00083 $0.00083 $0.00083 $0.00083
2031 22 $0.00083 $0.00083 $0.00083 $0.00083
2032 23 $0.00083 $0.00083 $0.00083 $0.00083
2033 24 $0.00083 $0.00083 $0.00083 $0.00083
2034 25 $0.01657 $0.01657 $0.01657 $0.01657
2035 26 $0.00083 $0.00083 $0.00083 $0.00083

Notes: Data on clearing prices for other counterfactuals and regions can be foundAiBSi@=2020ser Interface.

Calculating capacity DRIPE

Price shifts are described units of dollargper-kW-month per MW (effectively, price pefemand).To
allow these numbers to be applied to any generic change in demand (e.g., freneegy efficiency
measure), we multiply these values by th®jected demand.

We calculate demandsing two different sets of numbers. First, using the EnCompaskel, we project
future demand for each state and the region as a whole given the inputs descrildtpiers:
CommorElectric Assumptionsecond, we multiply this by the fraction of demand that is unhedged.
Unhedged demand is the quantity of electricity that has not already beecupeo ahead of time, and is
thus subject to changes in the capacity market prices.

The unheded percentage varies by stadermont utilities are vertically integrated and own (or have
under longterm contract) a large portion of their capacity requiremgnthe same is also true for
municipal utilities. The Connecticut utilities have contraotsdifferences with a number of generators
built to relieve a transmission constraint, and all the restructured states have some legacy contracts
and/or small postrestructuring contracts that provide capacity. In general, the {targh purchase of
capaciy has fallen out of favor, even where the utilities are purchasing energy long?téiror

Vermont, weestimatehedged demangbercentagedased ordata from the mosrecently available

251 addition, the generatiosupply offers by the utilities, municipal aggregators, and tpiadty marketers provide short
term price certainty for a sizable portion of load; e time those rates are lockéd, the capacity price is generally
known. For the small percentage of powarpply contracts for more than three years into the future, the capacity
component is generally subject to market adjustment. Hence, retail paupply contracts have little ifng value in
hedging capacity price risk.
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Green Mountain Power IRP, ang assume hedged demand share in the refsthe state is similaf>?
Specific data on hedged capacity for other states is less availdeleely on capacity contracts as
published in FERC Fornaridwe assumehalf of allremaining vertically integratedemand is hedged as
a proxy for the abowenertioned dynamics.

Table88 describeghe resulting unhedged capacity demand assumptions for Counterfactual #1. Values
for Counterfactual #2 are lower, given its lower projections of load. Values for Counterfactual #3 and
Counterfactial #4 are similar to Counterfactual #1. See AiESC 2021 Usetérfacefor detail on all
counterfactuals

Table88. Unhedged capacity for Counterfactual #1

ISO CT MA ME NH RI
2021 25,091 5,740 12,436 2,057 2,502 1,972
2022 25,797 5,841 12,712 2,108 2,556 2,015
2023 26,280 5,941 12,989 2,110 2,609 2,057
2024 26,458 5,949 13,099 2,132 2,629 2,072
2025 27,305 6,126 13,525 2,211 2,713 2,138
2026 26,877 5,982 13,350 2,183 2,674 2,106
2027 27,514 6,104 13,678 2,245 2,738 2,156
2028 27,988 6,184 13,930 2,294 2,786 2,194
2029 28,517 6,277 14,208 2,347 2,840 2,235
2030 28,967 6,347 14,443 2,401 2,885 2,273
2031 29,427 6,419 14,684 2,457 2,931 2,312
2032 29,832 6,469 14,952 2,486 2,965 2,336
2033 30,452 6,578 15,269 2,557 3,0%6 2,385
2034 31,004 6,668 15,555 2,624 3,081 2,430
2035 31,575 6,761 15,851 2,693 3,138 2,477

Notes: Data on clearing prices for other counterfactuals can be found AESE 202User Interface.

Price shifts and unhedged capacity quantities are twihefprimary inputs used to estimatzapacity
DRIPE. The following sections describe the methodologies used to translate these values into (a) cleared
capacity benefits and (b) uncleared capacity benefits.

Calculating cleared capacity DRIPE

AESC 2021, ligrevious AESC studies, utilizes aajeschedule for cleared capacity DRIPE. This
schedule describes hotheseeffects phase in and phase out.

First, we assume that all cleared measures have full DRIPE benefits in the first year they are installed.
Howeve, we assume that this effect doestriast indefinitely. Over time, customers will respond to

lower prices by using somewhat more energy, including at the peak. In addition, lower capacity prices
may result in the retirement of some generation resourced germination of some demantespong
resources, which will result in these resources being removed from the supply curve. Further, some new

2523662018 Integrated Resource PlaBreen Mountain Power. Chapter 8. Figus2(B
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proposed resources that have not cleared for several auctions may be withdrawn (if, for example,
contracts and apvals expire, raising the cost offefing the resource into future auction$)>As a

result, we assume that the effects of DRIPE fade out over time. Based on expert judgement, we use the
same assumption used in prior AESC studies, wherein the jolaselinear over time reaching an

effect of zero in the seventh yeawe assume that measures with shorter lifetimes use the same decay
schedule, rather than a compressed decay schedule or some other alternative. This is because the
phaseout of DRIPE effecisbased on market dynamics, rathéran the features of individual

measures.

Table89 shows the decay schedule used for cleared capacity measures installed invR&sslres
installed in later years havthe same decay schedulayt shifted by one or more years.

Table89. Decay schedule used for cleared capacity for measures installed in 2021

Decay 1- Decay

2021 0% 100%
2022 17% 83%
2023 33% 67%
2024 50% 50%
2025 67% 33%
2026 83% 17%
2027 100% 0%
2028 100% 0%
2029 100% 0%
2030 100% 0%
2031 100% 0%
2032 100% 0%
2033 100% 0%
2034 100% 0%
2035 100% 0%

After calculating this decay schedule, we calculate cleared capacity DRIPE as using the formulas
described irEquation9 (for interzonal DRIPEnd Equationl0 (for intrazonal) Interzonal DRIPE is
calculated by multiplying the price shift for a given year by the unhedged capacity quantity for a given
state, by one minus the decay percentagetfoat year. Meanwhile, intrazonal DRIPE uses the exact
same calculation, except repkxthe unhedged capacity quantity for the given state with the unhedged
capacity quantity for the rest of the region (less the state in question).

Equation9. Calculation ofinterzonal (zoneon-zone)clearedcapacity DRIPE

6 RO O @WWI00 O 01 "OEXQO0QQANEN OOQO W p 0QOOW

253we note, however, that the historical record of (a) retirements and (b) cancelation of playerextation does not show
any cleamassociation with falling capacity prices.
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Equation10. Calculation of intrazonal (zonen-rest-of-pool) cleared capcity DRIPE
6 @GN OOV Q

01 "OXQ0 "0QQ"AN®E &GO 'QO 0w "0QQ "ANDEN O wQO ®
p OQd&®
Table90 shows cleared capacity DRIPE for each region for measures that are installed in 2021.

Table90. Aeared @pacity DRIPE by ye&or measures installed in 2020021 $ pe kW-year)

Zoneon-ZoneDRIPE Zone on Resbf-Region DRIPE
MA ME NH MA ME NH RI
2021 $116 $26 $57 $9 $12 $9 $2 $89 $58 $106  $104  $106  $114
2022 $86 $19 $42 $7 $9 $7 $2 $66 $44 $79 $77 $79 $84
2023 $108 $24 $53 $9 $11 $8 $2 $84 $55 $99 $97 $100  $106
2024 $92 $21 $46 $7 $9 $7 $2 $72 $47 $85 $83 $85 $90
2025 $63 $14 $31 $5 $6 $5 $1 $49 $32 $58 $57 $58 $62
2026 $32 $7 $16 $3 $3 $3 $1 $25 $16 $29 $29 $29 $31
2027 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
2028 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
2029 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
2030 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
2031 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
2032 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
2033 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
2034 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
2035 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

15-year
$34 %8 17 $3  $3  $3  $1 | $27 $17 $32  $31  $R2 A

Calculating urtleared capacity DRIPE

Demandresponse and loathanagement programs that do not clear in tREM also generate capacity
DRIPbenefits, albeit with different timing and of different magnitudes. Capacity DRIPE for uncleared
resources is calculated analogously to that of cleared resources, bdetay schedule and market
clearing prices are adjustl to reflect different market fatures.

To calculate uncleared capacity DRIPE, we uélin@dified version afhe same phasén / phaseout

schedule described above $ection5.2: Uncleared capacity calculatiomsswith uncleared capacitywe

assume that uncleared capacity DRIPE effects do not appear until five years after a measure is installed
andthat they persist at various magnitudes and length 2 ¥ G AYS RSLISYRAYy3I 2y {(KS
However, unclearedapacity DRIPE differs in that we also assume that DRIPE effects decay eyer tim
following the same decay schedule describedaile89.
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As with uncleared capacity, the calculations of uncleared capacity DRIPE also utilizeessifima
reserved margin and scaling factors (also described abdSedtion5.2 Uncleared capacity
calculationg.

To estimateuncleared capacity DRIPE, we tlsefollowing calculations

1 Forintrazonal (zonen-zone) uncleared capacity DRIPE in a particular state and year,

6S OFftOdzZ I 1S (GKS LINRPRIZOG 2F 610 GKS adlridsSoa

dzy

year, (c) the effecanddecayd OKSRdzf S GKI G YI 4§ OK&d (d)iteS YSI a dzNB ¢

scaling factor, if relevant. Unlike cleared capacity DRIPE, this value is then multiplied by
one plus the reserve margin to reflect the fact that since the measure is uncleared, it is

capable of agiding some reserve margfi?

1 For interzonal @ne-on-rest-of-pool) uncleared capacity DRIPE for a particular state and

@8SINE 6S OFfOdzA S (GKS LINRPRAzOG 2F o6F0 NBIA2YL

unhedged demand, (b) the price shift for thadar, (c) the effeeand-decayschedule

that matches ther S| a dzZNB Q& f AFSUGAYSET YR 0RO (G4KS &0FfAy3

then multiplied by one plus the reserve margin.

Table90 shows uncleared capacity DRIPE for each region for measures that are installed,in 2021
assuminga measure lifof 10 years Here, weobserve uncleared capacity DRIPE benefits that are higher
than cleared capacity DRIPE benefits jaritlg becausehis particular example describes avoided costs
for a measure with a 1Qear life Measures with this pragm lifetime providesubstantial uncleared

DRIPE benefits in the m&D20s and early 2030s, bdb not provide cleared capacity DRIPE&fits in

those same years.

254 3 GKS YSFHadNB A& dzyOf SINBRZ Al A& STTSOGAQSte aO2dzyiSRé

forecast). In contrast, measures that are clearedeffectively treated the same as oeentional power plants (i.e.,
supply), and through the auction effectively require the purchase of some extra amount of capacity to act as a reserve
margin.
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Table91. Uncleared apacity DRIPE by year for measures installac2D21 (2021 $ per kWear)

Zoneon-Zone DRIPE Zone on Resbf-Region DRIPE
MA ME NH MA ME NH RI
2021 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
2022 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
2023 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
2024 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
2025 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0
2026 $64 $14 $32 $5 $6 $5 $1 $49 $32 $58 $57 $59 $62
2027 $140 $31 $70 $11  $14 %11 $3 $109 $71 $129  $126  $129  $137
2028 $181 $40 $90 $15 $18 $14 $4 $141 $91 $166 $163 $167 $177
2029 $211 $47 $105  $17  $21  $17 $5 $165 $106  $194  $190 $195  $207
2030 $198 $43 $99 $16  $20  $16 $4 $155 $99 $182  $178  $182  $194
2031 $146 $32 $73 $12 $15  $11 $3 $114 $73 $134  $131  $134  $143
2032 $91 $20 $46 $8 $9 $7 $2 $71 $45 $83 $82 $84 $89
2033 $52 $11 $26 $4 $5 $4 $1 $41 $26 $48 $47 $48 $51
2034 $471  $101  $236 $40  $47  $37  $10 | $370 $235  $431  $424  $434 %461
2035 $6 $1 $3 $1 $1 $0 $0 $5 $3 $6 $6 $6 $6

15-year
$102  $22  $51  $8  $10 $8  $2 | $79  $51  $93  $92  $94  $100

Note: This chart asimes a measure life of 10 years. Measures with other measure lives will have completely different uncleared
capacity DRIPE effects. See the AESC 2021 User Interface for more information.

Important caveas for applying uncleared capagiDRIPE values

Unckared capacity DRIREdifferent than many other avoided cost categoriBgcause uncleared

OF LI OAG& 5wLt9 RS&AONAROSAE |y SFFSOG GKIFG FIRS& 2dz
users should sum avoided costs ovee tmtire study pe@ RX NB I NRf Saa 2F lyeé 2yS
For example, the avoided costs of a 1 MW measimstilledin 2021 would be equal to the sum of the

values from 2021 througR055 regardless of whether that measure had-gelar measure I or a30-

year measre life2>®

Uncleared resources affect the load forecast only to the degree that these resources provide load
reductions on the hours used in the load forecast regression. Some resowsuel as demand
response resourcasmay be active oly on one or some dhe hours used in the load forecast. As a
result, these resources would provide a diminished uncleared capacity benefit. We recommend that
program administrators apply a scaling factor to the benefits detaildthiie91 to accouwnt for this

effect. SeeAppendix KScaling Factor for Un@eed Resourcesr more information on how this scaling

factor is calculated and how it can be applied.

255We note that this is the same approach used for summing a&ebimbsts for uncleared capacityduancleared capacity
DRIPE, but no other avoided cost categories.
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9.4. Natural gas DRIPE

Just as reducing electric loaglduces electric energy prices, reducing natural gas usage reduces demand
for natural gas in producing regions and therefore reduces the market price of that natural gas supply.
Thisnatural gas price reduction effeitnatural gas DRIPE. Thace fornatural gag and associated
benefitst can be broken into two components:

1. The supply component, determined by North American demand and supply conditions
on a largely annual basis

2. Transportation costs aibasis¢ determined by ontract prices for LDCs and hyet
balance of regional demand and supply (mostly from pipelines) on a daily and seasonal
basisfor other users, especially electric generators

Importantly,only thesupply component of natural gas DRIPE is usedsteffectiveness screening of

gas meagres This is becauseDCs and most other suppliers of gas to the-esel rely primarily on firm
longterm contracts for pipeline and storage capacity to allow for delivery of natural gas. As a result, the
basis DRIPE effdotnefits only electric customsr

Natural gas supply DRIPE

This section focuses on the calculation of natural gas supply DRiREs the DRIPE effect that is
applied to enduse measures that produce natural gas savings.

Calculating elasticities

Elastcity describes how prices of ammmodity respond to changes in demand ABESC 2018ve relied

on aliterature review of recent estimates of natural gas elasticities (including tmgkdown and

bottom-up empirical estimatgs FOrAESC 2021veinsteadrely onacalculation of the implid response

of natural gapricesto supplychange2 6 a SNIWSR AY RAFTFSNBYAEO2MBY |l NA2& VY.

Figure50 compares annual data points from AEO 2021. Each data point represents the difference in
both prices and demanfibr one AEO side scenario relative to the price and demand for natural gas in
AEO 2021 Reference case for the same year. This figure includes detdimon four different AEO side
scenari. the High economic growth, Low economic growth, High renewedideé and Low renewable
cost cases. This analysis encompasses all years from 2020 through 2050. A linear regression of this
dataset provides a slopé&at indicates how changes in price are related to changes in demand.

Overall, we find that reducing demdrby onequadrillion BuNBE RdzOS & 9L! Qa SadAYlF (S 2
by $0.@3 per MMBtu in 2021 dollars. This is abdatlf of the AESC 2018 valo&$0.16/MMBtu per
guadrillion Btu/year (in 2021 dollars)

Synapse Energy Economiks. AESC 2021213



Figure50. Effect of clanging gas demand on gas price
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Note: Deltas compare annual prices and demand in fourZ82@scenarios versus the ARO21Reference case.

Calculatng natural gas supph\DRIPE

As with electrity DRIPE effects, the price reduction per MMBtu saved &yasmall portion of the

price per MMBtu, but each MMBtu saved reduced prices for a very large number of MMBtimding

to AEO 2021, each year, New England is expected to consémediirillionBtu for nonelectric

uses2>® Multiplying this quantity bythe price shift ($0.83MMBtu per quadrillion Btu) yields a natural
gas supply DRIPE effect of $p@r MMBtu.The quantity of gas consumed for netectric uses

changes over time, and among statBetween 2021 and 2035, AEO 2021 estimates nbatelectric
gasdemand will increase bgbout 16percent.Demand in each state is projected based on recent
historical observations from 2014 through 2018. Vermont, for example, is projected to consunte abou
0.01 quadrillion Btu while Massachusetts is projecteddaasume about 0.3 quadrillion Btlihese
differences yield different DRIPE effects for each state.

We do not expect any decay in gas DRilRRefitsshould continue as long as the efficiency measur
continues to reduce loadn contrast toA Yy (i NI 11 YevgriatiindrivdNgkhe© electric energy DRIPE,
the studies and AEO gpsiceforecast. NB Ff SO0 G KS Fdz t f 2 (allwastéftely O2 & (2
the first few years), not just the operat of existing wells. In addition, gas sipPRIPE is measuring

256 Gas supply DRIPE is applied to gas efficiency measures which displace consumption of gas that has been purchased by LDCs.
As a result, we use neglectric consumption for this calculation

il Synapse Energy Economice. AESC 2021214




the effect of demand on the marginal cost of extraction for a finite resource. If anything, lower gas
usagein21g At f f SI @S Y2NB t2¢6n02ad 3123 cadsiighéd BRIPEI NP dzy R |
effect to accumulate over time.

However, we do assume that only a portion of consumption is responsive to BR#PEsult oshort-
term contracts for gasnYearl, we assume that half of all gas demand is tied up in sieom contacts
and B thus not impacted by DRIPE effects. Thigeases to 20 percent kear2 and is assumed to fade
away entirely inYear3. Table92 describes thismpact schedule fomeasures that are installed in 2021.
Measures installed in subsequent years would see these valuesdshiftene or more yearghis is the
same assumption used for shadgrm energy contracts for energy DRIPE (Seetion9.2: Electric energy
DRIPE

Table92. Shareof demand that is responsive to natural gas supply DRIPE

Year Share of demanchot impacted by DRIPE  Share of demand impacted by DRIPH
2021 50% 50%
2022 20% 80%
2023 0% 100%
X X X
2035 and later 0% 100%

Note: Values shown are for measures instaifed021. Measures installed in 2022 would see these effects shifted by one year,
measures installed in 2023 would see these effects shifted by two years, and so on.

Natural gas supply DRIPE values

Tale 93 depicts the value of deand reduction for each stat&his is calculated hgbtaining the

product of(a)the price shift (in 2021 $/MMBtu per quadrillion Bf@p)the gi | ( S @Eectriy @atdral

gas consumptioyand (c)the share of demand that is responsive to natural gapbupffects?>’ Tade

93 also shows the DRIPE effects for each state on the rest of the region. These values are calculated by
subtracting the owrstate value from the New England total in each year.

Using this table, we can see ipsate the benefit for a reduction in gas use in each year. For example, a 1
MMBtu reduction in natural gas demand in 2023 yields a gas supply DRIPE benefit of $0.045 for New
England as a whole.

F'9{/ HnHmMQa =Bdtidhated ald liwerghanshededing in AESC 2018, mostly duddwer
price shift ($0.083/MMBtu per quadrillion Btu, down from $0.158/MMBtu per quadrillion.Bther
changes are due to differences in historical gas consumption and projected gas coiesuatpbss the
Six states.

257 Note that this consumption (and everything related to natural gas supply DRIPE) is independent of the natural gas price and
avoided cost forecasts developed in ChateAvoided Natural Gas Costs
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Tabe 93. Natural gas supply DRIPE bendf021$ per MMBtu)

Zoneon-Zone DRIPE Zone on Resbf-Region DRIPE
CT MA ME NH RI \a) CT MA ME NH RI VT
2021 0.020 0.005 0.011 0.001 0.001 0.002 0.000| 0.015 0.009 0.019 0.019 0.019 0.020
2022 0.036 0.009 0.019 0.002 0.002 0.003 0.001| 0.027 0.016 0.033 0.034 0.033 0.035
2023 0.045 0.011 0.024 0.003 0.002 0.003 0.001| 0.034 0.021 0.042 0.043 0.042 0.044
2024 0.046 0.011 0.025 0.003 0.002 0.003 0.001| 0.034 0.021 0.043 0.043 0.042 0.045
2025 0.046 0.011 0.025 0.003 0.002 0.004 0.001| 0.035 0.021 0.043 0.044 0.042 0.045
2026 0.046 0.011 0.025 0.003 0.002 0.004 0.001| 0.035 0.021 0.043 0.044 0.042 0.045
2027 0.046 0.011 0.025 0.003 0.002 0.004 0.001| 0.035 0.021 0.043 0.044 0.042 0.045
2028 0.046 0.011 0.025 0.003 0.002 0.004 0.001| 0.035 0.021 0.043 0.044 0.042 0.045
2029 0.046 0.011 0.025 0.003 0.002 0.004 0.001| 0.035 0.021 0.043 0.044 0.043 0.045
2030 0.046 0.011 0.025 0.003 0.002 0.004 0.001| 0.035 0.021 0.043 0.044 0.043 0.045
2031 0.046 0.011 0.025 0.003 0.002 0.004 0.001| 0.035 0.021 0.044 0.044 0.043 0.045
2032 0.047 0.011 0.025 0.003 0.002 0.004 0.001| 0.035 0.021 0.044 0.044 0.043 0.045
2033 0.047 0.012 0.025 0.003 0.002 0.004 0.001| 0.035 0.021 0.044 0.044 0.043 0.046
2034 0.047 0.012 0.025 0.003 0.002 0.004 0.001| 0.035 0.021 0.044 0.044 0.043 0.046
2035 0.047 0.012 0.025 0.003 0.002 0.004 0.001| 0.035 0.022 0.044 0.045 0.043 0.046

I;\?_eﬁiezzrd 0.044 0.011 0.024 0.003 0.002 0.003 0.001| 0.033 0.020 0.041 0.041 0.040 0.043

Note: Values differ across states because states vary in terms of size-@fntit gas consumption.

Natural gas basis DRIPE

Reductionsn annualgasusewill not only reduce the supply cost of natural gas, but alsdtiss. The basis

is thepricedifferentialbetweenthe wholesalemarketprice of gasin NewEnglandandthe pricesin the

supplyt NB1 a4 604a2YSGAYSa OF f f SR ( KSSimtdiLRNEsyard InddsNdiher(i A 2 y ¢ O
suppliers of gas to the engse rely primarily on firnfongterm cortracts for pipeline and storage

capacity to allow for delivery of natural gas, the basis DRIPE effect benefits only electric customers and is

thus only used in & crossDRIPE and below in@EE cros<DRIPE (see more belowSection9.5; Cross

fuel market price effec)s

Calculatingelasticities

Themajority of the price differential for natural gas in New Englasktributableto constraintsongas
deliverycapacityinto NewEnglandrom the Mid7Atlanticregion.Asaresult,our analysifocusesonthe
basis betweenhe Texa€asternTransmissio@one M18 (in PennsylvaniandNewJerseyandthe
AlgonquinGasTransmissiogitygatesn ConnecticutRhodelsland andeasternMassachusett$>8

Using @ta spanning three winters (December 2017 through March 2020), we examine prices and
demand for gas to determine price shifts over different periods of time. First, we utilize daily natural gas

258710 be clear, this calculation of DRIPE ignores effects from gas delivered to New England directly from Canada or from LNG.
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delivery data for the Algonquin Pipeline and TennesSas Pipline to determine the total amount of gas
delivered to New England from the souft¥.For each day, we calculate the aggregate surplus capacity
for these two pipelines. Separately, we also estimate the price paid for gas flowing each day at both the
TETCO BIHub and the Algonquin Citygat®® The difference between these two values is the assumed
basis for natural gas in New England.

Next, we assess a set of regressions of this surplus and basis data to determine what the price shift is at
differenttimes ofthe year. The slope of a linear regression describes the price EBiifte94 describes

the time periods and estimated price shifts. Note the use of two iy i G 6 Ay i SNE LISNR 2 R&
RATFSNBY( dadneicendrcitdSd\uheXdR gad he seasonal assignments for the

electric seasonarebased oriSO New Engla@ld RSFAYAGA2Y X 6KAES GKS Il & &°¢
analysis in Chapté: Avoided Natural Gas Costs

Table94. Gas basis price shifts by season
Basis pice shift

Season Months included (2021 $/MMBtu per BBtuldy)
Summer, electric June through September $0.00035
Winter, electric October through May $0.00203
Summer, gas April through October $0.00132
Winter, gas November through March $0.00328
Annual All months $0.00180

Over time, we assume that these basis price shifts decay as a reauttlodund effect (e.g., consumers
using more gas given thatis cheaper)response of existing generation to price changes §as,units
stay online longer andeneratemore electricity because of lower gas prigeand response of new
generation toprice changes (i.e., as prices remain low, there is less peegsgwitch to newer, more
efficient gas units)The combined effect of these drivers resultshie tdecay schedule describedTiable
95. Notethat this schedule is for measures installed in 208&asures installed in later yesafe.g., 2021,
2022, and so on) use this same decay schedule but shifted by one year.

2590 1JSOGNT 9ySNBed [Fal | 0O0SadaSR al Shdkaenerggcorvailabletat ¢! £ 32y lj dziy DI
https://infopost.spectraenergy.com/infopostt AGHome.asp?Pipe=AG
¢SyySaasSsS Dla tALStAYS /2YLIlyed [ad | OO0OSaaSR al NOK MMI HAt
Kindermorgancom Available ahttps://pipeline2.kindermorgan.cot€apacity/OpAvailPoint.aspx?code=TGP

260p | GdzNI € DEa LydSttAasSyOSe [+ ai-3DpDOSESER S NOK ylmEdzMIntH MEDE & ¢ tS

Naturalgasintel.comAvailable ahttps://www.naturalgasintel.com/datesnapshot/dailygpi/NEATETM3DEL/
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Table95. Percent ofgas basis decayed by year for measures installed in 2021

Gas Basi®ecay (%)

2021 1.3%
2022 4.1%
2023 6.8%
2024 16.3%
2025 25.4%
2026 46.8%
2027 67.0%
2028 76.0%
2029 84.5%
2030 92.5%
2031 100.0%
2032 100.0%
2033 100.0%
2034 100.0%
2035 100.0%

We then apply these decgercentagedo the price shifts described abovEable96 shows thedecayed

basis values for a measure installed in 2021, with the supply gas DRIPE values (which are not decayed) for
comparison. All values have been converted in to $/MMBtu per QlliadrBtu terms, as these are

otherwise very small numbers.

Table96. Decayed natural gas DRIPE values (2021 $/MMBtu per Quadrillion Btu reduced)

Basis Supply
Electricity Elegtricity Gas (_Bas Annual

Summer Winter Summer Winter
2021 0.0028 0.0083 0.0061 0.0214 0.0049 0.0001
2022 0.0028 0.008 0.0059 0.0208 0.0047 0.0001
2023 0.0027 0.0078 0.0058 0.0202 0.0046 0.0001
2024 0.0024 0.0070 0.0052 0.0182 0.0041 0.0001
2025 0.0021 0.0062 0.0046 0.0162 0.0037 0.0001
2026 0.0015 0.0045 0.0033 0.0116 0.0026 0.0001
2027 0.0009 0.0028 0.0020 0.0072 0.0016 0.0001
2028 0.0007 0.0020 0.0015 0.0052 0.0012 0.0001
2029 0.0004 0.0013 0.0010 0.0034 0.0008 0.0001
2030 0.0002 0.0006 0.0005 0.0016 0.0004 0.0001
2031 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001
2032 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001
2033 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001
2034 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001
2035 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001

In New England, basis benefits are significantly larger than supply benefits, for two reasons. First, New
Englad demand is only a small portion of North American demand, so a percentage change in regional
load has a much smaller percentage effect on gwent-wide demand. Second, while gas producers can
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increase production from year to year, pipeline constraintsauch less flexible, requiring years of
planning, siting, permitting and most importantly contracting.

Basis price shiftare not outright applied to any measures. Instead, they are combinedsegitbral
other factors and used to calculate creBRIPE.$S -Ficlss wLt 9 ¢ -GE ¢fd®5 wat 9 ¢
subsections below iBection9.5: Crossfuel market price effect$See thesesubsectiongor comparisons
of AESC 2021 values with analogousesfrom AESC 2018.

9.5. Crossfuel market price effects

The preceding sections calculated direct DRIPE effects where a reduction in demand for a given
commodity reduced prices for that same commodity. DRIPE benefits also accrue indirectly through
crossDRIPEyhich measures the impact that a reduction in one commodity has on a different
commodity. We assess three kinds of crBs83IPE:

1. Gasto-electric (GE) crosDRIPE$/MWh) measures the benefits telectricityconsumers that
result from a reduction in gas dend. Gadired generators set electric market prices in most
hours, so reducing gas prices should reduce electricity prices.

2. Electricto-gas (EG) crosDRIPE$/MMBtu) measures the benefits to gas consumers from a
reduction in electricity demand. Eleatrpower accounts foabout onethird2 ¥ G KS NBIA 2y Qa
demand, so reducing electricity demand should reduce gas prices.

3. Electricto-gasto-electric (EG-E) crosDRIPE$/MWh) combines the first two benefits.
Reductions in electricity demand should redwgas prices (6 crossDRIPE) which should, in
turn reduce electricity prices (6 crosDRIPEE-GE crosDRIPE is separate from direct
electric energy DRIPE and does natlole-count any benefits. Reductions in electricity demand
yield two benefits. kst, lower demand levels will tend to switch the marginal unit to something
lower cost, yielding a market price reduction through plant substitution. Second, lower
electricitydemand levels reduce the demanarfand price of, natural gaghus, natural gs
power plants, which set prices in most hours, burn less expensive gas than they would have
otherwise.Electricenergy DRIPE captures the first beneifitile EG-E crosDRIFE captures the
second benefit. In our energy DRIPE calculations, we exptigittyol for natural gas prices,
which means owsiuel energy DRIPE is only measuring the benefits of switching from a less
efficient plant to a more efficient plant. For&&E DRPE, we hold the powerplant constant, and
reflect how a change in gasipes clanges electric prices.

Electricto-gas(EG)crossDRIPE

Electricto-Gas (EG) crosDRIPE measures the benefits to gas consumers from a reduction in electricity
demand. Elecic power accounts for approximately oitieK A NR 2 ¥ (G KS NB3Iduédng Qa 3 a
electricity demand should reduce gas prices, all else equal.

To calculate £ crossDRIPE, we utilize the supply gas price shift calculat&dcetion9.4: Natural gas
DRIPE$0.083/MMBtu per quadrillion Btu. Next, we convert thiNA OS & KA F ip&rBWidpgrA G & A y
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guadrillion Btu so that it may be applied to MWh savings. We do this by relying on data about the
marginal heat rate for emitting plants as reported by ISO New Bdgf4 According to this data, the
marginal emitting plant heat rate is 7. FMBtu per MWh?%21f we scale this to reflect the amount of

time gas is expected to be on the margin in the energy market, we estimate a marginal gas heat rate of
6.43 MMBtu per MWIT83 This value can then be multiplied by the price shift to produce an estimate of
$054/MWh per quadrillion Btu (se&quationll).

Equation1l. Piice shift in dollarper-MWh terms
0¢ & d &b o1 "REWQOQE & ¢ Qb O 6 orpl "REWQOG B "QCRCIR ok 6 Q

Agtyo e AT
DUVLOOO 8 WULOOO D WQ
00 WQI "BONQE 8 WQ 0 AT Qo Q¢ ¢

To determine E5 DRIPE, evthen follow the sameverallprocess used to estimate natural gas supply
DRIPE. For each yeard state wecalculate the product of (a) estimatedhtural gas consumptigr{b)
the estimated share of consnption that is DRREresponsive (se&able92), and (cYhe price shift.

261150 New Englan®ay2020.Electric Generator Air Emissions Repavailable ahttps://www.iso-ne.com/static
assets/documents/2020/05/2018 air_emissions_report.pdf

26214 setion 5.3.2.2.

263According to ISO New England, from 2014 to 2018, natural gas plants and pumped storage plants (which are generally
poweredby marginal units) were marginal 83 percent of the time (see 2018 Air Emissions Report, Higure 4
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Table97. Electricto-gas (EG) crossDRIPE benefit (2021 $ p&tWwh)

Zoneon-Zone DRIPE Zone on Resbf-Region DRIPE
CT MA ME NH CT MA ME NH RI
2021 0.129 0.032 0.070 0.008 0.006 0.010 0.003 | 0.097 0.059 0.121 0.123 0.119 0.126
2022 0.229 0.057 0.124 0.014 0.011 0.018 0.005| 0.173 0.105 0.215 0.218 0.212 0.224
2023 0.291 0.072 0.157 0.018 0.015 0.022 0.007 | 0.219 0.133 0.273 0.276 0.268 0.284
2024 0.293 0.072 0.158 0.018 0.015 0.022 0.007 | 0.221 0.135 0.275 0.278 0.271 0.286
2025 0.295 0.073 0.159 0.018 0.015 0.023 0.007 | 0.222 0.135 0.276 0.280 0.272 0.288
2026 0.295 0.073 0.159 0.018 0.015 0.023 0.007 | 0.222 0.135 0.277 0.280 0.272 0.288
2027 0.295 0.073 0.159 0.018 0.015 0.023 0.007 | 0.222 0.135 0.277 0.280 0.272 0.288
2028 0.296 0.073 0.160 0.018 0.015 0.023 0.007 | 0.222 0.136 0.277 0.281 0.273 0.289
2029 0.296 0.073 0.160 0.018 0.015 0.023 0.007 | 0.223 0.136 0.278 0.281 0.274 0.289
2030 0.297 0.073 0.161 0.018 0.015 0.023 0.007 | 0.224 0.137 0.279 0.282 0.275 0.290
2031 0.298 0.074 0.161 0.018 0.015 0.023 0.007 | 0.224 0.137 0.280 0.283 0.275 0.291
2032 0.299 0.074 0.162 0.019 0.015 0.023 0.007 | 0.225 0.137 0.280 0.284 0.276 0.292
2033 0.300 0.074 0.162 0.019 0.015 0.023 0.007 | 0.225 0.138 0.281 0.284 0.277 0.292
2034 0.300 0.074 0.162 0.019 0.015 0.023 0.007 | 0.226 0.138 0.282 0.285 0.277 0.293
2035 0.301 0.074 0.163 0.019 0.015 0.023 0.007 | 0.227 0.138 0.283 0.286 0.278 0.294

T 0211 0129 0263 0266 0259 0273
levelized

Note: Values differ across states because stedeg in terms of size of neglectric gas consumption.

Using this table, we can see estimate the benefit for a redudtiagas use in each year. For example, a
1 MWh reduction in electricity demand in 2023 yields a@ ErossDRIPE benefit of $291for New
England as a whole. As with other DRIPE categories;aerest-of-region DRIPE benefits for each year
are calculate for each state by subtracting the ownone value for a given state from the New Engtand
wide value.

As with gas supply DRIPEESC 202Qa 3JI & adzlll) @ 5wLt9 SadAyYlrdasSa | NB
2018, mostly due to lower price shift ($0.083/MMBturggiadrillion Btu, down from $0.158/MMBtu

per quadrillion Btu). Other changes are due to differences in historical gas consumptioroggudgul

gas consumption across the six states.

Gasto-electric (GE) crossDRIPE

Just as reductions in electricity damd can produce benefits to gas consumers, so too can reductions in
gas demand benefit electric customers. Because this effect chaagssrally, we provide separate
DRIPE benefits for annual and winter periods. Annual DRIPE benefits may be best appéadures

that provide savings throughout the year (such as hot water heating efficiency measures) while winter
benefits may be best gglied to measures that provide savings during the winter only (such as space
heating efficiency measures).

To calculaté5-E crosDRIPE values, we first begin with the total price shifts describ&alile96. To
calculate the price shift for each season, we add the supply price shift (which does not vary by season) to
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the basis price shift (whiathoesvary by seasgnBecause the gas basis price shift decays but tke ga
supply price shiftdoesnot, bynom> GKS ad2dGFft¢é¢ LINAOS AKATO F2N L ye
shift component.

Next, these values undergo a unit conversion. We multipige price shifts (measured in doHper-
MMBtu per quadrillion Btu) bthe heat ratederived above in the-& crosDRIPE section (which is
measured in MMBtu per MWh). Thisinslationyields price shifts idollar-per-MWh per MMBtu.

Theseprice shiftsare multiplied byS I O K anihddged ébérgy to estimate total DRIPE benefits. For

SFOK aiGridSz GKS GaSySNEHeéé¢ Aa GKS ljdzrydAade 2F St SOd
consumed during the relevant period (e.g., winter, gas), under a paticounterfactual. This total

guantity of energy is scaled by the portion of energy that is assumed to be unhedged in each state (i.e.,

the portion of energy purchases not expected to be subject to the spot market). This unhedged

assumption is the same udén energy DRIPE, describedab inTable83. Because system load

changes across counterfactuals, the unhedged percentage also changes.

Table98 summarizeghe resulting GE crosDRIPE valueBor anmal effects, wauitilize the annualprice
shift; for winter effects, we rely on gas winter periguice shifts
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Table98. Gasto-electriccrossfuel heating DRIPE, 2021 gas efficiency installati@321 $ per MMBtu¥or
Counterfactial #1

Zoneon-Zone DRIPE Zone on Resbf-Region DRIPE

MA ME NH RI VT MA ME NH RI VT

2021 145 024 073 017 016 011 003 | 121 072 128 129 134 142
2022 219 036 109 026 025 017 005 | 182 110 192 194 201 214
2023 252 044 119 032 030 021 006 | 208 133 220 222 231 246
2024 203 035 093 028 027 016 005 | 168 110 176 176 188 1.98
2025 168 024 077 024 024 013 004 | 143 090 144 143 154 163
2026 116 017 051 0.17 0.17 010 003 | 098 064 099 099 106 1.13
Annual 2027 073 012 032 011 011 006 002 | 061 041 062 062 067 0.71
V(Vea'?é", 2028 052 009 023 008 007 004 001 | 043 029 044 045 048 0.1
heating) 2029 032 006 014 005 005 003 001 | 027 018 027 028 030 0.31
2030 0.15 003 006 002 002 001 000 | 012 009 013 013 014 0.15
2031 002 001 001 000 000 000 000} 002 001 002 002 0.02 0.02
2032 0.00 000 000 000 o000 000 000 | 000 000 000 0.00 0.00 o0.00
2033 0.00 000 000 000 000 000 000 | 000 000 000 0.00 0.00 o0.00
2034 0.00 000 o000 000 000 000 000 ]| 0OO o000 000 0.00 0.00 0.00
2035 0.00 000 000 000 o000 000 000 | 000 000 000 0.00 0.00 o0.00
2021 266 044 133 032 030 020 006 | 2.2 132 234 236 246 259
2022 400 067 199 049 046 031 009 | 333 201 352 354 370 3091
2023 461 081 218 059 056 037 011 | 3.80 243 4.02 405 424 450
2024 372 064 170 051 050 028 010 | 3.08 202 321 322 344 362
2025 306 045 141 044 044 023 008 | 261 165 262 262 283 298
2026 210 032 093 031 031 017 006 | 178 117 179 179 194 204
Winter 2027 130 021 o057 019 019 010 003 | 109 073 111 111 120 1.27
é}ifc.t’e 2028 092 016 040 013 013 007 002 | 076 052 078 078 085 0.89
heating) 2029 055 010 024 008 008 004 001 | 046 031 047 047 051 0.54
2030 024 005 010 003 003 002 001 | 019 014 020 021 022 0.23
2031 0.01 000 000 000 o000 000 000 ]| 001 o001 001 001 o001 0.01
2032 0.00 000 o000 000 0.00 0.00 000 ]| 0OO o000 000 0.00 0.00 o0.00
2033 0.00 000 000 0.00 o000 000 000 | 000 000 000 000 0.00 0.00
2034 0.00 000 o000 000 0.00 0.00 000 ]| O0OO o000 000 0.00 0.00 0.00
2035 0.00 000 000 000 0.00 0.00 000 ]| 0OO o000 000 0.00 0.00 0.00

Note: Values differ across states because states vary in terms of size of unhedged electricity demand.

This tablandicates that the annual New Englanide value of G cros<DRIPE for 2021 id 85per

MMBtu. Thewinter value($2.66per MMB1) is nearlytwice as largdecause of the higher basis values

in the winter monthsimportantly, snceelectricitygeneration everywhere in New England serves

electricity demandi KNP dzZA K2 dzi bS¢ 9y At yRE GKS OmMagiennLINAOS S
state is not dependent on the amount of gas burned for electric generation irstraestate. For each

state and year,le zoneon-Restof-Poolbenefit equals the differencbetweenthe ISOwide benefit

and the zonal benefit.
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Table99 provides a comparison of gas-electric crosDRIPE effects between AESC 2018 and AESC
2021.As with other DRIPE categories relying on the price shift of natural gply saided costs for

this category are lower in AESC 2021, compared to AESC 2018. This is primarily due to the reduced
natural gas supply price shift, bititis also due to differences in projected loads and gas bases price
shifts.

Table99. Comparison ofevelizedgasto-electric (GE)crossDRIPE benefit€2021 $ per MMBtu)

ISO NE CT MA ME NH RI VT

Annual

AESC 2018 2.73 0.58 1.33 0.27 0.29 0.20 0.06

AESC 2021 1.29 0.21 0.61 0.17 0.17 0.10 0.03

Difference ($) -1.44 -0.37 -0.73 -0.10 -0.12 -0.10 -0.03

Difference (%) -53% -64% -54% -38% -42% -48% -47%
Winter

AESC 2018 5.03 1.07 2.45 0.50 0.53 0.36 0.11

AESC 2021 2.34 0.39 1.10 0.31 0.30 0.18 0.06

Difference (%) -2.68 -0.68 -1.35 -0.19 -0.22 -0.18 -0.05

Difference(%) -53% -64% -55% -38% -42% -50% -45%

Note:All values ee levelized over 10 years.

Electricto-gasto-electric (EGE) aossDRIPE

A reduction in electricity prices will reduce the price of natural gas; this reduction in natural gas prices
will, in turn, redue the price oklectric energy. The ngmitude of this reduction depends both on supply
and on basis.&E crosDRIPE is separate from and offers benefits in addition to electric energy DRIPE.

To calculate £5-E cross DRIPE, we begin with the price stidseribedabovein Table96. As with GE

crossDRIPE, to calculate the price shift for each season, we add the supply price shift (which does not

vary by season) to the basisqwishift (which doegary by season Because the gebasis price shift

decays but the gasupply price shiftdoes not, byn o M~ G KS & (i 2 (simplgequbleRh® S & KA F
supply price shift component.

Next, these values undergo a unit conversidust as with € crosDRIPE, we multiply these pgishifts
(measured in dollaper-MMBtu per quadrillion Btu) by the heat ratderived above in the-& cross

DRIPE section (which is measured in MMBtu per MWh). However, for this DRIPE category, we multipl
this heat rate by the price shifivice. Thistranslation yields price shifts in dolkper-MWh per MWh

(rather than dollasper-MWh per MMBtu, as with & crossDRIPE).

As with GE crosDRIPE, these]NA OS A KA FGa | NB (KSy g¥deheigithdt A SR o6& &
estimate total DRIPE benefits. For&aca G 4§ ST G KS & Sof Sadthciydenvard (il KS  |j dzI y i
MWh) in the state in question, consumed during the relevant period (e.g., winter, electric), under a

particular counterfactual. This totab@ntity of energy is scaled by the portion of enetiggt is assumed

to be unhedged in edcstate (i.e., the portion of energy purchases not expected to be subject to the

spot market). As with & crosDRIPE, this unhedged assumption is the same usetenyy DRIPE,

described above iitable83.
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Tablel00summarkes the EG-E valus for the annual period: these are the values that appear in the
AESQ021User Interfacend are applied by program administrators using AppendibaBle98
summarizeghe summerand wintereffects for historical comparison with AESC 201&se values are
not used in coseffectiveness testing (except to the degree that the seasonal price sfififtsn the
annual price shift).

Table100. Annual electrieto-gasto-electric crossfuel heating DRIPE, 2021 gas efficiency installations (2021 $

per MWh)
Zoneon-Zone DRIPE Zone on Resbf-Region DRIPE
CT MA ME NH RI MA ME NH RI VT
2021 9.32 155 468 111 1.04 073 021 | 777 463 821 827 859 911
2022 14.05 234 699 169 160 112 031 |11.71 7.06 1236 1244 1293 13.74
2023 16.19 281 767 205 194 135 037 | 1337 852 1414 1425 1483 1582
2024 13.07 225 597 1.8 173 101 032 | 1082 7.10 11.29 11.33 12.06 12.74
2025 10.77 156 498 154 155 086 028 | 921 580 923 922 992 1049
2026 7.45 112 331 1.10 110 061 020 | 6.32 414 634 635 6.84 7.25
2027 4.68 0.77 206 068 068 038 012 | 392 263 400 4.00 431 456
Annual | 2028 3.34 057 146 048 048 027 008 | 277 188 286 286 307 3.26
2029 2.06 036 090 030 029 017 005 | 171 116 177 177 190 201
2030 0.96 0.19 041 014 013 008 002 | 078 055 083 083 089 094
2031 0.13 0.03 005 0.02 002 001 000]| 010 0.08 012 012 012 0.13
2032 0.00 0.00 0.00 0.00 000 0.00 000 ]| 000 0.00 000 0.00 0.00 0.00
2033 0.00 0.00 000 0.00 000 0.00 0.00]| 000 0.00 000 0.00 0.00 0.00
2034 0.00 0.00 0.00 0.00 000 0.00 000 /| 000 0.00 000 0.00 0.00 0.00
2035 0.00 0.00 0.00 0.00 000 000 000 /| 000 0.00 000 0.00 0.00 0.00
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Tablel01 Seasonal kctric-to-gasto-electric crossfuel heating DRIPE, 2021 gas efficierncstallations (2021 $

per MWh)
Zoneon-Zone DRIPE Zone on Resbf-Region DRIPE
MA ME NH R MA  ME NH RI
2021 | 196 033 099 022 021 016 004 | 163 097 174 174 180 192
2022 | 295 050 148 033 033 025 006 | 245 147 262 262 270  2.89
2023 | 340 060 162 041 040 030 007 | 28 178 300 301 310 333
2024 | 274 048 127 035 036 022 006 | 226 148 239 239 252 268
2025 | 226 034 106 031 032 019 006 | 193 121 196 195 207 221
2026 | 157 024 071 022 023 014 004 | 133 087 135 135 144 153
2027 | 1.00 017 044 014 014 009 002 | 083 056 086 08 092 0098
SEl';f;récr 2028 072 013 032 010 010 006 002 | 060 040 062 062 066 071
2029 | 046 008 020 006 006 004 00L| 038 025 039 039 042 045
2030 | 022 004 010 003 003 002 000| 018 013 019 019 021 022
2031 | 005 001 002 001 001 000 000| 004 003 004 004 004 005
2032 | 000 000 000 000 000 000 000| 000 000 000 000 000  0.00
2033 | 000 000 000 000 000 000 000| 000 000 000 000 000  0.00
2034 | 000 000 000 000 000 000 000| 000 000 000 000 000  0.00
2035 | 000 000 000 000 000 000 000| 000 000 000 000 000  0.00
2021 | 1009 166 505 124 115 076 023 | 843 504 88 894 933 986
2022 | 1521 250 754 189 176 117 035 | 1271 7.68 1332 1345 14.04 14.87
2023 | 17.53 302 827 229 213 142 041 | 1451 926 1524 1540 1611 17.12
2024 | 1416 241 6.44 199 191 106 036 | 1175 7.72 1217 1225 1310 13.80
2025 | 11.66 167 536 172 170 089 032 | 999 631 994 997 1077 1135
2026 | 804 120 355 123 121 064 022 | 684 449 681 684  7.40  7.82
2027 | 502 081 219 076 074 039 013 | 421 283 427 428 463  4.89
S\II?:ttgrc 2028 | 355 060 154 053 052 028 009 | 295 201 302 304 328  3.46
2029 | 217 037 094 032 031 017 005 | 1.80 123 185 18 200 211
2030 | 097 019 041 014 014 007 002 | 079 056 083 084 090 0095
2031 | 009 002 003 001 001l 001l 000| 007 005 007 008 008 008
2032 | 000 000 000 000 000 000 000| 000 000 000 000 000  0.00
2033 | 000 000 000 000 000 000 000| 000 000 000 000 000 0.0
2034 | 000 000 000 000 000 000 000| 000 000 000 000 000  0.00
2035 | 000 000 000 000 000 000 000| 000 000 000 000 000  0.00

Note: Values differ across states because states vary in tersimeodf unhedged electricity demand.

This table indicates that theummerNew Englandvide value of & crossDRIPE for 2021 id ®6per
MMBtu. As with GE crosDRIPE He winter value (%0.09per MMBtu) isan order of magnitude larger
because of the igher basis values in the winter mostliror each state and year, the zeoa-Restof-
Poolbenefit equals the difference between the I8@le benefit and the zonal benefitable102
provides a comparison of gas-electric crosDRIPE effects between AESC 2018 ancCAB31As
with other DRIPE categories relying on the price shift of natural gas supply, avoided costs for this
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category are lower in AESC 2021, compared to AESC 2018. This is primarily due to the reduced natural
gas sipply price shift, buit is also dudo differences in projected loads and gas bases price shifts

Table102 Comparison ofl0-year levelizecelectricto-gasto-electric (EG-E)crossDRIPE benefit2021 $ per

MWh)
ISO NE CT MA ME NH RI VT

ElectricAnnual
AESC 2@L - - - - - - -
AESC 2021 8.29 1.37 3.89 1.10 1.07 0.66 0.20
Difference ($) - - - - - - -
Difference (%) - - -

ElectricSummer
AESC 2018 7.10 1.55 3.48 0.68 0.72 0.53 0.14
AESC 2021 1.75 0.29 0.83 0.22 0.22 0.15 0.04
Difference ($) -5.35 -1.25 -2.65 -0.46 -0.50 -0.38 -0.10
Difference (%) -75% -81% -76% -68% -69% -72% -71%

Electric Winter
AESC 2018 16.50 3.52 8.03 1.66 1.72 1.20 0.34
AESC 2021 8.95 1.46 4.18 1.22 1.17 0.69 0.22
Difference ($) -7.55 -2.05 -3.85 -0.44 -0.56 -0.51 -0.12
Difference (%) -46% -58% -48% -26% -32% -42% -35%

Note: Annual values were not provided in AESC 2018.

9.6. Oil supply DRIPE

Reducing demand for petroleum and refined products should lead to a reduction in oil prices. Oil
demand may be lessened liyrther electrfying the transportation sector (eélectricity substitution

effects) or by reducing electricity demand during high load winter periods when oil is on the margin (oll
gas substitution). This reduction in oil priceduoed by a change inla@lemand is temed oil DRIPE.

hiAtQa 3Jt26Flft RAYSYaazy YIF{1Sa Y2RStAy3a 2Af 5wLt9 Y
The analysis in Chapt8rFuel Oil and Other Fuel Costlies on aalysis of oil supply fundamentals

which, in turn, does not consider the impact of oil supply disruptions or other sources oftshart

volatility in oil price. For AESC 2021, we conduct a relativelylénghmodel 6 oil DRIPE ithe

following steps:

1) Edimate the relevant elasticity (i.e., the percentage change in oil price per
percentage change in demand for crudé.oll

2) Calculatehe crude oil DRIPE value.

3) Calculateefined product DRIPE values usihg ratios ofcrude-to-refined-product
price from EIR & 2021for years2021¢2035

Estimating elasticies

Elasticity describes how prices of a commodity respond to changes in demand. We use oil play
breakeven analysis to estimate elasticity for crude oil.
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Oil play lbeakeven analysis modeise price atwhich a given geological formation is revenue neutral (a
ALISOATAO 2Af FASER 2N F2NN¥IFGA2Y Aa (y26y Ay (GKS A
breakeven points, and when considered in aggregate, a gupplecan be made tehow the pricesat

which various sources of new supply would enter the markeis curvecan be thought of as analogous

i2 Iy StSOGNRO YINLSGQa LR2eSNI LI LyG 2FFSNI adl Ol @

By examining a set of these supply curwes can assess the@rage relationship betwaen price and
supply foramarginal barrel of oilTable103presents elasticities from five different breakeven analyses
Two ofthese curves display supply curve wh a very steep right tail. The Woodddkenzie supply

curve, for example, dlicates that an additional million barrels per day of oil supply would increase
breakeven price by about $3 per barreloltmer words it indicates that a 1.0 percent increase in
cumulative oil production in this regi would increase costs by 0.36 perten

Table103. Percent change in crude oil price for a 1.0 percent change in global demand

Forecast Curve Segment Date Published Elasticity Sources
Wood Mackenzie Entire curve 2016 0.36 (A)
Rystad Energy Entire curve 2015 1.39 (B)
IEA Entire curve 2013 2.00 ©
Goldman Sachs Lowonly 2012 0.47 (D)
Goldman Sachs Highonly 2012 2.66 (D)
BP/PIRA Lowonly 2015 0.88 (E)
BP/PIRA Highonly 2015 3.60 (E)

Average(All) 1.62

Average (Low Only Entire Curvg

1.02

Sources: (Mttps://www.woodmac.com/news/editorial/prefid-oil-projectscommercial/ (B)
https://www.rystadenergy.com/NewsEvents/PressReleases/giitpaidssupplycostcurve (C)
https://www.financialsense.com/autributors/josephdancy/ieashalemiragefuture-crudeoil-supplycrunch (D)
http://crudeoilpeak.info/oitprice-analysis and (Ehttps://www.bp.com/content/dam/bp/business
sites/en/global/corporate/pdfs/newsand-insights/speeches/ne-economicsf-oil-spencerdale.pdf

A simple average @l ebsticities yields avalue @620 L ¥ G KS G¢2 al AIK 2yfee af
resulting average elasticity 1s02. Given the uncertain nature of this analysis, AESC 2021 models oil

supplyas unit elastic in the tevant region study, so a 1 percentactye in demand would yield a 1

percent change in pricé* Critically, demand in this contextdggobal demandcurrently 98 million

barrels/day, of which the United States consumes about-fitie).26°

2647he assumptin of unit elasticity may overstate price effects because estimates of shale resources have increased in the
past years and estimates of shaxtraction costs have fallerboth effects reduce the slope of the supply curve, and its
corresponding elasticity.

265E0r more information, sebttps://www.iea.org/oilmarketreport/omrpublic/
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This estimate isisiilar to our estimate of elasticityfesupply for natural gasThis is expectediven the
similarities between the two hydrocarbons, their disposition, and their extraction.

bSEGS 68 02y @SNI KA &hid freprésénihOvi tie@rice\(iyf doRars per & LINA OS & K
MMBLtu) that changsin response ta@hanges in demand (measured in quadrillion Btu per year). To do

this, we multiply the elasticity by a forecast ftMest Texas Intermediate (WTEbude oil prices &to

$14per MMBtu, depending on thgear) and divide the result by a fax@st of crude oil consumption

(estimated to be about 220 quadrillion Btu worldwid&$.This yields a price shift of about $8.0

/MMBLtu per quadrillion Btus for any given year.

Calculating oil DRIPE

As with the electri@and natural gas DRIPE effects, the@meduction per MMBtu of oil saved is very tiny
compared tathe price per MMBtu But each MMBtu saved reduced prices for a very large number of
MMBtus.That said, iyen the nodest size of New England oil demand in panison to the entire global
market (dbout 0.7 percent of worldwide consumption), the overall value of DRIPE remains nitest.

According to the latest EIA SEDS database, in 2014 through 2018, New Engkndedapproximately
1.4 quadrillion Btuof petroleum products yearly®® Over time, AEO 20 forecasts demand gradually
falling, averaging about 1.2 quadrillion Btu of petroleum products yearly between 2021 and 2035.

As a result, a 1 MMBtu reduction énude oildemand yields an average regional benefiabbut $0.@7

per MMBtu(i.e., $005/MMBtu per quadrillion Btu multiplied by 1.2 quadrillion Btohe value for each

state, presented ifTablel104, are proportionally smaller, ranging from about $08@er MMBtu to

$0.030per MMBtu per 1 MMBtu reductio®Zoneonl 2y S @I f dzSa F N8B OF f Odz | G SR
share of oil consumption relative to the New Eamglwide total. Meanwhile, zon®n-regionvaluesare

equal to theNew England total minus the value from eaelpective state.

266 Crude ol prices are based on WTI prices from AEO 2021 and worldwide crude oil consumption is based on v&as in El
2019 edition of the Interational Energy Outlook.
gL! ® [+Fad | O00SaaSR al NODK mMmMI H Eiaongvadabl&ai NPt Sdzy YR hGKSNI [ Al
https://www.eia.gov/outlooks/aeo/excelaeotab 12.xIsx
EIA.20194 [ AljdzA Ra / 2y adzy LJi A 2 yEla.gdvAvailabkeath 9/ 5 | YSNA Ol a oé
https://www.eia.gov/outlooks/aeo/data/browser/#/?id=8E02019&sorcekey=0

267Calculated baseBl y RIF G+ FNBY Hamn (2 wamy dz@aAy3 REFEGE FNBY 9L! ® HAMD
{ 2 dzNERQydvAvailable ahttps://www.eia.gov/state/seds/seddata-fuel.php?sid=US#DataFiles

268Seehttps://www.eia.qov/state/seds/sed.ﬂ'.m\tacfueI.nhp’?sid:US#DataFiItcrr more information.

269The United aites consumes about 37 quadkpetroleum products annually, compared with 1.4 quads consumed in New
England. The value of a 1 MMBtu reduction in oil demand anywhere within the United States hasde DRIPE value of
$2.25 per MMBtu.
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Table104. Crude dl DRIPE by staté2021 $ per MMBtu)

Zoneon-Zone DRIPE Zone onRestof-Region DRIPE
CT MA ME NH RI \a) CT MA ME NH RI \a)
2021 0.049 0.011 0.020 0.006 0.005 0.003 0.003| 0.038 0.028 0.042 0.043 0.046 0.046
2022 0.052 0.012 0.022 0.007 0.006 0.003 0.003| 0.041 0.031 0.045 0.047 0.049 0.049
2023 0.058 0.013 0.024 0.008 0.006 0.003 0.003| 0.045 0.034 0.050 0.051 0.054 0.054
2024 0.061 0.014 0.025 0.008 0.007 0.004 0.003| 0.047 0.035 0.053 0.054 0.057 0.057
2025 0.063 0.014 0.026 0.008 0.007 0.004 0.004| 0.049 0.037 0.055 0.056 0.060 0.060
2026 0.065 0.015 0.027 0.009 0.007 0.004 0.004| 0.050 0.038 0.056 0.058 0.061 0.061
2027 0.066 0.015 0.028 0.009 0.007 0.004 0.004| 0.052 0.039 0.058 0.059 0.063 0.063
2028 0.068 0.015 0.028 0.009 0.008 0.004 0.004 | 0.053 0.040 0.059 0.061 0.064 0.064
2029 0.069 0.016 0.029 0.009 0.008 0.004 0.004| 0.054 0.040 0.060 0.061 0.065 0.065
2030 0.071 0.016 0.029 0.009 0.008 0.004 0.004| 0.055 0.041 0.061 0.063 0.066 0.067
2031 0.071 0.016 0.030 0.009 0.008 0.004 0.004| 0.055 0.042 0.062 0.063 0.067 0.067
2032 0.072 0.016 0.030 0.010 0.008 0.004 0.004| 0.056 0.042 0.063 0.064 0.068 0.068
2033 0.072 0.016 0.030 0.010 0.008 0.004 0.004| 0.056 0.042 0.063 0.064 0.068 0.068
2034 0.073 0.016 0.030 0.010 0.008 0.004 0.004| 0.056 0.042 0.063 0.065 0.068 0.069
2035 0.073 0.016 0.030 0.010 0.008 0.004 0.004| 0.056 0.042 0.063 0.065 0.068 0.069

I;\?_eﬁiezaerd 0.062 0.014 0.026 0.008 0.007 0.004 0.004| 0.048 0.036 0.054 0.055 0.058 0.059

Note: Values differ acrossates because states vary in terms of size of oil consumption.

As with natural gas supply DRIBEEDRIPE are not decaydgkcause oil DRIPE is not decayed, the values
in the preceding table reflect the actual valoka demaud reduction in each year @, aregionwide
demand reduction in 2021 is worth $@9®per MMBtu and a reduction in 2025 is worth $03qg&er

MMBtu). Oil DRIPE benefits are low because of the relatively modest amounts of demand in New
England stats comparedo the size of the globatil market.

In order to apply oil DRIPE values to specific commodities (e.g., gasoline, home heating fuel), we
multiply the values iTable104by the refinedprice to crudeprice ratio foundn Tablel105. For
example, the levelized value of gasoline DRIPE across New England is w@&p&0NMMBtu reduced
($0.062 per MMBtu x 173).

Table105. AECQ2021prices of crudeoil and refined petroleum products

Product 2021-2035Avg Pricg2021$ per gallon) Ratio of product price to WTI price
WTI Crude Oil 1.59 -
Home heating oil 2.77 1.75
Residual fuel oil 1.63 1.03
Motor gasoline 2.75 1.73
Motor diesel 3.21 2.03

SourceEIA AEO 2a2 | 6 t $ofeundandSOther Liquids PricésAvalable at
https://www.eia.gov/outlooks/aeo/excel/aeotab 12.xlsx
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This analysis assumes that oil supply drives tieemf refined products and tha reduction in the
demand of any pebleum product impacts the price of all other crude products. In reality, there may
not be a oneto-one price benefit for reductions in gasoline on fuel oil (for example). This simglifyin
assumption is reasonable givéhe small magnitude of oil DRIPEeefé and the highevel analysis
undertaken.

Tablel06illustrates the differences between crude oil DRIPE calculated in AESC 2018 and AESC 2021. In
AESC 2021, oil DRIPE values for New Engtaaidvhole ar@7 percent lower tharin the previous idy.
This change is primarily due to reductions in forecasts of crude oil prices and crude oil consumption.

Table106. Comparison of oil DRIPE values (2021 dollars per MMBtu)

New England CT MA ME NH RI \a)
AESC®18 0.085 0.022 0.032 0.011 0.011 0.011 0.007
AESC 2021 0.062 0.014 0.026 0.008 0.007 0.004 0.004
Difference ($) -0.023 -0.008 -0.007 -0.003 -0.004 -0.008 -0.003
Difference (%) -27% -38% -20% -27% -39% -67% -48%

Note: Values shown are levelized overykars. AESC 2018 uses a discount rate of 1.34 percent while AESC 2021 values use a
discount rate of 0.81 percent.

i Synapse Energy Economiks,. AESC 2021231




10C¢w! b{aL{{bhy ¢cwh5'! ¢Lhb

In addition to avoiding various types of generation costs (energy cigpand associated DRIPE), load
reductions can contribute to deferring or avoiding the addition of lwathted T&Dfacilities, due to
reduced load growth and reduced loading of exigtequipment’? The chapter describes
methodological approach that pgram administrators can use to estiteavoidableT&Dcosts for
planning andeporting of efficiency program benefits.

In AESC 2018, we developed a general framework for the cadcutdHtavoided T&D values, including
identifying general principles fauch calculations. AESC 2018 alsoestast some of the sponsoring
utilities (National Grid, United Illuminating, and Eversource Connecticut) for information on utility
avoided T&D vakiestimates, along with the methods used to calculate those values. ZHSBC
separated PTF transmission foseparate treatment and developed an estimate of the value of avoided
PTF transmission of $94 per kWar in 2018 dollars ($99 per kyéar in 2021dollars).

For AESC 2021, we present four separate threads for anafymi®ided T&D costs, building on the
foundation established in the 2018 AESC and updating or expanding the analysis presented. The four
aspects are:

1. Updating the avoided costs for PTacilitieausing a forwardooking projection, rather
than a historichestimate. The updated analysis firals updated PTF value of $87 per
kW-year in 2021 dollars

2. Reviewingutility approaches to generic avoided cost values for-RdmT&Dand
evaluatng these approaches on a common evaluation rubric to facilitate €ross
comparison and learning

3. Reviewing utity approaches to calculating geographically localized avoided, stk
as forNWAs.

4. Developing an approach to the avoided coshafuralgas gstemT&D. See Sectiof.4:
Avoided natural gas cost methodolofgy more information on the assumptions used in
AESC with respect to natural gagD

In addition to evaluating different approaches to geographically localized avoided costs for NWAs as a
standalone aspect of analysis, AESC 202imines across each aspect whether the appropriate
treatment or calculation of T&D avoided costs differs fdretspecific technology types or program
applications, such as distributed generation and electrificatiootber fuel switching programs. AESC

210Many$ v § RER $ ypOgrams will be costffective without consideration of avoided T&D costs, and many-atrol
programs will not reliably reduce peak loads on T&D equipmEnéseawill not be eligible to be credited with avoided T&D
equipment. For som& y S R ® A Bigadudes and programs, especially those with very peaky load shapes, the avoided
T&D costs may be critical in demonstrating eeffectiveness.
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2021 address the locational value of potential services provided by efficiency and other DERS; we do not
addres programmatic or other barriers to using DERs to address T&D costs.

This section begins with an overviewtbé recommended approach for calcutsg avoided T&D costs,
which can then be tailored to the specific situation for which costs are to be cadulte then

proceed through the different aspects and scales of such analysis in New England, beginning with
regionwide PTF. The subsequent twections address avoided T&D at smaller scales: first for a utility
service territory or other prograrwide jurisdiction, and then for specific locations on areas within a
service territory which may warrant locatiespecific avoided T&D values due to ariséing constraint.
For each of these scales, we present an evaluation of the relevant methods currentlyyuseidies
within the region.The section concludes with an analysis of the equivalent structure for nagasa
distribution (seeSection2.4: Avoided natural gas cost methodolofgy more information)

10.1. Generalapproach toestimating thevalue ofsystem-levelavoided T&D

The following stepunchanged from AESXD18,summarize atandardized approach to estimate
genericsystemlevelavoidable transmission or distributiaosts

9 Step 1: Select a time period for the analysis, which may be historical, prospective, or a
combination of the two.

1 Step 2: Determine the etual or expectedelevant load growth in the analysis period, in
megawatts?’!

9 Step 3: Estimate the loalated investments in dollars incurred to meet that load
growth.

9 Step 4: Divide the result of Step 3 by the result of Step 2 terdehe the cost ofoad
growth in $per MW or $per kW.

9 Step 5: Multiply the results of Step 4 by a riEslelized carrying charge to derive an
estimate of the avoidable capital cost ip&r kW-year.

i Step 6: Add an allowance for operation and maintenawfcine equipment toderive the
total avoidable cost in $erkW-year.

The data for this approach may come from historicattlmpvn accounting data, such as from page 206
2T (GKS dziAfAGeQa | yydz f -uCditebase@ @npast andtiie expengitdes 2 NJ T N.
by project or budgtline item.

These generic avoided T&D costs are not intended to represent the potential value of targeted load
reductions, as part dlWAsto specificT&Dprojects. Analysis of targetedWAsrequires information

2"1The data could be for hypothetical growth levels, but the effort of determining the investmentssaegésmeet a
hypothetical growth level is likely to be excessive. Hence, most analyses rely on actual investments (which are known) or
fully developed investment projects for the relatively sheetm future.
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abou the cost and timig of the specifiproject to be avoided and the amount of load reduction
required to defer project need for one or more years. The methodology for localized value of avoided
T&D is the subject of Sectid®.4below.

The goal of these geeric avoideecostcomputations is noto identify specific projects that can be
avoided, but to estimate the overall, lofgrm ratio of T&D savings per kW of avoided load growth (and
hence of a kW of peak savingéj.Underthis approach, historical dataan be as meaningful as forecast
data,and the sunk costs of planned additions are as relevant as the future costs

The avoided T&D value generally applied asevery kW of load reduction in any location will hdkie
same value This is a useful simfiiation, which is reasonable for wispreadS Yy SRB & A OA Sy O@&
programs.In some places and times, even small load reductions that keep load below the capacity of
existing equipment maglefer oravoid very large incrementdli&D investments. In other placasd

times, relatively large load redtions may have little effect on T&D investments. The location
contributing to new T&D investments can vary from perhaps a dozen residential customers sharing a
line transformer to thosands of customersharing a suliation or a transmission lineSince &oidable

T&D costs are estimated as the ratio of actual or ream expected investment to actual or expected
load growth, the specifipastprojects used in the analysigere not usudly avoided and neasterm

future projects may also not be avoided

Depending on the amount of excess capacity on the various levels of T&D equipment in a particular
area, reducing load by any particular customer rdefer or avoid theaddition of a lindransformer in

the next year It may alsccontribute to delaying or avding the reconfiguration of feedethe upgrading

of a substation, and the construction of transmission lines in following years. At another location, load
reductions may have littleféect on T&D investment for manyears. Recognizing this compliynamc,

the general approach in this reparbmputes the average ratio of all loaélated investments to all load
growth, rather than just the load growth that has the greatest effect aregtment to develop avoided
costs?’3

The methods and approach describieelre are generally independent of the technology or program that
changes peak load. For example, the value of avoiding transmission investments does not depend on
whether the peakwvas reduced by energy efficiency, demlaresponse, or distributed generatioras

long as the peak reductions are the same. It is also critical that the peaks in question are the same
pealks: if transmission needs are driven by a summer systdde peak, or gtribution needs are driven

by a winer morning, then the characteristic$ a given measure or program at those times are what
matter for avoiding expenditures. The marginal benefit of reduced peak should also be the same as the
marginal cost of increaskepeak: electrification measurdlat increase a peak that is relevant foD

272Analysts do not generallyaveex postestimates ofcosts that have actually been (or are expected to be) avoided by energy
efficiency; such analysis, if feasible, would usually be prohibitively expensive.

273Geographically targeted load reductions, such as paanolWAto a transmission or distution project, may have much
higher values, depending on the magnitude and time of nasdliscussed in more detail in Section 10.4.
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infrastructure planning will, on the margin, create costs at the same rate (in $/kW) that load reduction
measures reduce thenNote that time coincidence matters for electrifitan as well as energy

efficiency: eletrification measures that increasendanter peak do not cause T&D expenditures if those
expenditures would be driven by the need to meet loads at a summer peak.

The remainder of this section provides an overview afdggound, context, and consideratiottsbe
kept in mind and used as guidanin developing avoided T&D values. The following two subsections
apply these lessons and guidance to PTF transmission (S&8t)rand to evaluation of the methods
used for generic avoideT&D in the region today (Secti@f.3).

Criteria foravoided T&D estimation

The following considerations are useful in guiding the estimation of avoided T&D costs

1 Timeperiod. In estimating the avoided T&D coafjyanalysishould usedata from
complete, consigint, and reasonabléime periodsfor both load and investmentt may
be useful to align these timelines with those used for distribution planning and capital
investment planning processes.

1 Investment plans and budgetfor any future period must be reasoridy complete.lt is
important to capture all of the expected T&D costs along with all of the expected
changein loadwithin the period selected for analysisivestment plans that include
only a portion of projectedasts (for example, those associatedwonly larger projects
with long lead times¥hould notbe the only source of cost information

1 The analysis period should provide a reasonable proxy for the kewgn relationship
between load and investmentlf the period starts with the system overbtidue to
unexpected load reduatins, the analysis will tend to understate the cost per kilowatt
and vice versa. The analysis should avoid or correct for unrepresentative conditions due
to unexpected growth or deferreshvestments.

On a related pointadjuding the loads to account fahe weather conditions is likely toe more
representative than actual loads in determining the amount of load growth in the analysis psoiod
weather adjustment may be necessafakingactual load growtlbetweena hot sumner with high
loadsanda subseuentmild summer with low loads would understate the amount of load growth
driving the investment, and vice versa.

Some T&D investments are driven by load growth from new customersés #nat are not currently

served, or e not served in a manner thatould accommodate the growth, even with very aggressive

Sy SRHE& A éffor®yh@éw and existing loads in the area. For example, serving major commercial
development in a previoushgsidential exurban area or a 1aMit residential development in an

agricultural area may require a new substation or feeder respectively, regardless of any conceivable load
reduction. Analyses of avoided T&D costs generally omit these projects; whesiblpothe load growth
served from thee projects should also be aeid from the computation.
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Even utility systems with little total load growth tend to have areas in which peak loads are growing,
offset by areas in which peak loads are declining (dustoe combinationofy SEHE & A OA Sy 0@
programs, other conservation, and economic and demographic trelrd#)ose situations, the
computation of avoided T&D costs should ideally represent the investments in the growing areas,
divided by load growth in tree same growing areas. This greaésel of detail is rarely possible,
especially on a feedespecific or transformespecific basis.

Investments should be converted to some common price basis (such as by adding or removing inflation)
so that investmentén differing years (e.g., 1997, 20®Q17, and 20273an be added together. Any
projections or hypothetical adjustments to the historical periods should be handled consistently for load
growth and investment.

The AESC avoided costs are based on hypottetiaridsin which noS y S 8B & & Pragiayhs

(and/or no other load management or electrification prograras implemented going forward. For
consistency in identifying the full T&D costs avoidabl&hy S B & A Oragiayhi<) @ would be
desirable b start with the loads that would haoccurred and the investments that would have been
needed withoutS y S RJ & A &ffor&syEStiénating the effect of th8 y S RH & A OragBaghoh
historical and forecast loads may be feasible. Unfortunatelyneding the T&D investments that would
have been needed without th8 y S RJ & A Pragiaghiss@enerally infeasibleequiring a large
amount of engineering analyses to develop hypothetical needs at the feederlével.

If a fully consistenho-energy eficiency Go-EB analysisouldbe paformed, that would be ideal. But an
analysis that combined loads from@o-EELINBS YA &S A 0GK Ay@SAQYSYNBatANRBYs@
understate avoidable costs.

Disaggregation of growth

For each type of equipmentte computed load growth should refit the load on that type of
equipment. The T&D system consists of several types of equipment, which may be simplified into the
following categories:

1 highvoltage transmission lines (115 kV to 345 kV);
9 transmission suliations connecting transmission ligat different voltages;

9 subtransmission lines (e.g., 69 kV) that connect to distribution substations and some
very large customers;

1 bulk distribution substations that step transmission voltages down to generally high
distribution voltages (mostly at 1318/ to 25 kV);

274 The actual and projected energfficiency may have avoided the planning and construction of more expensive T&D
projects, but those costs are not generally available. The available data generally estimates the benefit of additional load
reductions, on top of those that have occurred and are planned.
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1 highvoltage primary feeders that distribute power from the bulk substations to lewer
voltage substations, some primavpltage customersand line transformers;

1 lower-voltage substations that step dowhe power to lower (mostly legacypliages,
in the 2 kV to 8 kV range;

1 low-voltage primary feeders that distribute power to primargltage customers and
line transformers;

9 line transformers that step power down from the primary distribution voltages 2ok
35 kV) to secondary voltagesl(1V to 500 V);

1 secondary lines from the transformer customer service drops; and
9 service drops from the street to customer meters.

Figureblillustrates the general design of T&pstems. The range of voltages coesatl to be
subtransmission varies among utility systems.
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Figure51. Schematic of a T&Bystem
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Any load reduction may result in avoidance or delay of investments abonre of these levels, in the
near ferm or over many years.

All loads use transmission; primary and secondary loads use the primary distribution system; and only
secondary loadsses line transformers and secondary lines. Hence, T&D analyses sketlid peak
loadsapplicable tathe transmissionor distribution capacityappropriate to the particular analysis

Computation of T&D avoided costs

Generally, the computation of avoidecosts in $/kW should use the same measure of load that will be
used in sreening.This criterion requires thahe units of load reduction used to attribute avoided costs
to programs be consistent with the units of load used to compute those avoided.ddst units should
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be consistent on a number of dimensions, includingttiméng of the load peaks, the treatmé of
seasonal load, the use of normal or extremedsaand the treatment of losses.

Generation capacity avoided costs are driven by load atithe of thelSO New Englameak, which

has by conventiobeenassociate with an hour ending at B.m.or 5p.m.on a hot summer dayC 2 NJ

AAYLIE AOKSTHFEFA O3 BYNEe ONBSYyAy3d 2F0Sy dzaSO2UKRES6dzaRY$
G2 ¢35 LISIF1as Ay ¢KAOK OFasS (KS | g2XxRSRRGARK Dgada
O2y G NR 0 dzil A 25 (82 {ME/ANS2 Velaf5 WaasSia NBFOK GKSANI LIS |
adzYYSNIJ YR gAYGSNE aANBY (dzVSl REAMNSa 2FF 3JSdz3 St 2 I RA DB
adzy 2F adzYYSNI I yR @A WKkINI ING AR 20 2 YR SNEBK YO 4 &NB K 2
LIS, t2FR aK2dZ R 0SS dzaSR F2NJ @l tdzAy3a GKS ¢35 al ga
If the avoided T&D costwe to be allocated between summer and winter peak contributions in

screening, then the avoidecbst analysis should similarly refldmith summer and winter load growth.

Assuming that winter peak growth equals summer peak growth is rarely realistic.

Trarsmission and some distribution facilities are planned for extreme weather (or other conditions),
such as those in thESO New Engla@90/10 load forecasts. It may thus be tempting to divide
investment by the growth in load that would occur under extrecoaditions, rather than normal peak
conditions (e.g., those that would be expected to be exceleal@out half the time). If the analysi
computes avoided T&D costs in $/k\éme, SCreening must use estimates of load reduction under
extreme conditions. Fsome enduses, load reductions will be very similar at normal and extreme
peaks, but for othergair conditioning and solar in the sumer, heating in the winter) the reductions
under extreme conditions will exceed those at normal pedRdf screening assuptions cannot be
developed for extreme conditions, analysts should avoid the use of extreme indlde avoideetost
analysesNote that this may mean using different weather for the purposes of dersidd measure
evaluation than is used for T&D systédi | YY Ay 3T YR GNF O1lAy3a RAFFSNByY
developing equivalency relationshipsaynbe required.

Similarly, if screenmuses load reduction at the entse, the avoided T&D costs should use load growth
at the enduse If this appledo-apples structure is not possible (suchitlad growth is measured at
transmission levelhe apprriate loss factor must be added toehavoided cost

Identifying loadrelated investments

The investment should include all identifiable legdated costsbut no more. AESED21recommends
using topdown accounting analyses to identify the accounts @y primarily loaerelated2’¢and net

275Something must use more energy at the extreme peak, or it would nohlextaeme peak.

276 A the availability and granularity of data improves through technologies and planning advancements, we anticipate
improvements in the methodology for identification of loaglated investments that can be avoided through DERs and
applicaility to more feeders. Tehmethodologydescribed in AESC 20lbased on identifying loagtlated investments
using current distribution system planning practices
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out an allowance for the costs of replacing retired equipment in kind. The FERC Form 1 data include
both additions andetirements by account. Bottorap analyses should be used to identify the projects
and blanket acgunts that are primarily loadelated?77

For the bottomup analyses, AER021recognizes that differentiating investments between those
required by load groth from those required for other considerations can be complex. Theload
related investments maincluce:

1 Distribution assets (primdy meters and services) that are driven entirely or
predominantly by the number of customet¥.

1 Primary distribution pojects that extend service into areas that have not previously
been served, to connect new custonseNewconstructionSy S BHE & A ONB A QR Y &
may avoid a small portion of the wire costs. However, most of the costs are related to
the extension of supply to new areas.

1 Some transmission projects that are required to integrate generation or allow talget
imports. Generation interconnectiotosts Wil generally be included in the generation
market prices. Transmission projects supporting pedidyen imports of renewable
energy from Canada or offshore wind are unlikely to be affected much by load
reductions, at least in the short terrfr?

1 SameT&Dinvestments simply replace old equipment. Other investments relocate
facilities due to road widening, loss of easements, and similar factors. Neitheotype
investmetnsare loadrelated.

In contrast, other ingstments are clearly required to accamdateload growth, including:

1 Most new transmission lines and substations and additional transformers at existing
substations;

Additional feeders and line transformers in areas with existing service;
Reconductoring dlines to increase capacity;

Increasiig the wltage of transmission or distribution lines; and

= = =4 =4

Conversion of singiphase feeder branches to twghase or threephase operation.

277 A planket account in the context of distribution utilities typically includes a langgber of similar investments, such as
substation upgrades or lingansformer replacements.

278 3ervice drops are often sized or upgraded based on theused in a building. In principl§,y S NE &  Stibddveducd y O &
the required service size and codtisl not clear how consistently utilities or contractors take building efficiency into
account in determining the size of the service drop to be installed.

279 Energyefficiency measures installed in thear term may (by reducing the use of fossil genertireduce the motivation
for further cleanimport mandates and associated generation. Predicting the timing of future initiatives may be challenging.
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A third set of investments is harder to characterize, including such situamsns

1 Investments triggered by factorgher than load, but whose costre increased to
accommodate higher load levels. For example, if rotting poles are being replaced with
taller poles so that the feeder voltage can be increased in the future, the inereine
cost of the taller poles is loaaklated. The cost of replacement may be unavoidable, but
the loadrelated improvement may be avoidabi®.

1 The costs of removing aging, but functional equipment to allow installation of higher
capacity equipment. The esting equipment might need to be repad in another
decade or two, even without the load growth, but most of the present value of the
replacement cost would be due to the loaglated timing of the project.

1 Investments required to complete or modernizeojects already in service, such as
improved lightning arrestors or added SCADA equipment on existing feeders. These
investments may be considered as a continuing cost of the originalrdatbd projects
(as postoperational capital additions are consigel part of the cost of a power plant)
and hence an adder to avoided cost (perhaps computed in dollars per MW of load,
rather than dollars per MW of load growth). On the other hand, if the improvements are
being driven by a onime change in reliabilitpr safety standards or technology,
perhaps no similarly deferred improvements should be anticipated for equipment
driven by future load growth.

1 Replacement of equipment degraded by both age and loading levels. For example, high
loads (especially high loadser many hours in a day) increaseethate at which
insulation breaks down in underground lines, substation transforiaerg line
transformers. High loads on transmission lines also increase the line sag (possibly
violating clearance requirements) ancaken the conductor. Replacements ofld-
carrying equipment will generally be at least partly driven by load levels, but the extent
of this effect may be difficult to separate from the effects of time.

1 Investment driven by loadelated energy consideratits, including transmission
congestiorrelief and reduction of line loss&8!

AESQ021recognizes that these situations complicate the neat division of projects and accounts into
load-related and noHoad related categories. Classification of specificqmigjor accounts as avoidable
or unavadable by energy efficiency should Hearly documented and explained.

Matching investment to load growth

Bottom-up analyses should include all the investment in loaldted equipment entering service in the
analyss period, including investment prido the start of the analysis period. Any project costs that

2801 principle, the decision not to downsize the r@ptment may also be loaglated, but the incrementdcomponent of
project cost may be difficult to quantify.

2811 ine losses should be computed on a marginal basis, where possible.
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stretch beyond the irservice date of the equipment (e.g., for removal of retired equipment,
environmental compliance, addition of communications or contoplipment) should be included as
well. Top-down accountingpased data will include all the costs of a project in the year that the project
enters service but may count some deferredtsda the following year.

The load growth used in computing avoided digition costs should reflect the loadt the distribution
level, excluding loads served directly from transmission lines, for which the utility does not provide
distribution equipment. Similarly, where the avoided cost of secondatyibutionis compued
separately from the primarglistribution, the load growth should reflect only the loads served at the
secondary distribution level.

While the load growth used in computing avoided distribution costs should reflect the loads of
customers served at dishuition, the growth indistributionloads may be stated in terms of megawatts
at the transmission level, dbe distributionlevel or at the meter®2 Contribution ofdistribution loads

to system or area peaks are highest when measured at the transmissinl@ver at thedistribution
level,F YR atGAff f26SNI I G GKS Odzad 2 Y SNddadyiBlidB M ¢ KA a A
losses from the meter to transmissiadistribution-level loads include line losses from the meter to the
feeder or suktation, and loads at the meter inclacho losses. As a result, the avoided costs will be
higher measured as$er kW at the meter and lowest asger kW measured at transmissioSince

Sy SSHE & A Pragiyh ©&d reductions are generally estimatedta enduse, the cosbenefit
analysignust reflect avoided costs at the endse (or the customer meter, as a proxy for the arse).|f
the avoided cost is computed per kilowatt load data at the transmission level, rather than using-end
use load, lossefsom the meter to transmission musebadded back to get the avoided cost in $/kW of
load at the meter83

Investments in T&D infrastructure to support load growth generallnaloincrease the capacity of the

relevant portions of T&D system by only the eixamount of projected load growth. $tead, it is typical

to use standard equipment (which may be larger than strictly necessary) or to design in an allowance for
future growth over the multidecade useful life of a piece of infrastructure. For exampie aggregate

capacityof allofaufil 1 @ Q4 RAAGNAOdziA2Yy AYFNI a0 NHZOGAZNE 2F0Sy
When matching the load growth to the investmentisitherefore necessary to determine whether the

relevant capacity is the increasn peak load, or the increase in eajty of the relevant portion of the

T&D system.

The only choice that is consistent with an avoided cost formulation for dersaiedmeasres is to use
the actual growth in peak load, rather than the capacity of thevihardware. This is because the load
avoided by a demandide measure is the actual peak load. If the avoided T&D value were calculated by

282 Regardless of where load is measured, it should include only the combribinom the voltage levels driving the need for
that type of equipment (i.e., all distribution load for substations and feeders, secondary load for transformers).

283Similarly, if the load growth is estimated at a distribution voltage, the avoided cost Inatincreased by the losses from the
meter to thatvoltage.
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dividing the infrastructure cost bys additional peak capacity (that is, if the value were in units péi$
KWhariware) then when multiplying this vaduby the peak reduction produced by an energy efficiency
program (KWnause) the calculation would understate the value of efficiency gt of K\Whargware per
kKWenause IN addition, the extent of overcapacity huiito hardware once the decision isatke to
construct is entirely independent of the incremental peak capacity that caused the decision.

For example, take a loagfowth-related investment with an annual carrying cost of $100,000 that is
caused by an inease in load of 100 kW, but increashs capacity of the relevant portion of the grid by
1 MW. If the avoided cost value were based on the hardware installed, it would bep®t QW ardware
year, while if it is based on the load, it would be $1,Q@9 kWenauseyear. If load were actually reded

by 100 kW through a demarside intervention, these two avoided cost calculations would imply
different values of the avoided cost: $1,000per year in the enelise case and only $10,00@ryear in
the hardwarecase. Since we know that the $100,q@#) year irvestment would have been avoided by
the 100 kW load reduction, only the loakrived calculation can be correct.

While in theory a generi@tio of kWenguseto KWharaware COUI be used to adjust for thidfect, when
combining many such decisions acrdgsetand across a service territory, consistency and coherence in
the meaning and scale of kMwarewould almost certainly be lost. Thdoge, the calculation of avoided
T&D costs should use the actual kMoad, rather than the kW of new hardware capqci

Dealing with absence of system load growth

As noted previously osne utilities have experienced little or no overall growth in total load for some

years and may forecast little growth in peak loadssimme years. Nonethelesstjlities can have load

related investments to address parts of their service territories Hratexperiencing load growth.

Dividing the loadelated investments by zero,r@egative number, or even a small positive load growth

will produce meaningless results. In those situasi@utility may either use historical data from a

period with load gowth, or compute the avoided cost per kilowatt growth for the fraction of the system

that has experienced growtf?* The AESC Referencedfario 1) case assumes a world with no new
SYSRH&EAOASYOex y2 OGADS RSYI yRUX@EehralASiNByclithe | YR Y
avoided costs computed for the areas with growth would be applicable to the entire utility.

Carrying cost

The annualization of the capital costs shouldreflec t KS dziAf A& Qad O2aiG 2F O LA
taxes and irsurance. The useful life used in determining the carrying charge should match the expected

life of the equipment. l&transmission planhas a longer operating life than distribution ptathe

analysis should use a lower carrying charge for transmissamdistribution. This is one reason that

avoided transmission and distribution are usually computed separately.

284\\e are unaware of any utilities that have estimated what capital expenditures would have been without historical DSM
effects or what capital expenditures would be in the absence of future Bifidts.
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The carrying charge shld be computed in $/kWear levelized in real tens. The realevelized carrying
charge is the firsyear charge thatif escalated at the inflation rate, will have the same present value as
the revenue requirements for the project or the nominddyeized charge. The re#dvelized carrying
charge ireach year represents the present value benefit of a-gaar delay dding the investment, and
hence a oneyear reduction in load growth.

Annual revenue requirements, rekvelized costsand nominallyevelized costs have the same present
value, but therevenue requirements are frodbaded Nominallylevelized costare flat in nominal
terms and realevelized costs are flat in real terms, rising with inflation

Operation and maintenance

Most T&D plant aditions (a new transmission line, substation, feedr line transformer) alsmcur
additionalO&M costs, such afor vegetation control, inspections, repairs, repainting of towers and
structures, and the like. Some expenditures, such as reconductofaegar or replacing poles for a
voltage upgrademay not increase (and may actually decrease) O&M costs.

The bespractice for extrapolating O&M from historical data would generally be to determine the unit
O&M cost ($/MVA of substation operation and mi@nance, $/mile of feeder) and apply that value t

the avoided cost. That process is straightforward for additiGudstations and transmission lines, which
have their own accounts in the FERC Formut itwould be more difficult for other distribution

facilities for which O&M expenses are less cleddlineated. It is generally reasonable to assume that
the ratioof O&M cost to gross plarior the avoidable capacity is the same as for the existing plant mix,
although ideally the historical investmenimuld be restated to include inflatioff> Any assmption

that O&M associated with new equipment is less than tlierage O&M for similar existing equipment
should be carefully considered and fully justified.

In addition to avoiding new facilities and th€&M, lower loads will also tend to reduce thdaaf
failures of existing equipment and thus the capital and\D&bsts involved in repairing and replacing
the damaged equipment

Overheads

Utilities generally allocate a range of overhead or administeativsts (e.g., senior management, legal,
financial human resources, purchasing and contracting, information teldgy, warehousing, office
expense, vehicles) on labor or a similar broad measure of O&M and construction costs. Some of those
overheads may @t vary linearly with the number of personnel raed to design, build, maintain and
operate the assets, but ineased construction will generally require more of the overheads as a whole.

2854 DNR A& LX I yié A apitaRadsets gedidated taiutilify Kedvicdiaddiid uted © Hetermine rate base.
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associated O&M. Anyxelusion of overhead costs from avoided T&D investment shoutchtefully
considered and fully justified

10.2. Avoidedpool transmission facilitiegransmission

All load inNew Englangbays forPTFsin addition to local facilities in the local networks. AE®TS8 used
L{h bS¢ 9 y-afrdntyiarmiissionkC8sy Allocation (TCA) data to identify $6.7 billion (in 2018
dollars) in loadgelated investments in substations, new lines, voltage upgrades, and@mhlit

capacitors and transformers for projects cplated or planned for 2003 through 2028lus two small
projects planned for 2021 and 2024. Using the most expansive interpretation of the actual and
projected load growth that would have justified those@stments, AESC 2018 estimated the avoided
PTF casas $94 per kWear in 2018 dollars (e@lito $99 per kWyear in 2021 dollars).

After the completion of AESC 2QKgveral stakeholders raisedconcern that the analysis was
backwardlooking rather tharprospective. To address this concern, we reviewedprojects in the

October 2020 Draft Rgonal System Plan (RSP) Project List, which includes descriptions and estimated
costs for projects under construction, planned or proposed through 2023, plus tath grojects

planned for 2024 and 20268 This lising may contain some projects that wikkver be approved, but it
probably does not include all the projects that will be scheduled through 2023, let alone 2026. The
October 2020 RSP Project List updateaatisieveral projects proposed for service as easlypecember
2021, so more projects arikely to eventually be proposed for 2022026287

We do not have data on the amount of past and projected load growth driving these transmission
expansion plans. Theverall ISO New England peak loads are declinimgjripart to theS y S NH &

S T T A PragiagisHbweverjoads in some areas have been growing and are expected to continue
growing, justifying addition of the RSP le@tated projects.

Lacking detailed datan the recent projected load growth for which tfRSP projects are proposed, we
examinedwhether the proposed annual rate of PTF additions is comparable to the annual rate of PTF
additions in the historical data used in the 2018 AESC analysis. Spgcifieatbmputed the apparently
load-related expendures by year for the historical datand the projected RSP costs. For the future
looking RSP costs, we excluded any projects listed as under construction in the ISO England October
2020 project listo make the computation entirely forwardooking

286150 New England. October 20B80ONew England Project Listing Updagerailable ahttps://www.iso-ne.com/static
assets/documents/2020/10/final_project list october 2020.xIsx

287 several other projects planned for completion in the early 2020s in the October RSP Bistjedre first proposed in 2018
through early 2020Costs of projects currently proposed, planned, or under construction may rise by the time the projects
are completed.
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Tablel107. Compariso of annual loadrelated additions, historical and projected (2021 dollars)

HistoricalProject Costgbased on TCA) Future Project Costs (based on RSP)
period $M $Mlyear period $M $M/year

20032020 $7,008 $389 ‘ 2021-2023 $991 $330

20032024 $7,050 $321 20212026 $1,074 $179

The historical TCA data appear to be quite comprehensive through 2018 (the last year containing actual
cost data) and even through 2020, and theecame sparse. Similarly, the RSP data appdae to

complete through 2023with 37 reliability projects) and thin thereafter (with only one project scheduled
for 2024 and another for 2026). Between June and October 2020, 13étetdd projects totaling126

million were added to the RSP withgervie dates of 2021 to 2023 iaddition to the two later

projects, with an estimated cost of $84 millié#.It is likely that additional projects will be added for in
service dates after 2023. Excluding thenthnd incomplete tails (pos2020 for the historial costs and

post 2023 fo the projected costs), projected future annual investments are equal to 85 percent of the
historical investmenper-year rate ($330 million per year, compared to $389 million aryn as

estimated in AESC 2018).

We assume thathe forecasted localizelbad growth underlying the future RSP budgets is comparable

to the historical load growth driving the historical TCA projects. As a result, we calculate an avoided PTF
cost for fuure years by multiplying the value derived in ARSTB by 89 percent. Thigelds a value of

$84 per kWyear in 2021 dollardkegional transmission needs are driven, and have been driven, by
summer peak loads. Therefore, the regional PTF value shouldtiecto evaluation of measures that
change the smmer peak.

10.3. Survey ofutility avoided costs fornon-PTRransmission andlistribution

AESC 2021 includes a new rubric to evaluate and compare the methodologies-oTR@avoided T&D

used by utilities inhe Study Group. AESC 2018 included a discussingthbds used by sevelratilities
(National Grid, United Illuminating, and Eversource Connecticut). AESC 2021 builds on that structure by
formalizing this rubric. This rubric is based on the parametersaaeas detailed irsection10.1above.

The key areasf evaluationrubricinclude:

1. Load (whether past, forecast, or a combination);

2. Identifying which expenditures are avoidable or deferable by changes in loachfe.g.
Gf 2gloh-NBf I G SREOT

3. Matching the changes in load tog¢Hoadgrowth-related investments (e.g., in time);

288 pollar years are not indicated in the RSP document. Because some spending magiyeay today, because there may be
a mix in reportig dollar years in terms of current real dollars and futyear nominal dollars, and because the inflation
over the 202%2026 is minimal, we assume that all spending is in 2021 dollars for purposes of simplification.
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4. Mapping lumpy investments to an annual value; and

5. Inclusion of other costs associated with T&D investments, su€8aéand overhead.

Evaluaton of currentutility methods

The following describes our rewvieof data provided by participating utilities that informs the T&D
avoided costuantification approachBelow, wepresentsummary tables of the evaluation rubric,
applied to each utility that responded tbe request for information about their current aided T&D

cost calculation methodologie$able108 summarizes the avoideti&Dvalues currently in usé.able
109provides a summary of the load forecast timedologies used in developing these avoided T&Bx ¢
values.Tablel10provides more detailed methodological considerations used in deriving the avoided
cost values
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Table108 Summary ofutility avoided T&D cost methodologies

o Eversource
Criterion B E—

National Grid

Vermont

MA
In evaluating or
screening DSM, does

MA

RI

VT

utility have a method Yes Yes Yes Yes Yes Yes Yes Yes Yes
for valuation ofavoided
distribution costs
Theexisting value of
‘;‘ggt'giiggg'ft‘fﬁgr: | S1405KW  $198KW  $79.98KW $102.48/kW $80.24/KW $30.29/kW SOIWYT M$f24\ga'7“9& $222.56
evaluating and (20189%) (2018%) (2018%) (2019%) (2019%) (2017%) (nominal (2018%)
screening DSM
The year in which No data
avoided distribution 2018 2018 2017 2019 2019 2017 2018 2020 .

available
cost was deeloped
Frequency at_ Wh.'Ch Noregular Every 3 Noregular With AESC No regular No regular No regular No data
avoided distribution frequenc ears frequenc Every 3 years Update frequenc frequenc frequenc available
cost isupdated by utility q y y q y P q y q y q y
In evaluating or
screening DSM, does
utility have a method Yes (PTFanc  Yes (PTF Yes (PTF only)  Yes(PTF only) Yes (PTF only) Yes Yes (PTF only) Yes Yes

. . NonPTF) only)
for valuation of avoided
transmission costs
The existing value of 1 ie¢ $1.03 $O4/KWEyr Mid Value:
avoided transmission $/KW-YT in (Efficiency VT); $56.88kW-yr
232:3 (’;Elr:gegtllz used in addition to $94/kW-yr $94/KW-yr $94/KW-yr $94/KW-yr $0.84/kKWryr $A5/KWLyT + PTE $94/kW-yr
screening DSM $94/kWeyr (BED) ($94/kWHyr)
The year in which 2018
avoided transmission 2018 2018 2018 2018 2018 2017 (Efficiency VT); 2020 2018
costs weredeveloped 2012 (BED)
With AESC
i update PTF portion
Frequency at which No Regular With AESC  With AESC With AESC With AESC No Regular  (Efficiency VT) . P With AESC
avoided transnission Frequenc Update Update update update Frequenc No Regular with AESC Update
costs are updated q y P P P P q y 9 update P
Frequency
(BED)

Notes: Methodlogy for MaineNB LINS & Sy (i a

2018 Exhibit 1, Appendix-Electric Page 36 of 43 https://meeac.org/wpcontent/uploads/Exk1-FinalPlan10-31-18-With-Appendicesio-bulk.pdf

9 a ¢ Qac 2LINPR PE S\R d LALYNIDIBOKISK 0 cD®. U 181 INEdeY@dt Plan®2@L§021, October 31,
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Téable 109. Avoided T&Dload forecastmethodologies

Eversource National Grid ul Vermont
Criteri
riterion MA MA VT
Load forecast granularity ~Transmission Transmission Transmission . Transmission o o Based on data
. . . Transmission and Transmission Transmission -
used in calculating avoad and and and Supply area level and Supply Level (Based on AESC availalle from
costs at a utilitywide level ~ Substation Substation Substation PPl area level CMP
Inclusion of thefollowing
in load faecasts:
Operational EE Yes Yes Yes Yes Yes Yes Yes Based on data
Operational PV Yes Yes Yes Yes Yes Yes Yes available from
Operational DR Yes Yes Yes Yes Yes No No CMP
Inclusion of the following
in load forecasts:
Projected EE Yes Yes Yes No No Yes Yes
Projected PV No No No Yes Yes Yes Yes
Based on data
Eversource  Eversource  Eversource No No .
sponsored sponsored sponsored available from
Projected DR P P P Yes Yes CMP
programs programs programs
only only only
Incluglgn 9f any Yes Based on data
electrification goas or .
i No No No Yes Yes available from
mandates reflected in No
. CMP
current policy
dentiying exponditnes Based on data
. 9 &Xp Yes Yes Yes Yes Yes Yes No available from
avoidabk through load
. CMP
reductions
dentiing expenditares. Based on data
g exp Yes Yes Yes Yes Yes Yes No available from

deferrablethrough load

reductions cMP

Notes: In Massachusetts and Rhode Isl&atjonal Grid excludgsrojectedenergy efficienchpeyond the current plain its forecast for determining the value of avoided
distribution costs for DSM. It does account for continued lifetime savings fromrtie@tcand prior plan years with a decay rate over time.
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Table110. Detailed consideration$or calculation of loadspecific avoided T&D costs

Eversource

Criterion
MA MA

National Grid

RI

Vermont
VT

Existence of a process for

deciding years of N/A - using Based on data

expenditure that factor into Yes Yes Yes Yes Yes Yes AESC avoided available from

awided transmission and PTF CMP

distribution cost

Use of the following when

calculating avoided &D N/A - using Based on data

costs (past values/future Combination Combination Combination Combination Combination Conbination AESC avoided available from

values/combination of past PTF CMP

and future)

Existence of a process for . Rang of values

matching load levels to N/A - using presented
No No No No No No AESC avoided matching load

load-growth-related

investments PTF . levels to

investments.

Whether utility applies a

carrying cost to these N/A - using

investments to annualize Yes Yes Yes Yes Yes Yes AESC avoided Yes

investment values when PTF

calculating the avoided cost

Whether utiity applies

avoidedO&M costs N/A - using

associated with inv&@ments Yes Yes Yes Yes Yes Yes AESC avoided Yes

when calculating avoided PTF

cost

Whether utility applies an

avoided overhead cost N/A - using

associated with investments Yes Yes Yes Yes Yes Yes AESC avoided Yes

when calculating avoided PTF

cost
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The following sections present short descriptions of the methods used by each responding utility.

National Grid (Massachusettand Fhode Islang

National Grid calculates its avoided distribution gaipy values for both its Massachusetts and Rhode
IslandDSM programs using a workbook developed in 2005 by ICF International, Inc., updated with
recommendations from the 2018 AESC Study. The company updates this workbook for eagtedinree
planning cycleThe workbook calculates an annualized valudaitwide avoided distribution capacity
values from compangpecific inputs that include histodatand projected capital expenditures and peak
loads, carrying charges, FERC Form 1 accounting dat@&vaosts?®® National Grid uses a
combination of histoal and forecasted values within the workbook and accounts for operational
energy efficiencyPV,anddemand responserograms. The load forecast used to determine the value of
avoided distribution only ifades projected PV and continued lifetiraaergy dficiencysavings from
prior plans and the current plan. The analysis does not include forecaat@ags from futurenergy
efficiencyplans.

National Griddetermines thepercentageof the total distribuion investmentghat are load-growth-

related but not associated with new businesghe resulting percentage is thapplied to the

distribution investment forecast For avoided transmission costs, National Grid uses the 2018 AESC PTF
of $94per kW-year {n 2018 dollarsin both Massachusetts and Rhodé&hd.It does not account for
non-PTF transmission cost¥

Tablelllsummarizes the distribution methodology employed by National Grid, as well as
recommendations for improvement.

2897he Narragansett Electric Comparp/ National Grid. Docket No. 507@021 Annual Plan. Attachment 4.
2907he analysis in this section is based\@tionalGridMA and RF 2018 Avoided T&D Workbooks,
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Table111l Assessmentadb | G A 2 y I f
improvement

Overall Assessment

Recommendations on

D higtriRu@ién metiidaolody &rikl recommendations for

Recommendations on Clarity

Overall T&D
Methodologies

The methodlogy is mostly
consistent with recommended
methodologies in its considet®n
of load-growth-related T&D
investments.

Improvement
National Grid should account for
non-PTF transmission costs.

National Grid uses histoatand
forecasted T&D investments and
assumes a percenge of that
investment is related to load
growth not associated with new
businessand is therefore
avoidable with DSM.

Categories of
investments
considered

It is not clear how the percentage
of avoidable distribution
investments were calcated

since they are significantly lower
than the overd distribution
investments. It is unclear whethe
this estimate of the avoidable
investments reflects all load
growth-related projects, including
any capacityrelated projects
undertaken for nodoad gowth
purposes such as reliability
improvements.

National Grid shoulgrovide
more transparency regarding
the calculation opercentages
representing load growth and
new business.

National Grid should use a
more granular approach in the
breakout of its &D
investments.

Load Forecast
Methodologies

National Grid includes the impact
of historical adoption of EE
measures but does not includbe
impact offorecasted EE adoption.

National Grid should use a load
forecast that includes future
projected EE sangs since the
investment forecast assumes
continued EE programs.

Detailed
Considerations

National Grid uses a relatively
short period of 11 years (5 years
historical data and 6 years of
forecasted data) which may not b
long enough to account for
lumpiness associated with
investments across theegrs.

National Grid applies a carrying
cost to investments when
calculating avoided costs.

National Grid includeksoth O&M
and overhead costs in calculation
of avoided costs.

National Grid shouldsea longer
term period for its analysjsn the
range of25-27 years..

United Illluminating

United Illluminatingdeveloped estimates of the avoided T&D expenditures due to Conservation and
Load Management (CLM) based on values from a 2017 Harbourfronp Grady?°! The 2017
Harbourfront study uses prindgs of marginal cost of service in order to develop a matgiost of
transmission based on coincident peak demand and a marginal cost of service basedammatent
peak demand. The study calculatealues for both historical years (20€#016) and fture years (201q
2026). The analysis assumed that ramincicent peak impacts resulted in substation and feeder
demand reduction from all CLM measurterefore resulting in the maximum estimate. The stadiso

291 ynited llluminating, Avoided Transmission and Distribution Cost Study;2006.
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assumed that th& &Dcosts that are avoidelly the implementation of a CLM load reduction measure
arethe same as the marginal cost of T&D for adding or subtracting an increment of load. For the
distribution system, the process involves identifyihg T&D projects by separating out those that are
load-growth-related from those that are nagrowth-related. Fo the transmission system, only projects
that are undertaken to meet regional and national transmission and reliability standards were
considered The categories for the projects considered ideltransmission substation, transmission
lines, distributionsubstationsand distribution feeders. The denominator for the marginal cost
calculations is the added capacity or the lesatving capability ahe capital project. The methodology
used an ecoomic carrying charge model and includes O&M expense®aecheads

Tablel12summarizes the distribution methodology employeduyited Illuminating as well as
recommendations foimprovement.

Tablell2! 3aSaavyYSyid 2F ! LQa | 92ARSR RAAGNAOGdAzIAZY YSGK2R2f 23

Topic Overall Assessment Recommendations for

Improvement

Overall T&D Methodologies  The mehodology is broadly The study provides a marginal cos Ul has used a weighting construct
consistent with Avoided T&D  which uses a different where 20% of their Avoided®D
methodologies in its methodology compared with the value iscombined with 80% of
consideration of loagyrowth- ~ Avoided T&D cost methodologies Eversource Avoided T&D valae
related T&Dinvestments suggested in this AESE the the distribution level and

marginal cost development, the  transmission level. Further

total investmentsdentified for information would be beneficial

load growth projects were divided regarding the accuracy and

by the loadserving capability in  rationale of these assumptions.

developing the marginal costs.

However, for an Avoided T&D

study we recommend dividing

instead by the growth ipeak

demandduring the timeframe

Recommendations on Clarity

The methodology is inconsister
with Avoided T&D
methodologies in its
consideration of load growth.
The study is a marginabst of
service study more suited for
application for puposes of cost
allocation across different rate

classes. identified.
The avoided costwere developed
in context of the CLM program ani
its applicability to other programs
should be evaluated and updated
accordingly.
Categories of investments Ul incudes all gowth- and - Ul should clarify how it considers
considered capacityrelated projects in and includes investments that ma;
calculationof avoided T&D be harder to characterize as solel
costs. This includes capaeity load growth projects but may also
related investments associated contribute toalleviating load
with projects that are constraints
undertaken for reliability
improvements.
Ul considers both transmission
and distribution invesnents at
the substation and also
considers feeder level
distribution investments.
Load Forecast Methodologies In evaluating invesnents, Ul Ul should include the impacts of The load forecst methodology is
includes the impact of historica electrification and state policy goa not clear in terms of other energy
adoption of CLM measures but when identifying aoided T&D efficiency measures included in th

does not include in forecasted investments
CLM adoption. This
methodology is accurate in

load forecast and the applicability

Although Ul has developed a load of these values across other
forecast for identifiation of load ~ Programs.
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Topic Overall Assessment Recommendations for Recommendations on Clarity

Improvement
quantifying the infrastruatre growth related investments, for an

costs that would be reqted Avoided T&D study we recommer
without CLM provided that the dividing these investments by the
investments anaapital growth in peak demand during the

expenditure estimates also time frame identified as opposkto
reflect growth without CLM the load serving capayiof these
included for consistency projects identified.

Detailed Cosiderations Although there s no process for - -
matching investments to load
growth years, application of the
relatively long period of 27 yea
(17 years of historical data and
10 years of forecasted data)
accounts for some of the
lumpiness associated with
investments across the years.

The analysis includes projects
that could potentally be
avoided or delayed by the
implementation of CLM
measures.

Ul has applied a carrying cost t
investments when calculating
avoided costs.

Ul has included both O&M and
overhead costs in calculation o
avoided costs.

Eversource (@necticut Massachusettsand/or New Hampshire)

Eversource developed avoideddeferred T&D estimates using broadly similar methodologies across
the three gates it serves (@necticut Massachusettsand New Hampshirgwith some key differences

in calculation of thepercentage of avoidabler deferrable investments that could be considered in
calculating the avoided costs. Its analysis in all three statesidered both historical and forecasted
investments on th& &Dsystem?%? ForMassachusettand New Hampshirethe methodology involved
developing a value using the incremental investments and the incremental peak load growth over the
same timeframeln each of these states, Eversource assumedrtain percentage dhe total T&D
investments, respectively, wetead-growth-related.

In the case o€onnecticutEversource used different approach. The methodology involved developing
an additionakegression analysis between historical investments and new customersitthfs
unavoidable investments associated kvitusgomer growth. These historic@l&Dinvestments that are
related to customer growth are not considered avoidable/deferrable and are therefore removed from
the analysisEversource useresults of the regressns to evaluate the percentage of ti&D

292Theanalysis in this section is based on Eversource M0A8 Avoided T&D Workbooks, Eversource20I8 Avoided T&D
Workbooks ad Eversource N¢é2012 Avoided T&D Workbooks.
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investnents inConnecticuthat are avoidable/deferrable, instead of the application of a percentage for
Massachusettand New HampshireFollowing thisEversource conductea regression analysis between
incremertal investments and peak load growth to assélseincremental investments associated with
peak load growth in $/MW. The results of the two steps were combined to develop an annualized
Avoided T&D cost.

Tablel13summarizes the disbution methodology employed bynited Illuminaing, as well as

recommendations for improvement.

Tablel13d ! 34SaavYSyid 2F 9O0SNE2dzZNOSQa I @2ARSR RAAGNRAOdzIAZ2Y
improvement

Recommendations on

Overall Assessment Recommendations on [&rity

Improvement

Overall T&D
Methodologies

The methodology used by Eversource does not currently Certain assumptions outlined belov
Eversource is broadly estimate avoided/defered T values have not been supported with
consistent with Avoided T&D  for MA and NH. Synapse underlying sources and calculation
methodologies in its recommends caulating these These should be provided in future
consideration of loadyrowth- ~ values and updating at a consisten” ypdates.

related T&Dinvestments and ~ frequency. For CT, both hited Illuminating

load growth. and Eversour have indicated th
In thecase of NH, the use of a 20/8@veighted average
recommendations outlined are based on theespectivecustomer
basel on review of the base.Calculation®utliningthe
workbooks used in developing weighting processhould be
the 2012 values. Eversource provided to ensure consistency
indicated that the between both entities
methodology in subsequent
updates has remained
consistent
Cdegories of investments Eversource doeaddress the
considered incluson of growth and

In the case of NH and MA To increase transparenand
methodologies, it is not clear how  ensure consistency with AESC
capacityrelated projects in the percentage of methodologies in calcuteon of
calculation of avoided T&D avoidablédeferrable investments  avoidablédeferrableinvestments
costs, although it is unclear if ~ were calculated and whether they  Eversource should identify

these have been accurately are fully capturing all the avoidable underlying sources that specify the
estimated.

load-growth-related investments. In
the case of CT, the neavoidable or
deferrableT&Dinvestments were
derived using a topdown approach
based on thenumber ofcustomers
added to the systenEversource
should consider looking at specific
projects on a casby-case basis
that could be avoided or deferrable
through load reductions.

methodology and calculations
applied in identifying the historical
and forecasted capital investments
This should include soces that
outline the folowing:

1. The categories of investments
considered (e.g., substation/feeder
and the inclusion of investments in
the analysis that are incurred to
address local load growth.

2. The analysis conducted in
classification of investmdns as
avoidable or defemble including
any calculations made to derive the
avoidable/deferrable percentage
estimates for both MA and NH
Avoided D estimates.
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Overall Assessment Recommendations on Recommendations on I@rity

Improvement
Load Forecast As of 2018, Eversource had nc - The CTegression methodology for
Assumptions included tte impacts of statewide T&D uses a presumed
electrificaton inits forecast of rate of load growth based on
T&D capital expenditures for historical growth using data from
the purpose of calculating the CT Siting Council. However, it i
avoideddeferred T&D costs. not clear if the load growth
However, Eversource has assumed for identifying the capital
indicated that future load and investments (tyjcally done throgh
capital expenditure forecasting T&D planning process) usedghi
will include the impact of same estimate of load growth.
electrification. These should be consistent.

For MA and NHjue tolimited data
availabilityunderlying the
development of the load forecasts
andcapital expenditures, further
details arerequiredto ensure
consistency wittmethodologies
outlined in AESCEversource has
indicated that the load forecasts
used for T&D investment planning
are consistent with those used for
Avoided T&D estimates.

Detailed Considerations  Although there is no prass - -
for matching investments to
load growth yearsapplication
of the relatively long period of
data accounts for some of the
lumpiness associated with
investments across the years.

Eversource has applied a
carrying cost to investments
when calculating avded/
deferred costs.

Eversource has included both
O&M and overhead costs in
calculation of
avoided/deferred costs.

Unitil (Massachusetts&ind/or New Hampshirg

No specific informatiomvas provided.

Vermont

For statewide energy efficiency prograngnainistered through Efficiency Vermont, the statees the
2018 AESC PTF of $944dar as a proxy for both the statewide average avoided cost of distribution
and transmission combined.

This is due to the fact thavithin Vermont loads are expected to reim on a flatto-declining trajectory
for the foreseeable future and there have been no geographic locations where targeted energy
efficiency could defer needeti&Dinvestments since 2012. In addition, Vermontasihg generation
constraints where substains are at thermal loading capacigs describedh more detail in the section
below. This means that energy efficiency could create additional costs instead of avoided costs.
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Similarly, the City of Burlingtoridétric Department (BED) does not assumyg avoided distribution
costs because the systesiaverbuilt. BED uses a value of $&5kW for avoided transmission costs
that was originally developed and approved in 2012.

Tablell4summarizes the distribution methodology eropkd in Vermont, as well as recommendations
for improvement.

Tablell4d ! 3a4SaavYSyd 2F £SN¥2y(Qa andrachrntematiBns torindfodedend 2y Y S G
Overall Assessment Recommendations for Recommenations on Clarity

Improvement
Overall T&D Vermant uses only the PTF value, for Vermont should apply the same  Vermont should explicitly
Methodologies the combination of PTF ambn-PTF  avoided PTF transmission costs  analyze and document the use ¢
transmission, and distribution. The  across the state. a $0 value for avoided neRTF
PTF methodology is consistent with transmisgon and distribution
the recommendations of this chapter costs, taking into account-n
by default. state differences in loads,

The Burlington valei does not reflect  could cause the need for _diStribUtid gene_raltion, and the
the regionwide nature of avoigd distribution upgrades and whether |n|'1pac.;.o potentia
PTF. CLM could mitigate thee costs. electrification.

Vermont does not derive any value
for avoidednon-PTF transmission or
for distribution.

Vermont should consider tragig
winter distribution peaks to
identify whetherelectrification

Categories of  Because Vermont does not have a

investments state-specific methodology for

considered avoided T&D costs, it does not
consider which investmestare load
growth-related or whether to
conduct analysis at the substation or
feeder level.

Load Forecast VELCO Long Range Transmission F

Methodologies (LRTP) includes load forecasts that
account fo EE, PV, DR, and adjusts
for the amount of effi@ncy
embedded in the actual data along
with the amount of efficiency
expected to occur in the fure.

Detailed None - -
Considerations

Maine

Efficiency Maine Trust (EMT) engaged Synapse as a stdmtonto ERS to develop statewide avoided
T&D catsin dollars per kilowattyear $/kW-year. The methodology used in developing the values is
consistent with methodology outlined in AES@e analysis was dependent on data providedlewntral
Maine Powe (CMB. Based orthis limited dataavailability,Synapse has assumed that the avoided T&D
cost for CMP will serve as a proxy for the statewide avoided T&F e developed avoided T&D

293Synapse did not have accessversantdata. WhileSynapseassumeathe value forVersarn will be honzeroSynapséas no
further information at this time and thus cannot include ittire statewide estimate.
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value is based on the overall lotgym ratio of T&D savings per k¥ avoided growth using peak load
forecasts and lanned capital additions based on CMRada

In calculated the distribution expenditures, CMP uses forecasted load at the level of the service center
as part of Chapter 330 filing&* Synapse used the 50/36ad forecast from these filingEMP provided
Syrapsewith datafor load-growth-relateddistribution capital expenditures. Some of the distribution
capital expenditures were classified as both transmission and distributimhin those cases portion

of such projects were allocated to transmission aeal cost calculations. In addition tahsmission
investments related to distribution projects, CMP also provided similardpadith-related investments
associated with the no®TRransmissiorcosts.In estimating the avoided nePTF costSynapse

assuned these needdo be driven by the ISBew Englanc€CELT forecast. Synapse also applied a real
levelized carrying charge and an avoided O&M allowance based on data provided bSiGidP.

Synapse had limiteB G NBX 3| NRAY 3 YI { OK Atyieht tideéfperiods Giththalba@d O LJA
growth, Synapseresented a range of values based on different assumptions of time periods for both
the capital investments and the load growtEMTchoseto use themid-point value across this range.

10.4. Localizedvalue ofavoided T&D

In addition tocrediting demaneside measures with value for avoiding T&D costs across a service
territory, it may also be necessary to estimate the value of these measures in a lespéorficcontext

One example includes the evaluatian NWA (or hybridsolution) as an alternativéo a proposed or

potential traditional infrastructurebased solution to a projected reliability issue. To comprehensively
estimate the value thaDERsnhamely energgfficiency and demand response, provide to laediT&D
systems, program administrators can develop and rely on localized T&D values. This section describes
the approach developed in AESC Supplemental Study Rastdlized Transmission and Distribatio
Benefits MethodologySupplemental Study) to AER018 at theequest of a subset of the AESC 2018
Study GroupThe sectiothen surveys the landscape of locatispecific avoided T&D methods and
approaches in the regiof?®

Summary ofsupplemental study approach tolocalized T&Dvalue
The key aspects tiie Supplematal Study methodology are to:

1. Identify target areas and required load reduction

2. Determine benefits of targeted load reductions by identified target area

294 Central Maine Power Company Annual Filing of Schedule of Transmission Line Rebuild or Relocation PjecR,35.
83132(3); ad Schedule of Minor Transmission Line Construction Project8, I85R.S.A. §3132-(8).

295Chang, M., J. Hall, D. BhandBriKnight. May 1, 202BESC Supplemental Study, Part Il. Localized Transmission and
Distribution Benefits Methodolog$ynapse Eneyg=conomics for AESC Supplemental Study Group. Available at
https://www.synapseenergy.com/sites/default/files/AESC Supplemental Study PRattotalized TD.pdf
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https://www.synapse-energy.com/sites/default/files/AESC_Supplemental_Study_Part_II_Localized_TD.pdf

3. Calculate avoided cost ($/kW) basedtbe present value of deferred expenditures and
the required bad reduction

The following sections detail the threstep process for determining localized T&D values. We also
describe current practices followed by participating utilities when evaluati\sl We recognize that
the decision process for aluating NWA relative to traditional engineering solutions is a different
process from quantifying the avoidd&Dcosts for DSM planning. These three steps will require
program administrators to obtain farmation from their respective planning groups

Step 1: Idetify target areas andrequiredload reduction

The localized T&D value requires the identification of target projects and required load reduction and

duration in order to calculate the avoidedstoThis first step of identifying target projeatslizes a
dziAtAdeqQa LXFyyAyad LINPOS&dasSa (KIG ARSyiGATFe aeaidsSy
contingency operations.

Build onexistingT&Dplanning

The first step in identifying targddcations for evaluation is based on the resubisef Y dgiexisting (0 & Q
peak load forecasts at the transmission, gtamsmission, and distribution levels. The peak load
forecasts should only account for prograslated NWA components such as energy gfficy, PV, and
demand response that are currentyline and ative 2°6 The peak load forecasts should be conducted
Ay | 002 NRI y O ST&pplainihg praktiSes dnd vedulating rénairements (typical forecasts of
five to 10 years in the future forigtribution planning and 10 years for transmissaond sub

transmission planning). This process may involve developing resspecdic forecasts. Stakeholders

may consider evaluating peak load forecasts to include any state/local/regional electrifigatits
mandated by current policy, if not requirdyy statute

Localtransmission andub-transmission:After estimating peak load levels, the next step is to establish
the system planning criteria and performance objectives. The system planning cshetill be based

2y (KS dzirdn$missicd s@siem planfing fguidelines and regulatory obligations. This would
involve designing the system in accordance with any relevant standards and/or design practices. For
example, in New England this may imtgdplanning criteria for the bulk elait systemas defined by ISO
New England, NERC standards, and Northeast Power Coordinating Council (NPCC). In addition, local
A0FyRINRE& YIe Ffaz2 L& 6Soads aAnkexaP@dafsyt@nOl f aalt
planning criteriavould involve estélishing the voltag®perating rangesnd loading criteria for system
componentsunder normal and contingency operatiorsuch as normal, lorgerm emergency and
short-term emergency limit ratings for eachpg of equipment, i.e., the loading athich the eaqlipment

can operate in normal and emergency situations.

296 The load forecast should be the same for evaluating NWAs and traditional engineering solutions.
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As part of the planning process, the planning group will run power flow simulations to identify the
system contingencies and violations under vangpstem configurations. This maclude

understarding and applying thepecificcontingency standard&.g., loss of element contingency such
as NO, N1, N-1-1) that define the minimum infrastructure necessary to maintain security standards
depending orthe needs of the specific region. Atransmissia level this is typically done through load
flow analysis software such @siA S Y BSB&LThe analysis should also estimate the required load
reduction in order to mitigate the contingency

Distribution system: The distribution systemlanning procesvill follow a similar process as

transmission plannindistribution planning requiregrojecting the peak loadThisshould include

summer and winter peak load forecasts at a substation and circuit [@velpeak load forecast should

be done weratimely S G KIFG A& O2yaAraiSyd oAGK (GKS dziAfAGeQa
the utility, this forecast is typically done over ay€ar period.

The nextstep involves setting up the design crigefor planning of the distributions stem.This

includes establishing criteria for equipment loading, phase balancing, and ranges of system voltages, etc.
Following this, a circuit analysis is conducted to identifere planning criteria and design thredd

violations existand where thesystem constrints are expected to occur. This is typically done using

distribution system planningtodts S®3®> 9l G2y Qa /, a9 az2Fadsl NB G2 | &:
and voltage violationd%® This step wouldlso involve estimating the load radtion requied to mitigate

any identified contingencies.

Distribution system analysis should also include a process to identify potential areas where there may be
reliability concerns that could be mitigated throughV solutions

Considerations

To prioritize areafor targeted NWAs, utilities currently consider various additional factors before
assessing the potential for an NWA option. For example, utilities may establish minimum threshold
criteria to meet when addrssing a system contingencyamsidering an NWAs a resource option.

Utilities also currently consider the timeline required for building the NWA and whether this can be
done in time to avoid the identified contingency or violation that it is meardaddress based on local
conditions.There are issuethat may not be considered imminent or immediate concerns (e.g., issues
that may have been accepted for many years) and should also be addressed accordingly. For example,
contingencies that have sufficielead time could be considedefor NWA solutionsvhereas projects

with imminent needs may not be suitable for N&/A

297 A8YSyad [Fad | OOSHAS R IKI NSNFRMNY | yOSM® Ndty@A{YA343A2Yy tfFyyAySd
new.siemens.conAvailale athttps://new.siemens.com/global/en/products/energy/eneregutomationandsmart
grid/psssoftware/psse.html.

298CYME. Last Accefs a F NDK M naz9  HLnyhivSIyoK, comasilable ahttp:/www.cyme.com/
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In addition, the severity and nature of the overload (e.qg., the contingency number) are a consideration
for the NWA process. The condit®onder which the constraintrglanning violatiorhas been

identified should be factored in the analysis. This might include examining the degree to which the
constraint is present in normal conditions or extreme conditions (such as hot weather). $Jtldie

consider the nature ofhe contingencies iterms of whether they are suitable applications for an NWA.

In identifying target areas where there are concerns about backing up critical loads, these areas should
not be automatically disqualified fromWA consideration instead hybril solutions betweerthe NWA

and a wires solution could also be considered and evaluated by the planning§Poup.

DSMplanning andmplementation

On the energy efficiency side, therenised tofactor inthe lead time for markéng, implementation,

and verification oDSMunder an NWA solutionAs noted in the responses provided by the utilities and
stated above, current NWA evaluation processes require a window of time prior to the need to start
constructon on T&D infrastructte. In their DSM planning processes, program adstrators should

also factor he amount of 3Mthat could be based on potential annual load reductipar€end by class
and projected overload, as well as estimateglistributed generationand storage gaacity. Conversely,
a conventional engineering saion will also take time, especially if it requiresparate regulatory
approval and other siting review

Identifyingexpendituresavoidable byoad reductions

This section descrilsean approach to iderftiing expenditures that are avoidable by load retlans. It
incorporates ideas from existing methodologies used by utilities to identify regions suitaiNe\Vias3°

In identifying the expenditures avoidable by load reductionst firis necessary to @htify the

magnitude, duration, and coincidencetbk load reduction compared to the location and the timing of
the traditional utility solution that would solve any system contingencies. Any constraints identified
should be listedhs such based on thedt year that the constraint is identified. As clissed above, this
should be identified through the system power flow analysis. At minimum, most utilities consider load
growth and reliability as the expenditures that can be avdidg NWASC! However, otler projects

may also have some suitability in raping a wires solution.

If a project addresses both NWW&Agible constraints and also néWAeligible constraints, the costs for
such projects should be broken down between thisat are NWAeligible andhon-NWAeligible in
estimating the avoided costxpenditures.The utility should clearly identify which investments are

299 As the availability and granularity of data improves through technologies and planning advanceseeatsgicipate
improvements in methodologgndapplicability to more deders.

3007his methodology does not comment on the accessibility of detailed load, engineering, and cost data for feeders and
components.

301 while overall system load growth may be flat or declining for a given utility, there still may be individuakfixadare
experiencing load growth.
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considered as avoidable or deferrable through an NWA and the expenditures identified should be
estimated in acordance with the utilitycapital investment planning guidelines. The exgiteures should
include operating expenses (e.g., reconfiguration) and capital investments and O&M associated with
new facilities (net of any savings from retiring old equipment).

Utilities may establish &raditional engineering solution cost thresholdfbee considering NWA

solutions. Small projecthat can be solved through traditional utility options (le@st load transfers

etc.) may be less costly than procuring an NWA smiutsimilarly, longeterm projects that do not have

an imminent need andra above an established cost threshold may be more suitable projects for NWA
consideration

Identify type andperiod ofrequiredreduction

After identifying theexpenditures that are avoidable by targetlsd reductions, it is critical to identify
the time at which the required load reduction is needed. This involves answering questions such as:

91 Does the load reduction need to occur in a specific season?
1 Does thdoad reduction need to occur in specificurs of the day?
1 Over how many hours or days mubgetload reduction occur?

In addition, it is important to identify the number of years in which the reduction must occur. For

example, if the goal is to defer ammenditure for three years, and the loadespected to exceed the
aeaisSyQa Olthrde of thosk yeadrs, theh Aid effettit’e load reduction plan requires the load

reduction to sustain for three years. Program administrators will need to coofflinag A (0 K KS dzi A f 7
distribution planning goup to ensure that localized demand reduction grams will meet the planning

criteria as an appropriate solution

Step 2: Determindenefits oftargeted load reductions byidentified target area

When calculatig the avoided T&D costs, users should gifarhe reduced present value of deferred
expendilzNB & ® ¢ KS | yydzr f ATSR LINBaSyid @FftdzS aKz2dzZ R NBTf
property taxes, and insurance over the life of the equipment. Teajmne must first calculate theal

carnjing chargeRC(that is expressed as a percentade general, the RCC equals the weighted average

cost of capital (WACC), plus income tax, property tax, associated insurance, antPO&M:

Y66 w0 66 0 WO®O 1 £ f OVOXKKOE | 61 OEQD'Q

302366 Section0.1for a more detailed discussion of real carrying charge. The associated insurance and O&M costs may be
expressed as agpcentage of the deferred expenditure being analyzed.
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The RCC should then be used to calculate the reduced present value of the avoided expenditures. For

SEFYLX S AT (KS dziAf AlGe&Qa wiméntwbuidhaveanbifwa&ly 6= (KSy
expenditure of $1.5 million per year ($10 million x Esqent).

There may be situations where a DSM load reduction defers a specific project by some period of time.
For those situations and for the purposes of simplifyimyaxe complex process, we recommend that

the deferral value represents the traditionahgineering expenditure reduced by the RCC and then
discounted by the real discount rat€In ourillustrative example, if the RCC is 15 percent and the real
discount rde is 3.37 percent, a-fear deferral would have an avoided cost value of 85.5 pern@:&55
=1¢[0.15 * (1¢ 0.0337)).

Step 3: Calculatavoidedcost ($per kW)

The next step is to calculate the avoided cost in terms of dollar per kilomatiguredm $ per kW) for
each identified target are®*To do so, program administrators musst compile:

1. The present value of the benefits from the deferral or avoidance of-tetated
expenditures identified in Step 2, above; and

2. The required load reductiom ikilowatts, required to achieve the deferral or avoidance
of said expenditures.

Next, program administratorshoulddivide the present value of the benefits from deferral or avoidance
by the required load reduction to arrive at a localized avoided T&evaldollars per kilowatt, by
target area.

This value can serve as the conceptuadrage value for which to evaluate load reduction resources and
technologies between the planning and energy efficiency groups. In other words, the average cost of the
load reduction strategies used to achieve deferral or avoidance should be less thealthéated

localized avoided T&D value, which is the value of the traditional engineering solution. If the average
cost per kilowatt is greater than the localized avoide&D value, then the avoidance or deferral

portfolio costs more than the loatklatedexpenditures that are targeted for deferral or avoidance. In

these cases, alternative portfolios should be evaluated. If none are found to beffestive relative to

the traditional engineering solution, the traditional engineering solution should bsysad

Conceptually, it may be helpful to use the localized avoided T&D values as guidelines when compiling a
portfolio to achieve the required load reduction. To the extpossible, program administrators should
concentrate on achieving the required loegtluction at lower costs per kilowatt than the avoided costs.

303 ko the purposes of this methodology, we do not address any probabilistic planning issues that may arise from the
continued deferral or acceleration of specific distribution project due to changlesatized loads. A more detailed analysis
would requrie the rerunning of power flow analyses based on changed loads that may result in the determination of a
different engineering solution.

304THs methodology does not address issues regarding operatamdtol or visibility associated with the T&D system.
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However, specific resources may be less than or even greater than the average avoided cost, as long as
the total portfolio cost is less than the localized avoided cost T&D value

Evaluation ofcurrent utility methods

AESC 2021 includes a rubric, developed in parallel with the rubric uSedtion10.3 Survey otitility
avoidedcosts fornon-PTRransmission andistributionabove, tosuney current utility methods for
quantifying the value of demanside measures in avoiding or deferring geographically localized
investments.The evaluation raric for localized T&D methods is built on a similar structure to the
Supplemental Study, but it imore flexible (and more focused on the raw data sources and approaches
to analysis) to reflect different approaches to calculating these values and thizvedizck of maturity of
this aspect of avoided cost analysis.

The Synapse Team surveyed the g#itin the Study Group regarding their approaches to localized
avoided T&D value3he following section describes our review of datal methodsprovided by
participating utilities

Below, we present summary tables of the evaluation rubric, applied th atlity that responded to the
request for information about its methodology about the current locational valuation/NWA
methodologiesTablel15provides a general summary of methodologies related to identification of
candidate locations foNWAsand the related load forecast methodologidablel16 provides pecific
criteria/thresholds for selection of a lations asan NWATablel17and Tablel18provide a summary
of specific design/engineering criteria that are applied atTi@dlevel.
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Table115 Summary of locatiorspecific evalation methodologiesand load forecast processes

Criterion

Eversource
MA/NH/CT

National Grid

United

llluminating
CT

Vermont

Existence of a process to establish a locatipacific

value for avoided T&D costs in candidate locations Yes Yes Yes No Yes
for NWAs
Existence of a process to identify and/or select
candidate locations foNWAs Yes Yes Yes No Yes
Existence of a process for quantification of the
required load reduction from these locations for Yes Yes Yes No Yes
calculation of the avoided costs
Whether the identification of these locations based
- Yes Yes Yes No Yes
on utility load forecasts
.Gran.ullarlt.y of load forecast.s used by the utilities in Transmlss!on and System Level System Level N/A Qrcuit Level
identification of these locations. substation
Inclusion of the following in the load forecasts:
Operational EE Yes Yes Yes N/A Yes
Operational PV Yes Yes Yes N/A Yes
. Only Eversource N/A
Operational DR Yes Yes Yes
sponsored DR
Inclusion of the following in the load forecasts:
Projected EE Yes Yes Yes N/A Yes
Projected PV Yes Yes Yes N/A Yes
Projected DR OnlyEversource Yes Yes N/A Yes
sponsored DR
Inclusion _of any electrlflcatlon goals or mandates Yes Yes Yes N/A Yes
reflected in current policy
Notes:For Eversourcexact pocesses may vary across individual states betwesmHmpshire Massachusettsand @nnecticut
Synapse Energy Economics;. AESC 2021




Table116. Summary of processes for identifying locations that would benefit from load reductions

Criterion Eversource National Grid =75 Vermont

llluminating

MA/NH/CT
\{Vhethef tAhe Iqad growt’h forec’astsAare cqnducted | Yes Forecasts feed into Forecasts feed into N/A Yes
O2Y OSNIU ¢ A T&plankir®y dzi A £ A ( assessment assessment
Whether the utility applies a minimum thsaold
load criterion for qualification of a location in being
considered folan NWAused to calculate location
specific avoided costs
The existence of threshold load criteria used by the
utility in identifying the target locations
Whether the utility develops a specific timeline for
qualification of a location in being considered &or
NWAused to calculate locatiospecific avoided
costs
Is there a timeline established for identification of &
targeted location

Yes Yes Yes N/A Yes

Yes Yes Yes N/A Yes

Yes Yes Yes N/A Yes

Yes Yes Yes N/A Yes
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Tablel17. Summary of processes for identifying target locations that would benefit from load reductions at the transmission level

Criterion

2 KSGKSNJ 6KSNB Aa O2yaia
transmission planning guidelines and regulatory

Eversource

National Grid

Not applicable,
screening occurs for sul

Not applicable,
screening occurs

United
llluminating

obligations transmission projects for sub No

only transmission

projects only

Whether the targeted locations are identified throug! Yes Not applicable Not applicable No Yes
power flow simulations
Tools used for power flow modeling for this purpose PSS/E, TARA Not applicable Not applicable Not applicable Not specified
Howfar into the future are these locations identified 10 years Not applicable Not applicable Not applicable 10 years
What specific contingency standards are applied NER , NPCC, Not applicable Not applicable ISONE,NERCand

ISGNE Planning
Eversource SYSPLA!
01 ¢ Eversource
EnergyTransmissin
System Reliability
Standards

Not applicable

other applicable
reliability planning
criteria

Are hybridNWAsolutions considered

Yes

Not applicable

Not applicable

Not applicable

Yes

Costthreshold for thetraditional solution

Considered but details
not specified

Not applicable

Not applicable

Not applicable

>$2.5M

Timeline criteria for the start of construction of the
traditional solution

Considered but details
not specified

Not applicable

Not applicable

Not applicable

¥H &SI NA
years

Load reduction and/or offetting generation
requirement

Considered but details
not specified

Not applicable

Not applicable

Not applicable

1-3 yrs in future =
15% peak load
5 yrs infuture =
20% peak load

10 yrs in fubre =
25% peak load
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Table118 Summary of processes for identifying target locations that would benefit from load reductions at the distribution level
United

Criterion Eversource National Grid L Vermont
llluminating
Whether the utility applies specific design criteria (fi Yes
equipment loading, phase balancing, and ranges o Yes Yes No Yes
system voltages, etc.) in identifying these locations
The existing desigeriteria that are applied for this Equipment Loaieg limits, Yes
purpose reliability targets, voltage
limits, resiliency goals; Anti .
islanding, fokerfransient Yes Not applicable ves
limits, fault and short circuit,
reverse flow
Consistency of thdesign criteria with utility Yes
distribution planning criteria tht are applied in .
identifying traditional engineering solutions at the yes Yes Not applicable ves
distribution level
Whether the targeted locations are identified _— Yes, after initial Yes, after iitial .
. . Not initially Not applicable Yes
through power flow simulabns assessment assessment
Tools used for power flow modeling for this purpos: Synergi, CYME, PSCAD Not specified Not specified Not applicable CYME
Are hybridNWAsolutions considered Yes Yes Yes Not applicable Yes
Cost threshold for the tratibnal solution >$2M or
>$250K if
>$1M ¥P500K >$1M Not applicable relieving a
delivery
constraint
Timeline criteria for the start of construction of the 2 years, less XH &St
traditional solution than 7 <10 yars
years from 18 months 30 months Not applicable
IRP filing
date
Load reduction and/or offetting generation Load reduction <20% Loadreduction 25%
requirement of <20% of .
>30MW relevant peak load relevant peak Not applicable
load
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The following subsections present short descriptions of the methods used by esmbnding utility.

National Grid Massachusetts and Rhode Island

In both Massachusetts and Rhode Island, National Grid has a process to consider NWAs as part of its
distribution planning process for distribution and subtransmission capital projectsyaitehs needs.
National Grid identifies system needs as a result of studies, operational issues, process safety issues,
occupational safety issues, regulatory requirements, and/or customer reqé®dfshe annual planning
process identifies a system neecdhdathat locdion passes the statgpecific NWA screening criteria,

then the project is shifted to an NWA analysis team for further review and sinaifthe system need.

The screening criteria for each state are showmablel19below.

Table119. National Grid NWAscreening criteria

Criteria Massachusetts Rhode Island
Project types include Load Relief Project types include Load Relief
and Reliability. Other types have and Reliability. The need is not

Project Type Suitability min_imal suitabi[ity gnd wilbe based.ora.sset condition If Ioa_d '
reviewed as suitability changes du reduction is necessary, then it will
to state policy or technological be less than 20% of the total load
changes. in the area of the defined need.

Timeline Suitability Start ofqonstructionis at least 18  Start of f:onstruction is at least 30
months in the future. months in the future.

Cost Suitability (Cost of Wires

Solution) Greater than or equal to $500K  Greater than $1M

SourceNational Grid. Guidelines for Consideration of Nines Alternatives in Distribution Planning. March 2020.

The avoided cost is based on a NPV calculation based upon costs and benefits of the NWAa®lution
well as the avoided costs of nimhplementing eme (in the case of a hybrid solution) or all of the
traditional wires solution.

National Grid also considers hybrid NWA opportunities during screening. These are an NWA solution, or
a combination of NWA solutions, that addresses part gdecHied systenmeed with the rest of the
system need addressed by a wires solution.

Tablel20summarizes the NWA methodology employed by National Grid, as well as recommendations
for improvement.

305 National Grid. Guidelines for Consideration of Nites Alternatives in Distribution Plannindarch 2020.
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Table120.! 3aSaavYSyid 2F bl A2yt DNARQA | 92ARSR RA&AGNAOdzIAZ2Y

improvement
Overall Assessment Recommendations on Recommendations on Clarity
Improvement
Methodology  National Grid has a documtd - Access to analysis and the
for process and guidelines for NWA screening tool would
Identification screening NWAs. increase transparency.

of Locations
Transmission - - -
Specific NWA
Criteria
Distribution National Grid has a documented - _
Specific NWA  process which outties the types
Criteria of projects that can replace
traditional solutions for NWA
consideration.

National Grid has criteria in place
for the type of wires projects
suitable for NWA These include
criteria for type of project (load
relief, reliability, norasset
condition), timing, and cost.

United Illluminating

Currently,United llluminatingdoes not have a regulatofgpprovedNWAprocess in place within the
state of Connecticut

Eversource (@necticut Massachusettsand/or New Hampshiré

Eversource has aodumented process and framework for identifying locations where DSM could be
applied to meet a system neefi® The need for an investment at a particular location is identified as
part of the distribution planning process which accounts for all planned aistirgg system upgrades
including theDERsThe process involves using afhisuse screening tool that lookd how NWA
approaches can replace traditional solutions. The tool provides a comparison of the revenue
requirements between an NWA amgferring atraditional solution in assessing the locational value of
an NWA.

For use in the screening tool, Eversoures@ops a portfolio of possible solutions and technologies
which involve market researcltand gathering information from vendors and suppliers thgh RH
(Request for Information). Possible solutions are evaluated based on longevity, dependainilitye
specific need identified. These technologies are integrated to the screening tool which is designed to
provide a preliminary identification ohe NWA solution and whether such a solution will meet the
reliability and performance needs of the system

306Survey To Evaluate Program Administrators Avoided T&D methodologies. Responses recdiveshuer 16, 2020.
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In screening for NWg\Eversource considetsrious criteria for identifinglocations and seleatp
technologies including the magnitude of the me@pplying ND and N1 criteria to assess the required
capacity of the solution), duration of the need, ttime of day of occurrence of the negand the
frequency at which the need occurs.

Distribution Plannin@&creening Criteria

Nonwirescandidatesnclude30?

1 Projects thatare capacityrelated
9 Projects thattanbe deferred via deployment oNWAs

1 HybridSolutions combined deployment of NWspaired with a traditional system

Some specifisuitability criteria and threshold that are excluded from NWA sioleration are

1 Upgrades that impact old or failing assets, or those dalel to be replaced
1 Upgradeselowa financial thresholghave a projected cost of at least $1 milljon

1 Upgrades with immediate needs (less than 2 yed®)jects must havplannedin-
service date at least 3 years after the date of tkadt Cost Integited Resource Plan
(LCIRPjling.

1 Projectsrequiremorethan 30MW of peak load relief within seven years of the latest
LCIRP filing.

Transmission PlannminScreening Criteria

Eversouce is required to comply with the following reliability and planninghderds when planning its
transmission systerf®

1 NERC TR201-04 - Transmission System Standards

1 NPCC RegionBEliabilityReference Director #1Design and Operation of the Bulk
Power $stem

1 ISONew EnglandPlanningProcedure 3 (PPB)ReliabilityStandards for the New England
Area Bulk Power Supply System

307 New Hampshire Public Utility B A 8 8 A2y ® hOG206SNI MZ HAaHn® a9 @S NIPacdeNgdd [ Sk ad /
Available at:https://www.puc.nh.gov/Requlatory/Docketbk/2020/2061/INITIAL%20FILING%2Q0PETITION/20

161 20261001 EERSOURCE ATT 2020 LCIRPABpendix D.

alaal OKdzaSiGida 5SLINIYSyld 2F tdoof A0 ! GAf AGASE dett§Hleatic I OOS A
I 2YLI yeé RKOKlF 9@OSNRE2dzZNOS 9ySNHE& tdzNAdzr yi G2 D[ & Od wmcn
https://fileservice.eea.comacloud.net/FileSetgiApi/file/FileRoom/9164120#page=5Rg. 5467

308

—-
T U
T1.

Synapse Energy Economiks. AESC 2021271


https://www.puc.nh.gov/Regulatory/Docketbk/2020/20-161/INITIAL%20FILING%20-%20PETITION/20-161_2020-10-01_EVERSOURCE_ATT_2020_LCIRP.PDF
https://www.puc.nh.gov/Regulatory/Docketbk/2020/20-161/INITIAL%20FILING%20-%20PETITION/20-161_2020-10-01_EVERSOURCE_ATT_2020_LCIRP.PDF
https://fileservice.eea.comacloud.net/FileService.Api/file/FileRoom/9164120#page=54

1 Eversource SYSPLABN Eversource Energy Transmission System Reliability Standards

Specifidransmission suitabilitgriteriafor NonTr- y a8 YA & & A 2 Y NTAstiaBdNijcludeA dSa 0 a
response timed contingency conditions, minimum amount of operation time that resource is available
for clearing of the contingency conditions, and land availabifity

Tablel21summaizes the NWA methodology employed by National Grid, as well as recommendations
for improvement.

Tablel2l® ! 3aSaavYSyd 27T 9 0SNE2 dzNOIGQand reddr@dmerdstigns M a G NRA 6 dzi A 2 Y
improvement

Topic Overall Assessment Reommendations on Recommendations
Improvement on Clarity

Methodology Eversource appears to have a documented For NWAs on the distribution -

for process and standardized framework for system, access to the analysi

Identification of  identifying locations where NWA could be (e.g, the NWA screening

Locations applied to meet a system need on the framework) would increase
distribution system. transparency.

Transmission Targeted locations are identified through powe - -
Specific NWA flow simulations and rébility needs the
Criteria methodology for evaluation is consistent base«

2y dziAfAGeQa €20t Gn

guidelines and regulatory obligations.

Eversource uses specific criseand thresholds
to exclude locations wherNTAsare not

suitable (minimunresponse time to
contingency conditions, development time, lan
requirements). These may vary depending on
the specific requirements of the project.

Eversource focuses the N@Aalysis on utility
scale resourcegorecasted distributed
generation, energyféiciency, and demand
response are already used, where applicable,
reduce transmission system needs via inclusic
in the ISONew Englan@nd Eversource load

forecasts.
Distribution Eversource has a documented process which - -
Specific NWA outlines the types of projects that can replace
Criteria traditional engineering solutions for NWA

consideration it also includes in a specific set ¢
suitability criteria for qualificabn of a location
that is suitable to NWA consideration including
cost thresholdtimeline and the quantity of load
reduction required.
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Unitil (Massachusett&ind New Hampshirg

Unitil has a documented process for identificatioNMWA opportunitiesPer this process, Unitil applies
design criteria for planning of the distributi@nd the transmission systesnAt the distributionsystem
level, Unitil establishes a 90 percent plampthreshold of seasonal rating for loads on substation
transformers, stepdown transformers protective devices and other distribution circuit elemi&tis.
addition, at the transmission and distribution leeeNWAprojects are reviewed for any piece mfjor
equipment thatis expected to exceed 80 percent of its seasonal normal rating durinfivtagear study
period and exceed 90 percent of its seasamaimal rating in year five of the study period during normal
operating conditions!! The company inidated that the 80 percent threshold accounts for lead times
needed to implement NWA solutior?$? Unitil assumes a minimum of three years to receive, evaluat
and implement NWA proposat&® In addition,Unitil typically considers NWAs to baitable in
addressing loading and/or voltage constraints but not suitable for condhmsed replacement
projects®'4 Projects that address aging equipment may still bewatad for NWAsbut this may not
result in the issuance of an NWA RFP.

To estimateexpenditures, Unitil has established a traditional engineering solution cost threshold before
considering NWA solutions. Unitil has assessed that NWAs would generally endlbated if the
recommended traditional option has an estimated cost of less $250,00%1°

Should a traditional engineering project meet the above criteria, Unitil will then issue an RFP for NWA
solutions. Proposed NWAs are then reviewed throughwaiuation process to score relative options for
the company.

Vermont
+ S NJY 2 Vanini@giprotdss are split into two phases.

Transmission Level Process

Every three years, the Vermont Electric Power Company (VELCO) pubditRI®P. The LRTP analyzes
the transmission system, identifies where the system does not meet design and riyliatiiéria, and
describes the transmission alternatives to resolve the concerns.

Within the LRTP, VELCO applies the bulk transmission screening process originally adtiyged b
Vermont System Planning Committee (VSPC) and submitted to the Vermontepadf Public

310ynitil. Distribution Planning Guide. November 19, 2019. Page 8.
311q, Page 8.

31214, sction 4.3.

313 nitil. Project Evaluation Procedure, Page 3, July 2018.

314 ynitil, Project Evaluation Procece, Page 4, July 2018.

315 ynitil. Project Evaluation Procedure, Page 3, July 2018.
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Service (PSD) in Docket 7081. This screening process helps to determine if there is potential for the
deficiency to be resolved through energy efficiency amdlernatives such as generation or demand
response (or a hybrid of transmissiaith efficiency and/or generation). For any transmission deficiency
that screensthe PSD requirea Reliability Plan. In Vermont, Reliability Plans are synonymous with non
transmission alternative@NTA)

Any affected distribution utility then drafts agect-specific action plan (PSAP) as required by the
Docket 7081 Memorandum of Understanding. PSAPs describe a process for moving a deficiency from
identification through tamplementing a solution.

Subtransmission andistribution process geographicdargeting)

Distribution utilities identify distributiodevel constraints for consideration by VSPC and consider
bulk/predominantly bulk transmissielevel constraints oncan LRTP is publishexs described above.

Distribution constraints aretydA OF f f @ ARSYGAFTASR Ay | dziAft AdeQa Lwt
the utilities via the VSPC "Geotargeting" processes. As part of this process, the energy efficigniy utili
consultation with the distribution utility and VELCO will deterntime maximum achievable energy

efficiency savings potential and costs. VSPC reviews the resulting recommendations for (1) areas

needing new Reliability Plans, and (2) ending enerigierficy geographic targeting in any areas where

analysis shows it is longer costeffective The VSPtBen it makes a recommendation to ti&SD A

Reliability Plan is required for distribution constraints identified by distribution utilities in thes &R

otherwise that screen in for full analysis using the DistributeitityPlanning (DUP) screening tool from

Docket 6290.

There have not been any geographic targeting locations identified since 2012. Acdortiagsurvey

responseas part ofAESC@®1, Vermont notedthamp LISNOSy G 2F DNBSY azdzyidl Ay
are at thermal loading capacitue to backflow of distributed generatiofhis means that energy

efficiency in some cases could lead to increased costs on the system. For examgldsifation is at

capacity increased efficiency could result in the ghimg of renewable generation or require increased

investments to ensure reliability. While this issue is currently limited to a small number of, Rasrrs

anticipated to become exacbated over the next decade as more renewable energy comes online to

meei +SNX¥2yGQa Of Sty SySNHe& 321 fao

Tablel22summarizes the NWA methodology employed by Vermont, as well as recommendations for
improvement.
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Table122d ! 3aSaavYSyid 2F SN¥Y2yiQa | gecanRr@ridatibng farinpdoveentA 2y Y S G
Overall Assessment Recommendations on Recommendations on Clarity

Improvement
Methodology = Vermont has a robst framework - -
for and criteria for identifying
Identification transmissionsubtransmission,
of Locations and distributionlevel NWAs.

Transmission  Targeted locations are identified - -
Specific NWA  through VELCO LRTP using powse
Criteria flow simulations and reliability.

The methoddogy for evaluation is
consistent with transmission
planning guidelines and regulator
obligations.

Vermont has criteria thresholds
for excludindocations where
NWAs are not suitable (regarding
asset condition, cost thresholds,
and timeline).

Distribution Vermont has a screening tool - -
Specific NWA  specific to distributiodevel NWAs.
Criteria

The sreening tool contains
criteria for excluding locations
where NWAs are not suitable
(emergency or failing asset, cost
and timing thresholds).

Maine

InJune2019,the Maine LegislaturenactedAn Act to Reduce Electricity Costs through-Mares
Alternatives®'® This Act identified a newires coordinator position in the Office of Public Advocate.
Based on thishe criteria and process for identificati of NWAswithin the state of Maine is currently
underway.

Consideration ofdcation-specificcosts andbenefits in generation-constrainedareas

Electrical systems have historically been designed forvaane flow of electrical power from central
generatas to distributed loads. However, the increased adoption of distributed geimeragsources is
causing changes in that paradigm. This is particularly true in areas where generation can now approach
or exceed load, but where the grid was designed and bugerve the loadSuch locations have begun

316 Maine Legislature, An Act to Reduce Electricity Costs throughnlites Alternatives.
http://www.mainelegislature.org/leqis/bills/getPDF.asp?paper=HP0855&item=3&snum=129
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to appear in New Englanihcluding several locations in Vermont at both the transmissidrand
distributior®'8levels.

As part of its interconnection process, each generator is generally asked to pay for intakomamges

in the grid that are required in order to interconnect safely avithout impacting reliable service to
customers. However, changes in load are not generally subject to the same type of analysis even though
they could change the relationship tseeen load and generation on a given circuit or other grid

segment. Changen enduse load that result in increased load during times when the distributed
generation is producing could have the effect of mitigating reliability concerns, reducing strain on
transformers or other grid hardware, or allowing more generation to intensa (thereby potentially
advancing state energy policies). On the other hand, changes wmsntbad that result in decreased

load during timesvhen the distributed generatiorsiproducing could exacerbate reliability concerns,
increase strain on grid Indware, or cause curtailment of generation.

Many of the general principles and considerations of localized avadid@éxtosts could apply in the
context of generatiorconstrained aeas, just as they apply in the context of leamhstrained areas. For
exampe, the analysis would need to identify the specific costs corresponding to changes in the grid
configuration that could be avoided or created by a change inalenergy demandVith sufficient
information regarding costs and the impacts on relevant deakls (or exports), it would be possible to
calculate a locatiorspecific avoided T&D cost value for interventions that increase load, and a location
specific cost caused for enventions that decrease load, using the same approach to locapenific
avoided T&D costs described earlier in this section.

The temporal and locational characteristics of the need should be carefully described. For example, if
the issue of concern weated on sunny days during shoulder seasons when loads are otherwise low,
then changes in an engke that operates only during the coldest days of winter would have no impact.
The dynamic aspects of active demand management and load control measurearhaspond to grid
conditions (such as different behavior on sunny andajodiays) should be accounted fdrhis would

entail accounting for the contribution during peak and-p#fak hoursrather thanonly accounting for

the average behavioacross alhours Hourly load profiles and load shapes for measures, including

317 e, for example, the discussion in VermontlRuBervice Department. 2019. Vermont public Service Department. January
MPZ HAMMPP aLRSYNAF eRtySO G NIRO |IRRWPNF G A2y [/ 2yai NI Aylia Ay +SN¥2
https://publicservice.vermont.gov/sitédps/files/documents/2019%20Act%20139%20Generation%20Constraints%20Repo
rt%20final.pdf

318 5eeGreen Mountain Power2019.Vergennes Generation Constradl Areaavailable at
https://www.vermontspc.com/library/document/download/6603/VSPC%20Vergennes%20%2385
1019%29%20%28002%29.jpdfl Green Mountain Power. 2028ubstation Generation Constraints: Hypothetical
Constraint Reviewvailabé at
https://www.vermontspc.com/Ibrary/document/download/7092/GMP_Hypothetical%20Constraint%20Revieviqrdf
discussions of issues in thiEinity of Vergennes, Vermont. Other presentations and notes from the Generation Constraints
Committee of the Vermont System Planning Committee aafobnd here:https://www.vermontspccom/vspeat-
work/subcommittees
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correlaions with weather conditions where relevant, may be required to fully evaluate the impacts of
traditional efficiency or electrification measures.

10.5. Avoidednatural gasT&D costs

SeeSection2.4: Avoided natural gas cost methodolofgy more information on the assumptions used in
AESC with respect to natural gas transmission and distribution.
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The edudion in electric loads can improve iability in several waydg-irst,it can increasénstalled
generation reserves and thus reduihe probability of inadequate supply under variable loads and
generation outagesSecondthe reduction eécreaseshe thermal wear and tear on transformers and
conductorsand therebyreduce failuresThirdly,it reducesthe probability of overloads om&D
equipmentto reduce faults The last of these three categories overlaps with avoided T&D costs, since
the ISO and utilities usually expand capacity to agysem overloads. To the extent that lower load
result in less T&D capacity, the reduced capacity will tend to offset the benefits of lower loads. We have
not been able to determine a method for accoungifor that overlap Hence we do not estimate any
value for reduced acute overloads on the delivery system, even though there are undoubtedly some
situations in which lower load would allow the system to survive some equipment failures, without
deferringcapacity additions.

In AESC 2021, we find a defaaerageVolLL value of 8 per kWh. Thizalueisalmost 3timesas large
as the valualerived in AESC 2018 ($26 per kWh in 2021 dollarehdngein the VoLL componeris a
result of updated informatin on VoL& This VoLL is then applied to the caddign of reliability benefits
resulting fromRe& y I YA O& Ay FOMocestidafeTledred Bn@ dncleared benefits linked to
improving generation reliability. In AESC 2021, we finglelds levelized vakes of $.47 per kWhyear for
cleared benefits and&45per kWryear for uncleared benefits. These &2percentlowerand21
percenthigher, respectiveljthan the same values estimated in AESC 2@ft8r adjusting for inflation
For cleared reliabilitydespite a higher VoLL, overall benette loweras a result of flatter supply curve
assumptions for the capacity mark&thanges to the capacity market have less of an impact on
uncleared resources, which exist outside the capacity market. As a,@suticrease in the VoLL
produces an increase in the uncleared reliability value.

New inAESQ021, we provide an estimated benefit for T&D reliability, based on data for National Grid
MassachusettsThis section is provided as an example calculation wfdifferent utilities could
calculate their own T&D reliability benefihis value would likely differ for each jurisdiction

The following sections describéoLL.the application of that value to generation reliability, and the
potential for extension taistribution reliability.

11.1. Calculating alue of lost load

In AESC 2018ve identified the most recent and detailed analysis of ud_Lto be that in he Lawrence
. SNJ St S& bl (A@BNLPDI5 Rthdp GUpdaie® dBeEService Reliability fBated for
Electric Utility Customers in the United StatedBNL estimatedosts of unserved energy for outages of
one to four hours (typical of generation capacity shortfalls) on the order e$RWh for residential,
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$17 perkWh for largecommercial andndustrial C&), and $25@er kWh for small C&l with shorter
outages imposing higher costs per kWh (Fable123).31°

Table123. Averagecost perunserved kWh(2021 $ per kWh)
Duration of Outage

Momentary 30 minutes 1 hour 4 hours 8 hours 16 hours
Medium & Large C&l $218 $43 $25 $14 $15 $15
Small C&l $2,575 $542 $337 $245 $305 $295
Residential $35 $7 $4 $2 $2 $1

Source: LBNL. (2015). "Updated Value of Service Reliability Estimditscfac Utility Customers in the United States.”
Available athttps://eta-publications.lbl.gov/¢es/default/files/Ibnt6941e.pdf Table 1
Notes: Values originally reged in 2013 dollars have been converted into 2021 dollars.

Focusing just on theutages of one to four hours (typical of generation capacity shortfalisse costs
translate into valies of o the order of$19 per kWh for mediurandlarge C&I, $291 per kkfor small
C&l, and $3 per kWh for residential.

For AESC 2021, we reviewed the recent literature @rlYlooking for values more relevant to New
England. We did not find any nedemestic studieso add toour literature review conducted for AESC
2018

In our updated literature review, avidentified a relevan2018study from Europe written by Cambridge
Economic Policy AssociatéStudy on the Estimation of the Value of Lost LoBHlectricity Supply in
Europeg®?° The 2018report estimated the WLL foreach European Union country, for residential
customers and.3types of nonresidential customers (nine industrial sectors, construction,
transportation, services and a combinatiohagriculture, forestryand fishing). The values for some
sectors vary stingly with the wealth of the country. To increase comparability with New England, we
looked at the estimates for th&9 countries withgross domestic produ¢GDB of at least halbf New

319 BNL. (2015). "Updated Value of Service Reliability Estimates for Electric Utility Customers in the United &idédde at
https://eta-publications.Ibl.gov/sites/default/files/Ibr6941e.pdf

320/ | Yo NA RIS 902y 2 YA OStudg 6nkhd Estimatioa & te \FaliieSoit bdadi ok Bectdity Supply in
Europgbé¢ Wdzft @ Hamyd ! GFAtFofS
https://www.acer.europa.eu/en/Electricity/Infrastructure_and_network%20development/Infrastructure/Documents/CEPA
%20study%200n%20the%20Value%200f%20L0st%20Load%20in%20the%20electricity%20supply.pdf
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9y 3t | yOakeragerGDP per capitéd Table124shows the estimates for each of those countries
and the simple averagé?

Tablel24. Residential WLL in highincome European countrie&DPper capita values
Annual average Volfor  Annual average Volfor

Country . GDP per Capita
all sectors service sector
2021 $/kWh 2021 $/kWh 2021 $/person
Austria $12.09 $14.00 $60,631
Belgium $12.89 $11.76 $56,041
Cyprus $8.31 $6.24 $42,672
Czech Republic $4.74 $5.46 $44,094
Denmark $21.11 $15.56 $62,375
Estonia $6.95 $3.84 $39,847

Finland $7.11 $6.52 $52,517
France $9.29 $9.60 $49,836
Germany $16.66 $11.48 $58,183
Ireland $15.46 $18.75 $93,644
Italy $15.22 $10.51 $45,852
Lithuania $6.20 $6.00 $40,175
Luxembourg $18.15 $17.91 $123,535
Malta $8.56 $6.01 $47,515
Netherlands $30.79 $11.96 $61,438
Slovenia $5.80 $6.25 $42,180
Spain $10.58 $8.91 $44,138
Sweden $7.41 $9.41 $57,450
United Kingdom $21.34 $17.52 $50,348
Average $12.56 $10.40 $56,446

Note: All monetary units have been converted into 2021 dollars.

The #2.56per kWh average is much higher than the & kWh LBNL estimate foesidential

customers. Since the average GDP per capita for these countrie§4¢l§ or 73 percentof the New

England GDP/capita, the VoLL for New England households is likely to ke agttee four highest

income countries, with an average GDP/éapi & A YA T | NJ (02 b S g old ¢snfateisBQa > (K
percenthigher, or £1.38per kWh.We note that nost of the factors that would influencéoLL(cold

winters, hot summers, high liance on computers and related equipment) are at least as pow#afu

New England as the average European country.

32lgpp per captia data for New Bzl calculated ueg U.SBureau of Economic Analysisd U.S. Census data (BEA. Last
I O0SaaSR al NDK 03X HANnHM® aD5t |yR tSNAZ2YIlIf LyO2YSdé¢ . S| &332 @c
https://apps.bea.qe/iTable/iTablecfm?reqid=70&step=1&acrdn®l ' YR 6! ®{ ® / Sy addza . dzNBI| dzd HAam
¢c2GFfta FyR /2YLRYySyGa 27 hpst/wwavGensus.dvBafadtatiaspide oo ! g At ot S |
series/demo/popest/2010state-total.html)
hiKSNJ GKIy [dzESY02dzNE | yR LNBfFYyRZ 9dzNRBLISIY yIlIGA2ylFf D5t LI

322The VoLLs are from Table G.1haf Cambridge Economic Poliégsociates study. The per capita GDP values are from The
World Bank. Last accessad NOK MMI HAHM®P GORINE LIS NDatalybiighyhkEmrgAvdilable at
https://data.worldbank.org/indicator/NY.GDP.PCAP.PP.CD?locations=EU
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The Cambridge Economic Policy Associates study estimatet lof& norresidential customers do not

map clearly onto the smaC&l andarge-C&l categories of the LBNL study. Nor do the industrial secto

in the study map well onto important New England industries, such as biotech. The value for the services
sector, which would include a large portion of major New England C&I customeksr@areal estate,

data services) igbout half ofthe LBNL estiate for largeC&I customers, at®.40per kWh for the
nineteencountries The result is more similar ftlne Europearcountries mossimilar toNew Englandh

terms of GDP per capitat $16.04 per kWh.

ForAESC 2021veaverage the findings from the LBNL &dambridge Economic Policy Associates
studiestogether for each category of customer. Then, using siudigales data from EfAa  B&A, N
calculate a weighted average (s€able125). The resulting VoLL is $73 per kWh.

Table125. Calculation of VoLL

LBNL CEPA Ltd. Final Sales shares
2021 $/kWh 2021 $/kWh 2021 $/kWh %
Residential $2.80 $12.56 $7.68 40%
Small C&l $290.87 $10.40 $150.64 45%
Large C&l $19.36 $10.40 $14.88 14%
b2iSay {ltSa akKlINBa INB SaGAYlIGSR dzaAy3 wnmded REFEGE FNRY 9L! C
GAYRAzZZAGNRA I £ ¢ &altSa G2 tFNBS /3L

11.2. Value of reliablity: Generation component

We observe that educing loads canimprove generation reliability in three ways:

9 Sameresourcesthat do not clearthe FCAwill continue to operate asenergy-only
resources,adding to availablereserves.While not obligated to do so, these resources
are lkelyto operate at timesof tight supply and high energyprices. They may alsobe
available to assime the capacity obligations of resources that unexpectedly retire or
otherwise become unavailable.

9 Not all energy efficiencyload reductionswill clearin the capacty market or immediately
affect the load forecast used to determine the amount of capadty acquired. Thoseload
reductions will increase reserve margins.

9 Theoperation of the ISO New Englarchpaciy market increases the amount of capadty
acquired asthe pricefalls. To theextent that energy efficiencyprograms reduce the
cgpacty clearing price, reserve margins and relidility will increase.

The following sections describe have calculatedhis component for cleared mesares and uncleared
measures.
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Calculating cleared reliability

In order to calculate cleared reliability benefits, we first assemble several input parameitsitd SO

New England annually publishes marginal reliability index (MRI) curves, which estimateected

energy lost per MW of additional supply as the reserve margin fisesESC 2021, we examine the

at 2L 2F GKS awlL OdzNI % Thdires@tingviluelcaizOditdodgiht Qfas tief S NA y 3
estimated change in MWh of reliability befits per megawatt of reserve. Values calculated in FCA 12

through 15 utilize the MRI curve published for each auction, while all auctions that take place after FCA

15 utilize the MRI curve published for FCAT#ble126displays he estimated change in MWabf

reliability benefitsper megawatt of reserve, and howsaries with thecapacity market clearing price

Table126. Change in MWhof reliability benefitsper megawatt of reservdor Counterfactual #1in restof-pool
region

Clearing price k MWh LOEE per MW
2021 $/kWmonth MWh / MW
FCA 12 2021 $4.77 0.329
FCA 13 2022 $3.96 0.273
FCA 14 2023 $2.47 0.170
FCA 15 2024 $2.75 0.189
FCA 16 2025 $2.72 0.187
FCA 17 2026 $2.88 0.199
FCA 18 2027 $3.11 0.214
FCA 19 2028 $3.30 0.227
FCA 20 2029 $3.59 0.248
FCA 21 2030 $3.42 0.237
FCA 22 2031 $3.67 0.253
FCA 23 2032 $3.90 0.268
FCA 24 2033 $3.86 0.265
FCA 25 2034 $4.67 0.323
FCA 26 2035 $3.66 0.253

Note: Values for other counterfactualad regionsan be found ithe AESC 2021 User Irigee

Due to the slopes of the supply and demand curves, bidding an addiNMWahto the FCAat $0 per
kW-month price shifts the supply curve to the righthisshifts out some smaller amount of capacity that
would otherwise have cleared, antlresultsin the amount of cleared supplycreasingoy onlya

fraction of the additional supply. That fraction is smtlen the clearing price is set at a shallow part of
the supply curve, anil increases if the clearing ipe issetat a steeper part of the sugby curve (see
Tablel27). This value is calculated by dividing the supply price shift by the difference between the
supplyprice shift and the slope of the demand curvelad demand value implied by the clearingqe.
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Tablel127. Net increase in cleared supply for Counterfactual iilrest-of-pool region

. . Net increase ircleared
Clearing price

supply
2021 $/kWmonth
FCA 12 2021 $4.77 8%
FCA 13 2022 $3.96 7%
FCA 14 2023 $2.47 16%
FCA 15 2024 $2.75 17%
FCA 16 2025 $2.72 17%
FCA 17 2026 $2.88 16%
FCA 18 2027 $3.11 20%
FCA 19 2028 $3.30 20%
FCA 20 2029 $3.59 19%
FCA 21 2030 $3.42 20%
FCA 22 2031 $3.67 19%
FCA 23 2032 $3.90 18%
FCA 24 2033 $3.86 18%
FCA 25 2034 $4.67 79%
FCA26 2035 $3.66 19%

Note: Values for other counterfactuals and regions can be found in the AESC 2021 User Interface.

Thefinal component used to calculatdeared reliability benefits is a decay effect. Over time, @ugrs

will respond to lower prices bysing somewhat more energy, including at the peak. In addition, lower
capacity prices may result in the retirement of segeneration resources and termination of some
demandresponse resources, which will result ireie resources being removed from theply curve.
Further, some new proposed resources that have not cleared for several auctions may be withdrawn (if,
for example, contracts and approvals expire, raising the cost of offering the resource into future
auctions). The decay schedule used for odebreliability is the same as the one used for cleared

capacity DRIPE (s&able89, above).

Finally, we calculate theleared reliability benefiby calculating the product of (dahe chang in MWh of
reliability benefits pemegawatt of reserve(b) the net increase in cleared supply) the decay effect,
and (d) the VoLL, as calculated ab8%Table128describes the overall benefit for a measure installed
in 2021 We note that hese values are very stthcompared tdhe estimated avoided costs in many
other categories.

323 Note thatthe AESC 2021 User Interfadiows users to specify their own VoLL, if they so choose.

I8 Synapse Energy Economices. AESC 2021283




Tablel128. Estimated cleared reliability benefits for Counterfactual #1 in regtpool regionfor measures
installed in 2@1, assuming a VoLL of $73 per kWh
k MWh LOEE per

Net Increase in Ckared reliabilty

Decay Schedule

MW Cleared supply benefits
MWh / MW % % 2021 $/kWmonth

FCA 12 2021 0.329 8% 100% $1.92
FCA 13 2022 0.273 7% 83% $1.22
FCA 14 2023 0.170 16% 67% $1.29
FCA 15 2024 0.189 17% 50% $1.15
FCA 16 2025 0.187 17% 33% $0.77
FCA 17 2026 0.199 16% 17% $0.39
FCA 18 2027 0.214 20% 0% $0.00
FCA 19 2028 0.227 20% 0% $0.00
FCA 20 2029 0.248 19% 0% $0.00
FCA 21 2030 0.237 20% 0% $0.00
FCA 22 2031 0.253 19% 0% $0.00
FCA 23 2032 0.268 18% 0% $0.00
FCA 24 2033 0.265 18% 0% $0.00
FCA 25 2034 0.323 79% 0% $0.00
FCA26 2035 0.253 19% 0% $0.00

Note: Values for other counterfactuals, regions, and resource vintages can be found in the AESC 2021 User IntériR@ (Thed
d0KSRdzt S¢ & $oNdmeSsaresinstallédinSayeriykabs| eicept shifted by the relewanber of years.

Calculating uncleared reliability

Like cleared reliability, the calculation of uncleared reliability benefits requires the assefraayeral
input parameters.

The frst is the estimated change in MWh of reliability benefits per megawatt of reserve. This parameter
is the same as is usé@uthe calculation of cleared reliability benefits (SEgble126, abovg.

Second, uncleared reliability befits are grossed up to account for the impact of the resamargin. As

with uncleared capacity and uncleared capacity DRIPE, because uncleared reliability benefits accrue
outside of theFCMtheyl NB STFTFSOIRLSKk ¥ W02 dYSY | W Ructian $e&abld T (1 K S
44, above, and surrounding text for more information on this effect.

Third, we assume that reliability has a phased impact on the load forecast. In contrast to uncleared

capacity and uncleared capacity DRIRHability is not dependent on the operation of ISO New

9y 3t yRQa f2FR FT2NBOI aiA ioat islredueed e tebe®d niadgin MdrebdesS (1 & !
(since the uncleared capacity does not initially redugeacity procurement) and reliabilitg improved.

Hedging of capacity supply, either shast longterm, does not reduce the reliability effect, as dab

capacity DRIPE. Thus, the reliability improvement starts at 100 percent in the first year ants peitdis

the load reduction affectdie FCA. Unlike other uncleared avoided cost categories, which operate

through the effect on the econometric loadrérast, the reliability improvement from any given
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measure does not rise with the number of years it hasn in place, but only by the inase in reserves
for the year$?4

Fourth, uncleared reliability benefits will gradually decay over time, as ther&ghdttion is reflected in

the load forecastreducing the amount of capacity that IS3@w Englanécquiles. Eventually, the load
reductionwould be fully captured in the load forecasind thereliability benefitwould be extinguished.
The decay of the tability benefit of uncleared resources starts later and is more gradual than the one
used for clearedesources, because the market does nedct to the resources and reduce

procurement until it is picked up in the load forecast

Finally, we calculatehe uncleared reliability benefit by calculating the product of (a) the change in MWh
of reliability beneits permegawatt of reserve(b) oneplus the reserve margin, (c) the load forecast
effect, (c) the decay effect, and (e) the V3E1Table129describes the overall benefit for a measure
installed in 2021Generally speaking, rebdity effects of uncleared resourcese greater than those of
cleared resourcesThisis becausé¢he cleared resources immediately displace other resources, resulting
in a smaller net gain in reliability. Uncleared resources increase reliability marekbared resources

do, for the samaeason that uncleared resources have no immedidfea on capacity bills or prices
unclear resources are invisible to the capacity market

Tablel129. Estimated uncleared reliability benefits faCounterfactual #1 in resbf-pool region for measures

installed in 2021 assuming a VioL of $73 per kWh
k a2 K [ Reserve Load Forecast Decay Uncleared

per MW Margin Effect Schedule | reliability benefits

MWh / MW % % % 2021 $/kWmonth
FCA 12 2021 0.329 14% 100% 100% $27.29
FCA 13 2022 0.273 14% 100% 100% $22.82
FCA 14 2023 0.170 15% 100% 100% $14.29
FCA 15 2024 0.189 15% 100% 100% $15.79
FCA 16 2025 0.187 16% 100% 100% $15.82
FCA 17 2026 0.199 13% 70% 100% $11.45
FCA 18 2027 0.214 14% 50% 95% $8.42
FCA 19 2028 0.227 14% 30% 87% $4.94
FCA 20 2029 0.248 14% 10% 75% $1.55
FCA 21 2030 0.237 14% 0% 60% $0.00
FCA 22 2031 0.253 14% 0% 43% $0.00
FCA 23 2032 0.268 14% 0% 27% $0.00
FCA 24 2033 0.265 14% 0% 0% $0.00
FCA 25 2034 0.323 14% 0% 0% $0.00
FCA 26 2035 0.253 14% 0% 0% $0.00

Note: Values for otherounterfactuals, regions, and resource vinta@es y 6 S F2dzy R Ay GKS 1 9{/ wun

da0KSRdzf S¢ aSNASa Aa ARSYyGAOFt F2N YSIadNBa AyadalttSR Ay

3241 this regard, the reliability benefit of unclearpaity operates more like aided energy or cleared capacity than like
uncleared capacity or capacity DRIPE.

325N ote that the AESC 2021 User Interfadiows users to specify their own VoLL, if they so choose.
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Important caveats forapplying reliability values

Unlike other uncleared avoidezbst categories (e.g., uncleared capacity, uncleared capacity DRIPE)
uncleared reliability avoided costs are summed over the time period that a measure is active. This is
similar to the approach sl to sum avoided costs for most categories.

Unlike other ucleared avoided cost categories, users should not apply a scaling factor (like the kind
described iMAppendix KScaling Factor for Un@eed ResourcésThe scaling factor reflects a demand
YSI &adzNB Qa I6af oredast, wiclf is & fintion of the number of daily peaks (the inputs to the
ISO New England demand forecasiression) that are reduced by the measuBecause changes in
reliability do not impact the load forecaghe scaling factor should notbused to adjust uncleared
reliability benefits.

Other considerationsreliability impact on norsummer peak hours

Measures increase generation reliability to the extent that they reduce load at hours that would
O2yiNROGdzGS G2 L{h nhoSsof-errgyekpeoaron @ OEER AnkfiicieticSmeastire
that clears as 1 kW of supply in the capacity auction prayide more or less load reduction during the
highest LOEE hours. We note that these hours may not necessarily coincide with ISO Nelw @rglan
definition of onpeak hours for ompeak resources (weekday hours endinglf4from June through
August and hoursnding 18 and 19 in December and January) or seasonal resources (hours in June
through August, Decembgaind January with load greater th&3 percent of the seasonal 50/50 peak),
especially as solar generation reduces LOEE in sunny summer hours.

In seting the demand curve for each capacity auction (both the FCAs and the annual reconfiguration
auctions), ISO New England derives various oreaof generation risk, including lestload

expectation (LOLE), which is a measure of the fraction of timeviaitefor which supply might be

inadequate, and the LOEE, the amount of energy that would not be served on average. ISO New England
providedits risk results from the second annual reconfiguration auction for the 22023 capacity

compliance period (the p@d covered by FCA13), as showiable130. All months other than the

summer had zero risk in this analysis.

Tablel30suggests that only the reductions in the highast-load hours of the summer are likely to
have any effect on reliability, at least in the near tetfhThat may change as electrification increases
winter loads andtorage fattens the effective peaks.

326Seehttps://WWW.svnapseenerqv.com/sites/de\siuIt/fiIes/AESC Supplemental Study Part | Winter Peakopahore
discussion on this.
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Table130. Monthly distribution of risk prices for capacity commitment period 20223, annual reconfiguration
auction #2

June July August Annual
LOLE (days) 0.00066 0.02059 0.07868 0.09994
LOLE (houjs 0.00194 0.11075 0.43035 0.54303
LOEE (MWh) 0.953 119.184 524.418 645.153

Percentage by month

LOLE (days) 0.7% 20.6% 78.7%
LOLE (hours) 0.4% 20.4% 79.2%
LOEE (MWh) 0.1% 18.5% 81.3%

11.3. Value of reliability T&Dcomponent

New to AESC 2021, we pide an example methodology of how utilities might calculate a value of
reliability associated with T&D.

Theory
Reducing loads can also reduce overloads and violatioh&DBplanning standards, by:

1 Leaving additional capacity across this system to accotamedlows from facilities or
equipment that are forced out of service by nmad-related problems,

1 Reducing verloads under extreme weather conditions, and

1 Reducing wear on lines and transformers from the cumulative effects of many hours
with high loads®?’

The aging of transformers (both at substations and along primary feeders) primarily results from the
breakdown of insulation due to heating. That deterioration cardbeen by:

1 Short periods of very high load levels: transformers typically can be wuead over 150
percentof their rated capacity for an hour or two, if they start cool.

9 Long periods (sth as many hours or days) of lower but still high loads, which heat up the
insulation.

1 Even more so, very high load levels following a long peritigh loads.

Similar considerations also apply to underground T&D lines that are insulated in the gihwese.
underground lines and their insulation also heat up due to long pswbtigh loads.

327 Other causes (tree, weather, animal contact,.ptif outagesare not loadrelatedandare thus outside the scope of this
analysis.
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Some overhead lines are subject to a different set of Jadted failure modes. Generally, the
surrounding air cools the lines and reduces the effect of hedtlbpiat moderate load levels. However
when lines are loaded near their thermal ratings, this can lead to deterioration of insulation (if they are
insulaed). High loads can alstretch and weaken the metal conductor, and redlioe clearance from

the graund or other objects below the line. Stretched lines are more vulnerable to breakage from other
stresses, such as wind lo&.

We examined utility repds ondistributionoutages to attempt to estimate the amount of load lost due
to potentially loadrelated equipment failure, as opposed to evestgchas tree, vehicleor animal
contact.

The value of increased T&D reliability is complementary, not daples of the avoided T&D costs.
Reducing loads (or avoiding rising loads) will tend to increase iteyiaven whernthe T&D system does
not changeBY contrast, theeliability fora T&D element (e.g., distribution substation, feeder, line
transformer,secondary lines) is not likely to improfge T&D equipmenthat is avoided by a load
reduction32°

Exanple calculation

For the purposes of AESC 2021, we reviewed the 2019 outages in National Grid Massachusetts

odUnplanned Significant Outage Report A Yy -5Q11, which include@bout4,700,000 customer

hours of outage. Those hours were about 65 percenttiueees, with failed equipment accounting for

over 14percent(over 682,000 customehours), and other categ@s (lightning, animals, and other
miscelaneous)otaling about 2Qpercent. The outages that National Grid listed as due to failed

equipment ircluded some that were clearly not due to electrical failure, such as broken poles, lightning
arresters, and brackets; many categories that might concéivdb 6 S NBf I 6 SR G2 KSI ge& ¢
fuses¢ FANBAaAZ YR Fl Af SR m&)pahdadelw kalyrto e MadtatedSikE | YR NBC
transformers, underground cables, and splices). That last group of outages amouiateolitd 76 000
cusiomer-hours,about4 percentof the total outage hourswWe note that some portion of these outages

maybe associated with deferred maintenance or defective parts, and may not ultimately be avoidable

through load reductions.

Exhibit NGHSG3Ato National Gk RQa T A f 150 Arovides customer nunyber and sales by class.
The averag@aon-streetlightingcustomer uses about 15 MWh annually, but many of the largest
customers are served at primary or even transmission voltage. The customess s¢isecondgy
voltagewould be exposed to more outages than customers served at privaigge and the
transmissiodevel customers would not be affected by any of thdssribution outages. Counting only

328 Many overhead lines are salfipporting and thus vulnerable to stretching and physical stress. Line supported by much
stronger steel messenger wire are less sensitive to teehmanical stresses.

329 Logicdl, similar considerations would apply to the réligty of natural gas supply by LDCs, but that subject is beyond the
scope of AESC 2021.
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50 percent of the sales at primary and norfdlte sales atransmission, the average usage falls to 14
MWh per customer annually, or about 1.6 kWh per custoineur.

Multiplying togetherthe number of customehours related to loadelated outages (about 176,000).6
kWh per customehour and $3 per kWh VoLLiglds a total annual cost of the potentially lcaelated
outages of about $1 million annually. Dividing by totdistribution sales of aboul9.8 TWh this
resulting perMWh cost is $.04per MWh. The loadelated failures in 2019 were presiably due to
accumulated damage over decades of service, but the energy delivered in 2019 will contribute to
failures that occur in 2018s well as future year#ience, it appears reasonable to estimate the load
related costs of lost distribution relialiyl in future years to be similar to the cost derived from 2019
data The distribution reliability coshay varyby time period, withpotentially higher costs in peak hours
than offpeak hours and higher costs in summer months than the rest of the3j@ar.

The methodologyf this analysis could be applied for other investovned utilities that file similar
data, and for additional years. Similar data may be available from electric utilities in other Staes.
recommend that utilities or program administias examinalata local to their own jurisdictions and
evaluate their own estimates of T&D reliability benefits.

330High winter loads may also contribute to the aging of transformers, but lower ajpeestures reduce overheatirgnd
damage. For example, National Grid (MA) aimehange out residential transformers when they reachhaléir peak
loads of 160 percent of rated capacity in the summer or 200 percent in the winter (see B&GI116-iling Aachment 2).
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Analysis of sensitivities is forthcomimgMarchApril 2021 We are planning to analyze the following
three sensitivities:

1. Longterm impact of COVIEL9 (impacts on load, gas prices, etc.)
2. High natural gas price

3. Climate policy

Each of hese sensitivities will require further discussion among the Study Group and the Synapse Team.
During these discussions, we will define the purpose of saakitivity (i.e., how the sponsors of AESC
anticipate using the analysis) and will define the neeeg input parameters.
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This appendixlescribeshow values pos035 are extrapolated, how tcompute levelization, how to

convert between nominal and constant dollars, and how to compare results from this AESC study to
previous versions. This appendix also includes a description of the role of energy efficiency programs in
the capacity market.

Extrapolation of values pos2035

Many demaneside measures have lifetimes extending past 2035, which requires the extrapolation of
awided cost values for years 2036 through 2885,

In past editions of AESC, authors used the forrasildescribed ifcquationl2to extrapolate costs for
each avoided cst category®32 The resulting growth rate is then applied to values in 2035 to calculate
values in 2036. Subsequent years through 2055 are calculated similarly.

Equation12. Compound annual groth rate (CAGR) formula used in past versions of AESC
0L ¢ QORIQ0 ~
00 €& QOIQO

60 0OY

CKAE SEGNILREFGAZ2Y YSiK2R2ft238 ¢l a OKz2aSy KA&G2NR
the extramlated period, under the theory that extrapolated values would be most influenced by more
GNBSOSyiGé¢ @I tdsSa oFlyR aK2dAZ R 0SS fSaa Ay¥FtdzSyOSR o8
members of the AESC 2021 Study Group pointed out that becaugadthiedology only relies on two

data points, in certain circumstances (i.e., when the 2031 or 2035 values are divergent relative to the

rest of the series) this method can produce a very high or very low growth rate. As a result, it may not be
suitable forcdculating avoided costs po&035.

TheSynapse Team developed a list of pros and cons of the CAGR extrapolation methodology as well as
other methodologiesthen provideda recommendation for which approach to use.

331 Program admiistrators installing measures with long lifetimes2022 or later years will utilize avoided costs in 2051 and
later.

32 v LI Al OSNBA2YE 2F 1 9{/ 3 ®BKANI KN DwES SN yNIBTFShmRitois FROS 1R
coversfour years of growth.
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Compound annual growth rat¢CAGR)

A CAGRpanning a fivegrear period has been the method used for extrapolating-nudeled values in

all recent previous AESC studies. But other CAGR periods (e.g., spanning 6 years, 10 years, or something
else) are also possible candidates for Uszhlel31summarizes the main advantages and disadvantages

of the CAGR approach.

Table131 Advantages and disadvantages of CAGR approach

Advartages Disadvantages

A shorterterm CAGR relies on data points that are | Any CAGR relies on two data points. If these data
closest to the extrapolated period. points areoutliersrelative to the rest of the series, th
growth rate may be too low or too hig

This approach has been used historically and is wid
recognized and nderstood.

Average annual growth rate (AAGR)

The AAGR is a common alternate to the CAGR. AAGR is calculated by determining the ananal year
year change in the values of a series, then calculating the simple mathematical mean (average) over that
set ofresulting growth rates. Unlike CAGR, it rebesa set of numbers to inform future values (rather

than only two data points). However, AAGR has a drawback of overstating trends in some
circumstances. Consider the example showmablel32 In this scenario, the series varies between a

value of 100 and 110 over a period of 11 years, but returns to 100 in the final year. Because a unit
reduction from a high value is a lower percentage than a unit reduction frtow &alue, the AAGR

0.5 percent over this time period, whereas a CAGR would produce a growth rate of 0 percent. If annual
variability is small, this effect may not substantially bias the resulting AAGR. However, if the annual
variability is large in deast some yearshe resulting AAGR may be larger than expected.

Table132 Example of AAGR calculation over a stationary series
2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Value 100 110 100 110 100 110 100 110 100 110 100
Annual Growhrate - 10% 9% 10% -9% 10% -9% 10% -9% 10% -9%
AAGR - - - - - - - - - - 05%

As with CAGR, for AAGR there is a choice to make about what period to rely on for forecasting the future
(e.g., spanning 6 years, 10 years, or something élsd)le133summarizes the main advantages and
disadvantages of the AAGR approach.
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Tablel33 Advantages and disadvantages of AAGR approach

Advantages Disadvantages

AAGRelies on a set of data points (rather than just | AAGR can be biased towards larger changes in val
two as in theCAGR method), which smooths out the| even if the series is mostly invariant.

resulting growth rate.
This approach is widely used (outside of AESC) ang This approach has not ba used in prelous AESC
understood. studies.

Calculating a growth rate based on a regression

The Synapse Team developed a third extrapolation omiored atreconcilngthe following needs:

f The need to rtrapolate future values using modeled values that are reddisi y S I NE
the extrapolated period

1 The need toelyon extrapolate avoided costs that are representative of the recent
trend, absent noise in the data

One way to achieve both of these goals is to smooth the values, then calculate the CAGR or AAGR. One
smoahing technique is to perform a linear regression over the values in quesgtigure52 depicts a

linear regression of the 2030 to 2035 datapoints in an example set adexabsts. This linear
regression creates abasisforéxttJ2 f  GA2y GKIFG A& 06204K o6Fl0 olFaSR 2y
smooths the noise in the series.

Figure52. Example of linear regression over a short period
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2021 2023 2025 2027 2029 2031 2033 2035

We then calculate a CAGR using the first value in the regressibtina last value in the regression.
Alternately, wecouldinsteadcalculate the AAGR over the same period (starting with the annual growth
rate observed between the second point in the reggion and the first point, and so on). For many
regressions, thestwo growth rates will be virtually identical (e.g., within one dasth of a percent),

with the AAGR being slightly larger than the CAGR due to the regression producing a constant unit
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change added to smaller, then larger, avoided cos&hlel34 summarizes the advantages and
disadvantages of this approach.

Table134. Advantagesand disadvantages of regressiaterived growth rate approach

Advantages Disadvantages |
This approachmooths the trend observedver a This approach has not been used in previous studie
recent set of data points. and was derived specifically for AESC.

Resulting CAGR and AAGR will be virtually identica

most series.

Recommendatiorfor extrapolation
In developing our recommelation, the Synapse Team notes the following:

1 The Study Group has expressed a desire for a single extrapolation methodalogg fo
across all avoided cost categories for ease of use.

1 The Study Group has expressed a desire for an extrapolation technitpeebioth (a)
based on data from years close to the extrapolation period and (b) be representative of
the overall trend duringhis period (rather than being heavily weighted by one or two
outlying data points).

T ¢KS aoSaié SEGNI LRt kcledhsed on hé do@technigliezhdrft R 0SS &
best meets the needs expressed for extrapolation, rather than the one that produces
the bestlooking or most reasonable result for a particular avoided cost series.

The Synapse Team recommends the CAGR with regreésshorique as the extrapolation technique
best suited to using recent values that are representative of a number of data jpwieésh avoided
cost series. In addition, we recommend increasing the timespan toc203%. The addition of another
year coversa period large enough to produce a lasssy trend. The 2032035 time period also
continues to represent a period of timedhbetter represents pos2036 trendsThe Synapse Team
recommend using CAGR rather than AAGR as this method avoids the biasrihimeAAGR related to
weighting unit changes applied to larger vs. smaller nump&s.

333 There are two exceptions tihis recommendation. First, we estimate capacity price shifts in 285 (used to calculate
capacity DRIPE benefits in these years) by examining the median price shi#2&nthrough 2035. A medias used
rather than a trend plus CAGR because syealon-year differences in demand or supply can produce substantial swings
in price shifts in one year, followed by a return to the original price shift just one year latsse Bwings are much larger
than any swings observed in other avoided cost ipahd are an outcome of the stepwise supply function used by 1ISO
New England (and deployed in AESC). This period is chosen because it is the period where capacity popeteate p
rather than based o observed auction data. The second exception ésfiial avoided cost streams for uncleared measures
(e.g., uncleared capacity, uncleared capacity DRIPE). Because avoided costs in these categories vary by measure life, and
because they are summed overdlentire study period (rather than over the measlife as with all other avoided cost
categories), we extrapolate the inputs used for these categories (e.g., capacity clearing prices, loads) but calculdte avoide
costs explitly for each year through Z5b.
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Note that through the use of thAESC 2021 User Interfaned other appendices, readers of AESC 2021
can calculate their own extrapolated values if their policy contegtiires some alternate methodology
than the one recommended above.

Levelization calclations

The AESGtudypresents levelized costs throughout on ayidar basisAppendix B: Detailed Electric
Outputs presents leelizedcosts over diffegnt years. We calculate levelized costs for three different
periods:

1 10year: 2021 to 280
1 15vyear: 2021 to 2035
T 30year: 2021 to 2050

All levelized costs are calculated using a real discount rate of 0.81 percent.

To calculate leMized costs beyond the three periods documented above, readers of AESC will require
(a) a real discount rate (0.81 percent or otherwise specified), (b) the number of years and timeframe
over which costs are to be levelized (e.g., 10 ye@@21 through2030inclusive), and (c) the specific
avoided cost values for the relevant reporting regiBquationl3 describes the formula used to

estimate a levelize cost within Excel.

Equation13. Excel formula useébr calculating levelized costs
0 QU 'Qad@d DQ
00" 0OQI @& 6 WOO@HN § "B @é 6 HVOYADIH § "QEEE @ IQd @& Q

Converting constant 2021 dollars to nominal dollars

Unless specifically noted, thispart presents all dollar values in 2021 constant dollars. To convert
constant 2021 dollars into nominal (current) dollars, apply the formula describEéduationl4. Inflator
and deflator converign factors forAESQ021are presented irAppendix E: Common Financial
Parameters

Equation14. Nominalconstant dollar conversion
B¢ & i AEaioR TrcA
€ & 006ECE U QIO @emEi T A

Uéé("QSd)dM“xésQ

Comparisons to previous AESC studies

A reader of the AESXD21Study may prepare comparisonsthe AESQ0221{ (i dzR &yerilevalized
I 2ARSR 02ada ¢6A0K GKS wnmy !'9{/ {0ddzRéQa | 92ARSR
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1 Identify the relevant reporting region and costing period

1 Obtain the annual values of each avoided cost component from AppendiRBSC
2021 and AESC 2018 (foettelevant reporting region and costing period)

1 Convert the AESC 2018 values from 2018 dollars to 2021 dollars

1 Calculate the 14ear levelized cost in 2021 dollars using the AESC 2021 real discount
rate (0.81 percent)
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AESC 2021 provides detailed avoided electricity cost projections, both energy and capacity, for each
New England state. This appendix provides an overview of and instructions on how to apply those
avoided costs. All yizes can be found in thAESC 2020ser InterfacdseeAppendix FUser Interface

for more informatior) and state values are summarized in the standdlon9 EOSt FAt S GAGf SR

. ¢3¢

Structure of Appendix B tables

For each stateAppendix B presea tableswith the following avoided cost

Avoided unit cost of electric energy

Avoided REC costs to load

Avoidednon-embeddedGHCcosts

Avoided NQcosts

Energy DRIPE for intrastate and refpool for2021 installations

Electric Cros®RIPE

Avoided uni cost of electric capacity by demand reduction bidding strategy

Capacity DRIPE for intrastate and fespool for 2021 installatios

© © N o g > w Do

Avoided reliallity costs
10. Avoided cost of pooled transmission facilities (PTF)
lllustrative levelized values are providéx each avoided cost.

Appendix B is organized into wholesale vajalesn retail values. Users typically do not need to use or
modify the wholesalevalues directly, but users should apply values in accordance with state regulations.

Within these two catgories, avoided costs are further arranged into avoided enbaped costs
(presented in $ per kWh) and avoided capatiised costs (presented inggr k\Wtyear).

334For comparative, historical purposes, we astimate avoided costs for two subregions within Connecticut and three
subregions within Massachusetts. Avoided costs for these subregions are not materially different didedasosts for
each of two elevant states. This subregional data is only foumithe AESC 2021 User Interface
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Energybased avoided costs, fer kWh

Avoided electric energy costs are presented by ye&wun costing periods: opeak winter, offpeak
winter, on-peak summer, ofpeak summer. ISO New England defines these costing periods as

follows33°

T  Summer onpeak: The 1éour block from 7 an. till 11 pm., MondayFriday (except ISO
holidays), in the month of JuneSeptember (376 Hours, 157 percent of 8,760%°

1 Summer offpeak: All other hours between 11rp. and 7 am., MondayFriday,
weekends, and ISO holidays in the months of d&eptember (1,52 Hours, 177
percent of 8,760)

1 Winter onpeak: The 1éour block from 7 an. till 11 pm., MondayFriday (except ISO
holidays), in the eight months of JanuelMay and OctobetDecember (2,20 Hours,
31.0 percent of 8,760)

1 Winter off-peak: All other hours between 11rp. and 7 am., Monday;Friday, all day on
weekends, and ISO holidagis the months of JanuagiMay and OctobegDecember
(3, 112Hours, 3.5 percent of 8,760)

The annual avoidedlectricity cost for a given year, or set of years, is equal to the-haighted
average of avoided costs for each of the foasting period of that year (sedequationl5).

Equation15. Calculation of annual avoided electricity cost

0 & & OCENE QDY O ©OEO ®
PEP YOAAMED QO @B P YO A dBIQQ) Qo Q
o@tb ®QE NRIVQO o® P ©QE HAIRQ) QRQ

The specific wholesale avoided energy costs included in Appendix B are explained below.

1 Wholesale avoided costs of electricity enerygnualwholesaleelectric energy prices
are outputted from the EnCompass simulation rdfs.

1 Wholesale REC costs to lo&shnual avoided REC costs are specific to each state.

1 Wholesale norembedded GHG and IXEbsts.Annual estimates of noembeddedCQ
and NQvalues areprovided for each of the four energy costing periodsn
embedded costs of N@re included in Appendix B for the first time in AESC 2021 and

335L{h bS¢ 9yIftlLyRd [Fald | 00S&aaSR laonddrKAvailabe atiwtpsvwnwd.isé: Df 2 2 & NB |y
ne.com/participate/support/gbssaryacronyms/
3B rh bSy 9yIAfLYR K2f ARF&& | NBLabSrday, Thanke§hing Bay, &rd Crri§rvag8. NA F | 51 & =

337 The avoided energy costs are computedtfte aggregate load shape éach zone by costing period as described in more
detail in Sectiort.3. NewEngland system demadn
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avoided costs areaicuhted in the same manner as n@mbedded carbon costs.

1 Wholesaleenergy DRIPESeparate projections are provided for wholesale intrastate and
rest-of-pool energy DRIPEE Users should apply energy DRIPE values in accordance
with relevant state regulatinsgoverning treatment of energy DRIPE. For example,
Massachusetts only considers intrastate DRIPE benefits, whereas Rhode Island considers
both intrastate and resbf-pool DRIPE benefits.

i Wholesale crosBRIPEAnnual wholesale electric cro§RIPE vaés nclude both
electric-gas crosDRIPENdelectric-gaselectric crossDRIPEwWhich represents the
benefits from a reduction in the quantity of electricity that reduces gas consumption
and that subsequently reduces electric pricéssers should treat thavoided costs for
electric crosDRIPE similarly to energy DRIPE.

Capacitybased avoided costs, fer kW-year

Most capacitybased avoided cost componemténcluding wholesale avoided unit codtelectric
capacity, wholesale capacity DRIPE, and religbifite separated into cleared, uncleared, and weighted
average values.

Theclearedcapacity columns provide estimates for FCA capacity prices reported on a calendar year
basis. ISO New England geally reports capacity prices based on powears (June lotMay 31).

Theunclearedcapacity columns provide estimates for capacity based on uncleared capaaitpid

capacity avoided through energy efficiemagasures. The values are multiplied bg ttapacity price

load effect and reserve margin percentagBscause FCA auctions are set three years in advance of the

I OGdzZf RStAODSNE @SINE | @2ARSR OF LI OAGE y20 0AR AY
determination of forecasted peak uniD26for measures installed i021

Wholesale capacity DRIBEjections are provided for intrastate and rest-pool energy DRIPE for
installation year 2021. Users should apply capacity DRIPE values in accordance with relevant state
regulations governing t@ment of capacity DRIPE.

Avoided cost for PTi§ based on csts allocated to LSEs from ISO New England. This is the only capacity
based avoided cost that is not separated into cleared, uncleared, and weighted average values, because
it is not part of theFCM Utilities that use avoided PTBsts should include onlgcal transmission

investments (those not eligible for PTF treatment) in their own avoided transmiss&ianalyses

In the AESC 2021 User Interfacsers may specify a percentage of measuhat are cleared in the

FCM. This percentage is then usectalculate aveighted averageavoided cost for cleared and

uncleared capacity, cleared and uncleared capacity DRIPE, and cleared and uncleared reliability. The
weighted averagés based on a simplified bidding strategy consistingadrcent of demand réuctions

338pRIPE vintage years are available for 2021 through @@B8 the AESC 2021 User énface
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from measures in each year bid (cleared) into the FCA for that year and the remainpegcent not
bid (uncleared) into any FCA. The default valueier50 percenh

How to convert wholesale avoided costs tetail avoided costs

AESE@stimates avoided electric costs at the wholesale level, meaning reductions at poweisgiant
energy marketsTheAESC 202ser Interfaceand Appendix B Excel workbooks allow usersotavert

the wholesale values to retail values. Retail avoided costs represduattions at the customer meter or
end-use level andthey are meant to approximate the price customers see on utility.bills

Depending on the avoided cost, two adjustmenttfas are applied to convert from wholesale to retail
values: (1p factor fortransmission and distribution less and (2) a wholesale risk premiuBoth
factors are described in detail beloWhese adjustments gross up wholesale values, leading to retail
values that are greater than wholesale values.

In general, the formula for caerting from wholesale to retail shown inEquationl6.

Equation16. Gnverting from wholesale to retaibvoided cos$
EVIEINO) o) 0 X0 Y0 ToRo)
WL £ QOO Qi D p aé£i i Qp 0C aQiidAQG Qo G

Wholesale risk premium

Thefull retail price of electricity is generally greater than the sum of the whotesslrket prices for
energy, capacity, and ancillasgrvice This is because retail suppliers incur various market risks when
they set contract prices in advance of supply deljwén AESChts premium over wholesale pricées

called thewholesale risk gemium, and the default assumption is that retail prices are 8 percent greater
than wholesale prices

Types of risk

The wholesale risk premium accounts foultiple risks. Firsthereisi KS NB G A f tod dzLJLJX A SN &
mitigate cost risks Retail suppliermitigate some risk by hedginbeir cossin advance, but tare is still

uncertainty in the final price borne by the supplig@ihis includesost risk fromhourly energy balancim

ancillary services, and uplift.

The larger component of the risk is thdfdience between projected and actual energy requirements

under the contract, driven by unpredictable variations in weather, economic activity, and/or customer
migration. For exaple, during hot summers and cold winters, LSEs may need to procure additional

energy at shortage prices, while in mild weather they may have excess supply under contract that they
YySSR (2 GRdzYLX AyiG2 GKS ¢gK2f Sal fingconomijoSmiiand & I 24
bust cycles.
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In addition, the suppliers for utility stalard-service offers run risks related to custonmigration.
Customers may migrate from theilityQ & a @ I y $ekvibERo canipatit/aldupplpresumably at
times of lowmarket prices, leaving the supplier to sell surplus into a weak market at.aAlbsshatively,
customers may switch frormompetitive supply to the utilit@ standard offerservice at times of high
market prices, forcing the supplier to purchase additigmawer in a higkcost market.

Estimating the wholesale risk premium

Estimates othe appropriate premium range from less than 5 percent to around 10 percent, based on

analyses of confidential supplier bidgrimarily in Massachusetts, Connecticut, and Mamngt to

which theSynaps&eam or sponsors have been priy Shortterm procurenents (for six months or a

year into the future) may have smaller risk adders than losigan procurements (upwards to about

three years, which appears to be the limitof &dp A SNEQ ¢Af f Ay3dySaa G2 2FFSNI 1
require suppliers to matain higher credit levels tend to see the resulting costs incorporated into the

adders in supplier bid¥° AESC 2021 uses a wholesale risk premium of 8 percent to réféess t

dynamics.

AESC 2021 applies the same wholesale risk premium to avoided albaesrgy prices and to avoided
wholesale capacity pricéé:

The risk premium is a separate input to the avoigdedt spreadsheet. Therefore, program
administrators will beble to input whatever level of risk premium they feel best reflects their specific
experience, circumstances, economic and financial conditions, or regulatory direction.

Members of the Study Group have inquired if a similar wholesale risk premium coalojptied for

natural gas efficiency programs. Natural gas marketers also undestateacts of varying durations for
future delivery and account for risks in their retail pricing. The current scope of AESC 2021 does not
include the development of a whdale risk premium for natural gas, but such work could be included
in future AESC wtlies or updates to this study.

339Note that these bids are confidential and cannot be made public.

340The default value for Vermont is set in accordance with guidance from the Vermont PUC, which also specifies a default
value for municipal utilities.ese utilities typically eittr procure a basket of generation resources or contract for bundled
servicefrom suppliers.

341Capacity costs present a different risk profile than energy costs. With the FCM, suppliers have a good estimate of the
capacity pricahree years in advance and the capacity requirement for customers about one year in advance.
Reconfigration auctions may affect the capacity charges, but the change in average costs is likely to be small. On the other
hand, since suppliers generallyarge a dollarper-MWh rate,and energy sales are subject to variation, the supplier
retains some riskfounderrecovery of capacity costs. There is no way to determine the extent to which an observed risk
premium in bundled prices reflects adders on eggrcapacity, ancillary seceis, RPSs, and other factors. Given the
uncertainty and variability in theweerall risk premium, we do not believe that differentiating between energy and capacity
premiums is warranted. We thus apply the retail premium uniflyrin both energy and capagitalues.
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Transmission and distribution losses

There is a loss of electricity betwea@d SY SNI G Ay 3 dzyAd FyR L{ hThebeBrg, 9y It |\
akilowattf 2+ R NBRdzOGA2y |G GKS L{h bSquandtyoBdetticigQa RSt A QD
that a generator has to produce by one kilowatt plus the additional quantity that would have been

required to compensate for losseBhese losses oar on both the transmission and distribution systems

and apply to both energy andysacity avoided cost&*

When converting from wholesale to retail valugspgram administrators can use the default T&D loss
value in AESC of 8 perceot,program adminigators can use their own custom T&D loss factors.

AESC T&D losses

AESC convertssoded costs fromwholesale to retail valueassumingnarginal losses of 9 percent for
energy (i.e., all avoided cost categories that are described in terms of $ per kWh sedcent for

peak demandi.e., all avoided cost categories that are describei@ims of $ per k\Wear).Table135

displays the recommended loss factors, along with the average fattonswhichthey are derived. We

note that previous editions of AESC have typically recommended a loss factor of 8 percpplidx ta

all avoided cost categori€$3 However, this losactor is average (rather than marginal) and focused on
peak hours (rather than all hours). As a result, we have updated the recommended loss factors in AESC
2021. See Sectioh3New England system dem@for more discussion oderivingmarginal loss

factors.

Tablel135. Los factors recommended for use in AESC 2021

Energy Peak Demand

Averge 6%(a) 8%(c)

Marginal

9 0
Recommended in AESC 2021 9%(b) 16%(d)

Sources: (a)ttps://www.iso-ne.com/staticassets/documents/2019/11/p2_transp_elect_&ipdate.pdf slide 25; (b) 1.5 x 6%,
per 2011 RAP paper; (c) ISO New England MRiess, Section 111.13.1.4.1.1.6.(a); (d) 2 x 8%, per 2011 RAP paper.

Custom T&D losses

If a program administrator chooses to apply custom T&D loss valueseds to conisler three types of
losses: distribution losses, transmission #®RF losses, and tramission PTF loss&elow, vwe estimate

342The forecast of capacity costs from the FCM do not reflect thessestherefore forecasted capacity costs should be
adjusted to account for them.
343 Note that this 8 percent value includes both transmission log2é&spercent) and distributin losses (5.5 percent).

ISO New England. October 10, 20L&ansmission phning Technical GuidAvailable atttps://www.iso-ne.com/stdic-
assets/documents/2017/03/transmission_planning_techincal gquide rev6.pdf
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https://www.iso-ne.com/static-assets/documents/2019/11/p2_transp_elect_fx_update.pdf
https://www.iso-ne.com/static-assets/documents/2017/03/transmission_planning_techincal_guide_rev6.pdf
https://www.iso-ne.com/static-assets/documents/2017/03/transmission_planning_techincal_guide_rev6.pdf

PTF losseand describe the need for program administrators to derive their ownR®R costs. These
two components could then baddedto custom distribution lossegalues, perhaps developed using the
guidance irfection 10.4 Localizedralue ofavoided T&D

PTF losses

ISO New Englardbes not appear to publish imates of the losses on the [S@ministered
transmission system at system pe#&0O New England does release hourly valuesy&tem loadand
non-PTF demand that enable to us to estimate BEBes’**On average, systeTHosses between
2010 and 2020r& 1.6 percent. This is the same numblescribedn AESC 2018.

PTF losses probably vary among zohesausdosses in any zone depeé both on loads in that zone
and flows into and out of that zone to the rest of the regibtowever, marginal losses byneocould not
be identified using the available data provided by ISO New England in December 2028aurid be
difficult to estimde from historical data anyway. Therefore, we use average losses for AESC 2021.

NonPTF losses

AESC does not recommend dccdation for noRPTF losses at this time. Utilities who wish to develop a
custom T&D factor should examine their own data and foateutheir own norRPTF losses as
appropriate.These norPTF losses include losse®r the noRPTF transmission substatioarsd lines to
distribution substations

Applyingwholesale to retailfactors

Tablel36 summarizesvhich retail factors arapplied when converting wholesale avoided cost to retail
avoided costs. Lass apply to all avoided cost® Losses are applied to avoided capacity costs to be
consistent with how generation capacity is procured or avoided.

The wholesale risk premium is applied to energy values excepentdiedded values and to uncleared
capacity values. The wholesale risk pre@midoes not apply to noembedded values because, by
definition, these costs are not embeddedalectricity pricestherefore retail suppliers do not include
these costs in supply contractBhe wholesale risk premium does not apply to cleared capadigsa
because resources cleared in the Ffelgeive FCNprices.

Avoided PTF costeepresent avoided infrastructure investments, which would not be impacted by line
losses or wholesale market risks.

344150 New England defines system load as the sum of generation and net interchange, minus pumping loadP&fd non
demand. ISO New England uses@h& Ndén-ta¢ C RS Y | yiéad defverddinid €& networks of distribution
utilities. Losses on theTiF system are thus the difference between the system load anePiidghdemand.

345This includes avoided PTF costs. Avoided PTF costs are calculatecbasishof dollars peyenerding kW. In order to be
applied to retail KW savings, they must be increabgé loss factor.
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Tablel136. Wholesale to retail faabrs by avoided cost category
Avoided cost categories Losses Wholesale Risk Premium

Electric energyenergy DRIPErossDRIPE V V
Nonembedded GHGion-embedded NOx \%
Clearedcapacity, capacity DRIPE, reliability \%
Unclearedcapacity, capacity DRIREliability \% \%
PTF losses \%

Guide to applying the avoided costs

AESC 2021 allows users to specify certain inputs as well as to choose which of the avoided cost
components to include in their analys@heretail avoidedcosts are calculated using thelfowing
default values

1. Wholesalerisk premium 8 percent*®
2. Losses9 percentfor dollarper-kWh values and 16 percent for doHper-kW value$*’

3. Realdiscount rate 0.81 percent

Users may insert their own values foete input assumptionsf a user wishe to specify a different
value for any of the inputs, the user should enter tlevvalue directly in the Appendix B Excel
workbook. The calculations in the worksheet are linked to these values and new avoided ddsts wil
calculated automaticallyonth@ ! a SNJ wSadzZ Ga¢ LI IS

346 The wholesale risk premium for Vermont is 11.1 percent per Vermont DPS. See Appendix A for a more detailed discussion
of the wholesale risk premium.

347Each pogram administrator should obtain or calculate the losses applicable spdsific system as describedGhapterl0
on avoidedT&Dcosts.
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The following appendix provides projections of avoided natural gas costs by year, andseettdalso
includes projections of natural gas supply DRIRENatural gas crod3RIPE values lygar, and by end
usex I £ dz§& I NB Ffaz2 LINPGARSR Ay (KS &idlyRIf2yS 9EF

14
O«
w»

Avoided natural gas costs by engse

Table138through Tablel42include forecasts of avoided natuigéds costs by year and ende for

three New Egland sukregions:southernNew England (Connecticut, Rhode Island, Massachusetts),
northern New England (New Hampshire, Maine) and Vermont. The avoided cost lsemnsl shown

two ways: first, as the avoidezbst of the gas sent out by the LDC (i.e.,dkeided citygate costand

second, as the avoided cost of the gas sent out by the LDC plus the avoidable distribution cost (i.e., the
avoidable retail margin).

The tables show avoided costs for the followargtdza SayY WSAARSYUGAFf ngf2y mKSE GAY
KSIFGAY3AZ FYR FEEfT / 2YYSNODAIT 9 disetRidzadiseh I  y2y nKSI

T b2y nKSFGAy3a 02fdzyrya AyOf dzRBes@ithigarSaly NSt I 6 SR {2
constant gas use throughothe year.

1 Heating value columns include vakirelated to heating enrdses in which gas use is
high during winter months.

1 When determining the costffectiveness of a program or measure, users should choose
the appropriate column to determine the avoidedst values for each program and/or
measure.

As mentioned abovelable138through Tablel42contain two types of avoided natural gas costs by
SYRmdzaS FyR &dzo mNBIA2YyY (mEr§in, 8d tNésacond dssudmsSamey 2 | @2 A
amount of avoided retail margins. Program adistrators must determine if their LDC has avoidable

LDC margimand should pick the appropriate value stream accordingly.

bl GdzNI f 3IF & adzlll)f & FyR ONRAaanFdzSt 5wlLt 9

Tablel43throughTable148A y Of dzRS F2NB Ol ada 27F y I (dzNI ftusednda & dzLJLJ
costing period. This is shown by year and by state, as will #se whole of New Englantilew in AESC
2021,we also display both zoren-zone and zonen-rest-of-pool (ROP) valueg¥é?

348 previous versions of AESC directed users of the study to calculatezétestof-Pool values on their own, byubtracting
the state values from the New Englandde value. We now preseit K S48 S @1 f dz848 &aSLI N} GSfé& FyR SEL
convenience.
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Column 1 okach of these tableshows gas supply DRIfE measuresristalled in 2021Program
administrators can use the value byar from this column and apply it to the MMBt@ gas reduction
from efficiency programs and measures throughout the lifetime of the program or mea&uore.
analogous value for zoren-Restof-Pool DRIPE appears @olumnl0.

Columns 2 througB show gaselectric (GE)crossfuel DRIPE by costing periadd load segmerfor

each stateProgram administrator€an use the value by year from these columns and apply them to the
MMBLtu of gas reductiofrom the relevant costing period and load segmerttiese valug are

calculating using the endse share assurntipns depicted irTable137.34°

Table137. Enduse and sector share assumptions used to calcul@tecrossDRIPE

Share of Total

Sector EndUse Share of Sector :
Consumption
Residential Non heating 6%
Resgdential Hot water 27% 40%
Residential Heating 67%
Commercial & Industrial Nonheating 27% 60%
Commercial & Industrial Heating 73%

Note:DRIPEFFSOG&a F2NJ dab2y |1 SridAy3IéE YR al 26 2F0SNE AviateNSAARSY G ALl
F2NNdzE & Ay Yl ye LINE3ING &l YRYRYIAZDG NI Ay2ANBENE SSyS FAAYYSNOALFE 9 Ay
water measuresbut are combined to facilitate their use in the benefist models.

An analogous set of values are shownzZone-on-Restof-PoolDRIPE i@olumnsl1through18.

Avoided natural gas costs by costing period

Avoided natural gas costare showrnin Tablel49and Tablel50for each of the six costing periods. The
values br each costing period are the annual cost per MMBtu for the gas supply resource that is the
lowest-cost option to supply that type of load’hese values are multiplied by the percentage shares for
the representative load shapes to derive the avoidedtsby enduse that are presented ihable138
andTablel41 Note, for examplethat becaise the load shape for residential nbeating is 100 percent
baseload, the avoided costs for Residential fieating inTable138and the Baseload valuas Table
149are the same.

The values iTablel49and Tablel50can be used to calculate the avoided natugas costs for
programs that reduce gas use during specific periods during the year. For example, the Baseload

901 9{/ HnumMI G(GKS GaKFENB 2F 48002 NE andSNDSY T 4 A SA2016IRESKE ¥ 09 I 4 4
survey EIA. Last accessed March 10, 2015 RECS Survéyailable at
https://www.eia.gov/consumption/residential/data/2015/c&ekA.2.xIsX)

d{ KI NB 02 ¥ a iz LI éntagés arelcichlRed based on 2ae19 data for all six New England states obtained
fromEIAD dabl GdzNF £ DI & / 2 FiagwMdillablesf 6& 9y R | a8 dé

https://www. eia.gov/dnav/ng/rg_cons_sum_dcu_SME_a.htm

Note that prior editions of AES@Ilized data supplied by National Grid.
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avoided cost would be applied toreduction in gas use (MMBtu) that is spread equally over all days
of the year. The Highest 10 Days avdidest would be applied to a reduction in gas use that occurs
only during the 10 days of highest gas use. The Winter values would be useditatedlwe avoided
natural g& costs for a program that reduces gas use over the November through March veiasens
(i.e., more than 90 days, and up to 151 days each year).
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Table138 Avoided cost of gas to retail customers by ende forsouthernNew EnglandSNE) assuming no
avoidable retail margin (2021 er MMBtu)

Residential Comnercial & Industrial .
Year . Hot . Non . Al Rl
Non heating Water Heating All heating Heating All EndUses
2021 .
2022 4,24 511 7.08 6.26 5.20 6.50 5.93 6.11
2023 4.03 4,90 6.84 6.03 4,98 6.27 5.71 5.88
2024 4.35 5.22 7.17 6.35 5.30 6.60 6.03 6.20
2025 4.41 5.28 7.22 6.41 5.36 6.65 6.09 6.26
2026 452 5.38 7.31 6.51 5.46 6.75 6.19 6.36
2027 458 5.43 7.36 6.56 5.52 6.80 6.24 6.41
2028 4,72 5.58 7.50 6.70 5.66 6.94 6.38 6.55
2029 4.85 5.70 7.62 6.82 5.79 7.06 6.50 6.67
2030 4,91 5.76 7.67 6.87 5.84 7.11 6.56 6.73
2031 4,92 5.77 7.67 6.88 5.86 7.12 6.57 6.73
2032 4.99 5.84 7.73 6.94 5.92 7.18 6.63 6.80
2033 5.06 5.90 7.79 7.00 5.98 7.24 6.69 6.86
2034 5.08 5.92 7.80 7.02 6.01 7.25 6.71 6.87
2035 5.09 5.93 7.80 7.02 6.01 7.25 6.71 6.88
2036 5.14 5.97 7.83 7.05 6.05 7.29 6.75 6.91
2037 5.18 6.01 7.86 7.09 6.09 7.32 6.78 6.95
2038 5.22 6.05 7.90 7.13 6.13 7.35 6.82 6.98
2039 5.27 6.09 7.93 7.16 6.17 7.39 6.86 7.02
2040 5.31 6.13 7.96 7.20 6.21 7.42 6.89 7.06
2041 5.36 6.17 7.99 7.23 6.25 7.46 6.93 7.09
2042 5.40 6.21 8.03 7.27 6.30 7.49 6.97 7.13
2043 5.45 6.25 8.06 7.31 6.34 7.53 7.01 7.17
2044 5.50 6.29 8.09 7.34 6.38 7.56 7.05 7.20
2045 5.54 6.34 8.13 7.38 6.42 7.60 7.08 7.24
2046 5.59 6.38 8.16 7.42 6.46 7.64 7.12 7.28
2047 5.64 6.42 8.19 7.45 6.51 7.67 7.16 7.32
2048 5.69 6.46 8.23 7.49 6.55 7.71 7.20 7.36
2049 5.73 6.51 8.26 7.53 6.59 7.74 7.24 7.39
2050 5.78 6.55 8.29 7.57 6.64 7.78 7.28 7.43
2051 5.83 6.59 8.33 7.60 6.68 7.82 7.32 7.47
2052 5.83 6.64 8.36 7.64 6.72 7.85 7.36 7.51
2053 5.93 6.68 8.40 7.68 6.77 7.89 7.40 7.55
2054 5.98 6.73 8.43 7.72 6.81 7.93 7.44 7.59
2055 6.03 6.77 8.47 7.76 6.86 7.97 7.48 7.63
Levelized
(2021c2030) 4,50 5.35 7.26 6.47 5.44 6.70 6.15 6.32
Levelized
(2021c2035) 4.67 5.52 7.42 6.63 5.60 6.86 6.31 6.48
Levelized
(2021c2050) 5.03 5.86 7.72 6.94 5.95 7.17 6.64 6.80
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Table139. Avoided cost of gas to retail customers by ennde forsouthernNew England (SNE) assuming some
avoidable retal margin (2021 $per MMBtu)

Residential Commercial & Industrial .
Year . Hot . Non . A Rl
Non heating Water Heating All heating Heating All EndUses
2021 5.41 6.17 8.30 7.56 6.07 7.82 7.35 7.43
2022 5.20 6.07 8.47 7.63 5.98 7.91 7.39 7.48
2023 4,99 5.86 8.23 7.40 5.76 7.68 7.16 7.26
2024 5.31 6.18 8.55 7.72 6.08 8.00 7.48 7.58
2025 5.37 6.24 8.61 7.78 6.14 8.06 7.54 7.64
2026 5.48 6.34 8.70 7.87 6.24 8.15 7.64 7.73
2027 5.54 6.39 8.75 7.92 6.30 8.20 7.69 7.78
2028 5.68 6.53 8.89 8.06 6.44 8.34 7.83 7.92
2029 5.80 6.66 9.01 8.19 6.57 8.47 7.95 8.05
2030 5.87 6.72 9.06 8.24 6.62 8.52 8.01 8.10
2031 5.88 6.73 9.06 8.25 6.64 8.52 8.01 8.11
2032 5.95 6.79 9.12 8.31 6.70 8.58 8.08 8.17
2033 6.02 6.86 9.18 8.37 6.76 8.64 8.13 8.23
2034 6.04 6.88 9.19 8.38 6.79 8.66 8.15 8.24
2035 6.05 6.89 9.19 8.38 6.79 8.66 8.15 8.25
2036 6.10 6.93 9.22 8.42 6.83 8.69 8.19 8.28
2037 6.14 6.97 9.25 8.45 6.87 8.73 8.22 8.32
2038 6.18 7.01 9.28 8.49 6.91 8.76 8.26 8.35
2039 6.23 7.05 9.31 8.52 6.95 8.80 8.30 8.39
2040 6.27 7.09 9.35 8.56 6.99 8.83 8.33 8.42
2041 6.32 7.13 9.38 8.59 7.03 8.86 8.37 8.46
2042 6.36 7.17 9.41 8.63 7.07 8.90 8.41 8.49
2043 6.41 7.21 9.44 8.66 7.11 8.93 8.44 8.53
2044 6.45 7.25 9.48 8.70 7.16 8.97 8.48 8.57
2045 6.50 7.29 9.51 8.74 7.20 9.00 8.52 8.60
2046 6.54 7.33 9.54 8.77 7.24 9.04 8.55 8.64
2047 6.59 7.38 9.58 8.81 7.28 9.08 8.59 8.68
2048 6.64 7.42 9.61 8.84 7.32 911 8.63 8.71
2049 6.69 7.46 9.64 8.88 7.37 9.15 8.67 8.75
2050 6.73 7.50 9.68 8.92 7.41 9.18 8.70 8.79
2051 6.78 7.55 9.71 8.95 7.45 9.22 8.74 8.83
2052 6.83 7.59 9.74 8.99 7.50 9.26 8.78 8.86
2053 6.88 7.64 9.78 9.03 7.54 9.29 8.82 8.90
2054 6.93 7.68 9.81 9.07 7.58 9.33 8.86 8.94
2055 6.98 7.72 9.85 9.10 7.63 9.37 8.89 8.98
Levelized
(2021c2030) 5.46 6.31 8.65 7.83 6.22 8.11 7.60 7.69
Levelized
(2021c2035) 5.63 6.48 8.81 7.99 6.38 8.27 7.76 7.85
Levelized
(2021c2050) 5.99 6.82 9.11 8.31 6.72 8.58 8.08 8.17
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Table140. Avoided cost of gas to retail customers by ende fornorthern New England (NNE) assuming no
avoidable retail margin (2021 er MMBtu)

Residential Commercial & Industrial .
Year . Hot . Non . A Rl
Non heating Water Heating All heating Heating All EndUses
2021 4,28 5.13 7.04 6.24 5.21 6.48 5.93 6.10
2022 4.07 4,98 7.04 6.18 5.07 6.43 5.84 6.02
2023 3.86 4,76 6.79 5.95 4.85 6.19 5.60 5.79
2024 4,18 5.08 7.12 6.27 5.17 6.51 5.93 6.11
2025 4.25 5.15 7.17 6.33 5.24 6.57 5.99 6.17
2026 4.36 5.25 7.26 6.42 5.34 6.66 6.08 6.26
2027 4.42 5.30 7.30 6.47 5.39 6.71 6.13 6.31
2028 4,56 5.45 7.44 6.61 5.54 6.85 6.27 6.45
2029 4.69 5.57 7.56 6.73 5.66 6.97 6.40 6.57
2030 4,75 5.63 7.61 6.78 5.72 7.02 6.45 6.63
2031 4,77 5.64 7.61 6.79 5.73 7.02 6.46 6.64
2032 4.84 5.71 7.67 6.85 5.80 7.08 6.52 6.70
2033 4.91 5.77 7.72 6.91 5.86 7.14 6.58 6.76
2034 4.94 5.80 7.73 6.93 5.89 7.15 6.60 6.77
2035 4.95 5.80 7.73 6.93 5.89 7.15 6.60 6.78
2036 5.00 5.84 7.76 6.96 5.93 7.19 6.64 6.81
2037 5.04 5.89 7.79 7.00 5.98 7.22 6.68 6.85
2038 5.09 5.93 7.82 7.03 6.02 7.25 6.71 6.83
2039 5.14 5.97 7.85 7.07 6.06 7.29 6.75 6.92
2040 5.18 6.01 7.88 7.10 6.10 7.32 6.79 6.95
2041 5.23 6.05 7.91 7.14 6.14 7.35 6.82 6.99
2042 5.28 6.10 7.94 7.17 6.18 7.39 6.86 7.03
2043 5.33 6.14 7.97 7.21 6.23 7.42 6.90 7.06
2044 5.38 6.18 8.00 7.24 6.27 7.45 6.94 7.10
2045 5.43 6.22 8.03 7.28 6.31 7.49 6.97 7.14
2046 5.48 6.27 8.07 7.32 6.36 7.52 7.01 7.17
2047 5.53 6.31 8.10 7.35 6.40 7.56 7.05 7.21
2048 5.58 6.36 8.13 7.39 6.45 7.59 7.09 7.25
2049 5.63 6.40 8.16 7.43 6.49 7.63 7.13 7.29
2050 5.68 6.45 8.19 7.46 6.53 7.66 7.17 7.33
2051 5.73 6.49 8.22 7.50 6.58 7.70 7.21 7.36
2052 5.79 6.54 8.26 7.54 6.63 7.73 7.25 7.40
2053 5.84 6.58 8.29 7.58 6.67 7.77 7.29 7.44
2054 5.89 6.63 8.32 7.61 6.72 7.81 7.33 7.48
2055 5.95 6.68 8.35 7.65 6.76 7.84 7.37 7.52
Levelized
(2021c2030) 4.34 5.22 7.23 6.39 5.31 6.63 6.06 6.24
Levelized
(2021c2035) 451 5.39 7.38 6.55 5.48 6.79 6.22 6.39
Levelized
(2021c2050) 4.89 5.74 7.65 6.86 5.83 7.08 6.53 6.71
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Tablel41 Avoided cosbf gas to retail customers by endse fornorthern New England (NNE) assuming some
avoidable retail margin (2021 er MMBtu)

Residential Cammercial & Industrial .
Year . Hot . Non . A Rl
Non heating Water Heating All heating Heating All EndUses
2021 5.24 6.09 8.43 7.61 5.99 7.89 7.38 7.47
2022 5.03 5.94 8.43 7.56 5.85 7.84 7.30 7.40
2023 4.82 5.72 8.18 7.32 5.63 7.60 7.06 7.17
2024 5.14 6.04 8.50 7.64 5.95 7.92 7.39 7.49
2025 5.21 6.11 8.55 7.70 6.02 7.97 7.45 7.55
2026 5.31 6.21 8.64 7.79 6.12 8.07 7.54 7.64
2027 5.38 6.26 8.69 7.84 6.17 8.12 7.59 7.69
2028 5.52 6.41 8.83 7.98 6.32 8.25 7.73 7.83
2029 5.65 6.53 8.94 8.10 6.44 8.37 7.85 7.95
2030 5.71 6.59 8.99 8.15 6.50 8.42 7.90 8.00
2031 5.73 6.60 8.99 8.16 6.51 8.43 7.91 8.01
2032 5.80 6.67 9.05 8.22 6.58 8.49 7.97 8.07
2033 5.87 6.73 9.11 8.28 6.64 8.55 8.03 8.13
2034 5.90 6.76 9.12 8.29 6.67 8.56 8.05 8.15
2035 5.91 6.76 9.11 8.29 6.67 8.56 8.05 8.15
2036 5.96 6.80 9.14 8.33 6.71 8.59 8.08 8.18
2037 6.00 6.85 9.17 8.36 6.75 8.63 8.12 8.22
2038 6.05 6.89 9.20 8.39 6.80 8.66 8.15 8.25
2039 6.10 6.93 9.23 8.43 6.84 8.69 8.19 8.29
2040 6.14 6.97 9.26 8.46 6.88 8.73 8.23 8.32
2041 6.19 7.01 9.30 8.50 6.92 8.76 8.26 8.36
2042 6.24 7.05 9.33 8.53 6.96 8.79 8.30 8.39
2043 6.28 7.10 9.36 8.57 7.01 8.83 8.33 8.43
2044 6.33 7.14 9.39 8.60 7.05 8.86 8.37 8.46
2045 6.38 7.18 9.42 8.64 7.09 8.89 8.41 8.50
2046 6.43 7.22 9.45 8.67 7.13 8.93 8.44 8.53
2047 6.48 7.27 9.48 8.71 7.18 8.96 8.48 8.57
2048 6.53 7.31 9.51 8.74 7.22 9.00 8.52 8.61
2049 6.58 7.36 9.54 8.78 7.26 9.03 8.55 8.64
2050 6.63 7.40 9.58 8.81 7.31 9.07 8.59 8.68
2051 6.68 7.44 9.61 8.85 7.35 9.10 8.63 8.72
2052 6.73 7.49 9.64 8.89 7.40 9.14 8.67 8.75
2053 6.78 7.53 9.67 8.92 7.44 9.17 8.70 8.79
2054 6.84 7.58 9.70 8.96 7.49 9.21 8.74 8.83
2055 6.89 7.62 9.73 9.00 7.53 9.24 8.78 8.87
Levelized
(2021c2030) 5.30 6.18 8.61 7.76 6.09 8.04 7.51 7.61
Levelized
(2021c2035) 5.47 6.35 8.76 7.92 6.26 8.19 7.67 7.77
Levelized
(2021c2050) 5.85 6.70 9.04 8.22 6.61 8.49 7.98 8.08
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Table142 Avoided cost of gas to retail customers by ende for Vermont assumingomeavoidable retail
margin (2021 $er MMBtu)

Residential
Year Design Day Peak Days Remaining Winter ~ Shoulder / Summer
1 9 141 214
2021 554.3 15.27 3.39 3.03
2022 554.43 15.39 3.43 3.07
2023 554.47 17.05 3.48 3.12
2024 555.04 17.09 4.05 3.68
2025 555.37 17.17 4.37 4.01
2026 555.71 17.28 4.72 4.35
2027 556.03 16.97 5.03 4.67
2028 556.42 17.20 5.43 5.07
2029 556.80 17.31 5.81 5.44
2030 557.10 17.65 6.11 5.75
2031 557.14 17.61 6.15 5.79
2032 557.22 17.65 6.23 5.87
2033 557.30 17.53 6.31 5.95
2034 557.34 17.78 6.35 5.99
2035 557.36 17.57 6.37 6.01
2036 557.42 17.57 6.43 6.07
2037 557.48 17.57 6.49 6.12
2038 557.53 17.57 6.55 6.18
2039 557.59 17.57 6.61 6.24
2040 557.65 17.57 6.67 6.30
2041 557.70 17.57 6.73 6.36
2042 557.76 17.57 6.79 6.43
2043 557.82 17.56 6.85 6.49
2044 557.87 17.56 6.91 6.55
2045 557.93 17.56 6.97 6.61
2046 557.99 17.56 7.04 6.68
2047 558.04 17.56 7.10 6.74
2048 558.10 17.56 7.17 6.81
2049 558.16 17.56 7.23 6.87
2050 558.21 17.56 7.30 6.94
2051 558.27 17.56 7.36 7.01
2052 558.33 17.56 7.43 7.07
2053 558.38 17.56 7.50 7.14
2054 558.44 17.56 7.57 7.21
2055 558.50 17.56 7.63 7.28
Levelized
(2021c2030) 555.55 16.82 4.56 4.20
Levelized
(202102035) 556.10 17.08 5.11 4.75
Levelized
(2021c2050) 552.49 17.51 11.15 13.51
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Table143. Intrastate gas supply DRIPE amgscrossDRIPHor Connecticut 2021$ per MMBtu)

Zoneon-Zone Zone-on-ROP
G-E Cross DRIPE G-E Cross DRIPE
Residential Commercial & Industrial RESEGIEL Gommercial & Industrial
Non Hot . Non . Non Hot . Non .

Heating Water Heating A\l Heating Heating Al Heating Water Heating All Heating Heating All

2 3 4 5 6 7 8 11 12 13 14 15 16 17

2021 . 0.24 0.44 0.38 0.24 0.44 0.39 0.38 . . 1.21 2.21 1.88 1.21 121 121
2022 0.01 0.36 0.36 0.67 0.57 0.36 0.67 0.59 0.58 0.03 1.82 1.82 3.33 2.84 1.82 1.82 1.82 2.23
2023 0.01 0.44 0.44 0.81 0.68 0.44 0.81 0.71 0.70 0.03 2.08 2.08 3.80 3.24 2.08 2.08 2.08 2.54
2024 0.01 0.35 0.35 0.64 0.55 0.35 0.64 0.56 0.56 0.03 1.68 1.68 3.08 2.62 1.68 1.68 1.68 2.06
2025 0.01 0.24 0.24 0.45 0.38 024 0.45 0.39 0.39 0.03 1.43 1.43 2.61 2.23 1.43 1.43 1.43 1.75
2026 0.01 0.17 0.17 0.32 0.27 0.17 0.32 0.28 0.28 0.03 0.98 0.98 1.78 1.52 0.98 0.98 0.98 1.20
2027 0.01 0.12 0.12 0.21 0.18 0.12 0.21 0.19 0.19 0.03 0.61 0.61 1.09 0.93 0.61 0.61 0.61 0.74
2028 0.01 0.09 0.09 0.16 0.14 0.09 0.16 0.14 0.14 0.03 0.43 0.43 0.76 0.65 0.43 0.43 0.43 0.52
2029 0.01 0.06 0.06 0.10 0.08 0.06 0.10 0.08 0.08 0.03 0.27 0.27 0.46 0.39 0.27 0.27 0.27 0.32
2030 0.01 0.03 0.03 0.05 0.04 0.03 0.05 0.04 0.04 0.03 0.12 0.12 0.19 0.17 0.12 0.12 0.12 0.14
2031 0.01 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.03 0.02 0.02 0.01 0.01 0.02 0.02 0.02 0.01
2032 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2033 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2034 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2035 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2036 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2037 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2038 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2039 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2040 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2041 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2042 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2043 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2044 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2045 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2046 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2047 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2048 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2049 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2050 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2051 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2052 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2053 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2054 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2055 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

[ Levelized | |

20212030 0.01 0.21 0.21 0.39 0.33 0.21 0.39 0.34 0.34 0.03 1.08 1.08 1.96 1.67 1.08 1.08 1.08 1.31
202162035 0.01 0.15 0.15 0.26 0.23 0.15 0.26 0.23 0.23 0.03 0.73 0.73 1.33 1.13 0.73 0.73 0.73 0.89
202152050 0.01 0.08 0.08 0.14 0.12 0.08 0.14 0.12 0.12 0.04 0.39 0.39 0.71 0.60 0.39 0.39 0.39 0.47
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Tablel44. Intrastate gas spply DRIPE and gas creB&IPHEor Massachusetts (2021 ffer MMBtu)

Zoneon-Zone Zoneon-ROP
Gas GE Cross DRIPE G-E Cross DRIPE
Supply Residential Commercial & Industrial RESEhIE Commercial & Industrial
DRIPE NO'.‘ el Heating A\l N‘".‘ Heating Al Nor_1 L Heating All N°'.‘ Heating All
Heating Water Heating Heating Water Heating
1 2 ] 4 5 6 7 8 11 12 13 14 15 16 17
2021 0.01 0.73 0.73 1.33 1.14 0.73 1.33 1.17 1.16 0.01 0.72 0.72 1.32 1.13 0.72 0.72 0.72 0.88
2022 0.02 1.09 1.09 1.99 1.69 1.09 1.99 1.74 1.72 0.02 1.10 1.10 2.01 1.71 1.10 1.10 1.10 1.34
2023 0.02 1.19 1.19 2.18 1.86 1.19 2.18 1.91 1.89 0.02 1.33 1.33 2.43 2.07 1.33 1.33 1.33 1.62
2024 0.02 0.93 0.93 1.70 1.44 0.93 1.70 1.49 1.47 0.02 1.10 1.10 2.02 1.72 1.10 1.10 1.10 1.35
2025 0.02 0.77 0.77 141 1.20 0.77 141 1.24 1.22 0.02 0.90 0.90 1.65 1.40 0.90 0.90 0.90 1.10
2026 0.02 0.51 0.51 0.93 0.80 0.51 0.93 0.82 0.81 0.02 0.64 0.64 1.17 1.00 0.64 0.64 0.64 0.79
2027 0.02 0.3 0.32 0.57 0.49 0.32 0.57 0.50 0.50 0.02 0.41 0.41 0.73 0.63 0.41 0.41 0.41 0.50
2028 0.02 0.23 0.23 0.40 0.34 0.23 0.40 0.35 0.35 0.02 0.29 029 0.52 0.44 0.29 0.29 0.29 0.35
2029 0.02 0.14 0.14 0.24 0.21 0.14 0.24 0.21 0.21 0.02 0.18 0.18 0.31 0.27 0.18 0.18 0.18 0.22
2030 0.03 0.06 0.06 0.10 0.09 0.06 0.10 0.09 0.09 0.02 0.09 0.09 0.14 0.12 0.09 0.09 0.09 0.10
2031 0.03 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.00 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
2032 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2033 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2034 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2035 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2036 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2037 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2038 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2039 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2040 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2041 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2042 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2043 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2044 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2045 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2046 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2047 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2048 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2049 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2050 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2051 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2052 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2053 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2054 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2055 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
[ Levelized | |
202152030 0.02 0.61 0.61 1.10 0.94 0.61 1.10 0.97 0.95 0.02 0.68 0.68 1.25 1.06 0.68 0.68 0.68 0.84
2021¢2035 0.02 0.41 0.41 0.75 0.64 0.41 0.75 0.66 0.65 0.02 0.47 0.47 0.85 0.72 0.47 0.47 0.47 0.57
202152050 0.03 0.22 0.22 0.40 0.34 0.22 0.40 0.35 0.34 0.02 0.25 0.25 0.45 0.38 0.25 0.25 0.25 0.30
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Table145. Intrastate gas supply DRIPE and gas ciibB3PHor Maine (2021 $er MMBtu)

Zoneon-Zone Zoneon-ROP
Gas GE Cross DRIPE G-E Cross DRIPE
Supply Resdential Commercial & Industrial RESEhIE Commercial & Industrial
DRIPE NO'.‘ el Heating A\l N‘".‘ Heating Al Nor_1 L Heating All N°'.‘ Heating All
Heating Water Heating Heating Water Heating
1 2 ] 4 5 6 7 8 11 12 13 14 15 16 17
2021 0.00 0.17 0.17 0.32 0.27 0.17 0.32 0.28 0.28 0.02 1.28 1.28 2.34 1.99 1.28 1.28 1.28 1.56
2022 0.00 0.26 0.26 0.49 0.41 0.26 0.49 0.43 0.42 0.03 1.92 1.92 3.52 2.99 1.92 1.92 1.92 2.35
2023 0.00 0.32 0.32 0.59 0.50 0.32 0.59 0.52 0.51 0.04 2.20 2.20 4.02 3.42 2.20 2.20 2.20 2.69
2024 0.00 0.28 0.28 0.51 0.43 0.28 0.51 0.45 0.44 0.04 1.76 1.76 3.21 2.73 1.76 1.76 1.76 2.15
2025 0.00 0.24 0.24 0.44 0.38 0.24 0.44 0.39 0.38 0.04 1.44 1.44 2.62 2.23 1.44 1.44 1.44 1.75
2026 0.00 0.17 0.17 031 0.27 0.17 0.31 0.28 0.27 0.04 0.99 0.99 1.79 1.53 0.99 0.99 0.99 1.20
2027 0.00 0.11 0.11 0.19 0.16 0.11 0.19 0.17 0.17 0.04 0.62 0.62 1.11 0.95 0.62 0.62 0.62 0.75
2028 0.00 0.08 0.08 0.13 0.11 0.08 0.13 0.12 0.12 0.04 0.44 0.44 0.78 0.67 0.44 0.44 0.44 0.54
2029 0.00 0.05 0.05 0.08 0.07 0.05 0.08 0.07 0.07 0.04 0.27 0.27 0.47 0.41 0.27 0.27 0.27 0.33
2030 0.00 0.02 0.02 0.03 0.03 0.02 0.03 0.03 0.03 0.04 0.13 0.13 0.20 0.18 0.13 0.13 0.13 0.15
2031 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.02 0.02 0.01 0.01 0.02 0.02 0.02 0.02
2032 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2033 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2034 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2035 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2036 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2037 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2038 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2039 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2041 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2042 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2043 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2044 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2045 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2046 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2047 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2048 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2049 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2051 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2052 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2053 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2054 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2055 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
[ Levelized | |
202152030 0.00 0.17 0.17 0.31 0.27 0.17 0.31 0.28 0.27 0.04 112 1.12 2.03 1.73 1.12 1.12 1.12 1.36
2021¢2035 0.00 0.12 0.12 0.21 0.18 0.12 0.21 0.19 0.19 0.04 0.76 0.76 1.38 1.18 0.76 0.76 0.76 0.93
202152050 0.00 0.06 0.06 0.11 0.10 0.06 0.11 0.10 0.10 0.05 0.40 0.40 0.73 0.62 0.40 0.40 0.40 0.49
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Table146. Intrastate gas supply DRIPE and gas cibB3PHor New Hampshire (2021 ffer MMBtu)

Zore-on-Zone Zoneon-ROP
Gas GE Cross DRIPE G-E Cross DRIPE
Residential Commercial & Industrial Residential Commercial & Industrial
Supply [\[e]} Hot . Non . Vel Hot . Non .
DRIPE Heating Water Heating A\l Heating Heating Al Heating Water Heating All Heating Heating All
1 2 ] 4 5 6 7 8 11 12 13 14 15 16 17
2021 0.00 0.16 0.16 0.30 0.25 0.16 0.30 0.26 0.26 0.02 1.29 1.29 2.36 2.01 1.29 1.29 1.29 1.57
2022 0.00 0.25 0.25 0.46 0.39 0.25 0.46 0.40 0.40 0.03 1.94 1.94 3.54 3.02 1.94 1.94 1.94 2.37
2023 0.00 0.30 0.30 0.56 0.47 0.30 0.56 0.49 0.48 0.04 2.22 2.22 4.05 3.45 2.22 2.22 2.22 2.71
2024 0.00 0.27 0.27 0.50 0.42 0.27 0.50 0.44 0.43 0.04 1.76 1.76 3.22 2.74 1.76 1.76 1.76 2.16
2025 0.00 0.24 0.24 044 0.38 0.24 0.44 0.39 0.38 0.04 1.43 1.43 2.62 2.23 1.43 1.43 1.43 1.75
2026 0.00 0.17 0.17 0.31 0.27 0.17 0.31 0.27 0.27 0.04 0.99 0.99 1.79 1.53 0.99 0.99 0.99 1.20
2027 0.00 0.11 0.11 0.19 0.16 0.11 0.19 0.17 0.17 0.04 0.62 0.62 1.11 0.95 0.62 0.62 0.62 0.75
2028 0.00 0.07 0.07 0.13 0.11 0.07 0.13 0.12 0.12 0.04 0.45 0.45 0.78 0.67 0.45 0.45 0.45 0.54
2029 0.00 0.05 0.05 0.08 0.07 0.05 0.08 0.07 0.07 0.04 0.28 0.28 0.47 0.41 0.28 0.28 0.28 0.33
2030 0.00 0.02 0.02 0.03 0.03 0.02 0.03 0.03 0.03 0.04 0.13 0.13 0.21 0.18 0.13 0.13 0.13 0.15
2031 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.02 0.02 0.01 0.01 0.02 0.02 0.02 0.02
2032 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2033 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2034 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2035 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2036 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2037 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2038 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2039 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2041 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2042 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2043 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2044 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2045 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2046 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2047 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2048 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2049 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2051 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2052 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2053 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2054 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2055 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
202152030 0.00 0.17 0.17 0.30 0.26 0.17 0.30 0.27 0.26 0.04 1.12 1.12 2.04 174 1.12 1.12 1.12 1.37
202162035 0.00 0.11 0.11 0.21 0.18 0.11 0.21 0.18 0.18 0.04 0.77 0.77 1.39 1.18 0.77 0.77 0.77 0.93
202152050 0.00 0.06 0.06 0.11 0.09 0.06 0.11 0.10 0.10 0.05 0.41 0.41 0.74 0.63 0.41 0.41 0.41 0.49
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Table147. Intrastate gas supply DRIPE amghs crosDRIPEor Rhode Island (201 $ per MMBtu)

Zoneon-Zone Zoneon-ROP
Gas G-E Cros DRIPE G-E Cross DRIPE
Supply Residential Commercial & Industrial RESEhIE Commecial & Industrial
DRIPE NO'.‘ el Heating A\l N‘".‘ Heating Al Nor_1 L Heating All N°'.‘ Heaing All
Heating Water Heating Heating Water Heating
1 2 ] 4 5 6 7 8 11 12 13 14 15 16 17
2021 0.00 0.11 0.11 0.20 0.17 0.11 0.20 0.18 0.17 0.02 1.34 1.34 2.46 2.09 1.34 1.34 1.34 1.64
2022 0.00 0.17 0.17 0.31 0.26 0.17 0.31 0.27 0.27 0.03 2.01 2.01 3.70 3.14 2.01 2.01 2.01 2.47
2023 0.00 0.21 0.21 0.37 0.32 0.21 0.37 0.33 0.32 0.04 2.31 2.31 4.24 3.61 2.31 2.31 2.31 2.83
2024 0.00 0.16 0.16 0.28 0.24 0.16 0.28 0.24 0.24 0.04 1.88 1.88 3.44 2.93 1.88 1.88 1.88 2.30
2025 0.00 0.13 0.13 0.23 0.20 0.13 0.23 0.21 0.20 0.04 1.54 1.54 2.83 241 1.54 1.54 1.54 1.89
2026 0.00 0.10 0.10 0.17 0.14 0.10 0.17 0.15 0.15 0.04 1.06 1.06 1.94 1.65 1.06 1.06 1.06 1.30
2027 0.00 0.06 0.06 0.10 0.09 0.06 0.10 0.09 0.09 0.04 0.67 0.67 1.20 1.03 0.67 0.67 0.67 0.81
2028 0.00 0.04 0.04 0.07 0.06 0.04 0.07 0.06 0.06 0.04 0.48 0.48 0.85 0.73 0.48 0.48 0.48 0.58
2029 0.00 0.03 0.03 0.04 0.04 0.03 0.04 0.04 0.04 0.04 0.30 0.30 0.51 0.44 0.30 0.30 0.30 0.35
2030 0.00 0.01 0.01 0.02 0.02 0.01 0.02 0.02 0.02 0.04 0.14 0.14 0.22 0.19 0.14 0.14 0.14 0.16
2031 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.02 0.02 0.01 0.01 0.02 0.02 0.02 0.02
2032 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2033 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2034 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2035 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2036 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2037 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2038 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2039 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2041 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2042 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2043 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2044 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2045 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2046 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2047 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2048 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2049 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2051 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2052 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2053 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2054 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2055 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
[ Levelized | |
202152030 0.00 0.10 0.10 0.18 0.16 0.10 0.18 0.16 0.16 0.04 1.19 1.19 2.16 1.84 1.19 1.19 1.19 1.45
2021¢2035 0.00 0.07 0.07 0.12 0.11 0.07 0.12 0.11 0.11 0.04 0.81 0.81 1.47 1.25 0.81 0.81 0.81 0.99
202152050 0.00 0.04 0.04 0.07 0.06 0.04 0.07 0.06 0.06 0.05 0.43 0.43 0.78 0.67 0.43 0.43 0.43 0.52
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Table148. Intrastate gas supply DRIPE and gas ciidB$PEor Vermont (2021 $per MMBtu)

Zoneon-Zone Zoneon-ROP
Gas GE Cross DRIPE G-E Cross DRIPE
Supply Residential Commercial & Industrial RESEhIE Commercial & Industrial
DRIPE NO'.‘ el Heating A\l N‘".‘ Heating Al Nor_1 L Heating All N°'.‘ Heating All
Heating Water Heating Heating Water Heating
1 2 ] 4 5 6 7 8 11 12 13 14 15 16 17
2021 0.00 0.03 0.03 0.06 0.05 0.03 0.06 0.05 0.05 0.02 1.42 1.42 2.59 2.21 1.42 1.42 1.42 1.73
2022 0.00 0.05 0.05 0.09 0.08 0.05 0.09 0.08 0.08 0.03 2.14 2.14 3.91 3.33 2.14 2.14 2.14 2.61
2023 0.00 0.06 0.06 0.11 0.09 0.06 0.11 0.09 0.09 0.04 2.46 2.46 4.50 3.83 2.46 2.46 2.46 3.01
2024 0.00 0.05 0.05 0.10 0.08 0.05 0.10 0.08 0.08 0.04 1.98 1.98 3.62 3.09 1.98 1.98 1.98 2.42
2025 0.00 0.04 0.04 0.08 0.07 0.04 0.08 0.07 0.07 0.04 1.63 1.63 2.98 2.54 1.63 1.63 1.63 1.99
2026 0.00 0.03 0.03 0.06 0.05 0.03 0.06 0.05 0.05 0.04 1.13 1.13 2.04 1.74 1.13 1.13 1.13 1.37
2027 0.00 0.02 0.02 0.03 0.03 0.02 0.03 0.03 0.03 0.04 0.71 0.71 1.27 1.09 0.71 0.71 0.71 0.86
2028 0.00 0.01 0.01 0.02 0.02 0.01 0.02 0.02 0.02 0.04 0.51 0.51 0.89 0.77 0.51 0.51 0.51 0.61
2029 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.05 0.31 0.31 0.54 0.46 0.31 0.31 0.31 0.37
2030 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.00 0.05 0.15 0.15 0.23 0.20 0.15 0.15 0.15 0.17
2031 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.02 0.02 0.01 0.01 0.02 0.02 0.02 0.02
2032 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2033 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2034 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2035 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2036 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2037 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2038 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2039 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2040 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2041 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2042 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2043 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2044 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2045 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2046 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2047 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2048 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2049 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2051 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2052 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2053 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2054 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2055 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
[ Levelized | |
202152030 0.00 0.03 0.03 0.06 0.05 0.03 0.06 0.05 0.05 0.04 1.26 1.26 2.29 1.95 1.26 1.26 1.26 1.54
2021¢2035 0.00 0.02 0.02 0.04 0.03 0.02 0.04 0.03 0.03 0.04 0.86 0.86 1.56 1.33 0.86 0.86 0.86 1.05
202152050 0.00 0.01 0.01 0.02 0.02 0.01 0.02 0.02 0.02 0.05 0.45 0.45 0.82 0.70 0.45 0.45 0.45 0.55
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Table149. Avoided natural gas costs by costingnind ¢ southern New Entand (2021 $er MMBtu)
Top 90

Baseload

Winter/Shoulder

Winter

2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054
2055

365
$4.45
$4.24
$4.03
$4.35
$4.41
$4.52
$4.58
$4.72
$4.85
$4.91
$4.92
$4.99
$5.06
$5.08
$5.09
$5.14
$5.18
$5.22
$5.27
$5.31
$5.36
$5.40
$5.45
$5.50
$5.54
$5.59
$5.64
$5.69
$5.73
$5.78
$5.83
$5.88
$5.93
$5.98
$6.03

273
$5.61
$5.44
$5.20
$5.52
$5.57
$5.66
$5.71
$5.85
$5.96
$6.01
$6.02
$6.08
$6.13
$6.15
$6.15
$6.18
$6.21
$6.25
$6.28
$6.31
$6.34
$6.38
$6.41
$6.45
$6.48
$6.51
$6.55
$6.58
$6.62
$6.65
$6.69
$6.72
$6.76
$6.79
$6.83

151
$7.69
$7.69
$7.41
$7.73
$7.76
$7.84
$7.86
$7.99
$8.09
$8.12
$8.11
$8.15
$8.19
$8.19
$8.17
$8.19
$8.20
$8.22
$8.23
$8.25
$8.26
$8.28
$8.29
$8.31
$8.32
$8.34
$8.35
$8.37
$8.38
$8.40
$8.41
$8.43
$8.45
$8.46
$8.48

90
$8.67
$10.19
$10.03
$10.35
$10.42
$10.54
$10.61
$10.76
$10.91
$10.97
$11.00
$11.08
$11.15
$11.18
$11.D
$11.25
$11.30
$11.35
$11.40
$11.45
$11.50
$11.55
$11.60
$11.66
$11.71
$11.76
$11.81
$11.87
$11.92
$11.97
$12.03
$12.08
$12.13
$12.19
$12.24

$16.8
$19.27
$18.98
$19.51
$19.61
$19.79
$19.89
$20.15
$20.37
$20.47
$20.49
$20.61
$20.72
$20.76
$20.77
$20.83
$20.90
$20.97
$21.04
$21.11
$21.18
$21.25
$21.32
$21.39
$21.46
$21.54
$21.61
$21.68
$21.75
$21.82
$21.89
$21.97
$22.04
$22.11
$22.19

$29.84
$33.14
$32.63
$33.20
$33.22
$33.33
$33.34
$33.56
$33.5
$33.77
$33.68
$33.73
$33.77
$33.72
$33.63
$33.61
$33.59
$33.58
$33.56
$33.55
$33.53
$33.52
$33.50
$33.48
$33.47
$33.45
$33.44
$33.42
$33.40
$33.39
$33.37
$33.36
$33.34
$33.33
$3331
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Table150. Avoided natural gas costs by costing periqahorthern New England (202 $per MMBtu)

Baseload

Winter/Shoulder

Winter

2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054
2055

365
$4.28
$4.07
$3.86
$4.18
$4.25
$4.36
$4.42
$4.56
$4.69
$4.75
$4.77
$4.84
$4.91
$4.94
$4.95
$5.00
$5.04
$5.09
$5.14
$5.18
$5.23
$5.28
$5.33
$5.38
$5.43
$5.48
$553
$5.58
$5.63
$5.68
$5.73
$5.79
$5.84
$5.89
$5.95

273
$5.33
$5.17
$4.94
$5.26
$5.32
$5.41
$5.47
$5.60
$5.72
$5.78
$5.79
$5.85
$5.91
$5.93
$5.93
$5.97
$6.00
$6.04
$6.08
$6.11
$6.15
$6.19
$6.23
$6.27
$6.30
$6.34
$6.38
$6.42
$6.46
$6.50
$6.54
$6.58
$6.62
$6.66
$6.70

151
$7.23
$7.24
$6.96
$7.29
$7.33
$7.41
$7.45
$7.58
$7.69
$7.73
$7.72
$7.77
$7.82
$7.82
$7.81
$7.83
$7.85
$7.88
$7.90
$7.92
$7.94
$7.96
$7.99
$8.01
$8.03
$8.05
$8.08
$8.10
$8.12
$8.14
$8.17
$8.19
$8.21
$8.23
$8.26

$11.55
$11.65
$11.30
$11.60
$11.60
$11.63
$11.63
$11.71
$11.78
$11.78
$11.73
$11.74
$11.75
$11.71
$11.66
$11.64
$11.63
$11.61
$11.59
$11.57
$11.55
$11.54
$11.52
$11.50
$11.48
$11.46
$11.45
$11.43
$11.41
$11.39
$11.37
$11.36
$11.34
$11.32
$11.30

$19.19
$21.82
$21.58
$22.15
$22.30
$22.53
$22.67
$22.97
$23.24
$23.38
$23.44
$23.60
$23.75
$23.83
$23.87
$23.98
$24.09
$24.20
$24.31
$24.43
$24.54
$24.65
$24.76
$24.88
$24.99
$25.11
$25.22
$25.34
$25.45
$25.57
$25.69
$25.80
$25.92
$26.04
$26.16

$30.24
$31.77
$31.63
$31.96
$32.05
$32.18
$32.26
$32.44
$32.59
$32.68
$32.71
$32.80
$32.89
$32.94
$32.96
$33.03
$33.09
$33.15
$33.22
$33.28
$33.34
$33.41
$33.47
$33.54
$33.60
$33.66
$33.73
$33.79
$33.86
$33.92
$33.99
$34.05
$34.12
$34.18
$34.25
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This appendix provides avoided costs for fuel oil and othdsfge year, and by sector. As in the above
appendices, annualata is provided alongside levelized costs over three different costing periods: 10
year (202%2030), 15year (202%2035), and 3§ear periods (20242050). Thigppendixalso details
emission vales for S@ NG, CQ, and CQpriced at $100 per ton. Note that these costs and emission
values are assumed to be the same for all states apdrting regions in New England.

Table1l51 provides theavoided costdor three typesof fuel:

1 Fuel Oils, whicincludesdistillate fuel oil, residual fuel oil, and a weighted average
9 Other Fuels, which includes cord wood, woodgisl kerosene, and propane
9 Transportation fuels, including motor gasoline andtar diesel

Avoided costs forttese fuels are shown by year and by applicable sector (residential, commercial,
industrial and/or transportation.

Table1l52 Table153 Table154, andTablel55provide information on DRIPE values specific
petroleum products These tables modify the values showTable104 by multiplying those by the
adjustment factorglescribed irTable105.

All\alues are also providegi G KS &adl yRIFEt2yS 9EOSt 62N)J] 06221 GAGE SF
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Tablel51 Avoided costs of petroleum fueland other fuels by secto(2021 $per MMBtu)

Fuel oils Other Fuels | Transportation

Residentia Commercial Industrial Residential Industrial
Motor Motor

gt Wood Pellets sene pane sene Crsalimz s

Distillate [DistillateResiduc Distillate Residua Cord Wood Kero Pro Kero

Weighted

Fuel QOil | Fuel Oil Fuel Oi Fuel Oil Fuel QOil

2021
2022 $19 $20 $14 $20 $19 $14 $19 $17 $18 $24 $34 $16 $21 $20
2023 $21 $21 $15 $21 $20 $15 $20 $19 $20 $26 $36 $17 $21 $21
2024 $23 $21 $15 $21 $21 $15 $20 $20 $21 $28 $37 $17 $21 $22
2025 $23 $22 $15 $21 $21 $15 $20 $20 $22 $29 $38 $18 $21 $22
2026 $24 $22 $15 $21 $21 $15 $20 $21 $23 $30 $39 $18 $21 $22
2027 $25 $22 $15 $22 $21 $15 $21 $21 $23 $30 $39 $18 $21 $23
2028 $25 $22 $16 $22 $22 $16 $21 $22 $23  $31 $40 $18 $22 $23
2029 $25 $23 $16 $22 $22 $16 $21 $22 $24  $31 $40 $18 $22 $23

2030 $26 $23 $16 $23 $22 $16 $22 $22 $24  $32  $40 $19 $23 $24
2031 $26 $23 $16 $23 $22 $16 $22 $22 $24 $32 $41 $19 $23 $24
2032 $26 $23 $17 $23 $23 $17 $22 $23 $24 $32 $41 $19 $24 $24
2033 $26 $24 $17 $23 $23 $17 $22 $23 $25 $32 $41 $19 $24 $24
2034 $26 $24 $17 $23 $23 $17 $22 $23 $25 $32 %41 $19 $24 $25
2035 $27 $24 $17 $24 $23 $17 $23 $23 $25 $33 $41 $19 $24 $25
2036 $27 $24 $17 $24 $23 $17 $23 $23 $25 $33 %41 $20 $25 $25
2037 $27 $24 $17 $24 $23 $17 $23 $23 $25 $33 $42 $20 $25 $25

2038 $27 $24 $17 $24 $24 $17 $23 $23 $25 $33  $42 $20 $25 $25
2039 $27 $25 $17 $24 $24 $17 $23 $24 $25 $33  $42 $20 $25 $25
2040  $27 $25 $18 $25 $24 $18 $23 $24 $26  $34 $42 $20 $26 $26
2041 $28 $25 $18 $25 $24 $18 $24 $24 $26 $34 $42 $20 $26 $26
2042 $28 $25 $18 $25 $24 $18 $24 $24 $26 $34 $42 $21 $26 $26
2043 $28 $25 $18 $25 $25 $18 $24 $24 $26  $34 $43 $21 $27 $26
2044 $28 $26 $18 $25 $25 $18 $24 $24 $26 $35 $43 $21 $27 $26
2045 $28 $26 $18 $25 $25 $18 $24 $25 $26 $35 $43 $21 $27 $26
2046 $28 $26 $18 $26 $25 $18 $25 $25 $27 $35 $43 $21 $28 $27
2047,  $29 $26 $19 $26 $25 $19 $25 $25 $27 $35 $43 $21 $28 $27
2048 $29 $26 $19 $26 $26 $19 $25 $25 $27 $35 $44 $22 $28 $27
2049 $29 $27 $19 $26 $26 $19 $25 $25 $27 $36 $44 $22 $29 $27
2050,  $29 $27 $19 $26 $26 $19 $25 $25 $27 $36 $44 $22 $29 $27
2051 $29 $27 $19 $27 $26 $19 $26 $25 $27 $36 $44 $22 $29 $28
2052 $30 $27 $19 $27 $26 $19 $26 $26 $28 $36 $44 $22 $30 $28
2053|  $30 $27 $19 $27 $27 $19 $26 $26 $28 $37 $44 $22 $30 $28
2054 $30 $28 $20 $27 $27 $20 $26 $26 $28 $37 $45 $23 $30 $28
2055 $30 $28 $20 $28 $27 $20 $26 $26 $28  $37  $45 $23 $31 $28

% $23 | sz $15  s21 | s2 $15  $20 | $20 $22 28 $38 | $18 | 21 $22
22%% $24 | $22  $16  $22 | $21  $16  $21 | $21  $22 $30 $39 | $18 $22  $23
22%25%; $26 | $24 $17  $23 | $23  $17  $22 | $22 $24 $32 $41 | $19 | $24  $24

Note: Assumes a real discount rate of 0.81 percent.
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Table152 Home heating (dieseljuel DRIPE by stat(021$ per MMBtu)
Zone on Resbf-Region DRIPE

Zoneon-Zone DRIPE

MA ME NH RI VT NH RI \Va)
2021 0.09 0.02 0.04 0.01 0.01 0.01 0.00| 0.07 0.05 0.07 0.08 0.08 0.08
2022 0.09 0.02 004 0.01 0.01 001 0.01| 0.07 0.05 0.08 0.08 0.09 0.09
2023 0.10 0.02 0.04 0.01 0.01 0.01 0.01| 0.08 0.06 0.09 0.09 0.09 0.09
2024 0.11 0.02 0.04 0.01 0.01 0.01 0.01| 0.08 0.06 0.09 0.09 0.10 0.10
2025 0.11 0.02 0.05 0.01 0.01 0.01 0.01| 0.09 0.06 0.10 0.10 0.10 0.10
2026 0.11 0.03 0.05 0.01 0.01 0.01 0.01| 0.09 0.07 010 0.10 0.11 0.11
2027 0.12 0.03 0.05 0.02 0.00 0.01 0.01| 0.09 0.07 0.10 0.10 0.11 0.1
2028 0.12 0.03 0.05 0.02 0.01 0.01 0.01| 0.09 0.07 0.10 0.11 0.11 0.11
2029 0.12 0.03 0.05 0.02 0.01 0.01 0.01| 0.09 0.07 0.10 0.11 0.11 0.11
2030 0.12 0.03 0.05 0.02 0.01 0.01 0.01| 0.10 0.07 0.11 0.11 0.12 0.2
2031 0.12 0.03 0.05 0.02 0.01 0.01 0.01| 0.0 0.07 011 0.11 0.12 0.12
2032 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 0.0 0.07 0.11 0.11 0.12 0.12
2033 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 0.0 0.07 0.11 0.11 0.12 0.12
2034 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 0.0 0.07 0.11 0.11 0.12 0.2
2035 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 0.10 0.07 0.11 0.11 0.12 0.12
2036 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 0.10 0.07 0.11 0.11 0.12 0.12
2037 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 0.10 0.08 0.11 0.11 0.12 0.12
2038 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 0.0 0.08 0.11 0.12 0.12 0.12
2039 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 0.0 0.08 0.11 0.12 0.12 0.12
2040 0.13 0.03 0.0 0.02 0.01 0.01 0.01| 0.0 0.08 0.11 0.12 0.12 0.12
2041 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 0.0 0.08 0.11 0.12 0.12 0.12
2042 0.13 0.03 0.06 0.02 0.01 0.01 0.01| 0.10 0.08 0.11 0.12 0.12 0.13
2043 0.13 0.03 0.06 0.02 0.01 0.01 0.01| 0.10 ©0.08 0.12 0.12 0.13 0.13
2044 0.13 0.03 0.06 0.02 0.01 0.01 0.01| 0.10 0.08 0.12 0.12 0.13 0.13
2045 0.13 0.03 0.06 0.02 0.01 0.01 0.01| 0.0 0.08 0.12 0.12 0.13 0.13
2046 0.14 0.03 0.06 0.02 0.02 0.01 0.01| 011 o0.08 0.12 0.12 0.13 0.13
2047 0.14 0.03 0.06 0.02 0.02 001 0.01| 011 0.08 0.12 0.12 0.13 0.13
2048 0.14 0.03 0.06 0.02 0.02 0.01 0.01| 0.1 0.08 0.12 0.12 0.13 0.13
2049 0.14 0.03 0.06 0.02 0.02 0.01 0.01| 0.11 0.08 0.12 0.12 0.13 0.13
2050 0.14 0.03 0.06 0.02 0.02 0.01 0.01| 0.11 0.08 0.12 0.12 0.13 0.13
2051 0.14 0.03 0.06 0.02 0.02 0.01 0.01| 0.11 0.08 0.12 0.12 0.13 0.13
2052 0.14 0.03 0.06 0.02 0.02 0.01 0.01| 0.11 0.08 0.12 0.12 0.13 0.13
2053 0.14 0.03 0.06 0.02 0.02 0.01 0.01| 011 0.08 0.12 0.13 0.13 0.13
2054 0.14 0.03 0.06 0.02 0.02 0.01 0.01| 011 0.08 0.12 0.13 0.13 0.13
2055 0.14 0.03 0.06 0.02 0.02 0.01 0.01| 011 0.08 0.12 0.13 0.13 0.13

Levelized

(202 | 0.12 0.03 0.05 0.02 0.01 001 0.01| 0.09 0.07 010 0.20 0.11 0.11
2035)
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Table153 Residuafuel DRIPE by stat@(021$ per MMBtu)
Zoneon-Zone DRIPE

Zone on Resbf-Region DRIPE

All CT MA ME NH RI \Va) ME NH RI \Va)
2021 0.05 0.01 0.02 0.01 0.01 0.00 0.00| 0.04 0.03 0.04 0.04 0.05 0.05
2022 0.05 0.01 0.02 0.01 0.01 0.00 0.00| 0.04 0.03 0.05 0.05 0.05 0.05
2023 006 0.01 0.02 0.01 0.01 0.00 0.00| 0.05 0.03 0.05 0.05 0.06 0.06
2024 0.06 0.01 0.03 0.01 0.01 0.00 0.00| 0.05 0.04 0.05 0.06 0.06 0.06
2025 0.06 0.01 0.03 0.01 0.01 0.00 0.00| 0.05 0.04 0.06 0.06 0.06 0.06
2026 0.07 0.01 0.03 0.01 0.01 0.00 0.00| 0.05 0.04 0.06 0.06 0.06 0.06
2027 0.07 0.02 0.03 0.01 0.01 0.00 0.00| 0.05 0.04 0.06 0.06 0.06 0.06
2028 0.07 0.02 0.03 0.01 0.01 0.00 0.00| 0.05 0.04 0.06 0.06 0.07 0.07
2029 0.07 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.04 0.06 0.06 0.07 0.07
2030 0.07 0.02 0.03 001 0.01 0.00 0.00| 0.06 0.04 0.06 0.06 0.07 0.07
2031 0.07 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.04 0.06 0.07 0.07 o0.07
2032 0.07 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.04 0.06 0.07 0.07 0.07
2033 0.07 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.04 0.06 0.07 0.07 0.07
2034 0.07 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.04 0.06 0.07 0.07 0.07
2035 0.07 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.04 0.06 0.07 0.07 0.07
2036 0.08 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.04 0.07 0.07 0.07 0.07
2037 0.08 0.02 0.03 0.01 0.01 0.00 000| 0.06 0.04 0.07 0.07 0.07 0.07
2038 0.08 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.04 0.07 0.07 0.07 0.07
2039 0.08 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.04 0.07 0.07 0.07 0.07
2040 0.08 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.04 0.07 0.07 0.07 0.07
2041 0.08 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.05 0.07 0.07 0.07 0.07
2042 0.08 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.05 0.07 0.07 0.07 0.07
2043 0.08 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.05 0.07 0.07 0.07 0.07
2044 0.08 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.05 0.07 0.07 0.07 0.07
2045 0.08 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.05 0.07 0.07 0.07 0.07
2046 0.08 0.02 0.03 001 0.01 0.00 0.00| 0.06 0.05 0.07 0.07 0.07 0.08
2047 0.08 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.05 0.07 0.07 0.08 0.08
2048 0.08 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.05 0.07 0.07 0.08 0.08
2049 0.08 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.05 0.07 0.07 0.08 0.08
2050 0.08 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.05 0.07 0.07 0.08 0.08
2051 0.08 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.05 0.07 0.07 0.08 0.08
2052 0.08 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.05 0.07 0.07 0.08 0.08
2053 0.08 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.05 0.07 0.07 0.08 0.08
2054 0.08 0.02 0.03 0.01 0.01 0.00 0.00| 0.06 0.05 0.07 0.07 0.08 0.08
2055 0.08 0.02 0.04 0.01 0.01 0.00 0.00| 0.07 0.05 0.07 0.07 0.08 0.08

Levelized

(202 | 0.07 0.02 0.03 0.01 0.01 0.00 0.00| 0.05 0.04 0.06 0.06 006 0.06
2035)
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Table154. Motor gasolineDRIPE by state2021$ per MMBtu)
Zoneon-Zone DRIPE Zone on Resbf-Region DRRE

MA ME NH RI VT NH RI \Va)

2021 0.08 0.02 0.04 0.01 0.01 0.00 0.00| 0.07 0.05 0.07 0.08 0.08 0.08
2022 0.09 0.02 0.04 0.01 0.01 0.01 0.01| 0.07 0.05 0.08 0.08 0.09 0.09
2023 0.10 0.02 0.04 0.01 0.01 0.01 0.01| 0.08 0.06 0.09 0.09 0.09 0.0
2024 0.11 0.02 0.04 0.01 0.01 0.01 0.01| 0.08 0.06 0.09 0.09 0.10 0.10
2025 0.11 0.02 0.05 0.01 0.01 0.01 001| 0.09 0.06 0.10 0.10 0.10 0.10
2026 0.11 0.03 0.05 0.01 0.01 0.01 0.01| 0.09 0.07 010 0.10 0.11 0.11
2027 0.12 0.03 0.05 0.02 0.01 0.01 0.01| 0.09 0.07 0.10 0.10 0.11 0.11
2028 0.12 0.03 0.05 0.02 0.01 0.01 0.01| 0.09 0.07 0.10 0.11 0.11 0.11
2029 0.12 0.03 0.05 0.02 0.01 0.01 0.01| 0.09 0.07 0.10 0.11 0.11 0.11
2030 0.12 0.03 0.05 0.02 0.01 0.01 0.01| 0.09 0.07 0.11 0.11 0.12 0.2
2031 0.12 003 0.05 0.02 0.01 0.01 0.01| 0.0 0.07 0.11 0.11 0.12 0.12
2032 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 0.0 0.07 021 0.11 0.12 0.12
2033 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 0.0 0.07 0.11 0.11 0.12 0.12
2034 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 0.10 0.07 0.11 0.11 0.12 0.12
2035 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 0.10 0.07 0.11 0.11 0.12 0.12
2036 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 0.10 0.07 0.11 0.11 0.12 0.2
2037 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 0.10 0.07 0.11 0.11 0.12 0.12
2038 0.13 0.03 0.05 0.02 001 0.01 0.01| 0.0 0.07 0.11 0.11 0.12 0.12
2039 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 010 0.08 0.11 0.11 0.12 012
2040 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 0.0 0.08 0.11 0.12 0.12 0.12
2041 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 0.0 0.08 0.11 0.12 0.12 0.12
2042 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 0.10 0.08 0.11 0.12 0.12 0.12
2043 0.13 0.03 0.06 0.02 0.01 0.01 0.01| 0.10 0.08 0.11 0.12 0.12 0.12
2044 0.13 0.03 0.06 0.02 0.01 0.01 0.01| 0.10 0.08 0.12 0.12 0.13 0.13
2045 0.13 0.03 0.06 0.02 0.01 0.01 0.01| 0a0 0.08 0.12 0.12 0.13 0.13
2046 0.13 0.03 0.06 0.02 0.01 0.01 0.01| 0.0 0.08 0.12 0.12 0.13 0.13
2047 0.14 0.03 0.06 0.02 0.01 0.01 0.01| 0.0 0.08 0.12 0.12 0.13 0.13
2048 0.14 0.03 0.06 0.02 0.02 0.01 0.01| 0.1 0.08 0.12 0.12 0.13 0.13
2049 0.14 0.03 0.06 0.02 0.02 0.01 0.01| 0.11 0.08 0.12 0.12 0.13 0.13
2050 0.14 0.03 0.06 0.02 0.02 0.01 0.01| 0.11 0.08 0.12 0.12 0.13 0.13
2051 0.14 0.03 0.06 0.02 0.02 0.01 0.01| 0.11 0.08 0.12 0.12 0.13 0.13
2052 0.14 0.03 0.06 0.02 0.02 0.01 0.01| 0.11 0.08 0.12 012 0.13 0.13
2053 0.14 0.03 0.06 0.02 0.02 0.01 0.01| 011 0.08 0.12 0.12 0.13 0.13
2054 0.14 0.03 0.06 0.02 002 0.01 0.01| 011 0.08 0.12 0.13 0.13 0.13
2055 0.14 0.03 0.06 0.02 0.02 0.01 0.01| 011 0.08 0.12 0.13 0.13 0.13
Levelized
(202 | 0.12 003 0.05 0.01 0.01 001 0.01| 0.09 0.07 010 0.20 0.11 011
2035)
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Table155. Motor dieselDRPE by stateZ021$ per MMBtu)
Zoneon-Zone DRIPE

Zone on Resbf-Region DRIPE

MA ME NH RI VT NH RI \Va)
2021 0.10 0.02 004 0.01 0.01 001 0.01| 0.08 0.06 0.09 0.09 0.09 0.09
2022 0.11 0.02 0.04 0.01 0.01 0.01 0.01| 0.08 0.06 0.09 009 0.10 0.10
2023 0.12 0.03 0.05 0.02 0.01 0.01 0.01| 0.09 0.07 0.10 0.10 0.11 0.11
2024 0.12 0.03 0.05 0.02 0.01 0.01 0.01| 0.0 0.07 011 0.11 0.12 0.12
2025 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 0.0 0.07 0.11 0.11 0.12 0.12
2026 0.13 0.03 0.05 0.02 0.01 0.01 0.01| 010 0.08 0.11 0.12 0.12 0.12
2027 0.13 0.03 0.06 0.02 0.01 0.01 0.01| 0.10 0.08 0.12 0.12 0.13 0.13
2028 0.14 0.03 0.06 0.02 0.02 001 0.01| 0.11 0.08 0.12 0.12 0.13 0.13
2029 0.14 0.03 0.06 0.02 0.02 0.01 0.01| 0.11 0.08 0.12 0.12 0.13 0.13
2030 0.14 0.03 0.06 0.02 0.02 0.01 0.01| 0.11 0.08 0.12 0.13 0.13 0.14
2031 0.14 0.03 0.06 0.02 0.02 0.01 001| 011 o0.08 0.13 0.13 0.14 0.14
2032 0.15 0.03 0.06 0.02 0.02 0.01 001| 011 0.09 0.13 0.13 0.14 0.14
2033 0.15 0.03 0.06 0.02 0.02 0.01 001| 011 0.09 0.13 0.13 0.14 0.14
2034 0.15 0.03 0.06 0.02 0.02 0.01 0.01| 0.11 0.09 0.13 0.13 0.14 0.14
2035 0.15 0.03 0.06 0.02 0.02 0.01 001| 011 009 0.13 0.13 0.14 0.14
2036 0.15 0.03 0.06 0.02 0.02 0.01 0.01| 012 0.09 0.13 0.13 0.14 0.14
2037 0.15 0.03 0.06 0.02 0.02 0.01 0.01| 0.12 0.09 0.13 0.13 0.14 0.14
2038 0.15 0.03 0.06 0.02 0.02 0.01 0.01| 012 0.09 0.13 0.13 0.14 0.14
2039 0.15 0.03 0.06 0.02 0.02 0.01 0.01| 012 0.09 0.13 0.13 0.14 0.14
2040 0.15 0.03 0.06 0.02 0.02 0.01 0.01| 012 0.09 0.13 0.14 0.14 0.14
2041 0.15 0.03 0.06 0.02 0.02 0.01 0.01| 012 0.09 0.13 0.14 0.14 0.14
2042 0.15 0.03 0.06 0.02 0.02 0.01 0.01| 0.12 0.09 0.13 0.14 014 0.14
2043 0.15 0.03 0.06 0.02 0.02 0.01 0.01| 012 0.09 0.13 0.14 0.15 0.15
2044 0.16 0.03 0.06 0.02 0.02 0.01 0.01| 0.12 0.09 0.13 0.14 0.15 0.15
2045 0.16 0.04 0.07 0.02 0.02 0.01 0.01| 0.12 0.09 0.14 0.14 0.15 0.15
2046 0.16 0.04 0.07 0.02 0.02 0.01 0.01| 0.12 0.09 0.14 0.14 0.15 0.15
2047 0.16 0.04 0.07 0.02 0.02 0.01 0.01| 0.12 0.09 0.14 0.14 0.15 0.15
2048 0.16 0.04 0.07 0.02 0.02 0.01 0.01| 0.12 0.09 0.14 0.14 0.15 0.15
2049 0.16 0.04 0.07 0.02 0.02 0.01 0.01| 0.12 0.09 0.14 0.14 0.15 0.15
2050 0.16 0.04 0.07 0.02 0.02 0.01 0.01| 0.12 0.09 0.14 0.14 0.15 0.15
2051 0.16 0.04 0.07 0.02 0.02 0.01 0.01| 0.13 0.09 0.14 0.14 0.15 0.15
2052 0.16 0.04 0.07 0.02 0.02 0.01 0.01| 0.13 0.10 0.14 0.14 0.15 0.15
2053 0.16 0.04 0.07 0.02 0.02 0.01 0.01| 0.13 0.10 0.14 0.15 0.15 0.15
2054 0.16 0.04 0.07 0.02 0.02 0.01 0.01| 0.13 0.10 0.14 0.15 0.16 0.16
2055 0.17 0.04 0.0 0.02 0.02 0.01 0.01| 0.13 0.10 0.14 0.15 0.16 0.16

Levelized

(202 | 0.13 0.03 0.06 0.02 0.01 001 0.01| 0.0 0.08 0.11 0.12 0.12 0.12
2035)
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This appendix presentalues for converting nominal dollars to const@®21dollars 021$) as well as

a real discount rate for calculating illuative levelized avoided costs. These values are used throughout
the AESC 2021 study, including in calculations that convertawin® nominal dollars and in

levelization calcaltions Note also that theAESC 20213@rInterfaceworkbookallowsusers to specify

their own discount rate in the calculation of levelized sost

In summary, weresentalongterm inflation rate similar to those used past versions of the AESC
study,but a lower real discount ratthan has previously been usédsed on the recent rates for.8
Treasury Bills. Those values are below:

1 The vale for converting between ture nominal dollars and constant 20$ is a long
term inflation rateof 2.00 perent (the same used as in AESC 2018).

1 The real discount rate %81 percen{versusl.34percent in AESZ018).

Conversion ohominal dollars toconstant 2021 dollars

Unless otherwise stated, all dollar values in AESC 2021 are in 2021 .ddikarsfore a set of inflators is
needed toconvert prior year nominal dollars into 2021 $, and a set of deflators to convert future year
nominal dollars ito 2021$. Those values areggented inTabk 156. The inflators arealculated from

the GDP chaittype price index published by the®5 S LI NI YSy 4 2F / 2YYSNOSQa
Analysis®®° The inflation rate dting 2020 has varied from a low of 0.1 percent in May and increased to
1.3 percent in August. Based on this @rd/trend we model an inflation rate of 1gercent for 2020.

Tabk 156. GDP price index and inflation rate

Year GDP ChakType Price Annual Conversion from
Index Inflation nominal $ t02021$

2000 78.08 1.489

2001 79.79 2.19% 1.457

2002 81.05 1.58% 1.434

2003 82.56 1.86% 1.408

2004 84.78 2.69% 1.371

2005 87.42 3.12% 1.330

2006 90.07 3.03% 1.290

2007 92.49 2.69% 1.257

2008 94.29 1.95% 1.233

2009 95.00 0.76% 1.223

350y s. Department of Commerdaureau of Economic Analysi&ble 1.1.9 Implicit Price Deflators for GrDssnestic
Product, 8/20/20.
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GDP ChakType Price Annual Conversion from

Index Inflation nominal $ t02021$
2010 96.11 1.17% 1.209
2011 98.12 2.09% 1.185
2012 100.00 1.92% 1.162
2013 101.76 1.76% 1.142
2014 103.64 1.85% 1.121
2015 104.62 0.95% 1.111
2016 105.72 1.05% 1.099
2017 107.71 1.88% 1.079
2018 11030 2.40% 1.054
2019 112.27 1.79% 1.035
2020 113.95 1.50% 1.020
2021 116.23 2.00% 1.000
2022 118.55 2.00% 0.980
2023 120.92 2.00% 0.961
2024 123.34 2.00% 0.942
2025 125.81 2.00% 0.924
2026 128.33 2.00% 0.906
2027 130.89 2.00% 0.888
2028 133.51 2.00% 0.871
2029 136.18 2.00% 0.853
2030 138.90 2.00% 0.837
2031 141.68 2.00% 0.820
2032 14451 2.00% 0.804
2033 147.41 2.00% 0.788
2034 150.35 2.00% 0.773
2035 153.36 2.00% 0.758
2036 156.43 2.00% 0.743
2037 159.56 2.00% 0.728
2038 162.75 2.00% 0.714
2039 166.00 2.00% 0.700
2040 169.32 2.00% 0.686
2041 172.71 2.00% 0.673
2042 176.16 2.00% 0.660
2043 179.69 2.00% 0.647
2044 183.28 2.00% 0.634
2045 186.95 2.00% 0.622
2046 190.68 2.00% 0.610
2047 194.50 2.00% 0.598
2048 198.39 2.00% 0.586
2049 202.36 2.00% 0.574
2050 206.40 2.00% 0.563
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Forthe years in our analysigie usea longterm inflation rate of 2.00 percentThis is the same inflation
rate used in the AESC BxMtudy.The 2 percent inflation rates also consistent with th20-year annual
average inflation rate fror2001to 2019 of 1.93 percent, derived from the GDP chéype price index.

We also examined pjections of longerm inflation made by the Congressional Budget Office (CBO) in
January2020 which were 2.00 percerfor 2025¢2030%°! In both August and September, the Federal
Reserve Board indicatets intent of maintaining a longerm average inflatia rate of 2.0 percent. The
rate may however vary over the shorter term to address employment probféfisote also that the
long-term rate used in th020AEO was 20 percent3®3

Realdiscountrate

The calculation of the real discounteauses thdnflation rate, as discussed ab®, in conjunction with
the longterm nominaldiscountrate. To develop a real discount rate, we udbd calculated nominal
rate and the forecast lontgrm inflation rate (2.0(@erceni) according tahe formulain Equationl7.

Equation17. Calculating the real discount rate
VOBl & i {Q‘p EEAaQRVIOE G &
I WEuw &20 prom— AN
p Qe "YA&EED O Q P

For the nominal discount rate ggt AESC studies have generally u8égear Treasury bill8ecause of
unusual market conditions (where shdaerm rates were higher than tarterm rates) in AESC 2018 we
used a blending of th&0-year and 36year rates. For this study we return to the use of theygar F

Bills. Rteson Treasury billeave declined dramatically in recent yegaad have continuedb do so to a
greater degrealuring the COVIQ9 pandemic (se€igue 53). Through most of 2018, treasury bill rates
were about 3 percent, and then declined to about 2.5 percent in 2019. As of July 2020, because of the
effects ofthe COVIEL9 pandemicthe 3Cyear bills wereat 1.25 percent and Hearbills wereat 0.62
percent3%

Since AESC 2021 requires a #a1gn value, weusethe average of the 3§ear TBill rates for the two
years prior to theCOVIBL9 pandemig®>which is 282 percent. Thissinot gredy different than the

351cBOrThe Budget ath Economic Outlook: Fiscal Year@@ 2030, Table 21, page 30, January 2020. The same
GDP price index value of 2.0 percent was in the July 2020 update.

B2cERENI f wSASNBS O ! dpardardket @omiitter Annoues Agp@@FoBUpdates to its Statement on
Longerwdzy D2t f a | yR a2y FeéerdiBservedAialable dt G NI G S38 dé
https:// www.federalreserve.gov/newsewnts/pressreleases/monetary20200827a.htm

B3 p{d 9L [Fald FOOSE 48R al NDK EmgofAvailableat® &! yydzZd f 9y SNHS
https://ww w.eia.gov/outlooks/aeo/data/browser/#/?id=1-BEQ2020&cases=ref2020&sourcekey=0

354 As of January 2021, 3@ar bills were at 1.87 percent and-§@ar billswere at 1.12 percent. Theseenot substantially
different enough to varrant altering the resultspesented here.

355Erom January 2018 through January 2020.
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https://www.federalreserve.gov/newsevents/pressreleases/monetary20200827a.htm
https://www.eia.gov/outlooks/aeo/data/browser/#/?id=18-AEO2020&cases=ref2020&sourcekey=0

rate of 3.37 percent used In AESC 2(018sresultsin anominal discount rate of 2.8@ercent The
resultant future nominal price indices are showrshown inTablel157.

Figue 53. Recent treasury billrates & G KS GAYS 2F 19{/ HnumMQ& AyLdzi I &a&adzYLJ

4.0%
3.5%
3.0%
2.5%
2.0%
1.5%

30-year
1.0% 20-year

Treasury Bill Rates by Month

0.5%

0.0%
Jan2018  Jul2018  Jan2019  Jul2019  Jan2020  Jul 2020

Tablel57. Compositenominal rate calculation

Yea Rate Index Year Rate Index
2021 2.82% 1.000 2039 2.82%  1.650
2022 2.82% 1.028 2040 2.82%  1.697
2023 2.82% 1.057 2041 2.82%  1.745
2024 2.82% 1.087 2042 2.82%  1.794
2025 2.82% 1.118 2043 2.82%  1.845
2026 2.82% 1.149 2044 2.82%  1.897
2027 2.82% 1.182 2045 2.82%  1.950
2028 2.82% 1.215 2046 2.82%  2.005
2029 2.82% 1.249 2047 2.82%  2.062
2030 2.82% 1.285 2048 282%  2.120
2031 2.82% 1.321 2049 2.82%  2.180
2032 2.82% 1.358 2050 2.82%  2.242
2033 2.82% 1.397
2034 2.82% 1.436
2035 2.82% 1.476
2036 2.82% 1.518
2037 2.82% 1.561
2038 2.82% 1.605

Notes: A nominalate of 2.82 percent used throughout the period.
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AESC 202Equires the calculation of illustrative levelized avoided costs express#Pit$ for various
intervals using the identified real discount rate. Note that #KEeSC 20 User Interfacevorkbookallows
readers of AESC 20&1input their preferreddiscourt rate to calculate levelized avoided costs.

The real discount ratéormula prodiuces aate of 0.81percent, which appears reasonable for
calculations of levelized casthrough riods as long a30 years®®® This idower than the AESC 2018
rate of 1.34percent andsignificantly lower than the AESC 2015 rate of 2.43 per@uias discussed
above the longerterm nominalreturn rates have declined considerably. \Weisrely onareal discount
rate of 0.81 percent A lower discount rate means thatture costs and savings will hageesater effects
on the net present value calculatioriBable158 presents a summary @fur findings

Tablel58 Comparison ofeal discount rate estimates

Uiy (] Congressional Budget Office
AESC 2018 Method AESC 2021
8/20/2020 Jan20 Jul20
Longterm
nominal 3.37% 1.05% 3.00% 2.60% 2.82%
rate
Composite of  30-year FBills Forecast10- Forecast10- .
. - year Treasury  year Treasury 30 Year 1Bills Jan
Source 10and30-year with maturities
Treasurv rates 2030:2049 notes 2027 notes 2027 2018Jan 2020
y 2030 2030
Inflation 2.00% 2.00% 2.00% 2.00% 2.00%
Rate
Abovehistorical Slightly above Above historical
average of historical average 0f1.88%
1.88%, but averade. but Core PCE Price Core PCE Price but bgelow AEO ’
Source below AEO g€, Index 202% Index 202% .
o greater than 2020 projection of
2017 projection 2030 2030
the longterm 2.3% same as CBO
of 2.1% same rate forecast
as CBO forecas
Resulting
long-term
real 1.34% -0.93% 0.98% 0.59% 0.81%
discount
rate
SourcesJanuan2020/ . h NI} G4S Aa (1 1Sy FTNRY a¢KS . dzZREBRRM04 y/R2 DR 2 XA DY Ihidzi

Budget @fice, January 220, Table 21. July 2020CBO rate is taken fromn Update to The Budget and Economic Outlook:
Fiscal Years 2020 to 2Q3Dongressinal Budget Office]luly 2020 Table 1

356 This is the standard rate conversion equation used widely and mealiousAESGtudies.
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Considerations given the COUI® pandemic

The effects of the COWI® pandemic have greatly affeed theU.S.economy. The most significant
changes have been declines in employment and economic activity. The etfexshow up in the near
collapse of interest rates as reflected in th@ills. The inflation rate has beeaffected very little.
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TheAvoided Cost User Interfaean Excebased documenthat allows readers of AESC 2021 to

examine howby-hour energy prices and DRIPE values for each reporting region for 2021 through 2035.

This deument serves as a data aggator; it pulls together energy and DRIPE data for the traditional

AESC costing periods and discount rates, allowiagsue view and modifyt levelized avoidedosts.
This document also provides an extrapolation of energy présel DRIPE values throughb20using the
extrapolation methodology described Appendix AUsage Instructions

However, the main purpose of thicument is to allow users to develop avoided costs for periods
outside the traditional AESC costing pedarf summer ofpeak, summebpn-peak, winter offpeak, and
winter on-peak. Within theAESC 2021 User Interfacsers can develogustomized costs using the
following selectable options:

9 Time period:The interface providesrergy and DRIPE values modelexif2021
through 2035 and exapolated through 205.

1 Levelization periodiJsers can view costs levelized using the standardifatin
periods (10year, 15year, and30-year) or develop their own levelization periods over
other years.

1 AESC reporting zenUsers may choose one of fdporting regions for which to
calculate avoided cos{including reporting regions not includedAppendix B)

1 Costing periodUserscanview the costs under the traditional four costing periods, or
define their own, as fabiws:

~ A N w oA A o~

o tSI] f2FR HROFNYSWRI AT aK2dzZNA SEOSSRA Y3

- SN A~ A A N oA

0o [2FR G(KNBaK2fR SEOBERIKII &, adaé ¢ K2 dzNA

G, € L

5

o t ST LINAOS ORSTAYSR & d-¢ LISNOSyld 2F K2 dz2N&

o t NAOS (KNB&aK2fR OBSRAYSRabPidka2&Kékz2dz2NB SE

1 Counterfactials Usersmaycreate avoided costs faach of thefour AESC
counterfactuals
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This appendix presents the modeled emission rates fera®® NQ in the nonelectric sectors{able
159) and in the electric sectoTable1600 ® 2 S | f & 2REIEAtIEAE $allé161{iwkiéh isd
calculated based on the modeling results ahd algorithm described isedion 8.3 Applying non
embedded costS his RE Factor may be applied to the marginal emission raleslal60to determine
final marginal emission rates for eh state.

Users of AESC 2021 must makietermination for which norembedded costare most applicable to
their own policy context. For illustrative purposd®blel62through Tablel64depict the electre and
non-electric norembedded costs assuming theew England marginal abatement cost derived from
electric sector technologigseeSection8.1: Nornrembedded GHG co¥tsinder Counterfaetual #1for
Massachusetts (as an example s)atdsers of AESC 2021 may utilizeAleSC 2021 User Interfdoe
generate analogous tables for each of the rnbedded costs described in Sectih: Nonembedded
GHG costdor each counterfactuafor each stateThese tables accountf the removal of embedded
costs (RGGI for all states, plus costs associated with 310 CMR 7.74 and 7.75 for Massachusetts).

Note that the avoided costs desbed inTablel62through Tablel64are already included in Appendix
B. These should not be added, ahe@y are shown here for informational purposes only.

Tablel59. Marginal emssion rates for norelectric sectors

Fuel Sector CcQ NOx
Natural Gas Residential 117 0.092
Commercial 117 0.098
Industrial 117 0.098
Distillate fuel oil Residential 161 0.129
Commercial 161 0.171
Industrial 161 0.171
B5 Biofuel All 153 0.129
B20 Biofuel All 129 0.129
Kerosene All 159 0.129
LPG All 139 0.014
RFO All 173 0.171
Transportation Diesel All 161 0.717
Gasoline All 157 0.124
Wood All zero 0.341
Wood & Waste All Zero 0.355

Sources: G@missions ratefom https://www.eia.gov/envionment/emissions/co2_vol_mass.php; NOX emissions rates from
EPA, AP 42, Fifth Edition, Volume |. Chapter 1: External Combustion Sources, available at
https://www3.epa.gov/ttn/chief/ap42/ci®1/index.htm| Derived from the National Transportation Statistics tables of the
Bureau of Transportation Statistics of the US Department of Transportation. Available at
https://www.bts.gov/product/nationaltransportationstatistics Seelablesl-35, 443, and 46M.

Notes: Some emissions rates do not vary by sector or geography and are consistent across yeanissi@ rates for
transportation desel and gasoline are showar inational averages of all vehicles on the road.
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Table160. Modeledshort-term electric sector marginal emissions rat€ per MWh)

CcQo NOx
Winter Summer Winter Summer
On Peak Off Peak OnPeak OffPeak | OnPeak Off Peak OnPe&  Off Peak
2021 756 791 779 799 0.09 0.21 0.14 0.11
2022 740 752 729 813 0.10 0.09 0.14 0.11
2023 732 826 663 932 0.09 0.08 0.11 0.09
2024 791 869 767 967 0.10 0.08 0.12 0.10
2025 796 881 812 966 0.07 0.07 0.12 0.10
2026 756 878 772 939 0.07 0.07 0.11 0.09
2027 682 824 760 930 0.07 0.08 0.11 0.10
2028 686 735 764 822 0.08 0.07 0.12 0.09
2029 702 718 753 794 0.08 0.07 0.11 0.08
2030 636 669 732 760 0.06 0.06 0.09 0.07
2031 648 692 723 768 0.06 0.06 0.09 0.07
2032 644 720 686 774 0.06 0.06 0.09 0.07
2033 652 702 737 788 0.06 0.06 0.08 0.07
2034 678 693 752 770 0.06 0.06 0.08 0.07
2035 691 690 761 793 0.06 0.05 0.07 0.06

We assume all four counterfactuals feature the sanmagginal emission rates

Table161l RE Factor

I CT MA ME NH RI VT
2021 0% 0% 0% 1% 0% 8%
2022 0% 0% 0% 1% 0% 9%
2023 0% 0% 0% 1% 0% 11%
2024 0% 0% 0% 1% 0% 12%
2025 0% 0% 0% 1% 0% 13%
2026 0% 0% 0% 1% 0% 14%
2027 0% 0% 0% 1% 0% 16%
2028 0% 0% 0% 1% 0% 17%
2029 0% 0% 0% 1% 0% 18%
2030 0% 0% 0% 1% 0% 19%
2031 0% 0% 0% 1% 0% 21%
2032 0% 0% 0% 1% 0% 22%
2033 0% 0% 0% 1% 0% 22%
2034 0% 0% 0% 1% 0% 22%
2035 0% 0% 0% 1% 0% 22%

Notes:Seedevelopmenimethodologyin Sectior8.3: Applying norembedded costsThe RE Factor does not change for different
scenarios see discussion in ChaptérAvoided Cost of Compliance witleriewable Portfolio Stedardsand Related Clean
Energy Policieas to why.
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Tablel62 Electric sector norembeddel costsin Counterfactual #1WCMA(2021 $ per kWh)

CQ NOx
Winter Summer  Winter Summer| Winter Summer  Winter Summer
On Peak Off P@k On Peak Off Peak| On Peak Off Peak On Peak Off Peak
2021 0.0695 0.0728 0.0717 0.0735 0.0007 0.0015 0.0010 0.0008
2022 0.0575 0.0584 0.0567 0.0632 0.0008 0.0006 0.0010 0.0008
2023 0.0582 0.0657 0.0527 0.0741 0.0006 0.0006 0.0008 0.0007
2024 0.0480 0.0627 0.0465 0.0587 0.0007 0.0006 0.0009 0.0007
2025 0.0484 0.0536 0.0494 0.0587 0.0005 0.0005 0.0009 0.0007
2026 0.0444 0.0515 0.0453 0.0551 0.0005 0.0005 0.0008 0.0007
2027 0.0400 0.0483 0.0446 0.0545 0.0005 0.0006 0.0008 0.0007
2028 0.0403 0.0431 0.0449 0.0483 0.0006 0.0005 0.00® 0.0007
2029 0.0384 0.0393 0.0412 0.0434 0.0006 0.0005 0.0008 0.0006
2030 0.0355 0.0374 0.0409 0.0424 0.0004 0.0004 0.0006 0.0005
2031 0.0325 0.0347 0.0362 0.0385 0.0005 0.0004 0.0006 0.0005
2032 0.0293 0.0328 0.0312 0.03 0.0005 0.0005 0.0006 0.0005
2033 0.0272 0.0293 0.0308 0.0329 0.0004 0.0004 0.0006 0.0005
2034 0.0257 0.0263 0.0285 0.0292 0.0005 0.0004 0.0006 0.0005
2035 0.0235 0.0235 0.0259 0.0270 0.0004 0.0004 0.0005 0.0005
2036 0.0216 0.0214 0.0237 0.0246 0.0004 0.0004 0.0005 0.0005
2037 0.0199 0.0195 0.0217 0.0224 0.0004 0.0004 0.0005 0.0005
2038 0.0183 0.0177 0.0198 0.0205 0.0004 0.0004 0.0005 0.0004
2039 0.0169 0.0162 0.0181 0.0187 0.0004 0.0004 0.0005 0.0004
2040 0.0155 0.0147 0.0166 0.0171 0.0004 0.0004 0.0005 0.0004
2041 0.0143 0.0134 0.0152 0.0156 0.0004 0.0004 0.0005 0.0004
2042 0.0132 0.0122 0.0139 0.0142 0.0004 0.0004 0.0005 0.0004
2043 0.0121 0.0111 0.0127 0.0130 0.0004 0.0004 0.0004 0.0004
2044 0.0112 0.0101 0.0116 0.0118 0.0004 0.0004 0.0004 0.0004
2045 0.0103 0.0092 0.0106 0.0108 0.0004 0.0003 0.0004 0.0004
2046 0.0095 0.0084 0.0097 0.0099 0.0004 0.0003 0.0004 0.0004
2047 0.0087 0.0077 0.0089 0.0090 0.0004 0.0003 0.0004 0.0004
2048 0.0080 0.0070 0.0081 0.0082 0.0004 0.0003 0.0004 0.0004
2049 0.0074 0.0064 0.0075 0.0075 0.0004 0.0003 0.0004 0.0003
2050 0.0068 0.0058 0.0068 0.0068 0.0004 0.0003 0.0004 0.0003
2051 0.0063 0.0053 0.0062 0.0062 0.0004 0.0003 0.0004 0.0003
2052 0.0058 0.0048 0.0057 0.0057 0.0004 0.0003 0.0004 0.0003
2053 0.063 0.0044 0.0052 0.0052 0.00%4 0.0003 0.0003 0.0003
2054 0.0049 0.0040 0.0048 0.0047 0.0004 0.0003 0.0003 0.0003
2055 0.0045 0.0036 0.0044 0.0043 0.0004 0.0003 0.0003 0.0003
Levelized
(2021:2030) 0.0482 0.0525 0.0496 0.0574 0.0006 0.0006 0.0009 0.0007
Levelized
(2021:2035) 0.0417 0.0451 0.0435 0.0495 0.0005 0.0006 0.0008 0.0006
Levelized
(2021:2050) 0.0282 0.0297 0.0295 0.0329 0.0005 0.0005 0.0006 0.0005

Notes:Values are for Counterfactual #1 onGQ price assumeblew England marginal abatement ¢aterived from electric
secta technologiesPrices in Massachusetts diverge from other states due to the presence of unique Massacpeséits
GHGregulations.Other C@prices can be calculated using tRESC 2021 User Interfat&lues shown do ndiave losses
applied.
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Table163 Non-electric nonembedded costs for C£n Counterfactual #1all states (2021 $er MMBtu)

Natural Gas Fuel oils Other Fuels
Resi. Commercial Industrial RES[CIE Industrial Transportaton

Residential Commer Indus Distillate | Distillate Residual Weighted | Distillate Residual Weighted Motor Motor

cial trial Fuel Oil | Fuel Oil Fuel Oil Average | Fuel Oil Fuel Oil Average el CREEns  Fiepins) | Eesse Gasoline Diesel

2021 $11.15 $1115 $11.15 $15.34 $15.34 $1649 $15.39 $15.34 $16.49 $15.44 $0.00 $0.00 $15.15 $13.25 $15.15 $14.96 $15.34
2022 $9.47 $9.47 $9.47 $13.03 $13.03 $14.00 $13.06 $13.03 $14.00 $13.11 $0.00 $0.00 $12.86 $11.25 $12.86 $12.70  $13.03
2023 $9.69 $9.69 $9.69 $13.3 $13.33 $14.33 $13.37 $13.33 $14.33 $13.42 $0.00 $0.00 $13.17 $11.51 $13.17 $13.00 $13.33
2024 $7.51 $7.51 $7.51 $10.33 $10.33 $11.10 $10.36 $10.33 $11.10 $10.39 $0.00 $0.00 $10.20 $8.92 $10.20 $10.07  $10.33
2025 $7.54 $7.54 $7.54 $10.37 $10.37 $11.14 $10.40 $10.37 $11.14 $10.44 $0.00 $0.00 $10.24 $8.95 $10.24 $10.11 $10.37
2026 $7.31 $7.31 $7.31 $10.06 $10.06 $10.81 $10.09 $10.06 $10.81 $10.13 $0.00 $0.00 $9.94 $8.69 $9.94 $9.81 $10.06
2027 $7.33 $7.33 $7.33 $10.09 $10.09 $10.84 $10.12 $10.09 $10.84 $10.15 $0.00 $0.00 $9.96 $8.71 $9.96 $9.83 $10.09
2028 $7.36 $7.36 $7.36 $10.13 $10.13 $10.89 $10.16 $10.13 $10.89 $10.20 $0.00 $0.00 $10.01 $8.75 $10.01 $9.88 $10.13
2029 $6.92 $6.92 $6.92 $9.52 $9.52 $10.23 $9.55 $9.52 $10.23 $9.58 $0.00 $0.00 $9.40 $8.22 $9.40 $9.28 $9.52
2030 $7.07 $7.07 $7.07 $9.73 $9.73 $10.46 $9.76 $9.73 $10.46 $9.79 $0.00 $0.00 $9.61 $8.40 $9.61 $9.49 $9.73
2031 $6.43 $6.43 $6.43 $8.84 $8.84 $9.50 $8.87 $8.84 $9.50 $8.90 $0.00 $0.00 $8.73 $7.63 $8.73 $8.62 $8.84
2032 $5.92 $5.92 $5.92 $8.15 $8.15 $8.75 $8.17 $8.15 $8.75 $8.20 $0.00 $0.00 $8.05 $7.03 $8.05 $7.95 $8.15
2033 $5.50 $5.50 $5.50 $7.57 $7.57 $8.14 $7.59 $7.57 $8.14 $7.62 $0.00 $0.00 $7.48 $6.54 $7.48 $7.38 $7.57
2034 $5.09 $5.09 $5.09 $7.00 $7.00 $7.52 $7.02 $7.00 $752 $7.05 $0.00 $0.00 $6.91 $6.05 $6.91 $6.83 $7.00
2035 $4.66 $4.66 $4.66 $6.42 $6.42 $6.89 $6.44 $6.42 $6.89 $6.46 $0.00 $0.00 $6.34 $5.54 $6.34 $6.26 $6.42
2036 $4.29 $4.29 $4.29 $5.91 $5.91 $6.35 $5.93 $5.91 $6.35 $5.94 $0.00 $0.00 $5.83 $5.10 $5.83 $5.76 $5.91
2037 $3.95 $3.95 $3.95 $5.44 $5.44 $5.84 $5.46 $5.44 $5.84 $5.47 $0.00 $0.00 $5.37 $4.70 $5.37 $5.30 $5.44
2038 $3.64 $3.64 $3.64 $5.01 $5.01 $5.38 $5.02 $5.01 $5.38 $5.04 $0.00 $0.00 $4.95 $4.32 $4.95 $4.88 $5.01
2039 $3.35 $3.35 $3.35 $4.61 $4.61 $4.95 $4.62 $4.61 $4.% $4.64 $0.00 $0.00 $4.55 $3.98 $4.55 $4.50 $4.61
2040 $3.08 $3.08 $3.08 $4.24 $4.24 $4.56 $4.26 $4.24 $4.56 $4.27 $0.00 $0.00 $4.19 $3.66 $4.19 $4.14 $4.24
2041 $2.84 $2.84 $2.84 $3.91 $3.91 $4.20 $3.92 $3.91 $4.20 $3.93 $0.00 $0.00 $3.86 $3.37 $3.86 $381 $3.91
2042 $2.61 $2.61 $2.61 $3.60 $3.60 $3.87 $3.61 $3.60 $3.87 $3.62 $0.00 $0.00 $3.55 $3.11 $3.55 $3.51 $3.60
2043 $2.41 $2.41 $2.41 $3.31 $3.31 $3.56 $3.32 $3.31 $3.56 $3.33 $0.00 $0.00 $3.27 $2.86 $3.27 $3.23 $3.31
2044 $2.22 $2.22 $2.22 $3.05 $3.05 $3.28 $3.06 $3.05 $3.28 $3.07 $0.00 $0.00 $3.01 $2.63 $3.01 $2.97 $3.05
2045 $2.04 $2.04 $2.04 $2.81 $2.81 $3.02 $2.82 $2.81 $3.02 $2.83 $0.00 $0.00 $2.77 $2.42 $2.77 $2.74 $2.81
2046 $1.88 $1.88 $1.88 $2.59 $2.59 $2.78 $2.59 $2.59 $2.78 $2.60 $0.00 $0.00 $2.55 $2.23 $2.55 $2.52 $2.59
2047 $1.73 $1.73 $1.73 $2.38 $2.38 $2.56 $2.39 $2.38 $2.56 $2.39 $0.00 $0.00 $2.35 $2.05 $2.35 $2.32 $2.38
2048 $1.59 $1.59 $1.59 $2.19 $2.19 $2.35 $2.20 $2.19 $2.35 $2.20 $0.00 $0.00 $2.16 $1.89 $2.16 $2.14 $2.19
2049 $1.47 $1.47 $1.47 $2.02 $2.02 $2.17 $2.02 $2.02 $2.17 $2.03 $0.00 $0.00 $1.99 $1.74 $1.99 $1.97 $2.02
2050 $1.35 $1.35 $1.35 $1.86 $1.86 $2.00 $1.86 $1.86 $2.00 $1.87 $0.00 $0.00 $1.83 $1.60 $1.83 $1.81 $1.86
2051 $1.24 $1.24 $1.24 $1.71 $1.71 $1.84 $1.72 $1.71 $1.84 $1.72 $0.00 $0.00 $1.69 $1.48 $1.69 $1.67 $1.71
2052 $1.14 $1.14 $1.14 $1.57 $1.57 $1.69 $1.58 $1.57 $1.69 $1.58 $0.00 $0.00 $1.55 $1.36 $1.55 $1.54 $1.57
2053 $1.05 $1.05 $1.05 $1.45 $1.45 $1.56 $1.45 $1.45 $1.56 $1.46 $0.00 $0.00 $1.43 $1.25 $1.43 $1.41 $1.45
2054 $0.97 $0.97 $0.97 $1.33 $1.33 $1.43 $1.34 $1.33 $1.43 $1.34 $0.00 $0.00 $1.32 $1.15 $1.32 $1.30 $1.33
2055 $0.89 $0.89 $0.89 $1.23 $1.23 $1.32 $1.23 $1.23 $1.32 $1.24 $0.00 $0.00 $1.21 $1.06 $121 $1.20 $1.23
Levelized
é%%t $8.16 $8.16 $8.16 $11.23 $11.23 $12.07 $11.26 $11.23 $12.07 $11.30 $0.00 $0.00 $11.09 $9.70 $11.09 $10.95  $11.23
22%?,) $7.32 $7.32 $7.32 $10.07 $10.07 $10.82 $10.10 $10.07 $10.82 $10.13 $0.00 $0.00 $9.95 $8.69 $9.95 $9.82 $1007
22%25%) $5.10 $5.10 $5.10 $7.02 $7.02 $7.54 $7.04 $7.02 $7.54 $7.06 $0.00 $0.00 $6.93 $6.06 $6.93 $6.84 $7.02

Notes: C@price assumes New England marginal abatement cost derived from electric sector technologieSQJifiees can be calculataging theAESC 2021 User
Interface
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Table164. Non-electric nonembedded costs for N@in Counterfactual #1all states (2021 $er MMBtu)

Natural Gas Fuel oils Other Fuels
: : o — I lesi. o Commercial : » Indu§trial : Residential Industrial Transportation
Residential cial trial Distillate | Distillate Residual Weighted | Distillate Residual Weighted Pellets  Kerosene Propane | Kerosene Motor Motor
Fuel Oil | Fuel Oil Fuel Oil Average | Fuel Oil Fuel Oil Average Gasoline Diesel
2021

2022 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2023 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2024 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2025 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2026 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2027 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.% $0.91 $5.27
2028 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2029 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2030 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2031 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2032 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2033 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2034 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2035 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2036 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2037 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2038 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2039 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2040 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2041 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2042 $0.68 $0.72 $0.72 $0.95 $1.26 $126 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2043 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2044 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2045 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2046 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2047 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2048 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2049 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2050 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2051 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2052 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2053 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2054 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
2055 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27

Levelized
22%%%) $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
22%%15 $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
22%%%) $0.68 $0.72 $0.72 $0.95 $1.26 $1.26 $1.26 $1.26 $1.26 $1.26 $0.00 $0.00 $0.95 $0.10 $0.95 $0.91 $5.27
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This appendix describes the derivation of demi@aeduction induced price effects (DRIPH)is igthe
price effect of adding energy efficiency resoes or reducing load.

For the supply curve (the price that suppliers will charge for suppbyMyV):
YOO a @
and the demand curve (the price set by the VRR curve NiwW):
0O © 4
Note thata is the magnitudeof the slope with the direabn noted in the preceding negative sign.

The demand curve meets the supply curve at

And themarketclearing price is

Apositive horizontal shiftdf a2 (G2 GKS &dzLILX & -inteoahIBSwndakdAAF U &
negative horizontal shift of the demand curve shifts the demaimtgrcept downward as well.

The horizontal shift of the supply curve shifts Hmtercept
@ ® & |
The Supply function, horizontally shifted tnits, equals:
Y ad O al a ol o
Similarly, applying a negative horizontal shift ainits to the demad curve shifts its yntercep:
A ® & |
The shifted Demand function equals:

0 ® a4 | o
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Figureb4 provides examples that describe the ration&be the shiftin the yintercept for eachdinction.
The supply function is Sx= 0 and the demand function is D = 4@8. Adding 100 MW at $0 shifts the
supply curve right by 106x  p 1t.718ubtracting 100 MW from the demand curve likewise shifés
curve left byl00, equivalent to shiftingavn by 100, = 200.

Figure54. Example of supply and demand impact

800
SO0
400
supply
& 200 Supply
] Shifted +100
£ 1]
Fil Demand
-400 Demand
shifted -100
-600

-100  -50 0 50 100 IS0 200 250 300
Capacity (MW)

For the intersection of the supply cur@&with the VRR Rires and the intersection ofY x E OF
we find the equilibrium quantityss and then substitute that into either half to géti "Q.d'Q
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For Tvl B =™

o o O a | o
Solve for x
L, O ® al]
®
a a

YO @i 6 @REé dYe 10 0 £QQbI QOQ

01 QOB a

1

O @ a|
a a
The difference between this price and the original price is
9T 1w T a |
Yoi Q' ———
a
Thus, the slope of the&ring price with respect to demand is
a a
a a

The same approach gives the same result, starting with an increment in supply.
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This appendix documents théuslies in Chaptel1: Value of Improved Rability.

Tablel65. Matrix of reliability sources
Author

Journal or Source

Document Focus

2018

Cambridge
E®nomic
Policy
Associates Ltd|

Study on the Estimation
of the Value of Lost Load
of Electricity Supply in
Europe

Prepare for Agency for the
Cooperation of Energy Regulators.
Available at
https://www.acer.europa.eu/en/Elec
tricity/Infrastructure_and _network%
20development/Infrastructure/Docu
ments/CEPA%Btudy%200n%20the
%20Value%2d8020L0st%20Load%?2
in%20the%?20electricity%20supply.p
f

Reliability Value
Assessment
VoLL Methods

Department of
Energy

Security for the United
States

Congras. Available at

https://www.energy.gov/sites/prod/f
iles/2017/01/f34/Valuation%200f%2(
Energy%20urity%20for%20the%?2
0United%20States%20%28Full%20

port%29_1.pdf

2017 | Makovich, L., | Ensuring Resilientand | IHS Maket, research supported by | Reliability Value
Richards, J. Efficiency Electricity the Edison Electric Institute availablg Assessmeng,
Generation: the Value of | at: Macroeconomic
the Current Diverse US | https://www.globalenergyinstitite.or | Metrics
power supply portfolio g/sites/default/files/Value%200f%20
he%20Current%20Diverse%20US%
Power%20Supply%20Portfolio V3
WB.PDF
2017 | Mills, E., An Insurance Perspective LBNI-1006392, performed by the Reliability Value
Jones, R. on U.S. Efgric Grid Energy Analysis and Environmental | Assessmen,
Disruption Costs Impacts Division Lawrence Berkeley| VoLL by Sector
National Laboratory. Available at per Event
https://femp.lbl.gov/stes/default/files
/Ibnl-1006392.pdf
2017 | North Distributed Energy A report by NERC and the NER Alternative
American Resources: Connection | EssentiaReliability Serges Working | Reliability Metrics
Electric Modeling and Reliability | Group (ERSWG) Available at
Reliability Considerations http://www.nerc.com/comm/Other/
Corporation esstlrlbltysrvestskfcDL/DERTF%20L
aft%20Report%20
%20Connection%20Modeling%20ar
%20Reliability%20Considerations.pc
2017 | U.S. Valuation of Energy U.S. Departmetnof Energy, Report to| Reliability Value

Assessmeng
VoLL Methods
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https://www.acer.europa.eu/en/Electricity/Infrastructure_and_network%20development/Infrastructure/Documents/CEPA%20study%20on%20the%20Value%20of%20Lost%20Load%20in%20the%20electricity%20supply.pdf
https://www.acer.europa.eu/en/Electricity/Infrastructure_and_network%20development/Infrastructure/Documents/CEPA%20study%20on%20the%20Value%20of%20Lost%20Load%20in%20the%20electricity%20supply.pdf
https://www.acer.europa.eu/en/Electricity/Infrastructure_and_network%20development/Infrastructure/Documents/CEPA%20study%20on%20the%20Value%20of%20Lost%20Load%20in%20the%20electricity%20supply.pdf
https://www.acer.europa.eu/en/Electricity/Infrastructure_and_network%20development/Infrastructure/Documents/CEPA%20study%20on%20the%20Value%20of%20Lost%20Load%20in%20the%20electricity%20supply.pdf
https://www.acer.europa.eu/en/Electricity/Infrastructure_and_network%20development/Infrastructure/Documents/CEPA%20study%20on%20the%20Value%20of%20Lost%20Load%20in%20the%20electricity%20supply.pdf
https://www.acer.europa.eu/en/Electricity/Infrastructure_and_network%20development/Infrastructure/Documents/CEPA%20study%20on%20the%20Value%20of%20Lost%20Load%20in%20the%20electricity%20supply.pdf
https://www.acer.europa.eu/en/Electricity/Infrastructure_and_network%20development/Infrastructure/Documents/CEPA%20study%20on%20the%20Value%20of%20Lost%20Load%20in%20the%20electricity%20supply.pdf
https://www.globalenergyinstitute.org/sites/default/files/Value%20of%20the%20Current%20Diverse%20US%20Power%20Supply%20Portfolio_V3-WB.PDF
https://www.globalenergyinstitute.org/sites/default/files/Value%20of%20the%20Current%20Diverse%20US%20Power%20Supply%20Portfolio_V3-WB.PDF
https://www.globalenergyinstitute.org/sites/default/files/Value%20of%20the%20Current%20Diverse%20US%20Power%20Supply%20Portfolio_V3-WB.PDF
https://www.globalenergyinstitute.org/sites/default/files/Value%20of%20the%20Current%20Diverse%20US%20Power%20Supply%20Portfolio_V3-WB.PDF
https://www.globalenergyinstitute.org/sites/default/files/Value%20of%20the%20Current%20Diverse%20US%20Power%20Supply%20Portfolio_V3-WB.PDF
https://emp.lbl.gov/sites/default/files/lbnl-1006392.pdf
https://emp.lbl.gov/sites/default/files/lbnl-1006392.pdf
http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/DERTF%20Draft%20Report%20-%20Connection%20Modeling%20and%20Reliability%20Considerations.pdf
http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/DERTF%20Draft%20Report%20-%20Connection%20Modeling%20and%20Reliability%20Considerations.pdf
http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/DERTF%20Draft%20Report%20-%20Connection%20Modeling%20and%20Reliability%20Considerations.pdf
http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/DERTF%20Draft%20Report%20-%20Connection%20Modeling%20and%20Reliability%20Considerations.pdf
http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/DERTF%20Draft%20Report%20-%20Connection%20Modeling%20and%20Reliability%20Considerations.pdf
https://www.energy.gov/sites/prod/files/2017/01/f34/Valuation%20of%20Energy%20Security%20for%20the%20United%20States%20%28Full%20Report%29_1.pdf
https://www.energy.gov/sites/prod/files/2017/01/f34/Valuation%20of%20Energy%20Security%20for%20the%20United%20States%20%28Full%20Report%29_1.pdf
https://www.energy.gov/sites/prod/files/2017/01/f34/Valuation%20of%20Energy%20Security%20for%20the%20United%20States%20%28Full%20Report%29_1.pdf
https://www.energy.gov/sites/prod/files/2017/01/f34/Valuation%20of%20Energy%20Security%20for%20the%20United%20States%20%28Full%20Report%29_1.pdf
https://www.energy.gov/sites/prod/files/2017/01/f34/Valuation%20of%20Energy%20Security%20for%20the%20United%20States%20%28Full%20Report%29_1.pdf

Year

Journal or Source

Author Title

Document Focus

2016 | Nateghi, R., Critical Assessment of th{ Risk analysis, Vol 36, No. 1, 2016: | Alternative
Guikema, S.D.| Foundations of Power DOI: 10.1111/risa.1240Availableat | Reliability Metrics
Wu, y., Bruss, | Transmission ad https://www.researchgate.net/public
B. Distribution Reliability ation/276357284_Critical Assessme
Metrics and Standards |t of the Foundations of Power Tr
nsmission_and_Distribution_Reliabil
y_Metrics_and_Standals Foundatio
ns_of Power Systes Reliability Ste
ndards
2016 | Diskin, P.T., Pennsylvania Electric Published by Pennsylvania Public | Reliability
Washko, D.M. | Reliability Report 2015 | Utility CommissionAvailable at Reportingg
http://www.puc.pa.gov/General/publ| Outage Causes
ications_reports/pdf/Electric_Service
Reliability2015.pdf
2016 | GridSolar, L& | Final Report Boottdy Prepared for Docket No. 2041138, Reliability Metrics
SubRegions Smart Grid | Central Maine Power Co., Request f| ¢ Alternative
Relability Pilot Project Approval of NorTransmission Reporting
Alternative (NTA) Pilot Project of the
Mid-Coast and Portland Areas
January 19, 28
2016 | Ponemon Cost of Data Center Part of the Data Center Performance Reliability Value
Institute Outages Benchmark Series, sponsored by AssessmentVolLL
Research Emerson Network Power. Available | for Data Centers
Center https://planetaklimata.com.ua/instr/
Liebert Hiross/Cost_of Data Cente
Outages 2016 Eng.pdf
2015 | Schroder, T., & Value of Lost Load: An | Institute of Energy and Climate Reliability Value

Kuckshinrichs,
W.

Efficient Economic
Indicatorfor Power
Supply Security? A
Literature Review

Researclg Systems Analysis and
Technology Evaluation (IEXE),
Forschungszentrum Jcih BMbH,
Julich, Germany. Available at
https://juser.fz-
juelich.de/record/279293/files/fenrg
03-00055.pdf

Assessmeng
VoLL Methods

2015 | Sullivan, M.J., | Updated Value of Service LBNL report funded by Office of Reliability Value
Schellenber, J.| Reliablity Estimates for | Electricity Delivery and Energy Assessmen,
Blundell, M. ElectricUtility Customers | Reliability of the U.S. Department of| VoLL by Sector,

in the United States Energy uder Contract No. DBEC02 | Regionand
05CH11231., LBMI941E, January Duration
2015. Available at
https://femp.lbl.gov/sites/default/files
/Ibnl-6941e.pdf

2014 | Khujadze, S., | A Study of the Value of | Reportprepared for USAID Hydro Reliability Value
Delphia, J. Lost Lad (VOLL) for Power and Energy Planning Project, AssessmentVolL

Georgia

Contract Number AHDAAI-13-
00018/AID114-TO13-00006 Deloitte
Consulting LLP. Available at
https://dec.usaid.gov/dec/content/D
etail.aspx?ctiD=0ODVhZjk4ANWQtM?2

Country Studies
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https://www.researchgate.net/publication/276357284_Critical_Assessment_of_the_Foundations_of_Power_Transmission_and_Distribution_Reliability_Metrics_and_Standards_Foundations_of_Power_Systems_Reliability_Standards
https://www.researchgate.net/publication/276357284_Critical_Assessment_of_the_Foundations_of_Power_Transmission_and_Distribution_Reliability_Metrics_and_Standards_Foundations_of_Power_Systems_Reliability_Standards
https://www.researchgate.net/publication/276357284_Critical_Assessment_of_the_Foundations_of_Power_Transmission_and_Distribution_Reliability_Metrics_and_Standards_Foundations_of_Power_Systems_Reliability_Standards
https://www.researchgate.net/publication/276357284_Critical_Assessment_of_the_Foundations_of_Power_Transmission_and_Distribution_Reliability_Metrics_and_Standards_Foundations_of_Power_Systems_Reliability_Standards
https://www.researchgate.net/publication/276357284_Critical_Assessment_of_the_Foundations_of_Power_Transmission_and_Distribution_Reliability_Metrics_and_Standards_Foundations_of_Power_Systems_Reliability_Standards
https://www.researchgate.net/publication/276357284_Critical_Assessment_of_the_Foundations_of_Power_Transmission_and_Distribution_Reliability_Metrics_and_Standards_Foundations_of_Power_Systems_Reliability_Standards
https://www.researchgate.net/publication/276357284_Critical_Assessment_of_the_Foundations_of_Power_Transmission_and_Distribution_Reliability_Metrics_and_Standards_Foundations_of_Power_Systems_Reliability_Standards
http://www.puc.pa.gov/General/publications_reports/pdf/Electric_Service_Reliability2015.pdf
http://www.puc.pa.gov/General/publications_reports/pdf/Electric_Service_Reliability2015.pdf
http://www.puc.pa.gov/General/publications_reports/pdf/Electric_Service_Reliability2015.pdf
https://planetaklimata.com.ua/instr/Liebert_Hiross/Cost_of_Data_Center_Outages_2016_Eng.pdf
https://planetaklimata.com.ua/instr/Liebert_Hiross/Cost_of_Data_Center_Outages_2016_Eng.pdf
https://planetaklimata.com.ua/instr/Liebert_Hiross/Cost_of_Data_Center_Outages_2016_Eng.pdf
https://juser.fz-juelich.de/record/279293/files/fenrg-03-00055.pdf
https://juser.fz-juelich.de/record/279293/files/fenrg-03-00055.pdf
https://juser.fz-juelich.de/record/279293/files/fenrg-03-00055.pdf
https://emp.lbl.gov/sites/default/files/lbnl-6941e.pdf
https://emp.lbl.gov/sites/default/files/lbnl-6941e.pdf
https://dec.usaid.gov/dec/content/Detail.aspx?ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=MzQ5MTg3
https://dec.usaid.gov/dec/content/Detail.aspx?ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=MzQ5MTg3

Year

Journal or Source

Author b

Document Focus

MiOOY]RMLTKXNjktZTcxMiM2NDBm
2Uy&rID=MzQ5MTg3
2013 | Pfeifenberger, | Resourcédequacy Report prepared by Brattle for FER( Reliability Value
J.P., Spees, K| Requiremats: Reliability | Available at Assessment
and Economic https://www.ferc.gov/leqgal/staff Planning Reserve
Implications reports/2014/02-07-14-consultant Margins
report.pdf
2013 | London Estimating the Value of | Briefing paper prepared for the Relability Value
Economics Lost Load Electric Reliability Council of Texas,| Assessment
International, Inc. (June 17,@13).Available at (Literature
LLC http://www.ercot.com/content/gridi | Review)
nfo/resource/2014/mktanalysis/ERC
OT_ ValueoflLostLoad_LiteratureiRev
wandMacroeconomic.pdf
2012 | Electric Resource Adequacy and| Presented at PUC Workshop: Reliability Value
Reliability Reliability Criteria Commission Proceeding Regarding | Assessment
Council of Considerations Poicy Options on Resource Planning Reserve
Texas, Inc., Adequacy, July 27, 2012Available at | Margins
Laser, W. http://www.ercot.com/content/gridi
nfo/resource/2012/mktanalysis/ERC
OT%20Prsentation%20for%20PUCT
%20July%2027%202012%20Works
p.pdf
2011 | Rouse, G., Electricity Reliability: Galvin Electricitynitiative. Available | Reliability
Kelly, J. Problems, Progress and | at Metrics- Outage
Policy Solutions Galvin | http://galvinpower.org/sites/default/ | Reporting Metrics
Electricity hitiative files/Electricity Reliability 031611.p( Review
f
2010 | Centolella Estimates of the Value of| Available at Reliability Value
Uninterrupted Service for| https://sites.hks.harvard.ed/hepg/P | Assessment
the Mid-West apers/2010/VOLL%20Final%20Rep( VoLL Midwest
Independent System %20t0%20M1S0%20042806.pdf Study
Operator
2008 | Ventyx 'yl féaAra 27T | Availableat Relability Metrics
t NBOol 6Af Al e { https://www.xcelenergy.com/staticfil | - LOLP and
Various Planning Reserv( es/xe/Regulatory/Reqgulatory%20PD| Planning Reserve
Margins s/IPSCé=RP2011/Attachment2.10-1-
LOLPStudy.pdf
2006 | LaCommare, | Cost of Power LBNES8164, Report funded by U.S. | Reliabiliy Value
K.H., Eto, J.H. | Interruptions to Electricity Department of Energy under Contra( VoLL Annual
Consumers in the United| NO. DEAC0205CH11231. Available | Total Costs by
States at Sector and Regiof
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https://dec.usaid.gov/dec/content/Detail.aspx?ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=MzQ5MTg3
https://dec.usaid.gov/dec/content/Detail.aspx?ctID=ODVhZjk4NWQtM2YyMi00YjRmLTkxNjktZTcxMjM2NDBmY2Uy&rID=MzQ5MTg3
https://www.ferc.gov/legal/staff-reports/2014/02-07-14-consultant-report.pdf
https://www.ferc.gov/legal/staff-reports/2014/02-07-14-consultant-report.pdf
https://www.ferc.gov/legal/staff-reports/2014/02-07-14-consultant-report.pdf
http://www.ercot.com/content/gridinfo/resource/2014/mktanalysis/ERCOT_ValueofLostLoad_LiteratureReviewandMacroeconomic.pdf
http://www.ercot.com/content/gridinfo/resource/2014/mktanalysis/ERCOT_ValueofLostLoad_LiteratureReviewandMacroeconomic.pdf
http://www.ercot.com/content/gridinfo/resource/2014/mktanalysis/ERCOT_ValueofLostLoad_LiteratureReviewandMacroeconomic.pdf
http://www.ercot.com/content/gridinfo/resource/2014/mktanalysis/ERCOT_ValueofLostLoad_LiteratureReviewandMacroeconomic.pdf
http://www.ercot.com/content/gridinfo/resource/2012/mktanalysis/ERCOT%20Presentation%20for%20PUCT%20July%2027%202012%20Workshop.pdf
http://www.ercot.com/content/gridinfo/resource/2012/mktanalysis/ERCOT%20Presentation%20for%20PUCT%20July%2027%202012%20Workshop.pdf
http://www.ercot.com/content/gridinfo/resource/2012/mktanalysis/ERCOT%20Presentation%20for%20PUCT%20July%2027%202012%20Workshop.pdf
http://www.ercot.com/content/gridinfo/resource/2012/mktanalysis/ERCOT%20Presentation%20for%20PUCT%20July%2027%202012%20Workshop.pdf
http://www.ercot.com/content/gridinfo/resource/2012/mktanalysis/ERCOT%20Presentation%20for%20PUCT%20July%2027%202012%20Workshop.pdf
http://galvinpower.org/sites/default/files/Electricity_Reliability_031611.pdf
http://galvinpower.org/sites/default/files/Electricity_Reliability_031611.pdf
http://galvinpower.org/sites/default/files/Electricity_Reliability_031611.pdf
https://sites.hks.harvard.edu/hepg/Papers/2010/VOLL%20Final%20Report%20to%20MISO%20042806.pdf
https://sites.hks.harvard.edu/hepg/Papers/2010/VOLL%20Final%20Report%20to%20MISO%20042806.pdf
https://sites.hks.harvard.edu/hepg/Papers/2010/VOLL%20Final%20Report%20to%20MISO%20042806.pdf
https://www.xcelenergy.com/staticfiles/xe/Regulatory/Regulatory%20PDFs/PSCo-ERP-2011/Attachment-2.10-1-LOLP-Study.pdf
https://www.xcelenergy.com/staticfiles/xe/Regulatory/Regulatory%20PDFs/PSCo-ERP-2011/Attachment-2.10-1-LOLP-Study.pdf
https://www.xcelenergy.com/staticfiles/xe/Regulatory/Regulatory%20PDFs/PSCo-ERP-2011/Attachment-2.10-1-LOLP-Study.pdf
https://www.xcelenergy.com/staticfiles/xe/Regulatory/Regulatory%20PDFs/PSCo-ERP-2011/Attachment-2.10-1-LOLP-Study.pdf

Year

Journal or Source

Author Title

https://emp.lbl.gov/sites/all/files/rep

ort-lbnl-58164.pdf

Document Focus

2004 | LaCammara, | Understanding the Cost ¢ Ernest Orlando LBNL Environmenta| Reliability Value
K.H., Eto, J.H. | Power Interruptions to Energy Technologies Division. LBNL Assessmen,
U.S Electricity 55718. Report prepared by U.S. VoLL by Sector
Consumers. Department of Energy under Contra( and Duration
No. DEAC0376F00098. Available at
https://energy.gov/sites/prod/files/o
eprod/DocumentsandMedia/Underst
anding_Cost_of Power _Interruption
pdf
2004 | Chowdhury, A.| Reliability Worth Power Engineering Society General| Reliability Value
A., Miehik, Assessment in Electric | Meeting, 2004 (Denver: IEEE), 654 | Assessment
T.C.Lawion, Power Delivery Systems | 660. VoL LMidwest
L.e., Sullivan, Study
M.J., and Katz,
A.
2003 | Lawton, L A Framework and Reviev| Prepared for Imre Gyuk Energy Reliability Value
Sullivan, M., of Customer Outage Storage Program, Office of Elgct Assessmen,
Van Liere, K., | Costs: Integration and Transmission and Distrition U.S. VoLL Sector,
Katz, A., & Eto] Analysis of Electric Utility] Department of Energy. LBM4365. | Region ad
J. Outage Cost Surveys Available Duration

athttps://emp.lbl.gov/sites/all/files/Ib
nl-54365.pdf
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https://emp.lbl.gov/sites/all/files/report-lbnl-58164.pdf
https://emp.lbl.gov/sites/all/files/report-lbnl-58164.pdf
https://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/Understanding_Cost_of_Power_Interruptions.pdf
https://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/Understanding_Cost_of_Power_Interruptions.pdf
https://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/Understanding_Cost_of_Power_Interruptions.pdf
https://energy.gov/sites/prod/files/oeprod/DocumentsandMedia/Understanding_Cost_of_Power_Interruptions.pdf
https://emp.lbl.gov/sites/all/files/lbnl-54365.pdf
https://emp.lbl.gov/sites/all/files/lbnl-54365.pdf
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Thisappendixprovides a simplified explanation of the methodologies and applications of capacity and

capacity DRIP®! It uses a set of illustrative numbers inore simplydescribe the culations

underyA y3 Of SI NBR FyR dzy Of SIF NBER OF LI OAGe& |yR O LI OAd

AESC 2021 User Interfawéhich provides specific numbers faf years, states, and measure lives for
the following avoided costategories:

Ueared capacity
Uncleared capacity
Ueared capacity DRIPE
Uncleared capacity DRIPE

Cleared reliability

=A = =4 =4 =4 =4

Uncleared reliability

Thisappendixis not intended to substitute the more4depth explanations provided, which are
provided in Chapteb: Avoided Capacity Cos&ection9.3: Electric capacity DRIP&dSectionl11.2
Value of reliabity: Generation componeni few caveats about this summary:

9 This section uses illustrative values olie have selected values thatiperficially
NEaSYofS alaal OKd2ASGiiaQ | g2ARSR O2aiao
1  Wesimplify some calculation epsfor readabilitybut provide footnotes where these

steps are more complex in practice.

1 We discuss avoided costs as appliegémnergyefficiency measures, but the avoided
costs apply just as easily to demand increases (eogn, electrification).

1 The pproaches below describgholesaleavoided costs. Further steps are needed to
convert wholesale values to retail values. 3¢pendix BDetailed Electric Outpsfor
additional instrucions.

357 This appendix replaces the 20888 NE A 2y 2 T ! LJLIS v R ZalBulaiig bedefits oDuclecdpdrityaid 2y 6 O
uncleared capacity DRIPE for shard mediumR dzNJ G A2y LINRINI Yadé 2SS y2GS GKEFEG 19/
separate LFE schedules for leshgration and shorteduration measures. This is because forasigre lives 10 years or
greatr, the LFE schedule is effectively same for the first 15 years of a measure lifetime (see the last coalste#8). In
the AESC 2021 User Interfagee explicitly calculate the uncleared resourdteets for 35 different meage lives for the
entire study period (2021 through 2055) and thus no longer need to make this simplifying assumption.

3851 54l OKdzaSGda Aa OK24Sy +Fa Iy SEFYLES 080N da&dAG O2yadAddzié

Synapse Energy Economiks,. AESC 2021 346



Cleared capacity

Cleaed capacity values in AESC represent the avoided cost associated witly effa@iency resources a
LINEINIY I RYAYAAUNI 2N KFa 2FFANBR YR Of S NBR AY

AESC estimates a capacity price for a future deliyeay based on the capacity mkat (e.g., 8 per KW

month, equivalent to 84 per k\W-year) as detailed i€hapters: Avoided Capacity Cosfhis value is the
avoidedcost of cleared capagi Program administrators #n multiply this avoided cost by energy
STTAOASYyOe al@gAay3aa Ay (GKFG @SFENI 6So3adr mn az20 G2
the annual benefit is $40,000, after converting units. This £40,000 that raepayers would not

otherwise pend to procure capacity in the capacity market. If the capacity price did not changéyear

year, this measure would provid®40,000 in benefits for every year the illustrative 10 MW measure is

in plae. The 10 MW measure witd provide 4.2million in kenefits if the savings persed for five

years3>?

Undeared capacity

I LINPINIYY |RYAYAAUNFrG2NI Y@ OK22aS y2i (2 oAR | ff
into the capacity markebr it may be possible that resource does not receivecapacity obligation but

is nonethelessbue ! & | NBadzZ 6 GKS al @ay3aa FTNBY (GKS adzyOf
within the capacity market. However, these measures still providedntisystem benefits by ipacting

L{h bS¢g 9 ygcastdflgar @hich is andbf the inputs used to develop prices in the capacity

market. SeeSection5.2 Uncleared capacity calculatiofsr more detail on his avoided cost category.

BSOFdzaS L{h bSg 9y3aAflyRQa f 2 R A NIIEHed measuswilll 8 SR 2
eventually impact future load forecastdowever, i takes a few years cfustainedsavings before the

uncleared measuimpact the load forecast dirdly. Atthat point,i K S Y S Impadzbsb bea

ISYSNI ffe RISEION®ISRT 2faf 2 ¢ YRNBEONE  FSRREKSdzA 02 R F2 1
(LFE) schedule to account for this market dynaiftie LFE schedule is agentage factor that scales a
YSFadz2NBQa AYLI OO 2y ¥FdzidzZNB f 2 | Rarylea hdd Oith éhélléndgth ¢ KS LIS
of time an efficiency measure provides savings (i.e., measure life year).

Importantly, unlike cleared capacity, benefitstaincleared resources must semmed over thestudy

period, rather than the measure life. This is beaabenefits do not accrue until after the measure has

been in effect for a few years, and because benefits continue to accrue for several years after the
measure ceases to be actiwas the load reduction moves through the 15 years of data used in the 1ISO
load-forecast regression. In AESC we calculate the stream of annual avoided uncleared capacity costs for
each measure life within the study period.

359This is a simplifiedx@mple. In practice, program administrators typically discount future benefits and apply transmission
and distributionlosses to convert wholesale avoided costs to retail costs. Capacity values also typically differyesar
Similar caveats apply thié subsequent sections.
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To céculate benefits from unclead capacity resources, AESC uses the same capacity price calculated in
G/HNBER OF LI OAGeze 0208Sd 2 S (riserye marGiifefgSl5pdzednt)i KA & O L
because, by reducing load, uncleared resourcesdatia need to purchase additnal supply

reserves®®We further adjust the resulting value to account the delayed impact on the load forecast

(i.e., the LFE). If we now assume that the 10 MW measure from our above example is uncleared, then

the unclearel capacity avoided cost is egl to the product of (a) the capacity price &4fper kWryear,

(b) one us the reserve margin or 15, and (c) the LFE (which varies by year and measure life). For

years when the LFE is 100 percent, the resulting avoidaed<&7.6per kWryear.For al0 MW

measure, this implies benefits in that year of $276,d€cause the LREries over timgeundiscounted

lifetime benefits are $.4million.

Viewed in isolation, uncleared capacity resources haaegeervalue than cleaed capacity resources.

This B because the cleared resources only provide benefits in the years that the measure is active and
participating in the capacity market, whereas uncleared resources provide benefits (even at a reduced
level) for several yearstaf the measure ceases provide savings. Uncleared capacity resources are
also larger because they include an avoided reserve magitause many of the uncleared capacity
benefits accrue in the mido far-future, but the cleared capacity benefits agerin the neaiterm,

appyinga discount rate could cause the uncleared capacity beriafth{s hypothetical examplebl.4
million) to be equal to or perhaps less than the cleared capacity benefit (he2ntilion).

Cleared capacitpRIPE

DRIPE destrés the phenomenon wheie 1 MW of savings not only avoids a purchased quantity, but

also changes the price that all purchasers in the capacity market pay for capacity. Cleared capacity

DRIPE, specifically, represents the price effects on the capacitgnfiarin measures bid it the

capacity market. These effects can be further subdivided into two categories: benefits to consumers

within the state where the measure is installeédtfazonal effects) and benefits to consumers outside of

the state where thaneasure is installedriterzonal effects). AESC translates these price effects (which
RSAONAOGS K2¢g G(GKS aecadisSyQa LINAOSa OKIFy3aS Fa RSYFYR
benefits that accrue to any one measure due to this price effSa® Capter9: Demand Reduction

Induced Pric&ffect for more background on the concept DRIPE an8ection9.3: Electric capacity

DRIPHEor more detals about capacity DRIPE in particular.

/ £t SIFNBR OIF LI OAGE 5wLt9 Aa OlFftOdzZ+FGSR a F2tf264aY
represents how the capacity priceowid change if 1 fewer MW of capacity were re@gir It is
calculated by examing the supply curves observed by ISO New England, and calculating the slope of

3601 v Ot SFNBR YSEadaNBa FNB STFFSOGAGSE e 602 duyifiindhe soadFoyecadtkIb
contrast, cleared measures are effectively treated the same as convengionar plants (i.e., supplyand through the
auction require the purchase of some extra amount of capacity to act as a reserve margin. We itteasgeared
capacity benefit by a value equal to one plus the reserve margin to reflect changes on thadlsitle of the market.

puli
w
-<
<
puli
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each line segment between each auction roiftiThis price shift is measured in terms of capagiige
per unit demand, or $/k\Wnonth per MW. Thes price shifts are generalixery small numbers. For
example, the price shift might be $0.001/kionth per MW, or $0.012/kWear per MWE62

Second, we multiplyhiese price shifts by the capacity requiremémt each statebecausehe price

effect impacts resurces throughout ithe FCMnot just the efficiency resources responsible for the

price shift Howeverwe assume that only a subset of these resources are subject to the price shift

Loadserving utilites purchase some amount of their capacity outsdfléhe FCMto mitigate the rsk of

price volatility in the capacity marketi.e., as a financial hedge. In AESC, we only consider the

Gdzy KSRISRE LRNIA2Y 27F igo@htda thalcgadityintarkedBaplddeNB YSy (i (0 K
impacted by DRIPE effecs

Finally, we apply an annudécay schedule. AESC assumes the price effect fades out over time as retalil
prices fall (encouraging higher load), existing resources retire, and new potential resources are

abandoned. As a result, price effects are fully m=diin the year of installath, but completely phased

out sixyears later. The benefit of cleared capacity DRIPE decays over time, but that decay does not

OKI y3aS gAGK GKS ST ¥ Aeinkky thesl FENSBhedtldasEdSoRuncledred agpdeNE A
and uncleared capacity IFE, which changes with the measure life).

If we assume that our example state has 10,000 MW in unhedgpdcity requirementmultiplying this
by the $0.012/kWyear per MW pice effect from above yields a value of $120 perk&¥r. Scaled by
the decay eféct, this value will be $120 per kWéar in years with no decay and $0 per4@ar in
subsequent years with full decay. This is then the avoided cost for cleared capaciEy DRIP

As withclearedcapacity, the effects of clearazhpacity DRIPE should be suathover themeasure

lifetime, rather than the study period. As our 10 MW measure lasts for five years, we find that it

produces undiscounted intrazonal DRIPE benefits @$4 f t A2y ® | & dzYAy 3 2dzNJ SEI Y
MW of unhedged demand is exactly haf the regional unhedgedapacity requirementthe interzonal

DRIPE benefits are also @illion, without discounting. Total cleared capacity DRIPE benefits are the

sum ofthese two values, or $8million.

Uncleared capady DRIPE

Uncleared capacityRIPE is the prieghifting benefit that accrues to measures not bid into ISO New
9 y 3 f IFGMREQen though these measures are outside the capacity market, they impact the load

361we assume that all future supply curves have the same shape as the most recent capacity auction, but shifted to account
for changes in supply. In AESC 2021, this is FCA 15.

362pyice shifts may change yetr-year as the correspddA y 3 & S+ N & afyesigosiiidn drithe sipdly@@ve.O K

363 practice, over a long enough period, prices paid for hedged capacity ought to converge to the market price. Because our
estimates of DRIPE exclude this hedged amount, they can be cats@eonservative estimate.
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forecast inputs, and thus provide uncleared capabiRIPbBenefits. As with €ared capacity DRIPE,
there are both intrazonal and interzonal benefits.

For the most part, uncleared capacity DRIPE is calculated the same as cleared capacity DRIPE. We begin
with a price shift observed from the lateBCAe.g., $0.002/kW-year per MW)which is then multiplied

o8 | 1T 2ySQa dzy KSRISR OF LI OA & NBIgebrNBBthei 0SPI D>
avoided cost. But there arngvo key differences compared to cleared capacity DRIPE.

1. First, uncleared capmity DRIE utilizes amFE dwedule. For uncleared capacity DRIPE
we assume the load forecast and thus the capacity market gradually incorporates the
impacts of uncleared load reductiosist like with uncleared capacityJhis effect
persists for some griod bebre the market readjsts, and the DRIPE benefit fades out.
This LFE schedulebiased orthe one used for uncleared capagityut is adjusted to
reflect a decay in DRIPE benefits over time. This is the same decay schedule used for
capacity DRIPBs with uncleared capacity his LFE schedule varies depending on
measure lifetime.

2. Second, because uncleared capacity DRIPE results from a reduction in the load forecast
rather than the addition of capacity, we multiply these benefits by a factor ofptue
the reserve margin

Theannual intrazonal uncleared capacity DRIPE is equal to the product of (a) the price shift in that year,
6600 GKS T2ySQa dzyKSRASR OF LI OAde NBIddZANBYSyid F2NJ
& S| NDa .[ntergmaldihcleatZs capayi DRIPE is calculated the same way but uses the regional
unhedged capacity requirement, less the unhedged capacity requirement for the zone in question.

As with uncleared capacity, uncleared capacity DRIPE benefits are summaratiestudy period (rathe
than the measure life), as benefits continue to accrue years after the measure has been installed and
expires.

In our continued example, undiscounted intrazonal uncleared capacity DRIPE benefls7and|i®n,
while interonal unckared capacity DRIRENefits are also equal ta3%7 million. Total uncleared
capacity DRIPE benefits aré.Bmillion.

Cleared reliability

Theoperation of the ISO New Englarmipacty market increases the amount of capadty acquired asthe
price falls. To theaxtent that energy efficiencyprograms reduce the capacty clearing price,reserve
margins and relidility will increase.

To calculate cleared reliabilibenefits wefirst estimatefour values:

1 First, VoLL is the cost experiencedchgtaners during an outage. It @getermined
through a review of the literature. In AESC 2021, we estimate this value at $73 per kWh.
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1 Second, we estimate the change in MWh of reliability benefitsnpegawatt of reserve
This is calculated by observing tslepe of the demand curve used ithe FCAat the
point of the clearing price. A typical value might be 0.2 MWh per MW.

9 Third, we derate reliability benefits based on the fact that bidding in an additional MW
into the FCA at $0 per kWionth price shifts tk sugply curve to the right and $fts out
some smaller amount of capacity that would otherwise have cleared. As a result, the
amount of cleared supply increases by just a fraction of the additional supply. This value
is determined by examining the percewge dfference in slopes of the deand curve
and supply curve at the point of the clearing price. A typical value might be 20 percent.

1 Finally, we assume a decay effect. We use the sdecay effect that is applied to
cleared capacity and uncleared capgaueto similar expected dynamids market
response.

We then multiply bese four values against one another to estimate the avoided cleared reliability cost
in each year the resource is active. Cleared reliability benefits do not differ based on midasure

Using the same example asave (a 10 MW measure with a fiyear lifetime), we would expect cleared
reliability benefits of about $01 million. Reliability benefits are much smaller than benefits provided by
other avoided cost categories.

Uncleaed rdiability

Resources that doat clear in the capacity market may still provide a reliability benefit. Some resources
that do not clear the FCA will continue to operate as enangly resources, adding to available reserves.
While not obligated to doas these resources are likely tgerate at times of tight supply and high

energy prices. They may also be available to assume the capacity obligations of resources that
unexpectedly retire or otherwise become unavailable. In addition, resources thattddeao in the

capacity market oimmediately affect the load forecast will increase reserve margins and contribute to
improved reliability.

To calculate uncleared reliability benefits, we figestimatefive values:

1 First, just as with cleared reliabiljtwe utilize a VoLL. The VoLL BSC 2021 is $73 per
kWh.

1 Second, just as with cleared reliability, we estimate the change in MWh of reliability
benefits permegawatt of reserveA typical value might be 0.2 MWh per MW.

1 Third, wegross up benefits to refleche reserve marginas theseesources are not
resources bid into the capacity market and thus reduce supply.

1 Fourth, we assumthat reliability has a phased effedfleasures provide a reliability
benefit as soon as they are installed. This benefit perBista period of time then fdes
out.
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9 Fifth, we assuma aseparatedecay effect thateflects the fact that after a period of
time, all the of the reliability benefits will have been captured in the load forecast

We then multiply hese five values againghe another to estimate avded uncleared reliabilitgosts.
Uncleared reliability differs from the other uncleared avoided cost categories in two ways:

1 Unlike uncleared capacity and uncleared capacity DRIPE, uncleared reliniéfits
are summed ovethe years in which the measeiis active, rather thathe entire study
period. This is similar to how avoided costs are summed for cleared reliability and most
other avoided cost categories.

1 Uncleared reliability benefits do not differ based on measifie |

Using the same exampls above (a 10 MW measuvath a fiveyear lifetime), we would expect cleared
reliability benefits of about .8 million. Generally speaking, uncleared effects are greater than cleared
effects because they are not impacted by thet increase in cleared sply variable (which onlgffects
resources that clear the market).

Applying these values

For a portfolio of measures,@mogram administratomay bid only a share of its capacity savings into the
capacity market. In these sittians, theprogram administreor should split the clead and uncleared
savings and calculate benefits accordingly. In our examplg@rdgram administratobids into the

capacity market 50 percent of its 10 MW portfolio of measures, it would prové@8,$00in

undiscounted clearedapacity benefits an8690,000in uncleared capacity benefits (e.g., eachhef

values calculated abovs halved). Likewise, the portfolio of measupgsvides$4.0 million in cleared
capacity DRIPE benefits ad8l7 million in uncleared capacity DRIB&nefits (again, thabovevalues

are halved)Reliability benefits are much smaller: this example would yield cleared reliability benefits of
$0.05 million and uncleared reliability benefits of &illion.

In practce, (a)measures have different measalives, (b) each of these avoided cost categories have
different decay or LFE schedules, (c) values change over time, grddtim administratorsitilize a
discount rate. As a resulpyogram administratorsnust take a weghted average by measutife year
over the study period, not calendar year. Separate cost streanddared capacityyncleared capacity,
clearedcapacity DRIPE, uncleared capacity DRIR&red reliability, and uncleared reliabilghould be
calculated independently for eacbleared or uncleared MW (or share of MW).

Capacity vs. capacity DRIPE

At first glance, capacity DRIPE benefits may appear surprisingly large relative to capacity IBengfits.
changing the price of capacity is a higdlue action, becauset reduces the casof procuring capacity
for all resources in the systemmot just the energy efficiency resources instigating the price change

For example, assume total unhedged capacity cleared in New England is 20,000 MW, ah aiedsi
at & per kWmonth. This inplies atotal annual market value 480 million If our 10 MWmeasure
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were entirelybid into the capacity market, it would produc®.84 millionin capacity benefitin one
year. This is about 05 percent of the mark (i Qal valiu@ @nd represents a effor-one switch
between one type of capacity (energy efficiency) for another kind (e.g., a conventional fossil resource).

But, because of prieshifting effects, lhe clearedneasurealso lowesthe price that other meket
participants pay for the 20,00MW. By lowering the price for all 20,000 MW, this measure produces
annualcleared capacity DRIPE benefit$2.4 million, or 0.5 percent of the #80million total market
value(e.g., one order of magnitude larger than the ceipabenefit)

These are bdt small numbers, relative to the size of the market. But because the DRIPE effect is
multiplied across 20,000 MW, rather than just 10 MW, the final benefit is larger.

Scalingfactor for unclearedresources

Energy efficiency mesures generally save energgcording to a consistent pattethroughout a year
(i.e., its load shapd)ecause they perform the same functions as the less efficient technology while
using less energwlternatively, demand respongesourcesare designedd providesavngsduring
spedfic time periodsdepending on grid characteristics that vary by year, day, and lmmand
responsaesources ar@ften subject to customer responsiveness, which can fluQuatg A G K | Odza (1 2 Y
annual participation in demard responserogram and with achdemand responsevent calledAs a
result,demand responseesourcegypically have shorteand more variablelurations both in terms of
measure lives andnnualhoursof operation. Because of this variability, uncleareagasures may not
Kl @S leffect @ndife foad forecast. This implies that their uncleared benefits should be scaled
according to how frequently the measure is expected to operate (and, as a resulttithpdoad
forecast).

To account fodemand respo& Sliinded impact on the lad forecast, AESC recommends that program
administrators apply a scaling factor that adjusts uncleared capacity, uncleared capacity DRIPE, and

uncleared reliability benefitshe scaling factor is a measuspecificpercentagemultiplier that should

be estmated based on demand respons€JNE I NJ YQ& RS&aA3IysS AYLIE SYSyYyGl GAz2y
responsiveness. See text in the following sectiyppendix KScaling Factor for Uneeed Resources

and the accompanyingworkbdo G A Gf SR d&! LIWISYRAE YO®Ef &aEE FT2N Y2NB
scaling factor for different measures.

We note that the scaling factor should not be applied to reliability values.
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This appendiNB LIS+ Ga GSEG 2NRAIAYL & Frhadgfdet ofilyiclearédS | LINRK £ |
Capacity LoaReductions on Peak Forecabts ¢ KA & NB LR NI ¢l a | dziK2NBR o6&
assistance from Synapse Energy Econspinc., and was originatpmmissioned by National Grid as a
supplemental study to AESC 208 This document was accompaniedlby ¢ 5w / 2STFFAOASY (G |/
workbook, whichprogram administrators can use to evaluate homcleared capacity DRIPE bengfit

should be adjusted for meases that operate in only some hours of the y&&t

Text and analysis in this appendix have not beedated with the following exceptions:
T ¢KS I RRAGAZ2Y 2F | a4t dzNL}RaSé aSOGAz2zy adzyYYFINRT Ay

1 Someedits to text to improve reaability and consistency with the rest of the AESC 2021
text

1 Crossreferences to parts of the main SE 2021 text
1 Several modifications and corrections to the DR calculator

Analytical updates to this document were not scopethimi AESC 2021; however, we dot expect
these values to be substantially different than those calculated in the original 2pt®tihbecausdSO
bS¢ 9y3IflyRQa f2FR F2NBOFadAy3a. iSOKyAldz$Sa KI @S yz2

Purpose

This document describes tmethodology for creating saling factor that adjusts thieenefits
provided by uncleared resourcdsalso provides a calculat workbook so that program administrators
may create this scaling factor for themselvesK A & 62 NJ 02 21 Ay RIAKES YFIAE S Eidhéd £ ¢

It is only fa resources that are not expected pwovidea capacity benefit throughout the summer
period (we foas on summer, because it is summer demand that drives the capacity market). For
example, this factor is useful for demand reape measures that may only bhetive some summer
days. But it is not applicable to resources like energy efficiency that arenadsio provide savings at a
more-or-less consistent level throughout the summer.

Program administrators wishing to use this apdix will want to use the Agendix K workbook to
estimate the appropriate scaling factor for their DSM resource. This fadteerismultiplied by the

364 Chernick, P., P. Knight, M. Cha#gril 22, 2019The Effect obincleared Capacitypad Reductions on Peak Forecasts
Synapse Energy Economics prepared for National Grid. Availdittpsif/www.synapse
energy.com/sites/default/files/The effect of load reductions on_peak forecasts.pdf

3655ee original version &ttps://www.synapseenergy.com/sites/default/files/DR_Coefficient Calculator%20%282%29.pdf
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uncleared capacity or uncleared capacity DRWREded cos{calculated using thAESC 2021 User
Interfaced I YR (KS Y §sadingeNaBdEaasoddl daihciddnde fatboprovide the final
benefit value36®

This scaling factor i®t applicable to cleared capacity, cleared capacity DRIB&ed reliability,
uncleared reliabilitypr any other avoidedost category.

Introduction

Thisappendixdescribes ouanalysis of the effects of load reductions on ayitag number of days per
year over a varying number of years. This analysis indlti@econstruction of a regression model to
mimic the ISO New Emgld forecast model and the xation of the historical data to determine the
effect of targeted load reduatins for the FCA¥Ve interpret these effects as having an impact on the
future value ofuncleared capacity and uncleared capacity DRIPE.

Ourmodelingindicatesthat a load redgtion program that occurs on even a single peak day each

summer can affect thibad forecast used in the FCA. In most situations, the load forecast will fall more

if the historical load is reduced for more days per year onfore years. Regardless of thamber of

days that a program reduces load annually, the reduction in the flotast rises steadily for at least

eight years. If the program reduces load on less than 55 days, the forecast reduction continues to
increase util the program has been rummng for 12 days. For programs that reduce load on less than 13
days annually,unning the program for more years continues to depress the load forecast further, up to
GKS mMp @SIFENBRQ ¢2NIK 27 KAusesitededelddebch l@dd éadast. i K G L { h

This implies that resources that do not provide load reductions on edagyyof the summer period
should have reduced values for uncleared capacity and uncleared capacity DRIPE, relative to the values
estimated in theAESC 2021 User Interface

Baclground

This issue is specifimly to unclearedresources:®’ For example,iesemayincludedemand response
programs behavioral programsor rate-design initiatives that are not eligible capacity resources.
Although unclearedesources do not receive capgcpayments, they reduce the aggregate amount of

366\we note that there may be certain situations when a dispatchable resource (such as demand regmioszge) is cleared
in the capacity market, but also performssnich a way that creates uncleared capacity benefits. These additional
uncleared benefits are likely to be small, as the most likely the way for them to occur is for a resource to opexate fo
limited number of hoursguring periods that are less importdn G2 G KS T2 N¥dz F GA2y 2F L{h bSg
regression. Calculations to estimate these benefits are complex, dependent on the specific program being analyzed, and
may be impossile to calculate without obtaiing more specific load regressiontddrom 1ISO New England. As a result, we
do not perform this estimate in AESC 2021. Future editions of this study or faiaupplemental studies may examine
this issue in closer detail.

367 This includes any resourcesportions of resources that are hbid into the FCA or are bid into FCAs but do not clear the
auction.
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capacity that is required,ral hence the price of that capacity, by reducing the ISO New England peak
load forecast used in the FCA for that yésgeSection5.2 Uncleared capacity calculatiofsr a longer
discussion of this dynamic)

The quantity and price of the capacity obligations acquired in the FCA of a particular yed) (year
depend on the forecast ppared in the previous year € 1). That forecast is built upon a regression
analysis constructed from daily historical data freach of the 62 days in July and August for the
previous 15 yeard € 16 tot ¢ 2), which consists of 930 data poiff§ The egression formulation for
the forecast may vary from year to year, but appears to consistently include multiple independent
variables computed from a weighted temperatuteimidity index (WTHI), including an annual time
trend times WTHI and the gross enefgyecast (beforeS y S RHD# AS ahdBT MsolarP\).

Although we consulted with ISO New England on its forecast data, ISO New England did not provide us
with its proprietarydemand modebtataor any details onthe functional form of its regression model

beyond those in the ForecaBlata summaries providedhathe 1ISO New Englamekb site®%° As a result,

our analysis reconstructs a proxy ISO New England load for&¢aghen use this tquantify the

impact different load reductions over different time peds and under different contibns.

The reference regession model

We constructed our proxy for the ISO New England forecast model based on the data used in the 2017
CELT forecast, which was used in FCA 12 to procure capacity for the summer P 2@paxtantly, dl

of the effects @scribed below fothe reference regression model are for load reductions of various
numbers of years that would have been used in producing the 2017 CELT féoecashmer 2021,

which was the basis for the demand curve uge8CA 120ther regressionperformed using dat for

other years could provide different resuls.oneyear load reduction would affect only the 2016

summer peak day(s), a twear reduction would affect 2015 and 2016, a thsasar reduction would
affect2014¢2016, and a lfyear reduction would redue peaks in 2002016.

Input data

z

{Ay0S 6S RAR y2i KI @S L fieededt@éveldpy plokydagabetyss a @dult, OG R
our analysis should be interpreted as an estimate of load reductiortsti@sed upon data and usirg
model similatto that currently used by ISO New England. We do not claim that our model is a precise

368 piscussions with 1ISO New England after the completion of this supplemental study confirmed that the forecastisikolely
on summer peak hour&Vinter peak hours are not included.
Knight, P., M. Chang, J. Hall. May 1, 28HE5C Supplemental Study Part I: Considering Winter Peak B&yeiisse
Energy Economics for Massachusetts Electric Energy Efficiency Programistkdtors. Available atttps://www.synapse
energy.com/sites/default/filessAESC_Supplemental_Study Part |_Winter_Peak.pdf

389ThisdataindzRS$& L{h bS¢ atgrHof daily WDH andrcersiiaiicof load for peatour energyefficiency
reductions, demand response and OP #4 measures, and béhéatheter solar output.

370EcA 12 was conducted in February 2018 and was the most reeéntdhducted at the time ohis analysis.
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change (at least a tie) every year, we cannot &nipate the exactorm of the ISO New England load
forecast model for any specific future year.

Development of proxy data

First, wve made anumber of assumptions to generateir proxyhistorical dataset which may not
necessaty matchL { h b S ¢ 9 sf ahil futyfdsuiies drdtimethodology.

The dependent variable in the regression analysis is the daily geagsiemand Thisis the actual daily
peakdemand plusthe effects oBTMsolar PV an& y S 8B & A QragEagh< #erred to asPDRoy

ISO New igland for both peakdemandandenergy, as well as the effects of Operation Procedure #4

(OP #4) events and load management on peak (which is available only for the summer and winter

peaks)3’t 3720ur understanding is thdBONew England uses a proprieyadata service t@stimate

GKS 2dziLdzi 2F AyadltftSR az2tl N OFLI OadGe Ay SIOK KA
reduction is equal to the PDR resource cleared in that capacity delivery year.

We estimated histdcal daily gross peak load e sum of (a)lie maximum hourly demand for the day

AY L{h bS¢ 9y3IflyRQa K2dzaN¥ & ft2FR RIFGIF FAESa FYyR 0
bS¢ 9y3IflyRQa HamT C2NBOI3EF*vBelcimputahthdgdds Rénkigreti F 2 NJ
energy for load (NEL) by multiplying the historical monthly sum of actual load by the ratio of gross

annual energy to net annual energy from the 1ISO New Eng@h@dForecast Datd’®

We computed the ISO New England temgiare-humidity index(THI) for each daf0.5 x drybulb
temperature + 0.3 xwed dzf 6 GSYLISNI GdzZNBE b mMp0 | 40 GiKS @S0 ITIKEL S R

371 pctual daily peak deand is available from the ISO New England website.

372 th bSg 9yIAfLYRD alNDK nZ HAHMD &l OliARYS 5ANAYEY R 1 LIBNIOG X1 I !
ne.com. Availablat https://www.iso-ne.com/static
assets/documents/rules _proceds/operating/isone/op4/op4_rto_final.pdf

373130 New England. Last accessed Marchz HAHM® G 9YSWHY R WIS@iRmih Avglddle at
https://www.iso-ne.com/isoexpress/web/reports/loagind-demandt/tree/sys-load-eeifmt.

374 CELT 201Rorecast Dat#ile Tab 5WN. CELT 20lwas analyzed, as it was the projection used as the basis of the 2018
AESC Study.

375CELT 201Rorecast Daté&ilg Tabl, History, Gross ISRECoincident Summer Peak.
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eight weather stations around the regiéf® We then computed the WTHI for each day using ISO New

9y 3t fosmBIQ@veightsof 10fortodayd ¢ 1 LX p F2NJ @8SaiSNRIFexa ¢l LX |

Model specification

We estimated the historical relationship of gross load to WTHI, time, NEL and other variables with an
ARIMAX (Autdregressive Integted MovingAverage model with eXogenouanables) regression
model 3’8 This model incorporates both exogenous variables (e.g., net energy for load, weather) and the
autoregressive error terms that ISO New England uses in its regression model. Theseraagized in
Tablel66.

Table166. Variables used in summer peak model

Intercept Constant Term

PEAK Daily Peak Load, MW

MA_NEL 12-month Moving Sum Annual Net Energy for Load, GWh
WTHI_SQ Thesquare of [the3-day WeightedTemperatureHumidity Index at Peab5 |
TIMEWTHI Year indicator(20@=11,X ¥ 6+25)»WTHI

Weekend WTHI WTHIfor aweekend day, else 0

July_O04WTHI WTHIfor July_4 else 0

HOLWTHI WTHIfor aHoliday, else 0

Yr2005 1 if Year2005 0 otherwise

Yr2012 1if Year2012 0 otherwise

AR(Q) Correction for autocorrelated errdrom the previous year

AR(2) Correction for autocorrelated errdrom the two years previously

Note: This reproduces the descriptiorttef summer peak model intieS 1 1 5 SFA Y A (A 2 y 820V Regbrfaltandb S &
State Energy & Peak Model Detadsrrected to reflect conversations with the ISO forecasters and the specific model described

in the Summer Peak Modelab of the ModeDetails> 2

376 The Notes sheet of the annuaD Hourly.xIsfile provide the following weights for theveather stations: Windsor Locks
CT (27.percen); Bridgeport CT (@ercen); Boston MA (20.percen?; Burlington VT (4.percenf); Concord NH (5.8
percen)); Worcester MA (21.gercen); Providence RI (4.9%); Portland ME (fEen). We used te same weights for all
years; we have not been able tordom whether ISO New England has changed the weights over time, as load (especially
summer peak) has increased in northern New England compared to the southern portion ofithre reg

lowa State UnS NEA G & ® al NOK mMmMI Hiastate.drg AvdilabR ahftps:.yhtesoheferiNgd.idstateiddub ¢
377 Eorecast Modeling Procedure for the 2018 GBAy 1, 2018, page attps://www.iso-ne.com/static

assets/documents/2018/04/modeling_procedure 2018fcst.ddbte that this document contains all citations for
coefficients andveightsused in this aalysis.

378 statmodels. Last accessed March, 2@R1.Statsmodels.orgAvailable at
https://www.statsmodels.org/devel/genead/statsmodels.tsastatespace.sarimax. SARIMAX.html

379The ISO New England forecast documentation sometimes refers to gross loads as net of PV and PDRyracdshe
Modeling Procedure for 2017 CEi&scribes the&eomposite time variable as using WEb8°, while the2017 Rgional and
State Energy & Peak Model Detdills suggests that WTHI is not reduced by 55°.
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Independent variales included:

1 Net Energy for Load, grossed up for PV anergy efficiencyover thel2 months
ending in the current month (July or August, depending on the data point).

1 The 3day weighted temperaturdaumidity index (WTHI) fahe eight cities used in €5
bSé¢ 9y3IflyRQa 26y Y2RSIWG Mok dhalysi§ folloiNI 6 aSS F22
the treatment in the ISO New England model, the WTHI variable is used as the square
([WTHt55P), and as variosicross terms, such as WTHVeekend dummies.

1 Year x (WHLES5), where the year index is the calendar year minus 1991.

1 Boolean flags (i.e., dummies) for holidays, Jiilyweekends, the years 2005 and 2012,
and WTHI times the dummy variables for weekergidays and July43°

Thee variables were@efined for each July and August day in 2002 through 2016.

Forecast data

Once we developed the regression equation, we required forecast input values for the eq@ien.
such input is a forecast of gross eggifor load, whichSO New Egiand provides iits forecast®®1 A
second set of inputs entails time trend and binary variables: for time trend, we observeahatis year
26, 2018 is year 2and so on. For binary variablése weekend binary equals WTéf future
Saturdays and Sungs, the July 4rad holiday binaries equal WTHI on July 4 each year.

L{h bS¢ 9y3IftlyRQa 7T2NBOI awWtHyale, viBidsteadRleniidsIe y 2 (G dza S
highest load for a variety of input conditions:

Weekly pealkload forecast distributionsra developed byombining output from the
daily peak load models with energy forecasts and weekly distributions of weather
variables over 40 years.

The expected weather associated with the seasonal peak is considered to bétthe

percentile of the top D% of thepertiSy i 6SS1Qad KAAUG2NAOFf 6SFGKSNJ RAA
monthly peak load is expected to occur at the weather associated with the 20th

LISNOSYyGAEtS 2F GGKS G2L) mrx:r 2F (GKS LISNIAYSyid 6SS{1Qa
$S5S1¢é¢ Aa (K snthidSsakon #tfthe inésSextiéme weather distribution.

For resource adequacy purposes, peak load distributions are developed for each week

of the forecast horizorf82

380yt is unclear why ISO New England included variables for both holidays an#,Jilycé the only bliday in the two
summer months is Jufr. We used the tw redundant variables; collectively, the two dummies should capture the effect
of July 4th. It is also not unclear why the years 2005 and 2012 featured Boolean flags.

3815017Forecast Data File, TébMonthly NEL
382Fprecast Modeling Bcedure for the 201&ELTMay 1, 2018, p. 6.
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We do not have access to the distributions that ISO Neglad used in this methodon do we have a
clear operational description of the method. Therefore, we performed a calculation to estimate a value
of WTHI that best reproduced the 2017 CELT peak forecast, which turned 8liide

Base forecast benchméing

Figureb5 summarizes our modeled Gross and NET 2017 forecast against the 2017 reported Gross and

NET CELT forecastdzNJ Y2 RSt SR FT2NBOFadSR LISF]1 RSYlFyRa Of 24S¢
Our forecastdor gross peak & within 0.2 percent of the@17 CELT forecast for 2021, the year for

which the 2017 forecast determined the installed capacity requirement.

Figure55. Comparison of forecasts of gross and net Summer Peak, 201 T @&d Resource $ight modeled
proxy
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The effect of load reductions on the forecast

The following sectiondescribeour methodology and finding$Ve also describe a set of sensitivities
that were analyzed to provide robustness for our results.

Structure of reductions

Usng our constructed base focast, we estimated how various load reductions in 2002 through 2016
would have affected the ISO New England load forecast for 2021. Each sensitivity run for the analysis
consisted of four steps:

1. Reducenistorical gross peaklemands on a specified numbef summer event daysd]
for a specified number of yearg) (by a constant number dfiW 6 K.
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2. Estimate new regression model coefficients using the same functional form and the
modified historical data.

3. Develop peak demand focasts for the years 20£2026 (and most importantly, 2021)
using the new coefficients.

4. Compute the ratioR)ofthe K I y3S 06 Sl ¢SSy PToaheIedd reduitio,lJST 1 0 k
oK.
The ratioRcan be thought of as a measure of the efficiency of load rednétiogeducing the forecast.

ForkL, we tested load reductions of 250 MW, 500 MW, and 1,000 MW. We used the saméoadaoc
all the days and all the years adjusted in any particular run.

Ford, we reduced load on the highest days, from one event dayl ®2asummer days per affected year.
We tested reductions on the highektad days and the higheS¥THI days and looKeat the effect of
imperfect forecasting of peak days.

Fory, we reduced load on the most recent years, from just one year (2016) to ydlats 20022016.

The effect of lower input values on regression forecasts

When webeganthis analysis, we expectetdt reductions on more days, and reductions in more years,
would consistently push down the forecast further. As we discuss in the neidrsdbat is not what
we found. Before presenting our results, we will explain how they can arise.

The next four fjures show a regression through 15 years of base. diatdnese examples, we assume a
constant1.5 percent annual growtf3In each figurewe show the base historical data, the linear trend
line with the base data, the historical data that would have bebserved with 1,000 MW reductions in
some years, and the regression trend line with the modified data.each figure, we identify howeh
change in load impacts the regression and the projection of 2021 load in particular.

The first figureFigure56, shows the effect of load reductions in the lasb years of data, representing

a demand response program operating in 2015 and 2016. The trend line tilts so that the trend is higher
than the actual load in the first few years andlie last two years (théwo yearswith demand response
reductions), but lowethan the input data for 2008014. The projection for 2021 is about 700 MW

lower than in the base case.

383 comparable analysis using weatimrarmalized loads before PDR and PV for 2002 through 2016 produced very similar
results. But, due to a drop in load associated with 200910 Great Recession, it is matificult to read. \e use a
simplified example here.
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Figure56. Effect of two years of demand respoan the forecast
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Next, Figure57 shows the effect ofive years of demand response reductions. The trend line with the
demand response has tilted further, so that it is almost 1,000 MW below the-¢taseetrend by 2016,

and 1400MW below the basease forecast for 2021. The trend line mostly rotates clockwise, rather

than moving down, so the change from the base case increases over time and the reduction in the 2021
forecast is substantially larger than the reduction in loadhe five years affected by demand response.

Figure57. Effect of five years of demand response on the forecast
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Third, Figure58 shows the efécts ofnine years of demand response, which continues the patie
Figure57; the forecast for 2021 would be almost 1,800 MW below the base case.
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Figure58. Effect ofnine years ofdemand responsen the forecast

33,000
32,000 0
31,000 e

30,000 OO

29,000 O
28,000 O

27.000 __O_..O'

26,000 ~O
25,000 OO

Forecasted Load (MW)
Q

)
24,000

23,000
2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

O Base |10 Years — «ceeveees Linear (Base) Linear (10 Years)

Finally Figure59 shows thatl5years of 1,00MW load reductions lowers the trend line by 1,000 MW,
while leaving the slope the same as in the base case. The forecast for 2021 is thus 1,000 MW lower than
in the base case.

Figureb9. Effect of 15 years ofdemand responseon the forecast
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Thus, demand response in some number of the latest years will tend to produce forecast reductions that
exceed the annual reductions in the historical data. Beyond some point, additional years of demand
response will resulini smaller forecast reductionsnd once the demand response effect has been in

)‘ Synapse Energy Economiks,. AESC 2021 363



effect for the entire study period, the forecast reduction will equal the reduction in the annual input
data.

The same pattern would be expected as the reductions are extetaletbre of the highestoad daysn
each year.

Results for reductions on highedbad days

Not surprisingly, we found that the decreases in the forecast peaks based on load reductions varied with
(a) the number of days on which load was reduced each y&i(ld the number of years ofdd

reductions in the historical load data. Interestingly, we found that the size of the load reduction had
essentially no effect on theatio of forecasted load reduction to historical load reductionas we have
named it,the ratio R For example, we aterve thatfload is reduced 100 MW on the five highdésad

days in each of the last five summers in the modeling dataset (20I5), the forecast for 2021 would

be reduced by 24 MW; if the reductions in the historicaldavere 1,000 MW, the forecastould be

reduced by 240 MW.

For any duration of a load reduction program, the valu®dées with the number of days in which load
is reduced, up to at least 35 day=orload reduction programs lasting more than eight y&ahe value

of Rbegins to falif the number of days reduced exceeds some threshold; at about 55 days fpeax 9
program and at about 40 days for a-§&ar program.

However, the value dRdid not vary monotonically with respect to either the numbérdays or the
number of years, ad Rcould bemore than 1.0, as shown Figure60.

For a load reduction program lasting more than two years, reducing load on a large number of days
results inR> 1, such that the reduction in tHead forecast is larger than the reported reduction in the
historical load. For a thregear programR peaks at about 1.1 with reductions in 60 days; programs
lasting 8 to 12 years have peRlabove 1.8 for about 50 ga of reductions; and a program thegduces
load in all 15 years used in the forecast would have a val®owér 1.5 for 31 to 46 days of reduction,
with Rfallingrapidly for any additional days.

A program that reduces load for all 62 summer days gaeln for 15 years has &walue ofexactly 1.0.
In effect, such a program would look, for pefakecasting purposes, like a cleared energy efficiency
measure.
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Figure60. Ratio offorecased load reduction to historical bad redudion, variousdurations
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Note: Ratie are shown for 2021 forecasted year.

Figure61 provides the same data, but with the duration of the reduction in years orxtieés and each
line representing a number of days of load reduction in each year (essentially swéppinaxis and
legend inFigure60). For readability, we present gnh subset of days, rather than the full 62.

The horizontal axis iRigure61is the number of years that a load reduction has been ioglas of the
last year of historical data for the forecast (yéa&r2). SeeSubgpendix A. Ratio of forecast reduction to
load reductionfor the Rvalues fromFigure60 and Figure61 numerically.
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Figure61. Ratio of forecast reduction to load reduction, various numbers of peak days per year
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Applying the results to demand response screening and valuation

The results ifFigure60 and Figure61 can be used in at least two ways.

First, they can be used to screen potential demeggbonse programs by modifying the vadussed for
uncleared capacity ancapacity DRIPE. For example, a new program that woulddatsce load in

2020, for the top ten summer days, would be a gmar reduction in the data for the 2021 forecast,
which would be used in the 2022 FCA 16 for the summer of 2025. @iadied thata 10day program

has arRvalue of 0.12, a 200 MW loaddection in 2021 would reduce the forecast peak by 24 MW and
produce the DRIPE benefits of that size load reduction. Oncprtgram has run for three years.g.,
202(;2022), it wouldccreatea threeyear reduction for the 2023 forecast used in 2024 foA B8 for the
summer of 2027. The program would haveRwalue of 0.30, so the FCA forecast for 2027 would be
reduced by 60MW. Similarly, if the program continues to run for 15 years, the reduction in the forecast
used for FCA 30 would be 154 MW.
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Secondthe results can be used retrospectively, to evaluate the effect of a program that has been
operating. In 2019, a Program Admnstrator might file results for a 100 MW program that it ran in
2014¢2018, reducing load on the top 15 days of each summer. Bobgpendix A. Ratio of forecast
reduction to load reductionwe would use the 8ay row and estimate that the program reduced the
load used in the FCA forecasts by 17 MW in 2018 (for which 2014 was the last year of data used in th
forecast), 31 MW in 2019, 43 MW in 2020, and 58 MW in 20B&.sum of the avoided capacity and
DRIPE from those years would be benefits of the program.

Sensitivity analysis: Otheremand response dispatchpproaches

This section describes the resultisour analysis under a variety of dispatch and implementatio
sensitivities, including situations in which demand response is dispatched according to weather or in line
with day-ahead forecasts. We also examine situations in which the dispatch of deregpoinse misses

some peak days, is performed according to sdanecast of load distribution, and in which demand
response is dispatched for only a single day each year.

Dispatching according to weather, rather than load

Our main analysiassumathat a danand response program identifies the highésad days and
achieves load reduction on those dayée find that he results are essentially identical for a program
that concentrates on reducing load on the days with the worst weather (the highi@stl valus), even
though those are slightly different from the highest load days.

Dispatching demand response with dahead forecasts

We find that te results are also very similar if targeting of the demand response is imperfect, such that
the programis activaed on some days that are not in tikhighestdays®84 For example, the program
administrator may call an event on a day that looks like it will be one of thd tgys for the summer,

but it may turn out to have an actual load lower than expect®r, it nay turn out that there are more
higherload days that occur later in that summer, after the program administrator has called as many
days as is allowed by the tariff or contraé®s.

Figure62 shows the accuracy of demand respomsegram dispatch that is called when the eayead
peak load is expected to be one of the higheésiays. These results factor in the optimistic assumpti
that the program administrator has perfect information about the highest loads for the current summe
but not when those highest load days will occur. With this assumption, programs allowing for 5 to 20
days of load reductions would catch 90 percenthaf intended control days.

384 Results are similar, but the curves are less smooth.

385The ISO New England dalyead forecasts are actually quite accurate, correctly flagging the higliestsof the summer, if
the load of the lowesof those days isdown.
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Where the dayahead load would result in activation of a day outside thrgéted group, it is almost
always close to the intended group. For example, a program targeted at the top 10 days might miss day
six, but that unused awtation would likely be present on day 11 or 12.

Figure62. Percentage of higest days flagged by daghead load forecast, by year

100%

90%
80%
70%
60%
50%
40
30%
20%
10%
0

2012 2013 2014 2015 2016 2017 2018

2

Percentage of Actual Peak Days Captured
in Forecast

2

Top | Top3 mTop5 mTop |0 mTop20 mTop30

Dispatching demand response, missing some days

Figure62 shows the targeting errors if the program administrator somehow knew what the load would
be on dayd, the lowest load day for which the administrator should activate the program. A more
realistic simulation recognizghat the program administrator does not know in early July whether the
rest of the summer will be hot or mild, and thus will not know wtesth particular dayahead load
forecast is likely to be one thethighest days.

Table167shows how close the load reductions would be to the perfafiirmation case with typical
substitution of peak days with days just outside thegeted period. For exampl&ensitivity Case 4
tests the effect on load reductions of calling an event on th Highest day rather than the™day of a
10-day per year program, while Sensitivity Case 5 models the effect of calling an event off the 14
highest day rather than #h6" day. Other than Sensitivity Case 1 (an unlikely sidgieprogram calling
an event on the secontighest day, rather than the highekiad day), the effect of the imperfect
dispatch is within 6 percent of the effect oégfect dispatch, and sometinsethe dispatch error actually
increases the reduction in forecast load.

- Synapse Energy Economiks,. AESC 2021 368



Table167. Ratios of forecast reduction with minor dispatch errors, as a percentage of forecast reduction from
perfect dispatch

Sensitivity  Event Changes from Optimal Dispatch Years of Operation
Case BEVS Top Days Missed  Non-Top Days added
1 1 #1 #2 67% 92% 92% 81%
2 3 #3 #4 99% 105% 99% 98%
3 5 #5 #7 101% 101% 98% 98%
4 10 #9 #14 99% 97% 98% 98%
5 10 #6 #14 99% 96% 98% 97%
6 20 #14, #17 #25, #30 100% 99% 98% 96%
7 20 #11, #12 #22, #23 98% 97% 97% 96%
8 20 #16, #20 #27, #32 103% 100% 98% 97%
9 31 #18, #24, #27, #30  #34, #37, #40, #43  96% 96% 96% 94%
10 31 #18, #27, #31 #34, #37, #40 98% 97% 97% 95%

Tablel68shows the results for poorly targeted dispatch of a load reduction program in the top 30 days
of the summer, either 10 events per year on every third day (starting with day 1 or day 2) or 15 events
per year on every second day (adtithe evernumbered dgs or the odenhumbered). These dispatch
choices represent nearly the worst cases for 10 or 15 annual events, yet they still produce 62 percent to
92 percent of the forecast reduction due to load reductions perfectly targeted to Gher 1.5 days with
highest loads.

Table168. Ratios of forecast reduction with even more imperfect dispatch, as a percentage of forecasted
reduction from perfect dispatch
Years of Operation

Dispatch Days, Ranked by Load

10 Every 3rd day: 1, 4, 7, 10, 13, 16, 19, 22, 25, 28 85% 78% 75% 68%
10 Every 3rd day: 2, 5, 8, 11, 14, 17, 20, 23, 26, 29 73% 72% 71% 62%
15 Odddays: 1,3,5,7,9,11,13,15,17,19,21, 23,25, 27, 29 92% 84% 82% T76%

15 Even days: 2, 4, 6, 80,12,14, 16, 18, 20, 22, 24, 26, 28, 30 84% 78% 76% 68%

Dispatching demand response with forecast load distribution

To examine dispatch errors more systematically, we tested a case in which the program was activated

and load was curtailed when the dapead forecast was withki: 2 F L{h bS¢ 9y 3Af I yRQa
summer peak, wher&is the percentage of peak thatnaverage over the historical data, was exceeded

for d days per year.

This is a simplified example of a typical demand response pro@ach as dynamic peak pricing), in
which the program administrator tries to foresee peak days and curtail load on ttayse In some low
load years, the program will miss some days that later turn out to have been in thtedays, while in
other yearsthe program will operate on days that turn out not to be in the thgays.
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Demand response program administrators are likely to be more sophisticated than the simple algorithm
that we used. For example, the program administrator will know how mucheo$timmer remains,

how many event days are left for the year, whether the ramder of the summer is forecast to be

warmer or cooler than usual, and what a more detailed forecast for the next week or more shows.

Assuming that the program administrator has information about the loads for the particular year,
dispatching with thisimple algorithm results in forecast load savings of 80 percent to 100 percent of
the perfectinformation dispatch, from about four to fifty event days annually. The detailetkpabf
differences between the values shownSanbappendix And Subappedix Bhay well be due to the

different performance of the algorithm in the specific historical years. Overall, a reasonably thoughtful
program administrator should be able to achiesgout 95 percent of the benefits shown in

Subappendix A

Daily dispatch value

Finally, we estimated the effects of load reductions in just a single day each year, from the-foghest

day to the lowestoad day of the summer, and for one to fifteen ye@f program operation. The

specific effect of reductions in any particularyda probably very sensitive to the specific historical

pattern of daily loads and weather, so the detailed differences in the daily values (for example, between
the 18" and 19" days, or between seven years and eight years) may not be significant. SeediC

for our estimate of the R value (reduction in the 2021 forecast as a fraction of the annual historical load
reductions), for various number of years and various numbédays per year.

These daily values, if summed up for the tbgays, producdoad reductions lower than those we found

for reductions in the top days. This is illustrated Figure63, Figure64, andFigure65, for programs

lasting 1, 5, and 15 years, respectively. In each figure, we plot the sum of the daily contributions to
reducing the load forecast (the sum of days) as compared to the reduction from the top days as a group
(the optimal dispatch results). The latter is always larger.

Synapse Energy Economiks,. AESC 2021 370



Figure63. Reduction ratio (R) for-year program, various numbersf days
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Figure64. Reduction ratio (R) for fyear program, various numbers ofays
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Figure65. Reduction ratio (R) for year program, various numbers of days

The guestion then arises, without comjinug the effects of reductions on all the possible combinations
of days (on the order of 1®possibilities) how can the effect of some set of load reductions on
uncleared capacity anchpacity DRIPE be estimated?

We propose that the load effect (R) fordwections on a set of day& for which the lowestoad day inS
is theD" highest load day of the summere estimated as the average of

1. The sum of the R values for the days in S (ffailel71, SubappendixXC), and

2. The R value for D days (frofable169, Subgpendix A), minuthe sum of the R
values for the days less than D that are not in S (ffailel71, Subgpendix C).

Fa days 1, 4, and 5 of a oty@ar program (or a program that has only been running for a year), the
value wouldbe the average of

The sum of 0.009, 0.013 and 0.005, or 0.027, and
0.06 minus (0.010 + 0.0069r 0.044.
(0.027 + 0.04) + 2 = 0.08.

If greater precision is necessary, or for more complex situations, for example to estimate the effect of
different amouns of load reduction on different days over multiple years, we recommend repeating the
regressions we describe above for the specifigagion.
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