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AMENDMENTS TO THE AESC 2021 STUDY

This is the second public release of the AESC 2021 Study. This document updates and amends the

version originally released on March 15, 2021. The following text summarizes these changes.

Text in Chapter 12: Sensitivity Analysis is now populated. Corresponding text was added to the
executive summary (in the subsection titled “Sensitivities”).

We updated text in Chapter 2: Avoided Natural Gas Costs related to the calculation of the
medium-term Henry Hub natural gas price forecast. Text in the March 15 edition referred to a
methodology used in earlier drafts. This text has now been updated to reflect our final
methodology. We also modified text in the natural gas section of the Executive Summary to
reflect this update. We note that these are changes to the text only; all of the modeled avoided
costs are unchanged.

We clarified which avoided transmission and distribution (T&D) costs are included in summary
tables like ES-Table 1. These tables only included avoided T&D costs related to pooled
transmission facilities (PTF) and do not include non-PTF avoided T&D costs or avoided costs
related to local T&D systems.

We made a cosmetic correction to the Y-axis in Figure 17.

In Section 8.1. Non-embedded GHG costs, the paragraph that begins with “In AESC 2018,
the cost of avoided CO, was reported to be $68 per short ton...” was edited for clarity.

We corrected a typographical error in Table 56 so that the “CES-E” program correctly
refers to Massachusetts, rather than Maine.

Numbering of figures, tables, footnotes, and pages has changed due to the inclusion of new text
in Chapter 12: Sensitivity Analysis and other edits throughout the document.

We have corrected a formula error in each of the AESC 2021 User Interface workbooks, on the
sheet named “NonEmbedded_Calcs.” In practical terms, this increases the non-embedded GHG
cost for Vermont (assuming a New England marginal abatement cost-basis) by 1 percent. There
are no other changes to other regions. No updates were required to tables or text in this
document.

There are no further amendments, notes, or errata at this time.
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1. EXECUTIVE SUMMARY

This document is the 2021 Avoided Energy Supply Component (AESC) Study (AESC 2021). AESC 2021
contains cost streams of 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 program-based energy
efficiency or other demand-side measures across all six New England states.

The AESC Study provides estimates of avoided costs associated with energy efficiency measures for
program administrators throughout New England states for purposes of both internal decision-making
and regulatory filings. To determine the values of energy efficiency and other demand-side measures,
avoided costs are calculated and provided for each New England state in a hypothetical future in which
the New England program administrators do not install any new demand-side measures in 2021 or later
years. New to this year’s study, AESC 2021 features four different counterfactuals:

e Counterfactual #1: A future in which program administrators install no new energy
efficiency, building electrification, or active demand management (demand response
and energy storage) resources in 2021 or later years.

e Counterfactual #2: A future in which program administrators install no new building
electrification resources in 2021 or later years. This future does model some amount of
energy efficiency and active demand management resources installed by the program
administrators.

e Counterfactual #3: A future in which program administrators install no new energy
efficiency resources in 2021 or later years. This future does model some amount of
building electrification and active demand management resources installed by the
program administrators.

e Counterfactual #4: A future in which program administrators install no new energy
efficiency resources in 2021 or later years. This future does model some amount of
building electrification installed by the program administrators but does not include any
active demand management resources installed by the program administrators.

Because each AESC counterfactual represents a hypothetical future that lacks some amount of
anticipated demand-side measures, AESC 2021 should not be used to infer information about actual
future market conditions, energy prices, or resource builds in New England. Furthermore, actual prices
in the future will be different than the long-term prices calculated in this study since actual future prices
will be subject to short-term variations in energy markets that are unknowable at this point in time.
Note also that these caveats may also apply to sensitives modeled in the AESC 2021 Study (see Chapter
12 for more information).

As in previous AESC studies, this study examines avoided costs of energy, capacity, natural gas, fuel oil,
other fuels, other environmental costs, and demand reduction induced price effects (DRIPE). Also, 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 study provides avoided energy costs on an hourly basis. This allows users of
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the report to estimate avoided costs specific to a broad array of active demand response programs,
including active load management and peak load shifting programs. Other avoided costs (e.g., natural
gas, fuel oil) are provided at the time resolutions that are most appropriate for their markets (e.g., daily,
seasonal, or annual).

On a 15-year levelized basis, in real 2021 dollars, the AESC 2021 Study estimates that direct avoided
retail energy costs are approximately 4 cents per kWh for Counterfactual #1, and direct avoided gas
costs are $6 per MMBtu, although these vary on the specific location and end-use. Compared to 2018
AESC, we find:

e Generally lower avoided costs of energy, due to sustained low natural gas prices at
national hubs, lower estimated costs of complying with the Regional Greenhouse Gas
Initiative (RGGI), and increased quantities of zero-marginal-cost renewables.

e Generally lower avoided costs of capacity due to a relatively flat supply curve based on
observations of recent forward capacity auctions.

e Generally lower avoided costs of natural gas, based on lower long-term projections of
wholesale natural gas prices. Avoided natural gas costs for retail end-users are also
lower than in AESC 2018; but because incremental gas pipeline expansion costs are
assumed to be higher, the change in avoided costs at the end-user level is not as large as
the reduction in gas commodity prices.

e Generally higher avoided costs for fuel oil and other fuels, due to updates to recent
historical data in the underlying sources in the sources used to calculate these values.

e Generally higher avoided costs for renewable portfolio standard (RPS) compliance. This
is primarily due to recent (or anticipated) increases in RPS target obligations combined
with expected increases in load due to electrification.

e Lower energy DRIPE and capacity DRIPE values, due to changes in utility long-term
energy purchases, updated market data, and new commodity forecasts. Natural gas
DRIPE and oil DRIPE values are also lower due to similar changes.

e Both higher and lower non-embedded costs for environmental regulations that are not
otherwise included in the above projections (e.g., carbon dioxide, CO,, and nitrogen
oxides, NOx) depending on the approach used to calculate this number. AESC 2021
presents a number of different non-embedded costs for use in different state policy
contexts.

e Lower avoided costs for pooled transmission facility (PTF) costs, as a result of a switch to
a forward-looking methodology (AESC 2018 utilized a historical methodology). AESC
2021 also presents additional methodologies for quantifying localized and non-PTF
transmission and distribution avoided costs.

e Generally lower avoided costs for reliability, due to a flatter supply capacity market
supply curve. This is in spite of a higher estimate for value of lost load (VolLL),
determined through newly available data sources.
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AESC 2021 provides detailed projections of avoided costs by year for an initial 15-year period based on
modeling (2021 through 2035), and a second period based on extrapolation of values from this first
period (2036 through 2055).2 All values in this document are described in terms of real 2021 dollars,
unless noted otherwise. In many cases, we provide 15-year (2021-2035) levelized values of avoided
costs for ease of reporting and comparison with earlier AESC studies. See Appendix E: Common Financial
Parameters for more information on financial parameters used in this analysis.

1.1. Background to the AESC Study

As in previous AESC studies, the AESC 2021 Study was sponsored by a group of electric and gas utilities
and other efficiency program administrators (together, referred to as program administrators). The
study sponsors, along with other parties (including representatives from state governments, consumer
advocacy organizations, and environmental advocacy organizations and their consultants) formed a
Study Group to oversee the design and production of the analysis and report.

Study sponsors for the AESC 2021 Study include: Berkshire Gas Company, Cape Light Compact, Liberty
Utilities, National Grid USA, 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 Electric Co-op, Columbia Gas of Massachusetts, Unitil (Fitchburg Gas and Electric Light
Company, Unitil Energy Systems, Inc. and Northern Utilities), United Illluminating, Southern Connecticut
Gas and Connecticut Natural Gas, Efficiency Maine, and the State of Vermont. Other parties represented
in the Study Group include: Acadia Center, Connecticut Department of Energy and Environmental
Protection, Connecticut Energy Efficiency Board, Maine Public Utilities Commission, Massachusetts
Energy Efficiency Advisory Council, Massachusetts Clean Energy Center, Massachusetts Department of
Public Utilities, Massachusetts Department of Energy Resources, Massachusetts Department of
Environmental Protection, Massachusetts Attorney General, Massachusetts Low-Income Energy
Affordability Network (LEAN), New Hampshire Office of Consumer Advocate, New Hampshire Public
Utilities Commission, Rhode Island Division of Public Utilities and Carriers, Rhode Island Energy Efficiency
and Resource Management Council, Rhode Island Office of Energy Resources, Vermont Department of
Public Service, and Vermont Energy Investment Corporation / Efficiency Vermont.

After developing the scope for the 2021 study, the study sponsors selected Synapse Energy Economics
(Synapse) as the lead contractor of the study. Synapse was joined by subcontractors Resource Insight,
Sustainable Energy Advantage, Les Deman Consulting, and North Side Energy (together, the Synapse
Team).

L This extrapolation is described in detail in Appendix A: Usage Instructions.
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1.2. Summary of avoided costs

The following section provides a summary of the avoided costs for each category of costs calculated
under the AESC 2021 Study. These categories include costs that can be applied to energy efficiency
measures that avoid electricity (energy, capacity, DRIPE, RPS, etc.) while others are related to energy
efficiency measures that avoid other types of energy consumption. ES-Table 1 provides an illustration of
summer on-peak avoided cost components for electricity for the West/Central Massachusetts (WCMA)
zone for Counterfactual #1, and how these components compare to the avoided costs from the previous
AESC 2018 study for informational purposes. ES-Table 2, ES-Table 3, and ES-Table 4 provide analogous
comparative information for Counterfactuals #2, #3, and #4, respectively.

In general, the Synapse Team finds that lower wholesale natural gas prices drive lower avoided energy
costs, relative to AESC 2018. We also find that avoided cost of RPS compliance in AESC 2021 are
generally higher than those projected in AESC 2018. This is primarily due to recent (or anticipated)
increases in RPS target obligations combined with expected increases in load due to electrification). We
find that projections of flatter supply curves in future years cause avoided capacity, energy DRIPE, and
capacity DRIPE values to be lower.

Note that comparisons between 15-year levelized costs in AESC 2021 and AESC 2018 are not directly
“apples-to-apples.” While both calculations display levelized costs over 15 years (in real 2021 dollars),
each levelization calculation is done over two different 15-year periods (2018 to 2032 for AESC 2018,
and 2021 to 2035 for AESC 2021). Assumptions on prices and loads aside, the time periods spanned by
each of these levelization calculations may contain fundamentally different data on the New England
electric system, including differences in terms of online units and market rules.
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ES-Table 1. lllustration of avoided retail summer on-peak electricity cost components, AESC 2021 Counterfactual
#1 versus AESC 2018

AESC 2021,
AESC 2018 | AESC 2018  AESC 2021 relative to
AESC 2018
2018 2021 2021 2021 %
cents/kWh | cents/kWh  cents/kWh | cents/kWh Difference
Avoided Retail Capacity Costs 2.00 2.11 1.18 -0.93 -44% 3,4,5,6
Avoided Retail Energy Costs 5.05 5.32 3.85 -1.48 -28% 578
Avoided RPS Compliance 0.39 0.41 1.28 0.86 208% 579
Subtotal: Capacity and Energy 7.48 7.85 6.30 -1.55 -20%
GHG non-embedded 2.69 2.83 4.74 1.91 67% 5,10
NOx non-embedded 0.18 0.19 0.08 -0.11 -55% 5
Transmission & Distribution (PTF) 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 cross-DRIPE 2.08 2.19 1.20 -0.99 -45% 5,713
Subtotal: DRIPE 3.05 3.22 1.61 -1.60 -50% -
Notes:

1. Values are shown for the WCMA reporting zone, summer on-peak, on a 15-year levelized basis; all values are in 2021 dollars
unless otherwise stated.
2. AESC 2018 data is from ES-Table 1 in AESC 2018. AESC 2018 values levelized (2018-2032) escalated with a factor of 1.05 to
convert 2018 dollars to 2021 dollars. We observe that the total cost in AESC 2018 was 16.05 cents per kWh 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 S/kW-year) of S83/kW-year

AESC 2021 cost (2021 S/kW-year) of S49/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 loss factor in that study’s ES-Table 1
6. This table assumes 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 S/MWh) of $33/MWh
9. Avoided RPS compliance cost of $12/MWh
10. Assumes non-embedded GHG cost based on New England MAC (electric sector)
11. Assumes pooled transmission facility (PTF) cost (2021 S/kW-year) of S84/kW-year. This value does not include avoided costs
related to non-PTF facilities or local T&D systems.
12. Assumes reliability value (2021 S/kW-year) of 50.47/kW-year, and a VOLL of S73/kWh
13. “Electric energy and cross-DRIPE” is the sum of electric energy, G-E cross-DRIPE and E-G-E cross-DRIPE. In both AESC 2018
and AESC 2021, these DRIPE values represent the Massachusetts-wide (zone-on-zone) value, but not the Rest-of-Pool amount.
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ES-Table 2. lllustration of avoided retail summer on-peak electricity cost components, AESC 2021 Counterfactual
#2 versus AESC 2018

AESC 2021,
AESC 2018 | AESC 2018  AESC 2021 relative to
AESC 2018
2018 2021 2021 2021 %
cents/kWh | cents/kWh  cents/kWh | cents/kWh Difference
Avoided Retail Capacity 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% 5,78
Avoided RPS Compliance 0.39 0.41 0.98 0.56 136% 5,79
Subtotal: Capacity and Energy 7.48 7.85 5.77 -2.08 -26%
GHG non-embedded 2.69 2.83 5.08 2.25 79% 510
NOx non-embedded 0.18 0.19 0.08 -0.11 -55% 5
Transmission & Distribution (PTF) 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 cross-DRIPE 2.08 2.19 1.08 -1.11 -51% 5,7,13
Subtotal: DRIPE 3.05 3.22 1.47 -1.75 -54% -
Notes:

1. Values are shown for the WCMA reporting zone, summer on-peak, on a 15-year levelized basis; all values are in 2021 dollars
unless otherwise stated.
2. AESC 2018 data is from ES-Table 1 in AESC 2018. AESC 2018 values levelized (2018-2032) escalated with a factor of 1.05 to
convert 2018 dollars to 2021 dollars. We observe that the total cost in AESC 2018 was 16.05 cents per kWh 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 S/kW-year) of S83/kW-year

AESC 2021 cost (2021 S/kW-year) of S48/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 loss factor in that study’s ES-Table 1
6. This table assumes 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 S/MWh) of $31/MWh
9. Avoided RPS compliance cost of $9/MWh
10. Assumes non-embedded GHG cost based on New England MAC (electric sector)
11. Assumes pooled transmission facility (PTF) cost (2021 S/kW-year) of S84/kW-year. This value does not include avoided costs
related to non-PTF facilities or local T&D systems.
12. Assumes reliability value (2021 S/kW-year) of 50.46/kW-year, and a VOLL of S73/kWh
13. “Electric energy and cross-DRIPE” is the sum of electric energy, G-E cross-DRIPE and E-G-E cross-DRIPE. In both AESC 2018
and AESC 2021, these DRIPE values represent the Massachusetts-wide (zone-on-zone) value, but not the Rest-of-Pool amount.
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ES-Table 3. lllustration of avoided retail summer on-peak electricity cost components, AESC 2021 Counterfactual

#3 versus AESC 2018
AESC 2021,
AESC 2018 | AESC 2018  AESC 2021 relative to
AESC 2018
2018 2021 2021 2021 %
cents/kWh | cents/kWh cents/kWh cents/kWh Difference
Avoided Retail Capacity Costs 2.00 2.11 1.22 -0.88 -42% 3,4,5,6
Avoided Retail Energy Costs 5.05 5.32 3.92 -1.40 -26% 578
Avoided RPS Compliance 0.39 0.41 1.40 0.98 237% 57,9
Subtotal: Capacity and Energy 7.48 7.85 6.54 -1.31 -17%
GHG non-embedded 2.69 2.83 4.68 1.85 65% 5,10
NOx non-embedded 0.18 0.19 0.08 -0.11 -55% 5
Transmission & Distribution (PTF) 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% 56
Electric energy and cross-DRIPE 2.08 2.19 1.21 -0.98 -45% 5,7,13
Subtotal: DRIPE 3.05 3.22 1.62 -1.60 -50% -
I S N R TR N
Notes:

1. Values are shown for the WCMA reporting zone, summer on-peak, on a 15-year levelized basis; all values are in 2021 dollars
unless otherwise stated.
2. AESC 2018 data is from ES-Table 1 in AESC 2018. AESC 2018 values levelized (2018-2032) escalated with a factor of 1.05 to
convert 2018 dollars to 2021 dollars. We observe that the total cost in AESC 2018 was 16.05 cents per kWh 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 S/kW-year) of S83/kW-year

AESC 2021 cost (2021 S/kW-year) of $51/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 loss factor in that study’s ES-Table 1
6. This table assumes 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 S/MWh) of $33/MWh
9. Avoided RPS compliance cost of $13/MWh
10. Assumes non-embedded GHG cost based on New England MAC (electric sector)
11. Assumes pooled transmission facility (PTF) cost (2021 S/kW-year) of S84/kW-year. This value does not include avoided costs
related to non-PTF facilities or local T&D systems.
12. Assumes reliability value (2021 S/kW-year) of 50.47/kW-year, and a VOLL of S73/kWh
13. “Electric energy and cross-DRIPE” is the sum of electric energy, G-E cross-DRIPE and E-G-E cross-DRIPE. In both AESC 2018
and AESC 2021, these DRIPE values represent the Massachusetts-wide (zone-on-zone) value, but not the Rest-of-Pool amount.
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ES-Table 4. lllustration of avoided retail summer on-peak electricity cost components, AESC 2021 Counterfactual
#4 versus AESC 2018

AESC 2021,
AESC 2018 | AESC 2018  AESC 2021 relative to
AESC 2018
2018 2021 2021 2021 %
cents/kWh | cents/kWh  cents/kWh | cents/kWh Difference
Avoided Retail Capacity Costs 2.00 2.11 1.22 -0.89 -42% 3,4,5,6
Avoided Retail Energy Costs 5.05 5.32 3.90 -1.42 -27% 578
Avoided RPS Compliance 0.39 0.41 1.40 0.98 237% 579
Subtotal: Capacity and Energy 7.48 7.85 6.52 -1.33 -17%
GHG non-embedded 2.69 2.83 4.69 1.86 66% 5,10
NOx non-embedded 0.18 0.19 0.08 -0.11 -55% 5
Transmission & Distribution (PTF) 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 cross-DRIPE 2.08 2.19 1.21 -0.98 -45% 5,7,13
Subtotal: DRIPE 3.05 3.22 1.62 -1.60 -50% -
Notes:

1. Values are shown for the WCMA reporting zone, summer on-peak, on a 15-year levelized basis; all values are in 2021 dollars
unless otherwise stated.
2. AESC 2018 data is from ES-Table 1 in AESC 2018. AESC 2018 values levelized (2018-2032) escalated with a factor of 1.05 to
convert 2018 dollars to 2021 dollars. We observe that the total cost in AESC 2018 was 16.05 cents per kWh 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 S/kW-year) of S83/kW-year

AESC 2021 cost (2021 S/kW-year) of S50/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 loss factor in that study’s ES-Table 1
6. This table assumes 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 S/MWh) of $33/MWh
9. Avoided RPS compliance cost of $13/MWh
10. Assumes non-embedded GHG cost based on New England MAC (electric sector)
11. Assumes pooled transmission facility (PTF) cost (2021 S/kW-year) of S84/kW-year. This value does not include avoided costs
related to non-PTF facilities or local T&D systems.
12. Assumes reliability value (2021 S/kW-year) of 50.47/kW-year, and a VOLL of S73/kWh
13. “Electric energy and cross-DRIPE” is the sum of electric energy, G-E cross-DRIPE and E-G-E cross-DRIPE. In both AESC 2018
and AESC 2021, these DRIPE values represent the Massachusetts-wide (zone-on-zone) value, but not the Rest-of-Pool amount.
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Natural gas

At a high level, AESC 2021 assumes that Henry Hub natural gas prices are lower, and stay lower longer,
relative to the assumptions used in AESC 2018. The levelized price basis for the New England market, as
measured by the Algonquin Citygate price, is also lower.

On a 15-year levelized basis (see ES-Table 5), AESC 2021 projects a Henry Hub price of $3.15 per MMBtu
(levelized over 2021 to 2035), 34.0 percent lower than the AESC 2018 value of $4.78 per MMBtu
(levelized over 2018 to 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 2018.%2 Breakeven costs 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 reservoirs.3 Algonquin Citygate Hub prices show a
slightly larger decline because the basis projections are lower in AESC 2021 (a smaller differential to
Henry Hub) as a result of additional pipeline capacity and changing pricing dynamics between northeast
and Gulf Coast gas markets.

ES-Table 5. Summary of 15-year levelized Henry Hub, Algonquin Citygate, and basis differentials for AESC 2021

and AESC 2018
. Algonquin .
Units Henry Hub Citygates Basis
AESC 2018 (2018-2032) 2021 $/MMBtu $4.78 $6.59 $1.24
AESC 2021 (2021-2035) 2021 $/MMBtu $3.15 $4.20 $1.05
Percent change % -34.0% -36.2% -

Notes: All values are in 2021 S/MMBtu. AESC 2018 levelized costs are for 15 years (2018-2032) at a discount rate of 1.34
percent. AESC 2018 levelized costs are for 15 years (2021-2035) at a discount rate of 0.81 percent.

The avoided costs of natural gas for retail customers are summarized below (see ES-Table 6). For both
southern New England and northern New England avoided natural gas costs are lower in AESC 2021
compared to AESC 2018, but because pipeline expansion costs are assumed to be higher, the change in
avoided costs is not as large as the reduction in wholesale commodity prices. Northern New England
avoided costs remain slightly lower relative to southern New England because natural gas delivered
through Canada 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, the avoidable pipeline delivery cost is
lower than it is for southern New England. For Vermont (not shown in ES-Table 6) avoided natural gas
costs are also lower than in AESC 2018 because of lower projected natural gas prices at the Dawn Hub.

2 pssociated gas is essentially a byproduct in the production of crude oil. This gas will be produced (or flared) as long as oil
production is economic, irrespective of the price of natural gas.

3us. Energy Information Administration (EIA). “Drilling Productivity Report.” https://www.eia.gov/petroleum/drilling/.
February 16, 2021.
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ES-Table 6. Avoided costs of gas for all retail customers by end-use assuming no avoidable margin

Units Southern New Northern New
England England
AESC 2018 (2018-2032) 2021 $/MMBtu $7.91 $7.57
AESC 2021 (2021-2035) 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 Chapter O:
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Avoided Natural Gas Costs.

ES-Table 8 compares the natural gas avoided costs described in ES-Table 6 with a non-embedded cost
for GHGs. For consistency with ES-Table 1 and other similar tables, the non-embedded GHG cost shown
here is the marginal abatement cost derived from the New England electric sector. We observe that the
non-embedded GHG cost is roughly equal to the avoided cost of natural gas, which matches our
observations in ES-Table 1, where the non-embedded cost is slightly greater than the avoided cost of
energy.

ES-Table 7. Avoided costs of gas, with and without non-embedded GHG cost

Units Southern New Northern New
England England
Avoided cost (from ES-Table 6) 2021 $/MMBtu $6.48 $6.39
Non-embedded GHG cost 2021 S/MMBtu $7.32 $7.32
Avoided cost with non-embedded GHG cost 2021 S/MMBtu $13.80 $13.71

Note: Avoided costs differ depending on region, and whether or not retail margins are included. The “non-embedded GHG cost”
shown here is the marginal abatement cost derived from the New England electric sector.

Fuel oil and other fuels

In general, we find that avoided levelized costs for residential fuel oil and other fuels are generally
higher than was estimated in AESC 2018, except for the levelized costs for commercial residual fuel oil
and biofuels which are lower than was estimated in AESC 2018. The primary sources of these differences
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 projections. ES-Table 8 displays the levelized
avoided fuel costs for AESC 2021. New in AESC 2021 are avoided cost projections for motor gasoline and
motor diesel.

ES-Table 8. Avoided costs of retail fuels (15-year levelized, 2021 $ per MMBtu)

Residential Commercial Transportation
N.O'.Z Kero- Bio- Wood No. 2 NO'. 6 Motor Motor
Distill- Fuel _ Resid- . .
sene Pellets | Distillate Gasoline  Diesel
ate (B20) ual
AESC 2018 $23.36 $32.78 $20.95 $24.06 S$14.12 $22.76 $19.46 $17.13 - -
AESC 2021 $24.04 $38.79 $29.59 $21.64 $20.84 $22.47 $22.25 $15.74 $22.07 $22.76
Percent change 2.9% 18.3% 41.3% -10.1% 47.6% -1.3% 14.3% -8.2% - -

The retail fuels avoided costs for AESC 2021 are similar to those of AESC 2018 for distillate fuels. The
more significant differences between AESC 2021 and AESC 2018 observed in other fuels are primarily
driven by changes in the starting prices based on recent historical data. There have been significant
residential price increases for propane in recent years, perhaps associated with distribution costs. For
non-wood products, AESC 2021 starts with the 2018 New England fuel prices in the U.S. Energy
Information Administration (EIA) State Energy Data System (SEDS). It then makes adjustments to match
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the most recent national prices from the EIA Short Term Energy Outlook (STEO). For the near term, fuel
oil prices follow the STEQ’s crude oil price forecast for 2021. Meanwhile, for 2022 and later years, we
rely on projections in the AEO 2021 Reference case. For biofuels, the B20 blend shown in the table is
discounted at about 10 percent below distillate. All sector propane prices are consistently higher than
distillate prices for all years in SEDS.

For residential wood fuels, AESC 2021 surveyed various state energy sources, which gave much higher
cord wood prices than those used in AESC 2018. Wood pellet prices were however about the same.
Wood prices are then projected to increase in the future following the trend in crude oil prices reflecting
competitive market factors.

Capacity

AESC 2021 develops capacity prices for annual commitment periods starting in June 2021 under each of
the four counterfactuals (see ES-Table 9). The capacity prices (and resulting avoided capacity costs) are
driven by actual and forecast clearing prices in ISO New England’s Forward Capacity Market (FCM). The
forecast capacity prices are based on the experience in recent auctions and expected changes in
demand, supply, and market rules. These prices are applied differently for cleared resources, non-
cleared energy efficiency, and non-cleared demand response.

On a 15-year levelized basis, Counterfactual #1 of the AESC 2021 forecast is 47 percent lower than what
was estimated as a 15-year levelized price in the 2018 AESC study. Counterfactual #2 is 48 percent
lower, while Counterfactual #3 and #4 are both 45 percent lower. In general, Counterfactual #2 has
lower capacity prices due to a lower projection of load, while Counterfactuals #1, #3, and #4 feature
relatively similar capacity prices, due to similar projections of annual loads. Market-clearing prices in the
out-years are principally determined by future changes in supply (including additions of battery storage,
solar, wind, and occasionally new natural gas-fired power plants; as well as and retirements of thermal
generation) and future changes in demand. Small year-on-year variations are due to changes in load,
new resources coming online, and other resources retiring.
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ES-Table 9. AESC 2018 capacity prices (2021 $ per kW-month)

. AESC 2021
Commitment Actual but
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
2027/2028 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 $7.45
2035/2036 26 $3.66 $3.86 $3.73 $3.71 $7.95

15-year
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
rate is 0.81 percent for AESC 2021 and 1.34 percent for AESC 2018.

Energy

AESC 2021 modeling results feature a lower ratio of summer peak prices to the annual average
compared to previous AESC studies. This difference can be attributed to: (1) increased levels of solar
generation, which are largely coincident with this period and which have a marginal cost of zero dollars
per MWh, (2) difference in month-to-month wholesale gas costs (which are driven by new recent
historical data on month-to-month gas costs), and (3) higher levels of zero-marginal cost imports. These
are the same factors that drove the change in energy prices in AESC 2015 and AESC 2018.

ES-Table 10 shows levelized 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 basis, the 15-year
levelized prices in Counterfactual #1 of the AESC 2021 study are 20 percent lower 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 low- or zero-variable operating cost renewables (caused by changes to
the RPS in states like Connecticut and Rhode Island), and the addition of a new transmission line from
Canada. Note that these factors are not listed in a particular order. Energy prices observed in other
counterfactuals are similar to Counterfactual #1. Counterfactual #2 features the largest divergence, as a
result of its lower projection of load. This decrease is larger than the change in avoided energy costs
observed between the 2015 AESC study and the 2018 AESC study.
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ES-Table 10. Comparison of energy prices for WCMA region (2021 $ per MWh, 15-year levelized)

Annual Winter Winter Summer Summer
All hours Peak Off-Peak Peak Off-Peak
AESC 2018 $51.17 $58.66 $54.17 $45.22 $38.69
AESC 2021 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 Counterfactual 4 $41.29 $47.40 $45.62 $33.17 $29.87
Pcnt Change: Counterfactual 1 -20% -20% -17% -28% -23%
Pcnt Change: Counterfactual 2 -26% -27% -23% -32% -28%
Pcnt Change: Counterfactual 3 -19% -19% -16% -26% -23%
Pcnt Change: Counterfactual 4 -19% -19% -16% -27% -23%

Notes: All prices have been converted to 2021 S per MWh. Levelization periods are 2018—2032 for AESC 2018 and 2021-2035 for
AESC 2021. The real discount rate is 1.34 percent for AESC 2018 and 0.81 percent for AESC 2021. Prices are wholesale.

ES-Table 11 compares 15-year levelized costs between AESC 2018 and AESC 2021 for each of the six New
England states, for Counterfactual #1. These values incorporate the relevant costs of RPS compliance, as
well as a wholesale risk premium.
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ES-Table 11. Avoided energy costs, AESC 2021 vs. AESC 2018 (15-year levelized costs, 2021 $ per kWh)

Winter Winter Summer Summer
Peak Off-Peak Peak Off-Peak
AESC 2021 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 2018 1 Connecticut $0.063 $0.059 $0.049 $0.043
2 Massachusetts $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 -50.006 -$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 Rhode Island $0.003 $0.007 $0.002 $0.005
6 Vermont -$0.008 -$0.005 -$0.010 -$0.006
Percent Change 1 Connecticut -7% -3% -12% -7%
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 wholesale costs of RPS compliance, increased by a wholesale risk
premium of 8 percent, except for Vermont, which uses a wholesale risk premium of 11.1 percent. All costs have been converted
to 2021 dollars per kWh. Levelization periods are 2018—2032 for AESC 2018 and 2021-2035 for AESC 2021. The real discount
rate is 1.34 percent for AESC 2018 and 0.81 percent for AESC 2021. Values do not include losses.

RPS compliance

Relative to AESC 2018, AESC 2021 sees much higher prices for meeting RPS compliance (see ES-Table
12). This difference is attributable to increased supply-demand tension in the near term, resulting in
higher REC prices compared to AESC 2018, particularly for states that have recently adjusted their RPS
policies. Even with higher prices, the remainder of the study period is characterized by surplus, with
policy-mandated purchases exceeding incremental RPS demands. The cost of RPS compliance has also
increased as a result of the addition of new RPS categories such as Clean Energy Standard-Existing (CES-
E) and Clean Peak Energy Portfolio Standard (CPS) categories in Massachusetts. Increases in the cost of
RPS compliance in states that have not increased RPS targets (e.g., New Hampshire) are due to an
increase in REC demand in the New England-wide REC market, of which all six states are participants.
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ES-Table 12. Avoided cost of RPS compliance (2021 $ per MWh)

CcT ME MA NH RI \"2}
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 $14.99 $3.90
AESC 2021 Counterfactual 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 1 98% 1233% 208% 54% 482% 84%
Pcnt Change: Counterfactual 2 19% 541% 135% 22% 120% 26%
Pcnt Change: Counterfactual 3 121% 1448% 237% 65% 553% 110%
Pcnt Change: Counterfactual 4 121% 1448% 237% 65% 553% 110%

Note: Each state has multiple Classes or Tiers. For simplicity, we sum avoided costs for all non-Class I/New RPS policies together

in the “all other classes” row. Levelization periods are 2018-2032 for AESC 2018 and 2021-2035 for AESC 2021. The real
discount rate is 1.34 percent for AESC 2018 and 0.81 percent for AESC 2021. AESC 2018 values are from AESC 2018 Chapter 7,
and have been converted into 2021 dollars. All values include a 9 percent loss factor.

Non-embedded environmental compliance

AESC 2021 provides several approaches to enable individual states to address specific policy directives
regarding greenhouse gas (GHG) impacts. ES-Table 13 and ES-Table 14 compare these costs.

e A “damage cost” approximated by the social cost of carbon (SCC). There are many
different options for a social cost of carbon. The Synapse Team recommends using a
value that applies low discount rates, considers global damages, and considers the
impact of high-risk situations. One source for this value is the December 2020 SCC
Guidance published by the State of New York. Using a 2 percent discount rate (the one
also recommended by New York for most decision-making), we recommend a 15-year
levelized SCC of $128 per short ton in AESC 2021. We also recommend that program
administrators continually review this value (e.g., for the purposes of mid-term
modifications) as updates to the federally-recommended SCC are expected in early
2022.

e An approach based on global marginal abatement costs. In AESC 2021, we estimate a
total environmental cost based on the cost of large-scale carbon capture and
sequestration (CCS) equal to $92 per short ton of CO,-eq. This is lower than the $105
per short ton of CO-eq value (in 2021 dollars) described in AESC 2018. This lower cost
reflects the declining costs of this technology.

e An approach based on New England marginal abatement costs, assuming a cost derived
from electric sector technologies. In AESC 2021, this is a total environmental cost of
$125 per short ton of CO,-eq emissions, based on a projection of future cost trajectories
for offshore wind energy along the eastern seaboard. This compares to a cost of $72 per
short ton of COz-eq emissions (in 2021 dollars) based on a projection of future costs of
offshore wind energy, as described in AESC 2018. This increased cost reflects updated
information on this technology in the United States, as well as lower energy costs in this
edition of AESC.

e An approach based on New England marginal abatement costs, assuming a cost derived
from multiple sectors. In AESC 2021, this is a total environmental cost of $493 per short
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ton of CO,-eq emissions, based on a projection of future cost trajectories for renewable
natural gas (RNG) derived from power-to-gas technology. This approach may be useful
for policymakers who are considering more ambitious carbon reduction targets (e.g., 90
percent or 100 percent reductions by 2050).

ES-Table 13. Comparison of GHG costs under different approaches (2021 $ per short ton) in Counterfactual #1

AESC 2018 AESC 2021 Difference % Difference
s (o qited 23 -
Global marginal abatement cost $105 $92 -$13 -12%
et R
New England-based marginal abatement 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 (SCC uses a 2.0 percent discount rate). All AESC 2018 values 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 England-based marginal abatement cost derived from multiple sectors. Values shown above remove energy
prices, but not embedded costs. Values shown above do not include losses.

ES-Table 14. Comparison of GHG costs under different approaches (2021 cents per kWh) in Counterfactual #1

AESC 2018 AESC 2021 Difference % Difference
Soufl cost of Farbon (SCC or “damage Not quantified 4.87 i i
cost”) at 2% discount rate
Global marginal abatement cost 4.64 3.41 -1.23 -26%
New Englland-based marglna! abatement 583 474 191 67%
cost, derived from the electric sector
New England-based marginal abatement Not calculated 19.72 i i

cost, derived from multiple 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 on-peak seasonal marginal emission rate, and include a 9 percent energy loss factor.

In addition, AESC 2021 establishes a non-embedded NOy emission cost of $14,700 per short ton, based
on a review of findings in the literature, which translates into an avoided wholesale cost for NOy of
$0.77 per MWh.

DRIPE

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

AESC 2021 models DRIPE benefits associated with reduced demand on electricity (energy and capacity),
natural gas (supply and transportation), and oil markets. DRIPE results in AESC 2021 differ from those in
AESC 2018 because of updated information changes in utility long-term energy purchases, updated
market data, and new commodity forecasts. Generally speaking, we find (a) lower energy DRIPE and
capacity DRIPE values, due to projections of flatter supply curves compared to AESC 2018, (b) lower
natural gas DRIPE values due to lower commodity prices and flatter supply curves, and (c) lower oil
DRIPE values, due to changes in the underlying projection of crude oil prices.

Transmission and distribution

In AESC 2021, we present four separate threads for analysis of avoided transmission and distribution
(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 PTF facilities based on future costs;

2. Reviewing utility approaches to generic avoided cost values for non-PTF transmission
and distribution and evaluating these approaches on a common evaluation rubric to
facilitate cross-comparison and learning;

3. Reviewing utility approaches to calculating geographically localized avoided costs, such
as for non-wire alternatives (NWA); and

4. Developing an approach to the avoided cost of natural gas system T&D.

Of these items, only the first was performed in AESC 2018. In that study, we found the PTF cost to be
$99 per kW-year (in 2021 dollars). In AESC 2021, we find the PTF value to be $84 per kW-year, a
decrease of 15 percent. This change is due to a switch to a forward-looking methodology, versus the
historical cost methodology used in AESC 2018.

Reliability

As in AESC 2018, AESC 2021 examines how changing electric load levels can change reliability in several
ways, which differ among generation, transmission, and distribution. Our analysis addresses the effect of
increased reserve margins based on generation reliability, the potential and obstacles in estimating the
effect of load levels on T&D overloads and outages, and VoLL. We then develop estimates of the value of
increased generation reliability per kilowatt of peak load reduction.

In AESC 2021, we find a default average VoLL value of $73 per kWh. This value is almost three 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 on VolLLs. This VolLL is then applied to the calculation of
reliability benefits resulting from dynamics in New England’s FCM to estimate cleared and uncleared
benefits linked to improving generation reliability. In AESC 2021, we find 15-year levelized values of
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$0.47 per kW-year for cleared benefits and $8.45 per kW-year for 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, despite a higher VoLL, overall 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 a result, an increase in
the VoLL produces an increase in the uncleared reliability value.

New in AESC 2021, we provide an example methodology to estimate benefits related to T&D reliability
This estimate is based on data for National Grid Massachusetts. This value would likely differ for each
jurisdiction. As a result, the methodology provided can be interpreted as guidance for calculating
avoided costs.

Sensitivities

The following sections detail the inputs and results of the sensitivity analysis. In AESC 2021, we evaluate
avoided costs under three different sensitivities. These sensitivities include:

e A natural gas price sensitivity with higher gas prices than were used in Counterfactual
#1 (“High Gas Price Sensitivity”)

e A climate policy sensitivity, where avoided costs for energy efficiency are calculated
under a hypothetical regional climate policy with increased levels of electrification and
clean energy (“No New EE Climate Policy Sensitivity”)

e A climate policy sensitivity which models energy efficiency along with increased levels
of electrification and clean energy (“All-In Climate Policy Sensitivity”)

For each of these sensitivity cases, we find the following:

e Inthe High Gas Price Sensitivity, energy prices are 27 percent higher, capacity prices are
2 percent lower, RPS compliance costs are 8 percent lower, and non-embedded GHG
costs are 21 percent lower. All prices are compared to Counterfactual #1.4

e Inthe No New EE Climate Policy Sensitivity, energy prices are 4 percent lower, capacity
prices are 52 percent higher, and RPS compliance costs are 12 percent higher. All prices
are compared to Counterfactual #3. This sensitivity features a new avoided cost (the
incremental regional clean energy policy compliance cost, or IRCEP), which captures the
incremental cost of the region reaching 90 percent non-fossil generation by 2035. This
category increases total levelized avoided costs by 0.9 percent

e Inthe All-In Climate Policy Sensitivity, energy prices are 4 percent lower, capacity prices
are 42 percent higher, and RPS compliance costs are 11 percent higher. All prices are

4 All of the summary costs described here are framed in terms of 15-year levelized costs for summer on-peak for the WCMA
region.
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compared to Counterfactual #2. The new IRCEP cost category increases total avoided
costs by 0.4 percent, all else being equal.

In the High Gas Price Sensitivity, energy prices are higher due to higher gas prices, which is the fuel that
powers the marginal resource in most hours. The non-embedded GHG cost is lower because one of the
inputs to this value is the energy price (in situations like this one, where the non-embedded GHG cost is
based on the New England-derived marginal abatement cost). Generally speaking, higher energy prices
will produce lower non-embedded GHG costs.

In the climate policy sensitivities, we find that energy prices typically only have minor changes relative to
the comparative counterfactual. Capacity prices tend to be much higher, and are largely caused by high
capacity prices in the early- to mid-2030s. In these years, the system switches to winter peaking and
demand increases quickly. Costs of RPS compliance are also higher due to increased demand for
electricity. Finally, we find that the additional cost of compliance associated with the region reaching 90
percent non-fossil generation by 2035 is low, on a levelized basis. This is due to several factors, including
the fact that many states in New England are already reaching very high non-fossil percentages by 2035,
and because the cost of compliance is zero in the near term (as the policy does not come into effect
until the mid-2020s).
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2. AVOIDED NATURAL GAS COSTS

The following sections first discuss the drivers of natural gas commodity prices (i.e., the long-term price
for natural gas at Henry Hub and other price points 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 end-users at interstate pipeline delivery points. The 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 cost of gas at
a retail customer’s meter has two components: (1) the avoided cost of gas delivered to the LDC (the
“citygate cost”); and (2) the avoided cost of delivering gas on the LDC system (the “retail margin”). As
with previous versions of AESC, natural gas avoided costs are 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 Reference cases that
were too conservative in terms of shale gas reserves, productivity, drilling costs, and production growth.

2.1. Introduction

The dampening effect of the COVID-19 pandemic on end-use consumer demand for natural gas and
other fuels resulted in 2020 experiencing the lowest Henry Hub prices in over two decades. Producers
reacted to this reduction in demand by shutting-in production and reducing drilling. However, low gas
prices caused natural gas-fired generation to take market share from coal-fired electric generation and
made liquified natural gas (LNG) exports from the United States highly attractive. As a result, total
demand for natural gas in 2020 was nearly identical to 2019. As the supply-demand balance began to
tighten in the fall of 2020, Henry Hub prices began to escalate, providing producers an incentive to
increase drilling and production, but dampening the economics of gas-fired electric generation. Against
this backdrop, the latest Annual Energy Outlook (AEQ), published by the EIA in early February 2021,
projects a slow return to “normal,” indicating long-lasting effects on the energy sector from the COVID-
19 pandemic. AEO projects that it will take until 2023 for natural gas production to return to its pre-
pandemic peak, and that it will take until 2026 for domestic consumption to reach a new peak. Over 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 natural gas market were not mimicked by the financial
market or trading activity during 2020. This meant that trading was not substantially different from the
prior year’s record high activity.> AEO 2021 projects that prices will begin a sustained rebound in 2025 as

> While Federal Energy Regulatory Commission (FERC) Form 552 filings reported record volumes in 2019, Chicago Mercantile
Exchange (CME) and Intercontinental Exchange (ICE) reported slightly lower trading volumes. Natural gas is also traded on
other platforms, such as NASDAQ.
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producers pursue less-economic reserves. Prices and financial trading volumes continue to indicate a
very active market, anchored by NYMEX Henry Hub futures.® Although prices and outlooks fluctuate,
there remains an active wholesale natural gas market in New England for gas that is sold to LDCs,
electricity generators, and other large end-users at interstate pipeline delivery points. Note that recent
energy market disruptions and macroeconomic impacts due to the COVID-19 pandemic widen the
uncertainty band of any price forecast.”

2.2. Gas prices and commodity costs

The following sections provide an overview of historical natural gas prices and projected future
wholesale natural gas prices.

Background

The U.S. fuel extraction industry appeared past its prime at the start of the 21 century, but early in the
2010s, shale gas and oil suddenly became an industry with significant growth potential. Order-of-
magnitude drilling economics improvements have changed the market’s perception of both natural gas
and crude oil from increasing-cost commodities to flat-to-declining-cost commodities. Capital became
widely available to small- and medium-sized companies willing to expand drilling in new shale and tight-
sand formations, to build new processing and transport infrastructure, and to consume growing gas
volumes in domestic sectors or export the surplus to growing overseas LNG markets. Indeed, in 2000 the
United States consumed about 64 billion cubic feet per day (Bcfd) of natural gas, of which 10 Bcf per day
was imported, while in 2020 consumption was about 83 Bcfd and over 7 Bcfd was exported.®

In the three years since the AESC 2018 analysis, these trends have been extended through significant
production growth, mainly in Texas and Appalachia. This time period has also seen increasing domestic
consumption, mainly through electric generation, and surging exports of LNG which are primarily from
new terminals on the Gulf Coast and Eastern Seaboard. However, the upstream (production) side has
seen a geographical shift. Natural gas in Appalachia had been in surplus for several years because of lags

& NYMEX Henry Hub futures prices are traded for 120 months out. There are also futures prices and price differentials (basis)
for other regional natural gas hubs traded on the NYMEX or other organized exchanges. Cornerstone Research:
Characteristics of U.S. Natural Gas Transaction (Jul 2020) reported that trading volumes during the first of this year indicate
and increase in 2020; p. 10.

7 Prices quoted on the NYMEX and other active futures exchanges represent a collective market view of supply and demand
conditions in the future. However, there is a risk when using any price forecast in business decisions. Physical players such as
LDCs and producers purchase or sell futures to hedge price risk. A futures contract provides insurance against price volatility.
Buying and selling entities including traders know they run the risk that they will incur an opportunity cost—buying or selling
at too low or too high a price. To many, this is an acceptable risk, giving up potential profits for a known price. Others may
prefer purchasing derivative financial instruments that can be used to cover some of the opportunity cost risks; for example,
protective collars can be purchased that provide additional downside or upside price protection, and the risk of purchasing
too much or too little gas due to adverse weather can be hedged via weather derivatives.

8u.s. EIA, Natural Gas Annual, available at https://www.eia.gov/naturalgas/annual/. The 2019 edition was released on
September 30, 2020. Historical data is published in the EIA’s Monthly Energy Review.
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in pipeline infrastructure, resulting in falling prices in the region. Simultaneously, high oil prices created
a boom in shale oil plays, mainly in the Permian Basin. Surging oil production also resulted in a large
increase in associated gas production.® Since the beginning of 2018, Permian gas production has more
than doubled, compared to a 30 percent increase in Appalachian volumes. However, drilling activity
dropped sharply in the second and third quarters of 2020 resulting in a decline in associated gas
production and a flattening of Appalachian output.

All the primary gas markets were affected by these production shifts, by new infrastructure, and by new
gas-fired electric generation. In New England, for example, gas-fired power now accounts for about half
of the installed generating capacity in the six-state region, which is three times what it was 20 years ago.
Volumes also increased at most gas trading hubs and the ability to arbitrage regional price differentials
rose with additional pipeline capacity and new commodity trading platforms. Although a few small,
incremental pipeline projects were added over the past few years, New England avoided large-scale
investments in natural gas infrastructure; nonetheless, the region still exhibited a downward gas price
trend over the past decade.

Over the past two years, the New England gas market has seen a small increase (see Section 2.3. New
England natural gas market). However, the primary sources of gas supply to New England and the
delivery pipelines are unchanged. As in prior AESC studies, we conclude that there are three main
components to New England gas costs.

1. The natural gas price at the point of purchase at a market trading hub or at the
production site (the “supply area” price or “commodity cost”);

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

3. The retail distribution margin from the citygate to the end-user’s burner tip.

Supply area natural gas prices

Natural gas consumed in New England is sourced from various points in the United States and Canada.
These sources vary depending on the purchasing entity and contractual arrangements, as well as
seasonal differences such as storage and LNG. Gas is purchased at hubs in New England, such as the
Algonquin (AGT) Hub, or hubs further south, in Canada, or in other locations. As in the rest of North
America, because of the integrated pipeline network, gas prices in New England are strongly correlated
to the Henry Hub benchmark. Therefore, similar to previous AESC studies, Henry Hub serves as the
foundation for developing price projections relevant to New England markets. The rationale for this
choice is that Henry Hub has been 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.

9 Associated natural gas or associated-dissolved natural gas is natural gas that occurs in crude oil reservoirs either as free gas
(associated) or as gas in solution with crude oil (dissolved gas).
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1. Foremost, perhaps, is that it the most highly traded natural gas pricing point in the
United States. According to the Chicago Mercantile Exchange (CME), the NYMEX Henry
Hub contract (symbol “NG”) is the third-largest physical commodity futures contract in
the world by volume.'® The New York Mercantile Exchange (NYMEX) trades Henry Hub
monthly gas with contracts extending for 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. Moreover, they allow market
participants the ability to hedge and to manage risk.

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

4. EIA (in the 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 terminals along the Gulf Coast (Texas and Louisiana). From the
end of 2017 through 2020, export capacity has increased from roughly 3 Bcfd to 10 Bcfd.
Nearly 10 percent of U.S. gas demand now comes from LNG exports, with the bulk of
that along the Gulf Coast. Pipelines have correspondingly increased capacity to meet
this demand. Even more LNG export capacity is in the planning stage. The AEO and most
other forecasts envision that LNG exports will be the marginal market for natural gas at
least over the next decade and that the Henry Hub pricing point in Louisiana will be a
primary signal in this new market dynamic.

Although natural gas prices quoted by the NYMEX are volatile, they represent the current collective
wisdom of the gas market. Prices change daily as physical buyers and sellers and financial players
continually assess new data and reformulate expectations about the future gas market. Near-term
factors such as storage balances, weather, and demand and supply expectations have a larger influence
in the front of the price curve. These prices influence decisions by producers, consumers, and investors
that can affect the future demand and supply balance. Most NYMEX participants are “hedgers” who use
the futures market to reduce the risk of financial losses from price changes, i.e., lock-in a price to buy or
sell gas. With more hedging in the winter months when gas demand peaks, there is marked seasonality
in natural gas trading. Most hedging is short-term, i.e., over the next 12 to 18 months, so there is more
liquidity (larger volume of transactions) in the near months of the natural gas market). Liquidity falls
significantly beyond 18 months. Thus, similar to previous AESC studies, the short-term natural gas price
forecast relies entirely on NYMEX Henry Hub futures. In addition, we use the seasonality in monthly
prices observed in the 2022—2023 NYMEX futures complex to develop long-term monthly trends for the
Henry Hub gas price over the 2021-2035 study period.

10 petails on the NYMEX Henry Hub Contract can be found on the CME website:
http://www.cmegroup.com/trading/energy/nymex-natural-gas-futures.html. There is seasonality in the 12-year NYMEX
Henry Hub futures complex and we are using that seasonality to convert t