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1. Decarbonization pathways and scheduling of new generation and retirements

Table S1 reports the 2050 endpoint assumptions for each modeled pathway, including new generation,
storage, intertie capacity, Canadian hydropower development, and forced fossil-fuel retirements. These
endpoint values correspond to the pathway definitions described in the main text and are translated into
annual build-out and retirement schedules in Table S2. The pathways are intended to bound plausible
alternative New England decarbonization futures rather than forecast the most likely resource mix.

Table S1: Build-out/retirement by 2050 of technologies under each decarbonization pathway (yearly schedule
provided in Supplemental Information (SI) Table S2).

Pathway
Technology
A Bl B2 B3 Cl1 C2 C3 D
Newinterties | o 141Gw None +6GW  None None  +41GW  +4.1GW
with Quebec
New
hydropower |\, None None =G None None None None
reservoirs in reservoir
Quebec
As required to
Newoffshore | o i33gw  Dalancel0GW s oW Nome  +33GW  4285GW  +1.5GW
wind growth in demand
by 2050 (>41 GW)
New small
modular None None None None +42 GW +4.2 GW +2.1 GW None
reactors
New natural
gas power None None None None None None None +20 GW
plants
Forced coal All retired . All retired Allretired Allretired  All retired
retirements | NO7°  by2o30  ANTetredby2030 y o030 py2030  by2030 by 2030 LG
New solar None +64 GW +64 GW +64 GW None +64 GW +64 GW + 14 GW
New oRshore | None  +12 GW +12 GW +12GW  Nome  +12GW  +12GW  +5GW
Battery | \one  +16.4 GW +16.4 GW +164GW  None  +164GW +164Gw 164
storage GW

Table S2 provides the annual implementation schedule used to interpolate from the current system to the
2050 endpoint assumptions in Table S1. Pathways A and D retain existing large nuclear and natural-gas
capacity through 2050 and assume no forced fossil-fuel retirements, consistent with the U.S. EIA No-IRA
scenario summarized in Table S3 (Gerrard, 2024; Osaka, 2024; U.S. EIA AEO, 2023). For all other
pathways, scheduled fossil-fuel retirements include full coal retirement by 2030 and retirement of 75% of
conventional oil-fired capacity by 2030, following ISO-NE modeling assumptions (Commonwealth of
Massachusetts, 2020). Oil-fired units selected for retirement were identified by filtering facilities using oil
as their primary fuel, calculating real average capacity factors, and assigning 2030 retirement to units at or
below the 75th percentile, so that less-utilized units were retired first.

Additional age-based retirements use economic lifetimes of 75 years for coal-fired plants, 45 years for
wood-fired plants, and 55 years for other fossil-fuel plants, based on NREL assumptions and facility data
from eGRID and EIA Form 860 (U.S. EIA 860, 2023; U.S. EPA eGrid, 2022). Facility- and unit-level

retirement assumptions are reported in Table S4.
2. Model formulation
2.1. Notation
2.1.1.Sets and indices
t € T: hours



g € G = {Solar, Wind,shore» Windysrshore, Nuclear, Hydro, Biomass, SMR, Fossil}
u € U: fossil fuel-based generating units
j € J = {HQ, NYISO, NBSO}: interties to neighboring regions
w € Q: Monte Carlo draw
y € Y: year between 2025 and 2050 (for Social Cost of Carbon schedule)
s € S: pathways
2.1.2.Parameters
D;: demand (MWh)
Capg,;: installed capacity (MW)
CFy¢(w) € [0,1]: capacity factor (percentile mapped to historical variable hourly capacity factors)

Cap%, Capjgm: import capacities for long-term contracts (LT) and spot-market (spot) (MW)
I;: imports ceiling (MWh)

n € (0,1): one-way efficiency

p € (0,1]: hourly retention factor

Eax ¢ storage energy cap (MWh)

Ppax ¢: storage inverter or power cap (MW)

B,, P,: unit min and max generation capacity (MW)

R,,: ramp limit (maximum change in output per hour (MWh))
Xut € {0,1}: availability or retirement
k;: import price (USD/MWh)
fu» Vg: fuel and VOM rates (USD/MWh)
sky ' social cost for GHG k € {CO,, CHy, N, 0} in year y (2024 — USD per tonne)
D¥: damage factor for pollutant k € {CO, NO,, SO,, PM, 5, PM,,, VOC} (2024 — USD per tonne)
Tshort: Value of lost load (USD/MWh)
T,Yo: discount rate, base year
2.1.3.S8tate and decision variables
Gg,: = 0: non fossil generation (MWh)
Gyt = 0: fossil unit generation (MWh)

I, 8" > 0: imports (MWh)

¢, d¢ = 0: charge and discharge (MWh)
Curtg, Short; = 0: curtailment and shortage (MWh)
2.2. Demand



Hourly demand is represented using the ISO-NE 2025-2050 “High Electrification” pathway obtained
from the Commonwealth of Massachusetts through a Public Records Act request. This pathway assumes
medium flexibility in end-use loads, including incentivized consumer behavior to reduce consumption
during peak demand. In 2050, the pathway reaches peak hourly demand of 53,715 MW on January 24 and
total annual demand of 203 TWh. Simulations reported here use the full chronological hourly demand
profile for January 1, 2025 through December 31, 2050, totaling 227,880 hourly timesteps, rather than
representative demand slices or reduced-form time periods. Raw demand data for all available demand
pathways are archived with the reproducibility materials to support reanalysis under alternative forecasts.

2.3. Low-carbon generation

Low-carbon energy sources are dispatched first to satisfy hourly demand as a function of installed
capacity and capacity factor (either deterministic or drawn from a probability distribution (w € 1)). The
distribution is jointly distributed for solar and onshore and offshore wind as described in SI Section 2.3.1
and independent for others. Generally, hourly renewable generation at timestep t (G;) is the sum of
installed capacity (Cap) multiplied by capacity factors (CF) for each low-carbon technology. Low-carbon
technologies (G{lowcarbon}) that are dispatched together are solar, onshore wind (wind,n), offshore wind
(wind,fr), nuclear, hydropower, biomass, and small modular nuclear (SMR). This is formalized in
Equations 1 to 8.

Glowcarbon = Gt Eq.1
geg{lowcarbon}

Gsolar,t = Capsolar,: CFSolar,t((U) Eq.2
GWindon,t = CapWindon,t CFWindon,t(w) Eq.3
Gwind, gt = Capwind, gt CFwind, g, (@) Eq.4
GNucleart = Capnyclear,t CFNuclear Eq.5
Guydro,t = Capuydro,t CFuydro Eq.6
GBiomasst = Capgiomass,t CFBiomass Eq.7

GsmRt = Capsmr ¢ CFsmr Eq.8

In hours where demand can be satisfied with available low-carbon sources and/or required ramping of
fossil fuels to meet future demand, excess low-carbon energy is used to charge batteries within technical
constraints (SI Section 2.4). The model supports an option to charge batteries from fossil ramping surplus,
but all results presented in this study restrict charging to surplus low-carbon generation and imports only.
If battery charging cannot dissipate the surplus, output is curtailed. Considering no meaningful historical
exports out of New England is recorded we do not consider exports to other jurisdictions in the future as
part of this study.

2.3.1.Wind and solar generation

Contribution of wind (onshore and offshore) and solar resources is determined by multiplying installed
capacity (increasing between 2025 and 2050 according to the pathway retained as described in SI Section
1) by a capacity factor. Capacity factors are described by probability distributions specific to each hour
within a calendar year and are calculated using simulated capacity factors supplied by ISO-NE (ISO-NE,
2024a) as described in more detail in our methods on Monte Carlo simulation (SI Section 3).



Wind and solar correlations across weather years are maintained through covariance-based sampling of
probability distributions (SI Section 3). Capacity-factor distributions are location-specific for wind and
solar but uniform for hydropower (SI Tables S5 and S9) given limited intra-annual variability across ISO-
NE facilities.

2.3.2.Nuclear, domestic hydropower, and biomass generation

Data from the National Renewable Energy Laboratory's Annual Technology Baseline (NREL ATB) 2024
are used to derive deterministic capacity factors for large nuclear (0.93), domestic hydropower (0.56), and
biomass (0.60) generators (NREL, 2024). These are dispatched along with wind and solar due to low
marginal cost at timesteps where renewables alone cannot satisfy demand (Commonwealth of
Massachusetts, 2020). Similarly, we selected the 300 MWe SMR with capacity factor of 0.9 since this is
currently the only SMR in the NREL portfolio projected to be available from 2030 (NREL, 2024).

Across pathways, existing large nuclear generation accounts for 27.29 TWh per year by 2050 (13% of
annual demand), domestic hydropower accounts for 4.42 TWh (2% of demand), and biomass accounts for
2.10 TWh (1.03% of demand). In pathways C1, C2, and C3, investments in SMRs lead to potential
maximum generation of 331.12 TWh, 33.11 TWh, and 16.56 TWh per year (representing 163%, 16%,
and 8% of annual demand) by 2050, respectively.

2.4. Commercial battery storage

Battery storage is represented using an explicit state-of-charge formulation. As described in the main text,
storage is used to absorb surplus low-carbon generation and discharge during hours when low-carbon
generation and imports are insufficient to meet demand.

We model commercial lithium-ion battery storage with symmetric charge and discharge efficiencies of
92%, corresponding to an 85% round-trip efficiency (NREL, 2024). Charging and discharging cannot
occur simultaneously. The default storage duration is 8 hours, but the model includes a duration
parameter that can be modified for long-duration energy storage cases. The maximum charge and
discharge rates are bounded by both installed energy capacity and inverter capacity. We adopt an inverter-
to-storage ratio of 1.67 based on NREL ATB assumptions (NREL, 2024).

2.4.1.Power cap from inverter and duration

Storage dispatch is bounded by a power limit derived from the installed energy capacity and the chosen

duration, as well as by the installed inverter capacity. Let nameplate energy capacity at time t be
stor

Emax ¢ = Cap, "~ (MWh) and duration be H aur (), The maximum charge or discharge power is therefore
the minimum of the duration-implied power rating and the inverter limit:
P _ . E max,t
max ,t = min { Hdur ’ Ith}, Pmax,t >0 Eq.9

2.4.2.State update with retention and symmetric round trip

Battery state of charge (SOC) evolves according to one-way efficiency, hourly retention, and physical
bounds. Let 17,+ denote round-trip efficiency and n = /7, the symmetric one-way efficiency. Let p
denote the hourly retention factor. Then SOC at time t is updated fromt — 1 as:

1
SOC; = min {max (p SOC;_; +n¢; — Edb 0), Emax .t} Eq.10



Charging and discharging power are bounded by the power cap:
0 < ¢t < Prax,t 0 < dp < Prax ¢
Curtailment-only charging guard (battery may only charge from otherwise excess low-carbon supply):

¢ < max (0, Glowearbon 4 1, — D,)
Note on battery daily reset (optional). If multi day carry is disabled, set SOC; « 0 at local midnight
before applying retention.

We also define the modeled SOC change attributable to charging and discharging as:

Apat = nc L4 Eq.11
t £y q.

2.5. Imports from other jurisdictions

ISO-NE imports energy from Hydro-Québec, New York ISO, and the New Brunswick System Operator
(NBSO). Decarbonization pathways B1, B3, C3 consider increased imports from Quebec with (B3) or
without (B1 and C3) expanded generation in Quebec. Recently negotiated import agreements between
Quebec and New York/Massachusetts commit to a constant transmission schedule with fixed prices for a
period of approximately 20-25 years (see NECEC’s 20-year fixed-price contracts (Central Maine Power
Company, 2019; Hamlen & Lenzen, 2024) and CHPE’s 25-year benefit framework (CHPExpress, 2021;
Naldal, 2022)). Once agreed, the marginal price of these imports is zero, and so the model dispatches
these resources ahead of fossil fuels. In these pathways, long-term contracts are to account for the all-new
imports, therefore subject to a fixed capacity factor. We assume all new imports from Quebec under all
pathways are under a fixed-price contract.

For other imports negotiated on the short-term spot market with variable costs, we use historical data for
the period 2011 to 2023 to simulate hourly transmission and prices. We calculate historical variable
hourly capacity factors by dividing real imports by available transmission capacity and apply that to the
available transmission capacity available in the period 2025-2050. Transmission capacity for spot-market
imports (unlike for long-term contractual imports as described above) is held constant for pathways A,
B1-3, C1-3 and D. Historical data are used to develop prior distributions, which are randomly sampled. In
the event that fossil fuel generation (SI Section 2.6) when added to the other available capacity is not
adequate to satisfy hourly demand, spot market imports are resampled to select the value that will satisty
demand (within the constraints of historical maxima). If available fossil fuel resources (SI Section 2.6)
and import capacity, when combined with other sources, cannot satisfy hourly demand, then an unmet
demand penalty is applied (SI Section 2.7). Posterior distributions are saved and analyzed.

For Pathways B1, C3, and D, investments in transborder infrastructure lead to average imports up to
60.54 TWh per year (30% of annual demand) by 2050, respectively. For Pathway B3 these investments
lead to average imports up to 76.35 TWh (38% of annual demand). For other Pathways (including “status
quo” Pathway A), average imports from other jurisdictions account for 26.42 TWh per year (13% of
annual demand).

Let CF'™P = (.95 denote the maximum import capacity factor. Eq. 12 defines long-term contractual
imports [ E‘ﬁt) from jurisdiction jat time t as a fixed fraction of available long-term transmission capacity

Capy| ., reflecting constant schedules under fixed-price agreements. Eq. 13 bounds spot-market imports
Ut)
1 (S]pg)t by available spot-market transmission capacity Capzjz-’,(g and a stochastic capacity factor C F(Sﬁg)t(a))

drawn from historical data. Eq. 14 defines total imports /; as the sum of long-term and spot-market
imports across all jurisdictions. Finally, Eq. 15 imposes a system-wide upper bound on total imports I,
determined by aggregate transmission capacity and the maximum import capacity factor CF'™P .



Ijy = Capj; . CF™P Eq.12

0 <13 < Cap3h° CF;P™ (w) Eq.13
LT spot
1, = 2(1 +1 Eq.14
t
I<I, = C E(Cap g Eq.15

2.5.1.Imports netting logic (headroom allocation)

Eq. 16 defines net imports I]** prior to calibration. When a system shortfall Short, > 0 exists, imports

are increased up to the remaining import headroom I, — I;; otherwise, imports are limited to the minimum
required to meet residual demand after low-carbon generation, other generation Gy,.t), and battery
discharge d;. In the calibration pass, any additional imports required Al, are allocated across interties
based on available headroom, which is defined as unused import capability up to the maximum allowable
capacity factor. Eq. 17 and Eq. 18 define long-term and spot-market headroom H(Lft) and H (S]pg)t as the

difference between maximum feasible imports and realized imports on each intertie. Eq. 19 and Eq. 20
allocate Al; sequentially to Hydro-Québec long-term and then spot-market imports, reducing the
remaining requirement after each step. Eq. 21 enforces zero spot-market headroom for NYISO and NBSO
under the assumed import structure.

Before calibration:

I; + min (Short,, I, — I,), Short, > 0
I?et — Eq. 16

min {It, max (0, D, - (G{PW carbon 2 G + dt>>}, Short, = 0
u

In the calibration pass, any extra imports required Al = max (0, I; net.cal

available headroom to the max CF:

— I;) are allocated to interties by

Hj7 = Capji CF™ — ] Eq.17
H;ﬁmt — Capspot CFSpOt((U) _ I;f()t Eq. 18

Then sequentially (LT then spot; then HQ):

Al , = min (Al,, H{, ), Al < AL, — AT, Eq.19
Al = min (Al, Hyy't), Al < Al — ALPYY Eq.20

NYISO and NBSO do not have spot CF under our assumptions:

spot __ ggSpot
Hyyis0: = Hypsor = 0 Eq.21



2.6. Fossil fuel generation

The difference between hourly demand (SI Section 2.2) and generation from wind and solar (SI Section
2.3.1), domestic hydropower, nuclear, and biomass (SI Section 2.3.2), battery discharges (SI Section 2.4),
and imports from neighboring jurisdictions (SI Section 2.5) is accounted for by fossil fuel generation. The
importance of potential fossil fuel generation by 2050 depends on the pathway considered as described in
SI Section 1 and is as high as 107.6 TWh (representing 53% of annual demand) for pathway A and as low
as 73.7 TWh (representing 36.2% of annual demand) for all other pathways. Additionally, in pathway D
the potential generation of newly built natural gas plants accounts for 151.6 TWh (74.6% of the annual
demand) by 2050.

The hourly fossil fuel demand in a given timestep is the sum of (1) demand unmet by renewables and
other low-marginal-cost generation and imports described above and (2) increased generation necessary
to respect ramping constraints to meet future demand. Ramping is carried out in accordance with each
generating unit’s ramping constraints. Each unit maintains a minimum generation level at all times, from
which it ramps up as needed when demand increases. By using the look-ahead approach, if an upcoming
demand is observed, we begin ramping sooner so the unit can reach maximum capacity precisely when
the peak occurs.

We developed a database of 4,633 generating units at 1,379 electric utility generating facilities across the
United States cross-referenced to hourly generation and COz, NOy, and SO: emissions data for the period
from 2013 to 2023, inclusively, from the U.S. EPA Clean Air Markets Program Data (CAMPD) API
(U.S. EPA 2024). Emissions of CO, N,O, PM;, PM» 5, and VOC are determined by technology-specific
emissions factors tabulated in SI Table S7. For all generating units and all generation and emissions
variables, synthetic hourly probability distributions were fitted to the data for the period 2013 to 2023 to
calculate 1% to 99™ percentiles to be stochastically sampled (or run deterministically at the 50th
percentile). Hourly generation in New England is cross-referenced with nameplate capacities from the
EPA’s CAMPD, and if the resulting capacity factor exceeds 1 (indicating a misreported capacity), we
correct it using EIA 860 or eGrid data (U.S. EIA 860, 2023; U.S. EPA CAMPD, 2024; U.S. EPA eGrid,
2022). This has been completed for all generators in the database across all regions of the U.S. All
relevant data has been archived in storage managed by Virginia Tech ARC and is accessible via the
supplemental information.

In New England, approximately 7% of generating units accounting for 1.81% of all installed capacity
were not represented in the CAMPD database we used to develop hourly generation and emissions
distributions. For these facilities, distributions were developed by pooling units of the same technology
and, where nameplate capacity was reported, of the same nameplate capacity range (£ 20 MW).
Technology groups were defined as combinations of unit types (e.g., “boiler”, “combined cycle”), and
primary fuel type (e.g., "coal", "natural gas"). This approach was also used to fill in emissions factors for

CO,, NOx and SO; (3.24%, 1.81% and 8.98% of all installed capacity in New England respectively).

Hour-specific historical generation data is evaluated to ensure that it is mathematically possible to satisfy
demand at a given timestep within historical maxima for that hour. Ensuring that historical maxima are
not exceeded ensures that the model implicitly captures constraints such as within-grid bottlenecks or
other technical constraints not explicitly modeled. If available fossil fuel resources cannot satisfy demand
at a given timestep when added to previously sampled sources, then all generators are assigned generation
corresponding to the historical maximum for the corresponding hour, and batteries are discharged subject
to the discharge constraint. If these are not sufficient to meet demand, then imports from other
jurisdictions (SI Section 2.5) are resampled (after verification that historical hourly maximum, when
added to allocated generation and battery discharge, will satisfy demand). After all available resources
have been dispatched, any excess demand is assigned an unmet demand penalty (SI Section 2.7).
Posterior distributions for all generation (and imports) are saved.

2.6.1.System level fossil requirement (aggregate, pre unit-level dispatch)



Eq. 22 and Eq. 23 define the system-level fossil fuel requirement prior to unit-level dispatch. Eq. 22
defines residual fossil demand R{ °*as unmet hourly demand after accounting for low-carbon generation
Glowearbon imports Iy, and battery discharge d;. Eq. 23 constrains aggregate fossil generation across all
fossil units u € Uto be nonnegative and bounded by the minimum of this residual requirement and an
exogenous hourly fossil envelope F;, which reflects legacy fleet availability derived from historical
maximum-minimum fossil generation profiles with pathway-specific retirements.

Rfos = max {0, D, — Glewearbon _ 1 d,} Eq.22
0< 2 Gy < min {F, RS} Eq.23
ueu

For pathways without fossil retirements (Pathways A and D), the hourly fossil envelope F;is set equal to
the historical hour-specific maximum fossil generation without retirements. For all other pathways, F;
reflects pathway-specific retirements and is derived from historical hour-specific maximum fossil
generation with retirements.

2.6.2.Per unit constraints and ramping (two pass adjustment)
Eq. 24 enforces unit availability and nameplate capacity limits, where y(y;.¢) € {0,1} is an availability
indicator, P, is the minimum stable output, and P, is the maximum capacity; when Xawt) = 0, generation
is zero. After initial hourly generation draws G(*unt)’ ramping constraints are enforced using a two-pass

adjustment with hourly ramp budget R,,. In the backward pass (Eq. 25), generation at t — 1 is increased if
necessary so that the change to t does not exceed R,,. In the forward pass (Eq. 26), generation at t is
adjusted relative to t — 1 to prevent infeasible downward ramps. Finally, Eq. 27 applies minimum output

constraints by setting adjusted generation G (ai ]t;)to at least the unit’s minimum stable output P, , ensuring
unit-level feasibility while preserving the sampled profile as closely as possible.

Xut Pu < Gue < Xue Py Eq.24
The hourly ramp budget is defined as R,, (MWh per hour). The algorithm enforces, after initial sampling:
Backward pass: Gy, 1 < max(G;,—R,, Gy, 1) Eq.25
Forward pass: Gy: <« max(Gy, 4 — Ry, G5 ) Eq.26
Then we apply minimum output and rounding:

G = max{G:,,t, I_’u} Eq.27

ut

2.6.3.Facility level probabilistic sampling

Eq. 28 defines the initial, unconstrained hourly generation G(rﬁ,"{) for each unit u, which is drawn from a

facility-specific empirical distribution conditioned on the day type and hour of day. Specifically,

generation is sampled from the lookup table Gen?/! using the calendar label DayLabel(t), the hour index
Hour(t), and a probabilistic draw p,,. If the sum of raw generation across all units exceeds the system-
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level fossil envelope Fy, generation is reduced prior to applying ramping constraints, either proportionally

across units or by curtailing lowest-capacity-factor units first, to ensure Z Gt < F,.
u
Each hour’s unit generation G, %"is drawn from the facility distribution for draw w € p,,:

G'2" = Gen!P!(DayLabel(t), Hour(t), p,,) Eq.28

If ) Gi3" > Fy, proportional (or low CF first) reductions ensure ), Gy < F; before ramp passes.

2.7. Curtailments and unmet demand

When renewable energy generation exceeds the system’s ability to use or store the energy (either by
satisfying demand or charging batteries), output must be curtailed. Curtailments are calculated as the
portion of renewable energy left unused after meeting demand and accounting for available battery
storage capacity in addition to all must-run ramping of fossil fuels.. We do not assign a monetary penalty
for curtailment, consistent with other models (Frew et al., 2021).

When all available generation and import capacity is inadequate to satisfy hourly demand, an unmet
demand penalty is applied. This approximates the economic costs of demand curtailment and/or
brownouts and has been used by ISO-NE. Specifically, we consider a variable cost curve (SI Figure S2)
used by ISO-NE to estimate unmet demand penalties (Potomac Economics, 2024).

2.7.1.Energy balance
Eq. 29 enforces hourly energy balance. On the supply side, total non-fossil generation 2 G (git)

imports I, battery discharge d,, and fossil unit generation 2 G (u.t) must equal total demand D, plus
u

g*#Fossil

energy absorbed by battery charging c;, curtailment Curt;, and unmet demand Short;.

2 Gg,t + It + dt + 2 Gu,t = Dt + Cl’ + Cul‘tt + ShOI‘tt Eq 29

g+Fossil u

2.7.2.Curtailments and shortages

Curtailment occurs when low-carbon generation exceeds the system’s ability to absorb energy through
demand satisfaction or battery charging. Unmet demand occurs when all available generation, battery
discharge, and imports are insufficient to satisfy hourly demand. These quantities are represented as slack
variables in the system energy balance.

Eq. 29 enforces hourly energy balance. Eq. 30 and Eq. 31 formally define curtailment Curt, and unmet
demand Short; as nonnegative residuals that close the balance. Eq. 32 defines a diagnostic balance
residual BalRes;, which must be approximately zero and is used to verify numerical consistency.

After unit-level fossil dispatch is finalized, total fossil generation is recomputed (Eq. 33), and the model
iterates over battery storage and imports to restore system-level consistency. Battery state of charge and
charging and discharging flows are recalculated subject to the same technical constraints (Eq. 34), and
imports are reallocated using the available headroom. This procedure yields calibrated net imports
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I eteal curtailment C urtf*, unmet demand Shortf*, and an updated diagnostic residual BalResf®,

which is reported for the first calibration pass.

Curt, = max {0, Gi°% TN + [, + 2 Gyt — D —c;} Eq.30
u

Short, = max {0, D, — G{°W carben — |, — g, — 2 Gt} Eq.31
u

Diagnostics residual must approximate to = 0:
BalRes, = (G}?W carbon 4 y 4 2 Gy + dt> — (D; + ¢; + Curt, + Short,) Eq.32
u

Iteration over battery storage and imports

Gadj

Wt » fecompute battery and imports against

Given finalized fossil dispatch

di
G{os = 2 Gz,t] Eq. 33
u
Re-evaluate surplus or deficit on (G{°% €@ + [,), rerun storage state with the same guards and caps,
then recompute imports with headroom allocation to obtain I, eteal pew Curt§, Short$?!, and calibrated
SOC or flows:
1 : cal cal 1 cal
s0C:® = min{max (p SOC;%; +n ™ — Edt »0), Emax ¢} Eq.34

Curt§3! > 0, Shortéal > 0, /% < J,

cal

Report an updated residual BalResg?'as for the first pass.

2.8. CAPEX., FOM, VOM, and fueling costs

We calculate the capital expenditures (CAPEX), fixed operations and maintenance (FOM), and variable
operations and maintenance (VOM) and fueling costs associated with the pathways described in SI
Section 1. For all technologies except SMRs, these calculations leverage annual data from the 2024
NREL ATB using mature market rates with a 30-year recovery period, pooled (uniform distribution)
across different ATB technology cost scenarios (“conservative”, “moderate” and “advanced”). For SMRs,
we use the 2024 NREL ATB nascent market rate, with a 30-year recovery period pooled across different
ATB technology cost scenarios starting in 2030. This method of calculating CAPEX includes direct land
acquisition costs.

CAPEX accrues in the year of deployment of a new generation or transborder transmission asset in each
pathway. FOM and VOM recur in every year of operation of a new or existing generation asset. FOM and
VOM are not calculated for existing transmission assets because these do not vary across pathways. Costs
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are actualized to a net present value (NPV) at a discount rate specified by the user. We adopt a real
discount rate of 2 %, consistent with U.S. EPA guidance (Office of Management and Budget, 2023),
which use for results presented in the main text, and perform a sensitivity analysis for rates of 1.5 %, 2 %,
and 2.5 %. While higher rates reduce absolute NPVs, the ranking of pathways remains unchanged (SI
Tables S10-S12).

In this study, costs for new transmission infrastructure focus solely on lines connecting New England
with other regional transmission organizations, notably cross-border connections with Quebec. CAPEX
and FOM costs associated with transmission infrastructure are modeled based on the total capacity of the
line ($ per MW). Therefore, we use CAPEX ($0.7-$1.0 million per MW) and FOM ($700 - $1,000 per
MW) values based on cost estimates for the New England Clean Energy Connect (roughly $950 million
for a 1200 MW line) reported by Calder et al. (2022) adjusted to 2024-USD. To capture uncertainty,
following industry guidelines (e.g., Association for the Advancement of Cost Engineering International
recommended practices for “Class 3” cost estimates), total CAPEX and FOM costs are drawn from a
normal distribution with 95% confidence interval £20% around the mean reported figure (Dysert, 2016).

We calculate fueling costs by multiplying annual generation by a fueling cost per MWh generated. We
utilized the 2024 NREL ATB data for large nuclear and biomass fuel costs, applying mature market rates
with a 30-year recovery period and pooling results across various ATB scenarios. For SMRs, we
employed the 2024 NREL ATB nascent market rate with a similar 30-year recovery period, also pooled
across different ATB scenarios beginning in 2030. We derived the fossil generation fuel costs from the
NREL ATB data (2021), pooling mature market rates with a 30-year recovery period across multiple
ATB scenarios

As we describe in more detail in SI Section 2.10, there are conceptual disagreements on whether and how
to account for Canada-side costs in U.S. decarbonization pathways that increase imports of Canadian
hydropower. For the sensitivity analysis in which we apportion a fraction of Canada-side costs to a
hydropower-dependent pathway (CAPEX and FOM costs incurred from new large Canadian hydropower
plants in Quebec for Pathway B3(2)), we use estimates from ISO-NE reports, indicating an average cost
of $7,144 kW' (2024-USD) (Commonwealth of Massachusetts, 2020). Scaled to a class 5 dam, this
equates to a range of 8.3 to 19.7 million-USD MW ' (2024-USD) (Hollmann et al., 2014). This cost range
reflects the variability in project locations, regulatory requirements, and construction complexities.
Moreover, IEA (2010) estimates that hydropower FOM costs are 1.5% to 2.5% of CAPEX annually
which is 0.12-0.49 million-USD MW year™ (2024-USD).

Sources and details of probabilistic treatment for all direct cost parameters are provided in SI Table S6. A
summary of all resulting costs (mean and range) is presented in SI Tables S10, S11 and S12. All costs are
easily changed via user input to adapt this generalizable framework to other regions or countries.

Eq. 35 defines annual capital expenditures CostJC,APEX as the sum of capital costs for all generation and

transmission assets a commissioned in year y, where A3 denotes the set of newly deployed assets in that

year. Eq. 36 defines annual fixed operations and maintenance costs CostiOM as the sum of fixed costs for

all assets A,, operating in year y.

Eq. 37 defines hourly variable operations and maintenance costs Cost{ M as the sum over all generation
technologies gof technology-specific variable cost coefficients vymultiplied by hourly generation G g,¢).
Eq. 38 defines hourly fueling costs Costér “el as the sum of unit-level fuel costs fumultiplied by adjusted
fossil generation G(a]f, {5), plus technology-level fuel costs for nuclear, biomass, and SMR generation,
which are modeled at the aggregate technology level.
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CostSAPEX = 2 CAPEX, Eq.35

aEc/l;,'
CosttOM  — 2 FOM,, Eq.36
a€A,,
CostyoM = ng G, Eq.37
g
"
Efu G{j,t] + Z fy Gg,t
Costfuel = m gESMR, Eq.38
Biomass,
Nuclear}

2.9. Costs of imports from other jurisdictions

We estimated import costs from NYISO to be between 0.78¢ to 2.41¢ kWh™' (2024-USD) (uniform
distribution) within the U.S. (DeSantis et al., 2021). For imports from Canada, using the CHPE (339
miles) as a reference, we estimate delivery costs to be approximately 2.12¢ kWh™ (2024-USD) (Calder et
al., 2022). Notably, this figure represents an upper bound estimate, while a similar uncertainty range as
applied for NYISO yields a lower bound estimate of 0.78¢ kWh' (2024-USD). These import costs apply
to new and existing infrastructure, and we apply these as standardized levelized import costs from other
jurisdictions.

Eq. 39 defines hourly import costs Costimports as the sum over all importing jurisdictions jof jurisdiction-

specific levelized import cost coefficients kjmultiplied by total imports from that jurisdiction. Total
imports include both long-term contractual imports [ é]?t) and spot-market imports [ (S]pg)t , ensuring that

import costs are applied consistently to all electricity imported into the system regardless of contract
structure.

. LT | yspot
Cost;mports — 2 K]-(I]-_t + I]',t Eq.39

)

2.10. Accounting for costs of increased imports of Canadian hydroelectric power

There is debate about how to value direct and indirect costs associated with increased imports of
Canadian hydroelectric power to the U.S. (Calder et al., 2022; Gazar et al., 2024). For imports that use
existing hydropower and transmission capacity, a U.S.-focused accounting boundary may reasonably
include only U.S. transmission investments and the cost of purchased imports. However, where increased
U.S. imports induce new Canadian hydropower development, a consequentialist accounting approach
should also include generation-side costs and impacts in Canada, including reservoir construction, fixed
operations and maintenance, and methane (CHa4) emissions from new reservoirs (Calder et al., 2022;
Curran et al., 2005; Earles & Halog, 2011; Ekvall, 2019).
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Pathway B3 assumes that approximately 9 GW of
new hydroelectric generation in Canada would be
required to support increased exports to New
England (Commonwealth of Massachusetts,
2020). We therefore evaluate two accounting
variants of B3. B3(1) applies an import-cost
accounting approach: where methane emissions
are valued proportionally to hourly hydropower
imports from Québec. These costs also include
U.S. transmission infrastructure and levelized
costs of imported electricity, as described in SI
Sections 2.5 and 2.9. This provides a lower-bound
estimate from the perspective of New England
electricity-system planning. B3(2) applies a
broader social-cost accounting approach: import
costs are replaced by prorated CAPEX and fixed
O&M for new Canadian hydropower
infrastructure, and indirect climate damages from
reservoir CHs emissions are added, as described
in SI Sections 2.8 and 2.10. Import payments are
excluded in B3(2) because they are transfers
between actors rather than net social costs of the
energy system.

Other modeled pathways do not assume sufficient
incremental Canadian hydropower demand to
induce new reservoir construction. For those
pathways, we do not attribute impacts from
existing Canadian reservoirs to incremental
imports. This avoids the over-attribution problem
common in attributional accounting, where

B3(1): U.S. costs only (infrastructure + + e
cost of imports)

B3(2): Total social costs (includes Canada’s
new-reservoir costs plus CH. if new capacity + e

is triggered) g

Air pollutant
emissions costs

GHG emissions
costs

roolln

o 3

@‘3«

Reservoir CHa
CAPEX, FOM  (if new build)
costs

Import
costs CAPEX, FOM
and VOM costs  Fuel costs

Unmet demand
penalty

(£ TiELIET
A Tyt Trade
jurisdiction
Figure S1: B3(1) applies an import-cost accounting approach,
including U.S. transmission infrastructure and levelized
payments for imported electricity. B3(2) applies a broader social-
cost accounting approach for the case where increased imports
induce new Canadian hydropower development: import
payments are treated as transfers and replaced by prorated
Canadian hydropower CAPEX, fixed O&M, and reservoir CH4
damages. Other pathways are assumed not to induce new
Canadian reservoir construction, so impacts from existing
reservoirs are not attributed to incremental imports.

impacts of existing infrastructure are assigned to a marginal intervention despite no causal link between
the intervention and the original infrastructure development (Calder et al., 2020, 2022; Curran et al.,

2005; Gazar et al., 2024).

For B3(2), reservoir CH4 emissions are estimated using reported emissions from three existing Quebec
reservoirs: Eastmain, Robert-Bourassa, and LaForge-1 based on Delwiche et al., (2022). Because
emissions depend on reservoir age, trophic status, surface area, and other site-specific characteristics, and
because the location and characteristics of any future reservoir are uncertain, we pool the reported range
into a uniform distribution and scale emissions to the hydropower generation required for B3. This yields
an estimated range of 0.16—1.22 kg CH+-C MWh™ imported. Facility-specific reservoir methane
assumptions are provided in SI Table S9.

2.11. Greenhouse gas emissions costs

We use the U.S. EPA estimates for social cost of GHG emissions at 2% discount rate in 2025 as $253.71
tonne-CO,™', $2,423.48 tonne-CH,4 ™' and $72,126.48 tonne-N,O™ in 2024 USD, escalating over time (U.S.
EPA, 2023). These costs are applied to fossil fuel GHG emissions described in SI Section 2.6. As
described in SI Section 2.10, we consider two alternative accounting boundary for the emission impacts
from new hydroelectric generation in Quebec (i.e. whole generation/transmission system prorated to New
England usage vs. direct cost). Both Scenarios B3(1) and B3(2) consider substantially increased
hydroelectric imports such that new generation capacity is triggered, which we analyze with different
accounting methods as described in Section 2.10.
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Eq. 40 defines hourly greenhouse gas damage costs Coste ¢ as the product of pollutant-specific social

cost coefficients and corresponding emissions. Social cost coefficients s(c;;g/) for CO,, CH,, and N,O are

taken from U.S. EPA estimates at a 2% discount rate, expressed in 2024 USD and escalated over time.
For all pathways, fossil fuel emissions of CO,, CH,, and N,O enter the cost calculation through hourly

emissions Et(g ),

For Scenario B3(1), methane emissions are valued proportionally to hourly hydropower imports from
Québec, represented by Greslf ?. For Scenario B3(2), methane emissions associated with new reservoir

hydropower in Québec are valued based on installed reservoir capacity through an additional reservoir-
CH,

related methane term E, resit)

In all other pathways, hydropower imports are assumed insufficient to induce new reservoir development,
and only fossil fuel emissions are valued.

GHG CO GHG CH CH GHG N0 .
SCo,y Et 2+ SCh,y (Bt * + Epest) + SN,0y Et 2 Scenario B3(1)
CostgMC = { sE5C, ES°? + SCHLy (ESM 4 6,6 11D + SNLOy E)?°  Scenario B3(2) Eq.40

co CH N0 .
Sg(})lz(,;y E/77 + Sg}}{{fy ES + Sﬁ?&y E? Other scenarios

2.12. Air pollutant emissions costs

Eq. 41 defines hourly air pollution damage costs Coste’> as the sum over pollutant species k €

{NO,, SO,, PM, s, PM,,, VOC, CO} of pollutant-specific marginal damage values 7% from the AP3
model multiplied by corresponding hourly emissions EX. Resulting marginal emissions cost estimates at
the facility level are reported in SI Table S8.

AP3 =
Cost; = ke{NO4,S02,PM; 5, Eq.41

PM;(,VOC,CO}
Moreover, Eq. 42 defines unit-level emissions E (kunt) for pollutant k as the product of adjusted generation
G gj Jt) and a pollutant-specific emissions intensity ¢X. Eq. 43 aggregates emissions across all generating

units to obtain total system-level hourly emissions Ef, which are used in downstream damage cost
calculations.

Because unit-level emissions data are incomplete for a subset of units and pollutants, Eq. 44 defines a
substitution rule for emissions intensities. When sufficient historical observations exist, unit-specific
mean emissions intensities ¢ are used. When unit-level data are unavailable, emissions intensities
default to a global mean ¢* computed across all units. This procedure ensures complete and internally
consistent emissions accounting while preserving unit-level heterogeneity wherever data permit.

Ek, = ¢k 629,k € (€C0,,NO,, SO, ...} Eq.42

EX = 2 Ege Eq.43
u

Let ¢X be the unit’s mean intensity estimated from available hours. If unavailable, fall back to the global
mean ¢*across units:
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Pk, if deﬁned:> k

d
o - {qsk otherwise Eue = 1’253} Eq.44

2.13. Unmet demand penalty costs

During periods of capacity scarcity, when available supply is insufficient to meet demand, the marginal
cost of electricity increases sharply due to market scarcity pricing and penalties imposed by ISO-NE
under its pay-for-performance mechanism (SI Figure S2). The model assumes perfect foresight of demand
over the ramping horizon, which is used to anticipate upcoming peaks and ramp fossil generation in

advance so as to minimize infeasible ramping and resulting unmet demand, rather than to optimize battery

charging decisions. Eq. 45 defines hourly shortage penalties Cost;"° “as the product of unmet demand

Shortf*and the ISO-NE pay-for-performance penalty rate Te,y¢, set to $3,500 MWh™' 2024 USD
(Potomac Economics, 2024).

Costghort = Tshort * Shortgcal) Eq.45

2.14. Direct costs

Eq. 46 defines timestep-level direct operating costs Cost‘tﬁre“as the sum of all costs that vary with hourly

system operation, including variable operations and maintenance Cost{ ™, fuel expenditures Costéc uet,

and electricity import costs Cost;mports. These costs depend on realized generation, fuel use, and imports

in each hour.

Eq. 47 aggregates hourly operating costs across all timesteps twithin year yand combines them with
annual costs that accrue independently of hourly operation. These include capital expenditures Costf,AP Ex.
which occur in the year new generation or transmission assets are commissioned, and fixed operations
and maintenance costs CostiOM, which recur annually for all operating assets. This formulation ensures

that both short-run operating costs and long-run investment-related costs are consistently captured at the
annual level.

Costdirect = CostY°M 4 Costfue! + Cost]™P"™* Eq.46
: direct CAPEX FOM
Costglrect — 2 Cost; + Costy + Costy, Eq.47
tey
2.15. Indirect costs
Eq. 48 defines timestep-level indirect costs Cost*7¢““as the sum of external damage costs from

greenhouse gas emissions, air pollutant emissions, and unmet demand penalties. These costs represent
societal impacts that are not directly borne by generators or system operators but are relevant for
evaluating welfare outcomes across pathways.

Eq. 49 aggregates hourly indirect costs across all timesteps twithin year y to obtain total annual indirect
costs, ensuring that climate damages, air quality impacts, and reliability penalties are consistently
accounted for over time.

Costindirect  — CostPHG + CostP3 + Costihort Eq.48
o i
Costindirect > Costindirect Fa.49
tey
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2.16. Total system cost and NPV

Eq. 50 defines total system cost in year y as the sum of direct system costs and indirect societal costs.
This captures both expenditures incurred by the electricity system and external damages associated with
emissions and reliability shortfalls.

Eq. 51 computes the net present value (NPV) of total system costs by discounting annual costs over the
analysis horizon Y to a reference year y, using a real discount rate r. This formulation allows consistent
comparison of costs across pathways with different temporal profiles of investment, operation, and
external impacts.

Cost,, = Cost§irect + Costipdirect Eq.50
Cost,,
NPV = (1+7)Y0 Eq.51
Y€Y

3. Monte Carlo analysis

ISO-NE supplies discretized, joint distributions for the capacity factors of solar and onshore and offshore
wind identified as probability percentiles (1, 5, 10, 50, 90, 95, 99% yearly output). These percentiles
account for the hourly correlations between, for example, wind and solar capacity factors, capacity factors
at different hours, etc.

We apply linear interpolation to create hourly schedules for 99 percentiles p,, € {1, ...,99}. The model
draws randomly from distributions assigned for uncertain parameters for both the energy system,
including from among the 99 percentiles for capacity output, and for ecological, health, and economic
impacts defined in text. Initial parameter draws are propagated through the model so each simulation run
tracks correlations in underlying input variables.

Let the random percentile sequence for simulation index be p,, € {1, ...,99}. For each hour t:

CFsolart (@) = CF! (DayLabel(t), Hour(t), p,,) Eq.52
CFwind,, (@) = CFipinq,, (DayLabel(t), Hour(t), p,) Eq.53
CFyind (@) = CF‘t,E%ndoff(DayLabel(t), Hour(t), py,) Eq.54

Imports percentiles are analogously sampled per intertie j € {HQ, NYISO, NBSO} from the imports CF
table:

CE™(w) = CF*!(DayLabel(t), p,,) Eq.55

4. Model validation

To validate the model, we compared results for Scenario B1 of this model (run deterministically) against
results for the High Electrification pathway presented in the Massachusetts 2050 Decarbonization
Roadmap. We extracted ISO-NE estimated values for Total Annual Load and Renewable Generation at
five-year intervals

Voatidation € {2025,2030, 2035, 2040, 2045, 2050}
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4.1. Total annual load calculation

For the model trajectory, Total Annual Load (L,pge1,¢) Was calculated as the sum of all generation
sources and net imports, consistent with the ISO-NE accounting method:

Lmodel,t = 2 Geng’t + Importsnet,t Eq 56
geG

where Geny ,is total annual generation from source g € G(solar, wind, hydro, biomass, nuclear,
fossil) and Imports,. . is calibrated net imports from neighboring jurisdictions.

4.2. Goodness-of-fit metric

To quantify the alignment between the model outputs and the ISO-NE estimated trajectories, we
calculated the coefficient of determination (R?) for both Total Annual Load and Renewable Generation.

SSTES

R? = 1-
SStot

Eq.57

Where the sum of squares of residuals (SS;.5) and the total sum of squares (SS;,;) are given by Eq. 58
and Eq.59 respectively. Where, Ypenchmark,: 15 the observed ISO-NE estimated value in year t. Y046 ¢
is the model’s median predicted value in year t and Vpenchmark 18 the mean of the ISO-NE estimated
values over the validation period.

S$Sres = E(ybenchmark,t - ymodel,t)2 Eq. 58
t

SStot = E(ybenchmark,t - }_’benchmark)2 Eq. 59
t

5. U.S. fossil fuel generator database

We developed a national database of hourly-scale probabilistic generation and emissions characteristics
for 4,633 generating units at 1,379 fossil fuel power plant facilities across the contiguous United States.
For each unit, synthetic hourly probability distributions (1st—99th percentiles) were fitted by day-type and
hour-of-day using 2013-2023 EPA CAMPD data, covering generation (MWh), CO2, NOy, and SOs.
Although the present analysis uses only the 240 generators within ISO-NE territory, the full national
database is provided to support application of PHASED (Probabilistic Hourly Assessment of
Scenarios for Electrical Decarbonization) to other U.S. regions. The database, individual plant reports,
state and national bulk downloads, and programmatic API access are available at
https://amirgazar.github.io/powerplants/.
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Figure S2: Pay for performance rates and the value of lost load curve used by ISO-NE adapted from the “2023
Assessment Of The ISO New England Electricity Markets” report prepared by Potomac Economics for ISO-NE
(Potomac Economics, 2024)

20



A Bl

450

W Hydropower

1 Biomass

400 B Large nuclear

= Imports from Hydro-Québec

0 Imports from NYISO
| | = Imports from NBSO

350 [ Fossil fuels

 SMRs

W Natural gas

3009 | = onshore Wind

[ Offshore Wind

Solar
250 | = Curtailments

‘\\\\\\ 8

‘\\\\\\\\ s

g = = Demand
200
150 /
100
50
0
2030 2040 20502030 2040 20502030 2040 20502030 2040 20502030 2040 20502030 2040 20502030 2040 20502030 2040 2050
15
= |- Battery Dischargel
=
010
]
)
&
505
2
o

2030 2040 2050 2030 2040 2050 2030 2040 2050 2030 2040 2050 2030 2040 2050 2030 2040 2050 2030 2040 2050 2030 2040 2050
Year

Figure S3: Modeled electricity generation by resource (top panels) and battery discharge (bottom panels) for the
eight decarbonization pathways from 2025 to 2050 (simulation #1). Stacked areas in the upper charts indicate
generation from hydropower, biomass, nuclear, imports, fossil fuels, natural gas, small modular reactors, onshore
wind, offshore wind, and solar; the black dashed line shows the total demand. The greyed hashed region shows the
total curtailments. The lower charts display annual battery discharge profiles (in GWh) under each pathway.
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Scenario: High Electrification | Comparisons of Median Model Trajectory vs ISO-NE Target
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Figure S4: Deterministic validation of generation trajectories (2025-2050). Comparison of the model’s median
simulated trajectories (blue solid lines) against the ISO-NE "High Electrification" ISO-NE estimated (red dashed
lines). a) Renewable Generation shows near-perfect alignment (R2 = 0.97) and b) Total Annual Load (sum of all
generation and imports) shows strong trajectory alignment (R? = 0.89), with the model projecting higher gross
generation requirements due to the inclusion of probabilistic operational losses. Thus, validating the model’s

representation of the clean energy transition. ISO-NE estimated data source: Massachusetts 2050 Decarbonization
Roadmap (Commonwealth of Massachusetts, 2020).
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Figure S5: Spearman correlation matrix showing pairwise relationships between uncertain model
parameters and outputs. Positive correlations (green) indicate variables that increase together, while
negative correlations (red) show inverse relationships. Hierarchical clustering highlights patterns of
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dependency across key uncertainty drivers such as GHG emissions, fuel costs, and investment parameters.
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Figure S6: Normalized global importance of uncertainty sources for cost-related variables.Air emissions and GHG
uncertainties dominate overall variability, while other factors such as fuel, capital, and operational costs
contribute minimally. Error bars represent 95% confidence intervals across model evaluations.
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Table S2: Yearly capacity schedule for eight decarbonization pathways (2025-2050). All units are in megawatts.

Pathway A
Import
Large . Onshore Offshore e New s from Import — Import Storag
Year Hydropower Biomass  Solar . . modular natural s from s from
nuclear Wind Wind Hydro- e
reactor gas NBSO NYISO

Quebec
2025-
2050 3350 900 400 9027 3233 974 0 0 2125 1050 3200 4199

Pathway B1
Import
Large . Onshore Offshore Small New s from Import  Import Storag
Year Hydropower Biomass  Solar . . modular natural s from s from
nuclear Wind Wind Hydro- e
reactor gas NBSO NYISO

Quebec
2025 3350 900 400 10315 3563 1471 0 0 2125 1050 3200 4551
2026 3350 900 400 11833 3903 2029 0 0 3325 1050 3200 4968
2027 3350 900 400 13563 4254 2648 0 0 3325 1050 3200 5445
2028 3350 900 400 15490 4615 3327 0 0 3325 1050 3200 5976
2029 3350 900 400 17596 4988 4067 0 0 3325 1050 3200 6556
2030 3350 900 400 19864 5371 4867 0 0 3325 1050 3200 7180
2031 3350 900 400 22277 5764 5728 0 0 4525 1050 4000 7841
2032 3350 900 400 24819 6169 6650 0 0 4525 1050 4000 8536
2033 3350 900 400 27473 6584 7633 0 0 4525 1050 4000 9258
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2034 3350 900 400 30221 7010 8676 4525 1050 4000 10003
2035 3350 900 400 33047 7446 9780 4525 1050 4000 10764
2036 3350 900 400 35934 7893 10944 4525 1050 4000 11537
2037 3350 900 400 38866 8351 12169 4525 1050 4000 12316
2038 3350 900 400 41824 8820 13455 4525 1050 4000 13096
2039 3350 900 400 44793 9299 14801 4525 1050 4000 13871
2040 3350 900 400 47756 9789 16209 4525 1050 4000 14637
2041 3350 900 400 50695 10290 17676 6225 1050 4800 15387
2042 3350 900 400 53593 10801 19205 6225 1050 4800 16117
2043 3350 900 400 56435 11324 20794 6225 1050 4800 16821
2044 3350 900 400 59203 11856 22444 6225 1050 4800 17493
2045 3350 900 400 61879 12400 24154 6225 1050 4800 18129
2046 3350 900 400 64448 12954 25925 6225 1050 4800 18723
2047 3350 900 400 66892 13519 27757 6225 1050 4800 19270
2048 3350 900 400 69195 14095 29650 6225 1050 4800 19764
2049 3350 900 400 71339 14681 31603 6225 1050 4800 20200
2050 3350 900 400 73308 15278 33617 6225 1050 4800 20572
Pathway B2
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Import

Year Large Hydropower Biomass  Solar Onshore Offs.hore msorzlliﬁlr nI;{[fl‘;le s from Isr?f(j)r;t Isr?f(j)r;t Storag
nuclear Wind Wind reactor gas Hydro- NBSO NYISO e
Quebec
2025 3350 900 400 9027 3233 1185 0 0 2125 1050 3200 4199
2026 3350 900 400 10315 3563 1820 0 0 2125 1050 3200 4551
2027 3350 900 400 11833 3903 2533 0 0 2125 1050 3200 4968
2028 3350 900 400 13563 4254 3322 0 0 2125 1050 3200 5445
2029 3350 900 400 15490 4615 4189 0 0 2125 1050 3200 5976
2030 3350 900 400 17596 4988 5133 0 0 2125 1050 3200 6556
2031 3350 900 400 19864 5371 6155 0 0 2125 1050 3200 7180
2032 3350 900 400 22277 5764 7253 0 0 2125 1050 4000 7841
2033 3350 900 400 24819 6169 8428 0 0 2125 1050 4000 8536
2034 3350 900 400 27473 6584 9681 0 0 2125 1050 4000 9258
2035 3350 900 400 30221 7010 11011 0 0 2125 1050 4000 10003
2036 3350 900 400 33047 7446 12418 0 0 2125 1050 4000 10764
2037 3350 900 400 35934 7893 13902 0 0 2125 1050 4000 11537
2038 3350 900 400 38866 8351 15463 0 0 2125 1050 4000 12316
2039 3350 900 400 41824 8820 17101 0 0 2125 1050 4000 13096
2040 3350 900 400 44793 9299 18817 0 0 2125 1050 4000 13871
2041 3350 900 400 47756 9789 20609 0 0 2125 1050 4000 14637
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2042 3350 900 400 50695 10290 22479 0 0 2125 1050 4800 15387
2043 3350 900 400 53593 10801 24426 0 0 2125 1050 4800 16117
2044 3350 900 400 56435 11324 26450 0 0 2125 1050 4800 16821
2045 3350 900 400 59203 11856 28551 0 0 2125 1050 4800 17493
2046 3350 900 400 61879 12400 30729 0 0 2125 1050 4800 18129
2047 3350 900 400 64448 12954 32985 0 0 2125 1050 4800 18723
2048 3350 900 400 66892 13519 35317 0 0 2125 1050 4800 19270
2049 3350 900 400 69195 14095 37727 0 0 2125 1050 4800 19764
2050 3350 900 400 71339 14681 40214 0 0 2125 1050 4800 20200
Pathway B3
Import
Year Large Hydropower Biomass  Solar Onshore Offs.hore msorzlliﬁlr nI;{[fl‘;le > ffom Isr?f(j)r;t Isr?f(j)r;t Storag
nuclear Wind Wind reactor gas Hydro- NBSO NYISO e
Quebec
2025 3350 900 400 10315 3563 1311 0 0 2125 1050 3200 4551
2026 3350 900 400 11833 3903 1798 0 0 3325 1050 3200 4968
2027 3350 900 400 13563 4254 2337 0 0 3325 1050 3200 5445
2028 3350 900 400 15490 4615 2930 0 0 3325 1050 3200 5976
2029 3350 900 400 17596 4988 3576 0 0 3325 1050 3200 6556
2030 3350 900 400 19864 5371 4275 0 0 3325 1050 3200 7180
2031 3350 900 400 22277 5764 5027 0 0 4525 1050 4000 7841
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2032

2033

2034

2035

2036

2037

2038

2039

2040

2041

2042

2043

2044

2045

2046

2047

2048

2049

2050

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

900

900

900

900

900

900

900

900

900

900

900

900

900

900

900

900

900

900

900

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

24819

27473

30221

33047

35934

38866

41824

44793

47756

50695

53593

56435

59203

61879

64448

66892

69195

71339

73308

6169

6584

7010

7446

7893

8351

8820

9299

9789

10290

10801

11324

11856

12400

12954

13519

14095

14681

15278

5832

6690

7601

8566

9583

10654

11777

12954

14184

15467

16803

18192

19634

21129

22678

24279

25934

27641

29402

4525

4525

4525

4525

5725

5725

5725

5725

5725

6925

6925

6925

6925

6925

8125

8125

8125

8125

8125

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

4000

4000

4000

4000

4000

4000

4000

4000

4000

4800

4800

4800

4800

4800

4800

4800

4800

4800

4800

8536

9258

10003

10764

11537

12316

13096

13871

14637

15387

16117

16821

17493

18129

18723

19270

19764

20200

20572
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Pathway C1

Import

Year nl:lirlgzr Hydropower Biomass  Solar O\r)l;ilrll(zire O\f{fii%re msorzlliﬁlr niizl ;I}f]rdo::;_ Isr?f:;lt Isr?f:;lt Stoerag
reactor gas Quebec NBSO NYISO
2025 3350 900 400 9027 3233 974 0 0 2125 1050 3200 4199
2026 3350 900 400 9027 3233 974 0 0 2125 1050 3200 4199
2027 3350 900 400 9027 3233 974 0 0 2125 1050 3200 4199
2028 3350 900 400 9027 3233 974 0 0 2125 1050 3200 4199
2029 3350 900 400 9027 3233 974 0 0 2125 1050 3200 4199
2030 3350 900 400 9027 3233 974 0 0 2125 1050 3200 4199
2031 3350 900 400 9027 3233 974 2100 0 2125 1050 3200 4199
2032 3350 900 400 9027 3233 974 4200 0 2125 1050 3200 4199
2033 3350 900 400 9027 3233 974 6300 0 2125 1050 3200 4199
2034 3350 900 400 9027 3233 974 8400 0 2125 1050 3200 4199
2035 3350 900 400 9027 3233 974 10500 0 2125 1050 3200 4199
2036 3350 900 400 9027 3233 974 12600 0 2125 1050 3200 4199
2037 3350 900 400 9027 3233 974 14700 0 2125 1050 3200 4199
2038 3350 900 400 9027 3233 974 16800 0 2125 1050 3200 4199
2039 3350 900 400 9027 3233 974 18900 0 2125 1050 3200 4199
2040 3350 900 400 9027 3233 974 21000 0 2125 1050 3200 4199
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2041 3350 900 400 9027 3233 974 23100 0 2125 1050 3200 4199

2042 3350 900 400 9027 3233 974 25200 0 2125 1050 3200 4199
2043 3350 900 400 9027 3233 974 27300 0 2125 1050 3200 4199
2044 3350 900 400 9027 3233 974 29400 0 2125 1050 3200 4199
2045 3350 900 400 9027 3233 974 31500 0 2125 1050 3200 4199
2046 3350 900 400 9027 3233 974 33600 0 2125 1050 3200 4199
2047 3350 900 400 9027 3233 974 35700 0 2125 1050 3200 4199
2048 3350 900 400 9027 3233 974 37800 0 2125 1050 3200 4199
2049 3350 900 400 9027 3233 974 39900 0 2125 1050 3200 4199
2050 3350 900 400 9027 3233 974 42000 0 2125 1050 3200 4199
Pathway C2
Import
Year Large Hydropower Biomass  Solar Onshore Off;hore msorzlliﬁlr niizl > ffom Isr?f:;lt Isr?f:;lt Storag
nuclear Wind Wind reactor gas Hydro- NBSO NYISO e
Quebec
2025 3350 900 400 10315 3563 1471 0 0 2125 1050 3200 4551
2026 3350 900 400 11833 3903 2029 0 0 2125 1050 3200 4968
2027 3350 900 400 13563 4254 2648 0 0 2125 1050 3200 5445
2028 3350 900 400 15490 4615 3327 0 0 2125 1050 3200 5976
2029 3350 900 400 17596 4988 4067 0 0 2125 1050 3200 6556

2030 3350 900 400 19864 5371 4867 0 0 2125 1050 3200 7180



2031

2032

2033

2034

2035

2036

2037

2038

2039

2040

2041

2042

2043

2044

2045

2046

2047

2048

2049

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

900

900

900

900

900

900

900

900

900

900

900

900

900

900

900

900

900

900

900

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

22277

24819

27473

30221

33047

35934

38866

41824

44793

47756

50695

53593

56435

59203

61879

64448

66892

69195

71339

5764

6169

6584

7010

7446

7893

8351

8820

9299

9789

10290

10801

11324

11856

12400

12954

13519

14095

14681

5728

6650

7633

8676

9780

10944

12169

13455

14801

16209

17676

19205

20794

22444

24154

25925

27757

29650

31603

300

600

900

1200

1500

1800

2100

2400

2700

3000

3300

3600

3900

4200

4200

4200

4200

4200

4200

2125

2125

2125

2125

2125

2125

2125

2125

2125

2125

2125

2125

2125

2125

2125

2125

2125

2125

2125

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

4000

4000

4000

4000

4000

4000

4000

4000

4000

4000

4800

4800

4800

4800

4800

4800

4800

4800

4800

7841

8536

9258

10003

10764

11537

12316

13096

13871

14637

15387

16117

16821

17493

18129

18723

19270

19764

20200
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2050 3350 900 400 73308 15278 33617 4200 0 2125 1050 4800 20572
Pathway C3
Import
Year Large Hydropower Biomass  Solar Onshore Offs.hore msorzlliﬁlr nI;{[fl‘;le > ffom Isr?f(j)r;t Isr?f(j)r;t Storag
nuclear Wind Wind reactor gas Hydro- NBSO NYISO e
Quebec
2025 3350 900 400 10315 3563 1311 0 0 2125 1050 3200 4551
2026 3350 900 400 11833 3903 1798 0 0 3325 1050 3200 4968
2027 3350 900 400 13563 4254 2337 0 0 3325 1050 3200 5445
2028 3350 900 400 15490 4615 2930 0 0 3325 1050 3200 5976
2029 3350 900 400 17596 4988 3576 0 0 3325 1050 3200 6556
2030 3350 900 400 19864 5371 4275 0 0 3325 1050 3200 7180
2031 3350 900 400 22277 5764 5027 300 0 4525 1050 4000 7841
2032 3350 900 400 24819 6169 5832 600 0 4525 1050 4000 8536
2033 3350 900 400 27473 6584 6690 900 0 4525 1050 4000 9258
2034 3350 900 400 30221 7010 7601 1200 0 4525 1050 4000 10003
2035 3350 900 400 33047 7446 8566 1500 0 4525 1050 4000 10764
2036 3350 900 400 35934 7893 9583 1800 0 4525 1050 4000 11537
2037 3350 900 400 38866 8351 10654 2100 0 4525 1050 4000 12316
2038 3350 900 400 41824 8820 11777 2100 0 4525 1050 4000 13096
2039 3350 900 400 44793 9299 12954 2100 0 4525 1050 4000 13871
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2040 3350 900 400 47756 9789 14184 2100 0 4525 1050 4000 14637
2041 3350 900 400 50695 10290 15467 2100 0 6225 1050 4800 15387
2042 3350 900 400 53593 10801 16803 2100 0 6225 1050 4800 16117
2043 3350 900 400 56435 11324 18192 2100 0 6225 1050 4800 16821
2044 3350 900 400 59203 11856 19634 2100 0 6225 1050 4800 17493
2045 3350 900 400 61879 12400 21129 2100 0 6225 1050 4800 18129
2046 3350 900 400 64448 12954 22678 2100 0 6225 1050 4800 18723
2047 3350 900 400 66892 13519 24279 2100 0 6225 1050 4800 19270
2048 3350 900 400 69195 14095 25934 2100 0 6225 1050 4800 19764
2049 3350 900 400 71339 14681 27641 2100 0 6225 1050 4800 20200
2050 3350 900 400 73308 15278 29402 2100 0 6225 1050 4800 20572
Pathway D
Year Large Hydropower Biomas Solar Onshore Off;hore msorzlliﬁlr niizl Isnéfgg Isr?f:;lt Isr?f:;lt Storag
nuclear Wind Wind reactor gas Hydro- NBSO NYISO e
Quebec

2025 3350 900 400 9361 3353 1010 0 0 2125 1050 3200 4551

2026 3350 900 400 9707 3477 1047 0 0 3325 1050 3200 4968

2027 3350 900 400 10066 3606 1086 0 0 3325 1050 3200 5445

2028 3350 900 400 10438 3739 1126 0 0 3325 1050 3200 5976

2029 3350 900 400 10824 3877 1168 0 0 3325 1050 3200 6556
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2030

2031

2032

2033

2034

2035

2036

2037

2038

2039

2040

2041

2042

2043

2044

2045

2046

2047

2048

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

3350

900

900

900

900

900

900

900

900

900

900

900

900

900

900

900

900

900

900

900

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

400

11224

11639

12070

12517

12980

13460

13958

14474

15010

15565

16141

16738

17357

17999

18665

19356

20072

20815

21585

4020

4169

4323

4483

4649

4821

4999

5184

5376

5575

5781

5995

6217

6447

6686

6933

7190

7456

7732

1211

1256

1302

1350

1400

1452

1506

1562

1620

1680

1742

1806

1873

1942

2014

2089

2166

2246

2329

1131

2262

3393

4524

5655

6786

7917

9048

10179

11310

12441

13572

14703

15834

16965

18096

3325

4525

4525

4525

4525

4525

4525

4525

4525

4525

4525

6225

6225

6225

6225

6225

6225

6225

6225

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

1050

3200

4000

4000

4000

4000

4000

4000

4000

4000

4000

4000

4800

4800

4800

4800

4800

4800

4800

4800

7180

7841

8536

9258

10003

10764

11537

12316

13096

13871

14637

15387

16117

16821

17493

18129

18723

19270

19764
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2049

2050

3350

3350

900

900

400

400

22384

23212

8018

8315

2415

2504

0

0

19227

20358

6225

6225

1050

1050

4800

4800

20200

20572
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Table S3: Average annual (2022-2050) electricity generation capacity changes under a no Inflation Reduction Act
scenario (U.S. EIA AEO, 2023).

Source Average annual change in the U.S. (%)
Coal -2.7%
Oil and Natural Gas Steam -1.1%
Combined Cycle (CC) 1.0%
Combustion Turbine/Diesel (CT) 3.1%
Nuclear Power -0.2%
Pumped Storage 0.0%
Diurnal Storage 6.3%
Fuel Cells 0.7%
Renewable Sources 3.7%

Distributed Generation (Natural Gas) --

Total 1.8%
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Table S4: Facility and unit-level operational characteristics, ramp category, retirement timelines, and emissions factors for all fossil fuel power plant facilities in
New England. This table includes each facility’s nameplate capacity (MW) and capacity factor (in brackets), ramp designation, projected retirement year, and
average CO2, NOy, SO, and heat input rates on a per-MW basis. Note this retirement schedule in this study applies to all pathways except A and D.

Nameplate co2 Heat
- Facility . capacity (MW) Retirement NOx1lbs. SO2 Ibs. input
Facility name [unit] 1D Location [capacity Ramp year tons_1 MW-! MW-! MMBtu
factor] Mw MW-!
Alfred L Pierce
Generating 6635 [AP-1] gzgn?avce;‘ 84[0.62] 1H 2062 0.63 0.56 0.01 6.29
Station Y,
Bellingham 10307[1]  Norfolk County, 57 4 16 37 12H 2046 0.67 0.88 0.03 4.11
g MA
Bellingham 10307 2]  Norfolk County, 57 4 g 37] 12H 2046 0.68 0.92 0.03 4.24
g MA
Bellingham
Power 55211 [2] N"rfog‘/[g"unty’ 289 [0.45] 12H 2057 0.65 0.1 0.01 4.9
Generation LLC
Bellingham
Power 55211 [1] N"rfoi‘/{g"umy’ 289 [0.44] 12H 2057 0.66 0.1 0.01 4.93
Generation LLC
Berkshire Power 55041 [1] Cljjr‘;‘;’dﬁl A 289 [0.67] 12H 2054 0.43 0.11 0 4.85
Berlin 5 3734 [A] Xf‘jﬂgg{% 41.8[0.89] 10M 2027 0.79 0.12 0.01 13.22
Berlin 5 3734 [B] \C’Voail‘;;g{;’;l 41.8[0.89] 10M 2027 0.79 0.12 0.01 13.22
Blackstone Power Worcester
Conoration LLC 35212111 County, MA 289 [0.44] 12H 2056 0.64 0.1 0.01 478
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Nameplate co2 Heat
- Facility . capacity (MW) Retirement NOx1lbs. SO2 Ibs. input
Facility name [unit] ID Location [capacity Ramp year l\f["é‘vsl MW!  MW!'  MMBtu
factor] MW-!
Blackstone Power Worcester
Conoration LLC 35212121 County, MA 289 [0.45] 12H 2056 0.65 0.09 0.01 4.89
Branford 540 [10] b 21.8 [0.53] 10M 2024 0.78 14.91 0.01 7
ranior COlll’lty, CT . . o o o
Bridgeport 55042 Fairfield
Encrgy BEL] County, CT 350 [0.62] 12H 2053 0.44 0.13 0 4.55
Bridgeport 55042 Fairfield
Encrgy BE2] County, CT 350 [0.64] 12H 2053 0.43 0.13 0 4.57
Bridgeport Fairfield
Harbor Station 08 [BHBS] "o 575.6 [0.78] 1H 2074 0.38 0.04 0 5.03
Bridgeport Fairfield
Harbor Station 58 [BHB2l  coune"or 179.5 [0.78] 1H 2016 1.02 1.39 3.35 9.95
Burgess 58054 Coos County,
BioPovrer [STO1] NG 75 [0.94] OVER 2058 1.52 0.92 0.07 13.69
Canal Station 1599 [2] Bty 580 [0.35] 12H 2030 0.76 1.49 22 3.77
County, MA ’ ’ ' ’ '
Canal Station 1599 [3] Barnstable 367.7 [0.69] 12H 2030 0.6 0.1 0.01 6.62
County, MA R ’ ’ ’ ’
Canal Station 1599 [1] LTSS 585 [0.53] 12H 2023 0.78 0.98 3.51 5.07
County, MA ’ ’ ’ ’ '
Bristol County,
Cleary Flood 1682 [8] MA 280.61] 10M 2021 1.19 3.87 10.45 9.01
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Nameplate co2 Heat
- Facility . capacity (MW) Retirement NOx1lbs. SO2 Ibs. input
Facility name [unit] 1D Location [capacity Ramp year l\f["é‘vsl MW!'  MW'  MMBtu
factor] MW-!
Bristol County,
Cleary Flood 1682 [9] MA 118 [0.49] 10M 2030 0.63 1.6 0.07 5.15
Fairfield
Cos Cob 542[10] County, CT 25[0.56] 10M 2024 0.78 13.5 0.01 6.27
Cos Cob 542 [11] el 25 [0.58] 10M 2024 0.78 13.36 0.01 6.51
County, CT ’ ’ ’ ’ ’
Cos Cob 542 [12] Fairficld 25 [0.58] 10M 2024 0.78 13.7 0.01 6.58
County, CT ’ ’ ’ ’ ’
Cos Cob 542 [14] el 20 [0.72] 10M 2030 0.78 16.34 0.01 10.33
County, CT ’ ’ ’ ’ ’
Cos Cob 542 [13] Fairficld 20 [0.68] 10M 2030 0.78 18.2 0.01 10.38
County, CT ’ ’ ’ ’ ’
CPV Towantic New Haven
Energy Center 50047 [2] County, CT 565.5 [0.62] 12H 2073 0.39 0.04 0 4.1
CPV Towantic New Haven
Energy Center 56047 [1] County, CT 565.5 [0.63] 12H 2073 0.38 0.04 0 4.1
Bristol County,
Dartmouth Power 52026 [2] VA 24.70.7] 12H 2064 0.63 0.13 0.01 74
Bristol County,
Dartmouth Power 52026 [1] MA 77[0.63] 12H 2047 0.48 0.26 0.01 5.06
Devon 544 [10] WELERE 18.6 [0.67] 1H 2040 0.78 13.74 0.01 7.67
County, CT T ’ ’ ’ ’
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Nameplate co2 Heat
- Facility . capacity (MW) Retirement NOx1lbs. SO2 Ibs. input
Facility name [unit] 1D Location [capacity Ramp year l\f["é‘vsl MW!'  MW'  MMBtu
factor] MW-!
Devon 544 [14] New Haven 4310.55] 1H 2051 0.79 821 0.18 5.98
County, CT ’ ’ ) ’ ’
Devon 544 [13] b 43 [0.56] 1H 2051 0.8 8.41 0.21 6.03
€vo COlll’lty, CT . . J . .
Devon 544 [12] New Haven 43 [0.56] 1H 2051 0.78 8.27 0.19 6.07
County, CT ’ ’ ) ’ ’
Devon 544 [11] WELERE 43 [0.56] 1H 2051 0.79 8.66 0.2 6.1
County, CT ’ ' ' ’ '
Devon 544 [16] New Haven 51[0.72] 1H 2065 0.58 0.11 0.01 5.17
County, CT ’ ’ ’ ’ ’
Devon 544 [15] WELERE 51[0.72] 1H 2065 0.58 0.12 0.01 522
County, CT ’ ' ' ' ’
Devon 544 [18] New Haven 51[0.74] 1H 2065 0.58 0.13 0.01 5.44
County, CT ’ ’ ’ ’ ’
Devon 544 [17] WELERE 51 [0.75] 1H 2065 0.59 0.11 0.01 5.53
County, CT ’ ' ' ' ’
. Bristol County,
Dighton 55026 [1] MA 200 [0.74] 12H 2054 0.46 0.1 0 572
Exelon West Norfolk County,
Medway I1 59882 [J5] MA 131.8 [0.39] 10M 2074 0.55 0.09 0.01 3.62
Exelon West Norfolk County,
Medway 11 59882 [J4] A 131.8 [0.4] 10M 2074 0.55 0.09 0.01 3.69



Nameplate co2 Heat
Facility name Facility Location capacity (MW) Ram Retirement tons NOxlbs. SO2 Ibs. input
y [unit] ID [capacity P year MW MwW! MW MMBtu
factor] MW-!
Fore River Norfolk County,
Dy (Cam a7 55317 [11] MA 593.6 [0.53] OVER 2058 0.42 0.05 0 3.74
Fore River Norfolk County,
Energy Center 55317 [12] MA 593.6 [0.55] OVER 2058 0.44 0.05 0 4.01
Framingham Middlesex
Station 1586 [FJ-3] County, MA 14.2 [0.41] 10M 2024 0.78 11.86 0.01 8.46
Framingham Middlesex
Station 1586 [FJ-2] County, MA 14.2 [0.4] 10M 2024 0.78 11.18 0.01 8.74
Framingham Middlesex
Station 1586 [FJ-1] County, MA 14.2 [0.43] 10M 2024 0.78 11.44 0.01 8.87
Franklin Drive 561 [10] Litchfield 21.8[0.47] 10M 2024 0.78 18.45 0.01 7.26
County, CT
Granite Ridge Rockingham
T 55170 [1] Clontity, NI 5301[0.36] 12H 2058 0.64 0.1 0.01 3.9
Granite Ridge Rockingham
Energy 55170 [2] County, NH 5301[0.36] 12H 2058 0.64 0.1 0.01 3.91
J C McNeil 589 [1] Cliiiisinelon 59.5 [0.82] OVER 2029 1.48 0.98 0.01 11.55
County, VT TR ’ ’ ’ ’
Kendall Green Middlesex
Energy LLC 1595 [S6] County, MA 20[0.44] 12H 2025 0.78 23.04 0.01 9.98
Kendall Green Middlesex
Energy LLC 1595 [4] County, MA 253.6 [1.03] 12H 2030 0.39 0.05 0 6.65
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Nameplate co2 Heat

- Facility . capacity (MW) Retirement NOx1lbs. SO2 Ibs. input
Facility name [unit] 1D Location [capacity Ramp year l\f["é‘vsl MW!'  MW'  MMBtu
factor] MW-!
Kendall Green Middlesex
Energy LLC 1595 [3] County, MA 54.410.82] 12H 2009 1.47 1.28 8.28 13.57
Kendall Green Middlesex
Energy LLC 1595 [2] County, MA 50.2 [0.87] 12H 2004 1.54 1 0.01 14.75
Kleen Energy Middlesex
Systems Project 56798 [U1] County, CT 494 10.55] 12H 2066 0.41 0.05 0 3.79
Kleen Energy Middlesex
Systems Project 56798 [U2] County, CT 494 [0.55] 12H 2066 0.41 0.05 0 3.8
Lake Road .
. 55149 Windham
Generating [LRG3] County, CT 280 [0.52] 12H 2056 0.66 0.07 0.01 5.75
Company
Lake Road ]
. 55149 Windham
Generating [LRGI] County, CT 280 [0.51] 12H 2056 0.67 0.08 0.01 5.76
Company
Lake Road .
. 55149 Windham
Generating [LRG2] County, CT 280 [0.52] 12H 2056 0.66 0.08 0.01 5.84
Company
Lost Nation 2362 [CT1] Coosl\?lgumy’ 18 [0.42] 10M 2024 0.78 21.48 0.01 14.44
Maine Penobscot
Independence 55068 [2] County. ME 371.2[0.28] 12H 2055 0.7 0.21 0.01 3.33
Station Y
ALETLED Penobscot
Independence 55068 [1] County, ME 371.2 [0.29] 12H 2055 0.7 0.2 0.01 3.34

Station



Nameplate co2 Heat
- Facility . capacity (MW) Retirement NOx1lbs. SO2 Ibs. input
Facility name [unit] ID Location [capacity Ramp year l\f["é‘vsl MW!  MW!'  MMBtu
factor] MW-!
Manchester Providence
Stroet Station 3236 [9] County, RI 171 [0.5] 12H 2050 0.72 0.41 0.01 5.97
Manchester Providence
Strect Station 3236 [10] County, RI 173 [0.51] 12H 2050 0.7 0.35 0.01 6.03
Manchester Providence
Stroet Station 3236 [11] County, RI 171 [0.52] 12H 2050 0.71 0.37 0.01 6.16
MBTA South
Boston Power 10176 [B] Suff"lll\‘/[i"“my’ 69 [0.4] 10M 2030 0.72 1.41 0.01 3.61
Facility
MBTA South
Boston Power 10176 [A] S“ff"lll\‘/[iounty’ 69 [0.41] 10M 2030 0.71 1.36 0.01 3.61
Facility
Medway Station 1592 [J1T1] N"rfoi‘/{i"umy’ 45 [0.24] 1H 2025 1.69 11.23 0.01 4.95
Medway Station 1592 [J1T2] N"rfog‘/[g"umy’ 45 [0.26] 1H 2025 1.55 10.72 0.01 4.98
Medway Station 1592 [J2T1] N"rfoi‘/{i"umy’ 45 [0.26] 1H 2025 1.6 9.44 0.01 5.04
Medway Station 1592 [J2T2] N"rfog‘/[g"umy’ 45[0.25] 1H 2025 1.63 10.37 0.01 5.04
Medway Station 1592 [J3T2] Norfohg"umy’ 45[0.28] 1H 2025 1.54 9.75 0.01 5.37
Medway Station 1592 [J3T1] N"rfog‘/[g"unty’ 45[0.28] 1H 2025 1.57 10.55 0.01 5.42
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. Nan.leplate . co2 Heat
Facility name [Ezftl]hg) Location cap[:;;l;zc(ilr; W) Ramp Ret;,reeal:.lent tons_1 Nﬁ’;&gs' Sl?/lz“l,l_)ls' N};}[)]l;:u
factor] Mw Mw!
Merrimack 2364 [CT2] gf;‘;nﬁgﬁ 18.6 [0.42] OVER 2024 0.78 24.04 0.01 12.81
Merrimack 2364 [CT1] &iﬁ;nﬁgﬁ 18.6 [0.43] OVER 2024 0.78 23.18 0.01 12.88
Merrimack 2364 [1] gf;‘;nﬁgﬁ 113.6 [0.87] OVER 2030 1.02 2.77 1.32 8.67
Merrimack 2364 [2] &iﬁ;nﬁgﬁ 345.6 [0.77] OVER 2030 1.01 2.57 1.53 7.62
Middletown 562 [10] é\gﬁ?s} 18.6 [0.49] 10M 2021 0.78 17.23 0.01 7.87
Middletown 562 [14] é\gﬁfsg} 60.5 [0.58] 10M 2030 0.58 0.05 0.01 4.23
Middletown 562 [15] é\gﬁ?s} 60.5 [0.58] 10M 2030 0.6 0.06 0.01 436
Middletown 562 [12] é\gﬁfsg} 60.5 [0.59] 10M 2030 0.59 0.07 0.01 4.43
Middletown 562 [13] é\gﬁ?s} 60.5 [0.59] 10M 2030 0.59 0.06 0.01 4.44
Middletown 562 [2] é\gﬁfsg} 113.6 [0.58] 10M 2013 0.68 1.21 0.54 6.36
Middletown 562 [3] é\gﬁ?s} 239.4[0.53] 10M 2019 0.62 2 0.3 5.36
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Nameplate co2 Heat
- Facility . capacity (MW) Retirement NOx1lbs. SO2 Ibs. input
Facility name [unit] ID Location [capacity Ramp year l\f["é‘vsl MW!  MW!'  MMBtu
factor] MW-!
Middletown 562 [4] é\gﬁfsg} 414.9 [0.39] 10M 2028 1.11 3.15 3.64 5.33
Milford Power 55126 New Haven
Company LLC (c102) County, CT 289 [0.81] 12H 2057 0.42 0.05 0 5.7
Milford Power 55126 New Haven
Company LLC (ool Couty, OT 289 [0.83] 12H 2057 0.42 0.05 0 5.85
Milford Power, Worcester
LLC 54805 [1] County, MA 249.3 [0.45] 1H 2048 0.59 0.3 0.01 4.44
Millennium Worcester
Pomr 55079 [1] County, MA 360 [0.55] 12H 2055 0.64 0.14 0.01 5.87
. New London
Montville 546 [5] County, CT 80.4 [0.59] 10M 2009 0.82 1.46 1.92 6.74
. New London
Montville 546 [6] County, OT 414.9[0.33] 10M 2026 1.05 2.57 3.53 424
Mystic 1588 [94] Chf&if;esl\‘j[’; 593.6 [0.49] 12H 2024 0.43 0.05 0 3.51
Mystic 1588 [93] Chf&if;eﬁ’; 593.6 [0.49] 12H 2024 0.43 0.06 0 3.53
Mystic 1588 [82] Chf&if;esl\‘j[’; 593.6 [0.51] 12H 2024 0.42 0.06 0 3.62
Mystic 1588 [81] Chf&if;eﬁ’; 593.6 [0.51] 12H 2024 0.42 0.05 0 3.65
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Nameplate co2 Heat
- Facility . capacity (MW) Retirement NOx1lbs. SO2 Ibs. input
Facility name 1 i 1D Location [capacity Ramp year vhws o MWT MW! MMBtu
factor] MW-!
New Haven 6156 New Haven
Harbor [NHHS2] County, CT 60.5[0.59] OVER 2030 0.58 0.19 0.01 4.36
New Haven 6156 New Haven
Harbor [NHHS3] County, CT 60.5 [0.6] OVER 2030 0.58 0.15 0.01 4.39
New Haven 6156 New Haven
Harbor [NHHS4] County, CT 60.5 [0.6] OVER 2030 0.58 0.15 0.01 4.4
New Haven 6156 New Haven
Harbor [NHB1] County, CT 460 [0.35] OVER 2030 0.78 1.19 1.89 3.7
Newington 8002 [1] LGP 414 [0.35] OVER 2029 0.95 2.33 4.08 4.54
g County, NH ’ ) ) ’ ’
Newington Rockingham
Energy 55661 [2] County, NH 419.9 [0.48] 12H 2057 0.44 0.1 0.01 3.48
Newington Rockingham
T 55661 [1] Clontity, NI 419.9[0.5] 12H 2057 0.45 0.1 0.01 3.62
Ocean State Providence
Power 51030 [2] County, RI 171.4[0.41] 12H 2045 0.73 0.34 0.01 5.05
Ocean State Providence
Power 51030 [1] Cloiniy, 171.4 [0.43] 12H 2045 0.71 0.31 0.01 5.06
Ocean State Providence
Power II 54324 [3] County, RI 171.4[0.4] 12H 2046 0.76 0.35 0.01 5.14
Ocean State Providence
Power I 54324 [4] Cloiniy, 171.4 [0.42] 12H 2046 0.75 0.37 0.01 5.23
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Nameplate co2 Heat
- Facility . capacity (MW) Retirement NOx1lbs. SO2 Ibs. input
Facility name [unit] ID Location [capacity Ramp year l\f["é‘vsl MW!  MW!'  MMBtu
factor] MW-!
Penny Lane Gas Chittenden
Tarbine S4ICTH oy, VT 25.5[0.92] 1H 2026 0.78 0.1 0.01 13.17
Penny Lane Gas Chittenden
= vt 37541CT2] Cuny, VT 25.5[0.92] 1H 2026 0.78 0.1 0.01 13.17
Pittsfield Berkshire
Generafing 50002 [1] County, MA 93.4[0.34] 12H 2045 0.71 0.28 0 3.94
Pittsfield Berkshire
Generafing 50002 [3] County, MA 93.4[0.35] 12H 2045 0.71 0.25 0 4.07
Pittsfield Berkshire
Generafing 50002 [2] County, MA 93.4[0.35] 12H 2045 0.72 0.27 0 4.08
Potter 1660 [4] Norfohg"umy’ 58 [0.67] 12H 2024 0.53 0.11 0.01 5.6
Potter 1660 [5] N"rfog‘/[g"unty’ 58 [0.67] 12H 2024 0.53 0.14 0.01 5.62
Potter 1660 [3] N"rfoi‘/{i"umy’ 101 [0.44] 12H 2024 0.74 4.75 0 5.5
Rhode Island .
55107 Providence
State Energy (RISEP2] County, RI 400 [0.62] 12H 2057 0.4 0.05 0 4.18
Center
Rhode Island .
55107 Providence
State Energy (RISEP1] County, RI 400 [0.62] 12H 2057 0.4 0.05 0 421
Center
Rumford Power 55100 [1] OXforiﬁ:"“mV’ 272.9 [0.64] 12H 2055 0.43 0.16 0 4.7
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Nameplate co2 Heat

- Facility . capacity (MW) Retirement NOx1lbs. SO2 Ibs. input
Facility name [unit] 1D Location [capacity Ramp year l\f["é‘vsl MW!'  MW'  MMBtu
factor] MW-!
Ryegate Caledonia
ool 51026 [1] County, VT 20[0.95] 2037 1.48 0.55 0.01 14.24
Salem Harbor Essex County,
Station NGCC 60903 [2] MA 399.1 [0.56] 12H 2073 0.41 0.07 0 3.93
Salem Harbor Essex County,
e 60903 [1] MA 399.1 [0.56] 12H 2072 0.42 0.06 0 3.97
Schiller 2367[CTI]  Rockingham 21.3[0.4] 12H 2024 0.78 25.56 0.01 13.27
County, NH = L : : : :
Schiller 2367 [6] LGP 50 [0.55] 12H 2030 1.23 2.82 9.97 6.7
County, NH : : : : :
Schiller 2367 [4] Rockingham 50 [0.54] 12H 2027 1.26 3.14 10.77 6.76
County, NH : : : : '
Schiller 2367 [5] Redlslng i 50 [0.87] 12H 2000 1.54 1 0.01 12.79
County, NH : : : :
Stony Brook Hampden
Enorgy Center 6081 [4] County, MA 85 [0.48] 10M 2030 1.07 15.82 0.01 6.39
Stony Brook Hampden
Energy Center 6081 [5] County, MA 85 [0.48] 10M 2030 1.1 16.24 0.01 6.55
Stony Brook Hampden
Enorgy Center 6081 [2] County, MA 190 [0.32] 10M 2030 0.85 1.89 0 3.69
Stony Brook Hampden
Energy Center 6081 [3] County, MA 190 [0.33] 10M 2030 0.77 1.9 0 3.92

49



Nameplate Co2 Heat

Facility name [Ezftl]hg) Location cap[ifii;Zc(ilr;f W) Ramp Ret;l;ealilent 1\E[o‘l);/s_l Nﬁ’;&gs' Sl?/lz“l/l_)ls. N};}[)]l;:u

factor] MW
Es;::gyy 13Cr;:>tl; 6081 [1] C?jﬁfﬁk 190 [0.34] 10M 2030 0.77 2.02 0 3.97
Tive”&‘i (1; OWEL 55048 [1] Cljflflvtl;"rltu 272.5[0.83] 12H 2055 0.42 0.08 0 5.82
TT"::I‘I‘I‘f;;’l“ 565 [10] C%f;;ﬂieg 21.8[0.5] 10M 2024 0.78 17.23 0.01 7.23
};’K::g'ylgg‘é [5C5T5 517] gzgngavce;‘ 50 [0.74] 1H 2056 0.47 0.08 0 5.82
g’zziggg‘(‘j [5C5T5577] Igzgngavce;‘ 50 [0.69] 1H 2072 0.5 0.1 0.01 5.83
};’Z::g'y‘gg‘é [5C5T5 527] gzgngavce;‘ 50 [0.73] IH 2056 0.48 0.09 0 5.86
g’zziggg‘(‘j [5C5T5537] Igzgngavce;‘ 50 [0.7] 1H 2056 0.5 0.09 0.01 5.86
};’K::g'ylgg‘é [5C5T5 557] gzgngavce;‘ 50 [0.73] 1H 2056 0.48 0.08 0 5.86
o ::Z';gg‘é [Scsfég] Igzgngavce;‘ 50[0.7] IH 2072 051 0.1 0.01 5.97
};’Z::g'ylgg‘é [5C5T5 éZ] gzgngavce;‘ 50 [0.74] 1H 2056 0.48 0.08 0.01 5.98
Waterbury 56629 [10] Igzgngavce;‘ 96 [0.69] 1H 2064 0.47 0.14 0.02 5.47
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Nameplate co2 Heat
- Facility . capacity (MW) Retirement NOx1lbs. SO2 Ibs. input
Facility name [unit] 1D Location [capacity Ramp year l\f["é‘vsl MW!'  MW'  MMBtu
factor] MW-!
Waters River 1678 [1] Essexl\f:“my’ 21.3[0.68] 1H 2026 0.78 5.47 0.01 7.97
Waters River 1678 [2] Essexl\f:unty’ 49.9 [0.49] 1H 2026 0.75 3.39 0.01 5.64
Waterside Power, Fairfield
LLC 56189 [4] County, €T 23.2[0.92] 1H 2059 0.78 0.1 0.01 13.17
Waterside Power, Fairfield
LLC 56189 [5] County, CT 23.2[0.92] 1H 2059 0.78 0.1 0.01 13.17
Waterside Power, Fairfield
LLC 56189 [7] County, €T 23.2 [0.92] 1H 2061 0.78 0.1 0.01 13.17
Westbrook Cumberland
Energy Center 55294 [2] County, ME 379.7 [0.59] 12H 2056 0.38 0.1 0 3.76
Westbrook Cumberland
Energy Center 55294 [1] County, ME 379.7 [0.59] 12H 2056 0.38 0.1 0 3.78
. Carroll County,
White Lake 2369 [CT1] NH 18.6 [0.42] 10M 2024 0.78 23.01 0.01 12.95
William F Cumberland
Wyman 1507 [2] County, ME 50[0.17] OVER 2013 1.35 3.97 10.65 2.62
William F Cumberland
Wyman 1507 [1] County, ME 50 [0.24] OVER 2012 1.22 345 9.63 3.34
William F Cumberland
Wyman 1507 [3] County, ME 213.6[0.18] OVER 2020 09 1.6 7.09 1.92
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Nameplate co2 Heat
Facility name Facility Location capacity (MW) Ram Retirement tons NOx1lbs. SO2 Ibs. input
y [unit] ID [capacity P year MW MwW! MW MMBtu
factor] MW-!
William F Cumberland
Wyman 1507 [4] County, ME 649.1 [0.35] OVER 2030 0.87 1.75 6.52 3.54
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Table S5: Externally derived parameters for the model

Description

Probabilistic treatment

Calculation method or source

Hourly electricity demand through
2050

Hourly nuclear, hydropower and
biomass capacity factors

Solar PV, onshore wind and
offshore wind capacity factors

Energy storage operating constrains

Hourly electricity imports from
other jurisdictions

Fossil fuel facility data (e.g.,
nameplate capacity, stack heights,
age and planned retirements)

Fossil fuel hourly generation data

Fossil fuel hourly emissions data
(COz, SO: and NOX)

Deterministic

Deterministic

Modeled distributions (1%
to 99! percentiles)

Deterministic

Empirical distributions (1%
to 99t percentiles)

Deterministic

Empirical distributions (1%
to 99t percentiles)

Uniform distributions from
available estimates

Empirical distributions (1%
to 99' percentiles)

Uniform distributions from
available estimates

Data provided by ISO-NE (Commonwealth
of Massachusetts, 2020).

Data provided by ISO-NE (Commonwealth
of Massachusetts, 2020).

Non-parametric bootstrap sample year
provided by ISO-NE (2024a).; linear
regression employed to compute missing
percentiles ranging from 1 to 99 .

Data provided by ISO-NE (Commonwealth
of Massachusetts, 2020).

Empirical distributions for percentiles
ranging from 1 to 99 were simulated using
historical data provided by ISO-NE (2024b).

Data provided by U.S. EPA CAMPD API.
eGrid and EIA Form 860 were consulted to
cross reference CAMPD data. (U.S. EIA 860,
2023; U.S. EPA CAMPD, 2024; U.S. EPA
eGrid, 2022).

Empirical distributions for percentiles
ranging from 1 to 99 were simulated using
historical data provided by U.S. EPA
CAMPD (2024).

Where historical data were unavailable, data
were pooled from comparable facility types
within the U.S. EPA CAMPD.

Empirical distributions for percentiles
ranging from 1 to 99 were simulated using
historical data provided by U.S. EPA
CAMPD (2024).

Where historical data were unavailable, data
were pooled from comparable facility types
within the U.S. EPA CAMPD.
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Table S6: Externally derived parameters for cost calculations

Description

Probabilistic treatment

Calculation method or source

Location in the

manuscript

CAPEX, FOM and VOM
costs

Fossil generation fuel
costs

Non-fossil generation fuel
costs

Electricity import costs

GHG (CO3, CH4 and N20)
emissions economic
valuation

GHG (CHa4 and N20)
emission factors

Air emissions (SO2, NOx,
VOC, PMz s and PMio)
economic valuation

CO emissions economic
valuation

Ambient air pollutant
(CO, TPM and VOC)
emission factors

Unmet demand penalty

New hydroelectric dam in
Canada emission factors
and costs

Uniform distributions
from available estimates

Uniform distributions
from available estimates

Uniform distributions
from available estimates

Uniform distributions
from available estimates

Uniform distributions
from available estimates

Uniform distributions
from available estimates

Deterministic valuations
based on stack height and
county

Uniform distributions
from available estimates

Uniform distributions
from available estimates

Deterministic

Uniform distributions
from available estimates

Data provided by NREL (2024).

Data provided by NREL (2021).

Data provided by NREL (2024).

Imports from Canada provided by
Calder et al., (2022) and imports
from NYISO provided by
DeSantis et al., (2021).

Data provided by Calder et al.,
(2022).

Data provided by U.S. EPA
GHGRP (2024) to identify the
CO2¢q of CH4 and N2O emissions
for different fuel type.

Data provided by AP3 model
(Muller, 2022).

Data provided by Calder et al.,
(2022).

EIA 923 (2023) data was pooled
to calculate TPM for each facility
and U.S. EPA AP-42 (2024)
guidelines were used to estimate
VOC and CO emissions.

EVOLL model used by ISO-NE
(Potomac Economics, 2024).

CAPEX was estimated using
(Commonwealth of
Massachusetts, 2020; Hollmann et
al., 2014). FOM was estimate
using IEA (2010).

SI section 2.8

SI section 2.8

SI section 2.8

SI section 2.9

SI section 2.10

SI section 2.10

SI section 2.11

SI section 2.11

SI section 2.11

SI section 2.12

SI section 5
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CPI factors

Deterministic

CHa4 emissions were estimated
using Delwiche et al., (2022) and
Canadian dams as a reference.

Data provided by U.S. Bureau of
Labor Statistics (2024) API.

SI section 2.15
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Table S7: Summary of fuel-specific emission factors, including non-biogenic CO2-eq for CH4 and N2O emissions, PM rates and ratios, and estimated CO and
VOC emissions. Details on sources for these estimates are provided in SI Table S6.

non-biogenic non-biogenic PM PM:.5-to-PM PMio-to-PM Cco vOC

Fuel category CHy-to-CO2 N20-to-CO2
(ratio %) (ratio %) (Ibs MMBtu!) (ratio %) (ratio %) (tons MMBtu') (tons MMBtu)

0il 9.66E-04 2.62E-03 2.45E-02 69% 31% 1.67E-05 4.29E-06
Gas (combined o o
oycle) 4.91E-04 6.55E-04 1.09E-02 100% 0% 1.50E-05 1.05E-06
Gas (combustion 5.26E-04 7.27E-04 1.71E-02 100% 0% 1.50E-05 1.05E-06
turbine)
Coal 3.13E-03 5.48E-03 1.09E-02 32.5% 67.5% 9.62E-06 1.09E-06
Wood n/a n/a 2.94E-03 100% 0% 3.00E-04 8.50E-06
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Table S8: Facility specific social costs of air emissions (2024-USD tonne™). Details on sources for these estimates are provided in SI Table S7.

Social cost (2024-USD tonne™!)

Facilit Primar Stack
Facility name cry Location Y height NO, SO, vOC co PM.s PMio
[unit] ID fuel type (ft)
Alfred L Pierce 6635 [AP- Pipeline
Generating 1 New Haven, CT Natural 120 85.28 3095.76 1152.24 1406.75 10322.52 1378.32
Station Gas
Pipeline
Bellingham 10307 [1] Norfolk, MA Natural 120 97.18 3639.16 1503.26 1653.25 13582.89 2084.34
Gas
Pipeline
Bellingham 10307 [2] Norfolk, MA Natural 120 97.18 3639.16 1503.26 1653.25 13582.89 2084.34
Gas
Beglngh:m Pipeline
owe. 55211 [1] Norfolk, MA Natural 120 97.18 3639.16 1503.26 1653.25 13582.89 2084.34
Generation Gas
LLC
Begi)ng‘l:lm Pipeline
wer 55211 [2] Norfolk, MA Natural 120 97.18 3639.16 1503.26 1653.25 13582.89 2084.34
Generation Gas
LLC
Berkshire Pipeline
Power 55041 [1] Hampden, MA Natural 120 77.34 2306.45 765.51 1048.7 6613.95 1070.92
Gas
Blackstone ..
Power Pipeline
. 55212 [1] Worcester, MA Natural 120 45.61 4620.84 1455.66 2098.57 12803.49 2135.9
Generation
LLC Gas
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Social cost (2024-USD tonne™')

Facilit Primar Stack
Facility name Ly Location Y height  NO SO, voC co PM.s PMio
[unit] ID fuel type (ft)
Blackstone AT
Power Pipeline
. 55212[2] Worcester, MA  Natural 120 4561  4620.84 145566  2098.57 1280349  2135.9
Generation Gas
LLC
. Pipeline
B A SoU2 Fairfield, CT  Natural 120 25583  4616.87 178686 209677  15996.44  2298.52
Energy [BE1] Gas
. Pipeline
Bridgeport 55042 Fairfield, CT  Natural 120 25583  4616.87 178686 209677 1599644  2298.52
Energy [BE2] Gas
. Pipeline
LT (L3 DO S Fairfield, CT  Natural 298 2776  2389.75  840.87  1086.48  6970.92  1003.5
Harbor Station [BHBS] Gas
Burgess 58054 Coos, NH Wood 120 6545  938.05  160.64 42795 124545  202.29
BioPower [STO1]
. Residual
Canal Station 1599 [2]  Barnstable, MA oil 498 27765 102134 24393 46573  1572.67 I
Pipeline
Canal Station 1599 [3]  Barnstable, MA  Natural 498 27765 102134 24393 46573  1572.67 21222
QGas
Pipeline
Cleary Flood 1682 [9] Bristol, MA Natural 187 9321  2980.74 102134  1354.57 905724  1346.59
QGas
Cos Cob 542[13]  Litchfield, CT  Other Oil 120 14477 427378  1437.82  1941.13  12839.19 173331
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Social cost (2024-USD tonne™')

Facilit Primar Stack
Facility name Ly Location Y height  NO SO, voC co PM.s PMio
[unit] ID fuel type (ft)

Cos Cob 542[14]  Litchfield, CT  OtherOil 120 14477 427378 1437.82  1941.13  12839.19 173331
. Pipeline

CPV Towantic 051711 New Haven, CT  Natural 150 8528 309576 115224 140675 1032252  1378.32
Energy Center Gas
. Pipeline

CPV Towantic ;01001 NewHaven, CT  Natral 150 8528 309576 115224 140675 1032252  1378.32
Energy Center Gas
Dartmouth Pipeline

rmou 52026[1]  Bristol, MA  Nawral 120 9321 298074 102134 135457 905724  1346.59
Gas
Dartmouth LNSED

rmou 52026[2]  Bristo, MA  Nawral 120 9321 298074 102134 135457 905724  1346.59
Gas

Devon 544[10]  Fairfield, CT  OtherOil 340 2776 238975  840.87 108648 697092  1003.5
Pipeline

Devon 544[11]  Fairfield, CT  Natral 340 2776 238975 84087 108648 697092  1003.5
Gas
Pipeline

Devon 544[12]  Fairfield, CT  Natral 340 2776 238975  840.87 108648 697092  1003.5
Gas
Pipeline

Devon 544[13]  Fairfield, CT  Natral 340 2776 238975  840.87 108648 697092  1003.5
Gas
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Social cost (2024-USD tonne™')

Facilit Primar Stack
Facility name Ly Location Y height  NO SO, voC co PM.s PMio
[unit] ID fuel type (ft)
Pipeline
Devon 544 [14] Fairfield, CT Natural 340 27.76 2389.75 840.87 1086.48 6970.92 1003.5
Gas
Devon 544 [15] Fairfield, CT Diesel Oil 340 27.76 2389.75 840.87 1086.48 6970.92 1003.5
Devon 544 [16] Fairfield, CT Diesel Oil 340 27.76 2389.75 840.87 1086.48 6970.92 1003.5
Devon 544 [17] Fairfield, CT Diesel Oil 340 27.76 2389.75 840.87 1086.48 6970.92 1003.5
Devon 544 [18] Fairfield, CT Diesel Oil 340 27.76 2389.75 840.87 1086.48 6970.92 1003.5
Pipeline
Dighton 55026 [1] Bristol, MA Natural 120 93.21 2980.74 1021.34 1354.57 9057.24 1346.59
Gas
Exelon West Pipeline
Xero ¢ 59882 [J4] Norfolk, MA Natural 120 97.18 3639.16 1503.26 1653.25 13582.89  2084.34
Medway I1 Gas
Exelon West Pipeline
xe 59882 [J5] Norfolk, MA Natural 120 97.18 3639.16 1503.26 1653.25 13582.89  2084.34
Medway I1 Gas
Fore River Pipeline
55317 [11] Norfolk, MA Natural 255 49.58 2010.96 654.45 914.65 5310.99 811.13
Energy Center Gas
Fore River LNSED
55317 [12] Norfolk, MA Natural 255 49.58 2010.96 654.45 914.65 5310.99 811.13
Energy Center Gas
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Social cost (2024-USD tonne™')

Facilit Primar Stack
Facility name Ly Location y height NO« SO: vOoC CO PMzs PMio
[unit] ID fuel type (ft)
Granite Ridge Hillsborough, ~ Lipeline
8¢ 55170 (1] SOOTOUS:  Natural 120 7734 3058.08 79526  1389.66  6828.13  1189.92
Energy NH Gas
Granite Ridge sfilbermeh,  CAPol
8¢ 55170 2] SOOTOUSR:  Natural 120 7734 3058.08 79526  1389.66  6828.13  1189.92
Energy NH Gas
J C McNeil 589[1]  Chittenden, VT ~ Wood 120 6346  997.55 22608 45494 174323 31136
Pipeline
Kendall Green 555 10 \rddlesex, MA  Natural 120 107.09  5289.18  1889.98 240174  16980.1  2718.96
Energy LLC Gas
Kendall Green . . .
1595[S6]  Middlesex, MA Diesel Oil 120  107.09  5289.18  1889.98  2401.74  16980.1  2718.96
Energy LLC
Kleen Ener Pipeline
ce 8 56798 [U1] Middlesex, CT  Natural 215 69.41  1897.92 59297  863.37 515432  763.53
Systems Project Gas
Kleen Ener Pipeline
8 56798 [U2] Middlesex, CT  Natural 215 69.41  1897.92 59297  863.37 515432  763.53
Systems Project Gas
Lake Road 55149 Pipeline
Generating Windham, CT ~ Natural 120 14874 290141 7675 131859  6689.31  1068.94
[LRG1]
Company Gas
Lake Road 55149 Pipeline
Generating Windham, CT ~ Natural 120 14874 290141 7675 131859  6689.31  1068.94
[LRG2]
Company Gas
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Social cost (2024-USD tonne™')

Facilit Primar Stack
Facility name Ly Location Y height  NO SO, voC co PM.s PMio
[unit] ID fuel type (ft)
Lake Road 55149 Pipeline
Generating Windham, CT Natural 120 148.74 2901.41 767.5 1318.59 6689.31 1068.94
[LRG3]
Company Gas
Maine Pipeline
Independence 55068 [1] Penobscot, ME Natural 120 29.75 374.82 57.51 172.45 412.5 71.39
Station Gas
Maine Pipeline
Independence 55068 [2] Penobscot, ME Natural 120 29.75 374.82 57.51 172.45 412.5 71.39
Station Gas
Manchester Pipeline
cae . 3236 [10] Providence, RI Natural 120 113.04 3143.36 1118.52 1428.34 9824.74 1642.08
Street Station Gas
Manchester el
. 3236 [11] Providence, RI Natural 120 113.04 3143.36 1118.52 1428.34 9824.74 1642.08
Street Station Gas
Manchester Pipeline
. 3236 [9] Providence, RI Natural 120 113.04 3143.36 1118.52 1428.34 9824.74 1642.08
Street Station Gas
MBTA South
Boston Power 10176 [A] Suffolk, MA Other Oil 120 93.21 3716.5 1753.14 1688.33 15883.39 242743
Facility
MBTA South
Boston Power 10176 [B] Suffolk, MA Other Oil 120 93.21 3716.5 1753.14 1688.33 15883.39 242743
Facility
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Social cost (2024-USD tonne™')

Facilit Primar Stack
Facility name Ly Location Y height  NO SO, voC co PM.s PMio
[unit] ID fuel type (ft)
Medway Station [}fﬁ] Norfolk, MA  Diesel Oil 120  97.18  3639.16 150326 165325  13582.89 208434
Medway Station [}15%] Norfolk, MA  Diesel Oil 120 97.18  3639.16 150326 165325  13582.89 208434
Medway Station [}25% Norfolk, MA  Diesel Oil 120 97.18  3639.16 150326 165325  13582.89 208434
Medway Station [}25%] Norfolk, MA  Diesel Oil 120 97.18  3639.16 150326 165325  13582.89 208434
Medway Station [}35% Norfolk, MA  Diesel Oil 120  97.18  3639.16 150326 165325  13582.89 208434
Medway Station [}ﬁg] Norfolk, MA  Diesel Oil 120 97.18  3639.16 150326 165325  13582.89 208434
Merrimack 2364[1] Merrimack, NH  Coal 445 24393 148343 36292 67535 25722 41449
Merrimack 2364[2]  Merrimack, NH  Coal 445 24393 148343 36292 67535 25722 41449
Middletown  562[12]  Middlesex, CT Diesel Oil 266  251.87 1223.63  351.03 5575 250081  374.82
Middletown  562[13]  Middlesex, CT  Diesel Oil 266  251.87 122363  351.03 5575 250081  374.82
Middletown  562[14]  Middlesex, CT Diesel Oil 266  251.87 122363  351.03 5575 250081  374.82
Middletown  562[15]  Middlesex, CT  Diesel Oil 266  251.87 122363  351.03 5575 250081  374.82
. . Residual
Middletown 562[4]  Middlesex, CT o 266 25187 122363 35103 5575 250081  374.82
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Social cost (2024-USD tonne™')

Facilit Primar Stack
Facility name Ly Location Y height  NO SO, voC co PM.s PMio
[unit] ID fuel type (ft)

Milford Power 55126 Pipeline

1tord Towe New Haven, CT  Natural 120 8528 309576 115224  1406.75  10322.52  1378.32

Company LLC [CTO1] Gas

Milford Power 55126 LNSED

1tord Fowe New Haven, CT  Natural 120 8528 309576 115224  1406.75  10322.52  1378.32

Company LLC [CTO02] Gas

. Pipeline

M‘lf"ﬂg"wer’ 54805[1] Worcester, MA  Natural 120 4561 462084 145566  2098.57 1280349  2135.9
Gas

Millennium el

Power“ 55079 [1]  Worcester, MA  Natural 120 4561 462084 145566  2098.57 1280349  2135.9
Gas

Montville 546 [6] NeW(L:‘%“d"“’ Reg‘iil“al 249 14874 327029  928.13 148592  8053.75  1253.38

New Haven 6156 Residual

Harbon (NHBl)  New Haven, CT ol 389 339.13  1659.93 52158 75542  4077.45  563.23

New Haven 6156 . .

Harbon (NHis2]  NewHaven.CT  DieselOil 389 339.03 165993 52158 75542 407745 56323

New Haven 6156 . .

Harbon (Nimis3] NewHaven.CT DieselOil 389 33903 165993 52158 75542 407745 56323

New Haven 6156 . .

Harbon (NHis4] NewHaven.CT  Diesel Ol 389 339.03 165993 52158 75542 407745 56323

Newington 8002 [1] ROCkII\?I?Iham’ Reg‘iil“al 410 160.64 149533 44225  680.75  3323.83  517.61
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Social cost (2024-USD tonne™')

Facilit Primar Stack
Facility name Ly Location y height NO« SO: vOoC CO PMzs PMio
[unit] ID fuel type (ft)
Newington Rockingham Pipeline
g 55661 [1] g ’ Natural 150 69.41 2812.17 872.6 1278.1 7674.96 1209.75
Energy NH
Gas
Newington Rockingham Pipeline
g 55661 [2] g ’ Natural 150 69.41 2812.17 872.6 1278.1 7674.96 1209.75
Energy NH
Gas
Ocean State Pipeline
Power 51030 [1] Providence, RI Natural 120 113.04 3143.36 1118.52 1428.34 9824.74 1642.08
Gas
Ocean State Pipeline
Power 51030 [2] Providence, RI Natural 120 113.04 3143.36 1118.52 1428.34 9824.74 1642.08
Gas
Ocean State Pipeline
54324 [3] Providence, RI Natural 120 113.04 3143.36 1118.52 1428.34 9824.74 1642.08
Power 11 Gas
Ocean State Pipeline
54324 [4] Providence, RI Natural 120 113.04 3143.36 1118.52 1428.34 9824.74 1642.08
Power 11 Gas
Pittsfield . Pipeline
. 50002 [1] Berkshire, MA Natural 120 105.11 2193.41 624.71 997.42 5269.34 777.41
Generating Gas
Pittsfield . Hpelting
. 50002 [2] Berkshire, MA Natural 120 105.11 2193.41 624.71 997.42 5269.34 777.41
Generating Gas
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Social cost (2024-USD tonne™')

Facilit Primar, Stack
Facility name Ly Location y height NO« SO: vOoC CO PMzs PMio
[unit] ID fuel type (ft)
Pittsfield . Pipeline
. 50002 [3]  Berkshire, MA Natural 120 105.11  2193.41 624.71 997.42 5269.34 777.41
Generating Gas
Rhode Island 55107 Pipeline
State Energy Providence, RI Natural 185 113.04  3143.36 1118.52 1428.34 9824.74 1642.08
[RISEP1]
Center Gas
Rhode Island 55107 Pipeline
State Energy Providence, RI Natural 185 113.04  3143.36 1118.52 1428.34 9824.74 1642.08
[RISEP2]
Center Gas
Pipeline
Rumford Power 55100 [1] Oxford, ME Natural 120 77.34 967.8 164.61 441.44 1336.67 210.22
Gas
Salem Harbor Pipeline
. 60903 [1] Essex, MA Natural 230 69.41 2322.32 874.59 1055.89 7760.23 1183.97
Station NGCC Gas
Salem Harbor Hpelting
. 60903 [2] Essex, MA Natural 230 69.41 2322.32 874.59 1055.89 7760.23 1183.97
Station NGCC Gas
Schiller 2367 [4] RO"kIl\?I?Iham’ Coal 226 69.41  2812.17 8726 1278.1 767496  1209.75
Schiller 2367 [6] ROCkII\?I?Iham’ Coal 226 69.41  2812.17  872.6 12781 767496  1209.75
Stony Brook Pipeline
E y 6081 [1] Hampden, MA Natural 120 77.34 2306.45 765.51 1048.7 6613.95 1070.92
nergy Center Gas
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Social cost (2024-USD tonne™')

. Stack
il Facility i Primary = ioht  NOx SO: voc co PM:s PMuo
Facility name [unit] ID Location fuel type (1f%)
Pipeline
RO LIRS 6081[2]  Hampden, MA  Natural 120 7734 230645  765.51 10487 661395  1070.92
Energy Center Gas
Pipeline
Stony Brook 6081[3]  Hampden, MA  Natural 120 7734 230645  765.51 10487 661395  1070.92
Energy Center Gas
RO LIRS 6081[4]  Hampden, MA  Diesel Oil 120 7734 230645  765.51 10487 661395  1070.92
Energy Center
Stony Brook 6081[5]  Hampden, MA  Diesel Oil 120 7734 230645  765.51 10487 661395  1070.92
Energy Center
. Pipeline
Y et OB OR L B SR Newparti RI Natural 120 97.18  2231.09  763.53 101451 657825  981.68
LLC .
. Pipeline
Wallingford 33317 NewHaven, CT  Natural 120 8528 309576 115224 140675  10322.52  1378.32
Energy, LLC [CTO1] ’ Gas
. Pipeline
e anatord 33317 NewHaven, CT  Natural 120 8528 309576 115224 140675  10322.52  1378.32
Energy, LLC [CTO02] ’ Gas
. Pipeline
Wallingford 33317 NewHaven, CT  Natural 120 8528 309576 115224 140675  10322.52  1378.32
Energy, LLC [CTO03] Gas
. Pipeline
e anatord 33307 NewHaven, CT  Natural 120 8528 309576 115224 140675  10322.52  1378.32
Energy, LLC [CTO04] Gas
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Social cost (2024-USD tonne™')

s Facility . Primary St.ack
Factlity name i Location height ~ NO, SO: voc Co PM:s PMuo
[unit] ID fuel type 0
Wallingford 55517 Pipeline
EnergygLLC (CTos) ~ NewHaven,CT  Natural 120 8528 309576 115224  1406.75 1032252  1378.32
’ Gas
Wallingford 55517 Pipeline
EnergygLLC [CTO6] New Haven, CT  Natural 120 8528  3095.76 115224  1406.75  10322.52  1378.32
’ Gas
Wallingford 55517 Pipeline
EnergygLLC (CTo7]  NewHaven,CT  Natural 120 8528 309576 115224  1406.75 1032252  1378.32
’ Gas
Waterbur Pipeline
Generatioi 56629 [10] New Haven, CT  Natural 120 8528 309576 115224  1406.75 1032252  1378.32
Gas
Pipeline
Waters River 1678 [1] Essex, MA Natural 120 69.41 2322.32 874.59 1055.89 7760.23 1183.97
Gas
Pipeline
Waters River 1678 [2] Essex, MA Natural 120 69.41 2322.32 874.59 1055.89 7760.23 1183.97
Gas
Westbrook Cumberland Pipeline
Energy Center 2204 1] ! 1va * Natural 120 101.14  1447.73 32921  659.16 2784.4 44404
Gas
Westbrook Cumberland Pipeline
ey Carer 2 ! MeE * Natural 120 101.14  1447.73 32921  659.16 2784.4 44404

Gas



Social cost (2024-USD tonne™')

Facilit Primar Stack
Facility name Ly Location y height NO« SO: vVOC CO PMzs PMio
[unit] ID fuel type (ft)
William F 15074 ~ Cumberland,  Residual 550 54393 92615 22043 42255 133072 21022
Wyman ME Oil
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Table S9: Methane emissions from Canadian reservoirs and relevant facilities. Total reservoir capacity 7,892 MW
and hydroelectric capacity factor of 65%. Details on sources for these estimates are provided in SI Table S5.

Emissions . . Emissions Emissions Emissions
Area Emissions Capacity
Reservoir  Facility  [mg CHs- [mg CH,- [mg CH&- [mg CHs [kg CHys-
C (km?) @ayl] W) CMMW C MW C
(m*day)™] y day)| year)']  (MWh)'|
Eastrlnam— 480
Ay 9.43 602.9 5.69E9 4.07E6 714.22 0.26
Reservoir LA 768
Sarcelle 150
Laforge-1 1 roe-1 13 1288 1.67E10 878 191E7 334924 122
Reservoir
Robert- Roberi-
Bourassa 5 2,835 1.42E10 5,616 2.52E6 443.28 0.16
. Bourassa
Reservoir
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Table S10: Net present value of costs (in billions of 2024 USD, discounted at 1.5%) across eight decarbonization pathways (A, B1, B2, B3(1), B3(2), C1, C2,
C3, D). Costs are disaggregated into capital expenditures (CAPEX), fixed and variable operations and maintenance (O&M), fuel, imports, greenhouse gas (GHG)
and air emissions, and unmet demand penalties; values in parentheses indicate uncertainty ranges, and the “Sum” row shows total costs. Pathway B3 compares
two cost-accounting methods for new hydroelectric development in Canada: B3(1) assumes U.S.-only costs (infrastructure plus imported power), while B3(2)

captures total social costs by also accounting for generation-side impacts (e.g., reservoir methane emissions). Upper and lower bounds in brackets show the 90%

CI considering NREL cost various scenarios.
A B1 B2 B3(1) B3(2) C1 C2 C3 D
0 200.89 225.98 189.21 238.76 226.19 223.33 202.96 79.95
CAPEX (0-0) (159.72- (179.33- (150.58- (179.99- (114.01- (170.27- (157.74- (67.23-
248.41) 279.84) 233.78) 303.47) 342.26) 283.01) 254.17) 94.83)
46.38 79.56 85.24 76.94 131.65 90.88 86.21 81.22 63.84
Fixed O&M (40.76- (67.56- (72.66- (65.21- (87.31- (72.59- (72.57- (68.43- (54.9-
51.44) 91.97) 98.35) 89.03) 176.36) 115.43) 101.15) 94.94) 72.77)
10.23
Variable O&M 7.71 3.59 3.93 3.59 3.59 (8.98- 4.65 4.01 9.2
(7.27-8.11) (3.21-3.93)  (3.55-427) (3.21-3.93) (3.21-3.93) 11‘25) (4.16-5.08)  (3.56-4.4)  (8.73-9.63)
53.73 21.79 25.56 21.72 21.72 50.02 27.55 22.61 74.58
Fuel (53.73- (21.79- (25.56- (21.72- (21.72- (47.31- (27.2- (22.38- (74.58-
53.73) 21.79) 25.56) 21.72) 21.72) 52.81) 27.91) 22.84) 74.58)
2188 74.49 28.26 94.7 17.84 21.88 28.26 74.49 74.49
Imports (10 97'_32 8) (37.4- (14.15- (47.56- (8.91- (10.97- (14.15- (37.4- (37.4-
’ ’ 111.59) 42.37) 141.84) 26.76) 32.8) 42.37) 111.59) 111.59)
629.96 197.62 237.72 196.72 204.07 192.35 218.75 181.3 780.83
GHG emissions (629.96- (197.62- (237.72- (196.72- (198.37- (192.35- (218.75- (181.3- (780.83-
629.96) 197.62) 237.72) 196.72) 209.76) 192.35) 218.75) 181.3) 780.83)
Air emissions 1.45 0.68 0.78 0.67 0.67 0.62 0.73 0.63 1.35
(1.45-1.45) (0.68-0.68)  (0.78-0.78)  (0.67-0.67)  (0.67-0.67) (0.62-0.62) (0.73-0.73)  (0.63-0.63) (1.35-1.35)
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Unmet demand (322'22_ 5.39 (} }Z; 4.56 4.56 5.52 6.81 3.23 2.34
penalty 188.85) (5.39-5.39) 1197 (4.56-4.56)  (4.56-4.56) (5.52-5.52) (6.81-6.81) (3.23-3.23) (2.34-2.34)
1249.95 584.01 619.44 588.11 622.86 597.68 596.28 570.46 1086.59
Sum (1232.98- (493.37- (545.73- (490.23- (504.75-  (452.36-  (514.64-  (474.68-  (1027.37-
1266.33) 681.37) 700.85) 692.25) 747.23) 753.03) 685.8) 673.11) 1147.93)
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Table S11: Net present value of costs (in billions of 2024 USD, discounted at 2%) across eight decarbonization pathways

A B1 B2 B3(1) B3(2) c1 2 c3 D
. 188.41 211.75 177.49 226.35 210.25 200.44 190.63 74.75
CAPEX R (149.78-  (167.98- (14126  (17026-  (106.23-  (159.68-  (148.12-  (62.84-
232.99) 262.31) 219.29) 288.03)  317.81)  26542)  238.77) 88.67)
43.57 73.9 79.11 71.5 122.33 83.89 79.97 75.43 59.56
Fixed O&M (38.34- (62.84- (67.52- (60.68- 8122-  (67.14- (67.4- (63.64- (51.3-
48.29) 85.34) 91.18) 82.64) 163.77)  106.33) 93.71) 88.07) 67.82)
9.47
Vatisble O&M 723 341 373 341 341 i 4.39 3.79 8.56
(68276) (06372 (338405 (06372 (06372 {3l (44T (38416 (812-895)
50.33 208 2433 20.76 2076 46.72 26.18 21.54 69.01
Fuel (033 kb Q433 (20.76- (20.76-  (4425- (2586 (2134  (69.01-
50.33) -8-20. 2433) 20.76) 20.76) 49.25) 26.51) 21.76) 69.01)
20.58 69 26.42 87.3 662 20.58 26.42 69 69
Imports (1031- (34.64- (13.23- @84 G0 (031 (1323 (Ghek (464
30.84) 103.36) 39.6) 130.75) 3-24. 30.84) 39.6) 10336)  103.36)
369.28 116.5 139.91 116.03 121.34 114.03 129.01 107.04 455.51
GHG emissions (369.28- (116.5- (139.91-  (11603- (11722 (11403  (129.01-  (107.04-  (455.51-
369.28) 116.5) 139.91) 116.03) 12546)  11403)  12001)  107.04)  455.51)
Air emissions 1.35 0.65 0.74 0.64 0.64 0.6 0.7 0.61 1.27
(135-135)  (0.65-0.65) (0.74-0.74)  (0.64-0.64) (0.64-0.64)  (0.6-0.6)  (0.7-0.7)  (0.61-0.61) (1.27-1.27)
Unmet demand (jjgg;_ 4.98 (} i'gj_ 422 4.22 5.3 6.32 2.99 22
penalty anay,  @osa9y  (ON (4242 (242) (5353 (63263) (2929 (2222
935.67 477.64 497.04 481.34 515.68 490.84 482.42 471.03 739.86
Sum (919.77- (39324-  (428.14- (39049  (405.69-  (356.19-  (406.13-  (381.75- (684.9-
951.02) 568.33) 573.17) 578.06) 631.53)  634.58) 56605  566.74)  796.79)
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Table S12: Net present value of costs (in billions of 2024 USD, discounted at 2.5%) across eight decarbonization pathways

A Bl B2 B3(1) B3(2) C1 C2 C3 D
0 176.98 198.74 166.75 214.95 195.66 196.71 179.32 69.99
CAPEX 0-0) (140.69- (157.61- (132.73- (161.33- (99.08- (149.98-  (139.31- (58.83-
218.89) 246.27) 206.03) 273.83) 295.45) 249.29) 224.63) 83.03)
a1 68.76 73.54 66.55 113.85 77.56 74.3 70.17 55.67
Fixed O&M (36.12-45.4) (58.54- (62.84- (56.56- (75.67- (62.19- (62.71- (59.28- (48.02-
e 79.31) 84.67) 76.84) 152.32) 98.1) 86.95) 81.82) 63.3)
PR 6.79 3.24 3.55 3.25 3.25 8.79 4.15 3.6 7.97
(6.41-7.13)  (2.92-3.53)  (3.22-3.84)  (2.92-3.54)  (2.92-3.54) (7.75-9.65) (3.73-452) (3.21-3.93) (7.57-8.34)
47.23 19.87 230 19.85 19.85 43.71 24.91 20.56 63.96
Fuel (47.23- (1987- 3553, (1985 (19.85- (41.47- (24.61- (20.37- (63.96-
47.23) 19.87) e 19.85) 19.85) 46.02) 25.21) 20.75) 63.96)
1938 64.02 24.74 80.6 15.51 19.38 24.74 64.02 64.02
Imports ©0729905) (214959 (123 (40.48- (7.75- (9.72- (12.39- (32.14- (32.14-
e G 37.09) 120.73) 23.27) 29.05) 37.09) 95.9) 95.9)
226.1 71.74 86.01 71.48 75.52 70.62 79.47 66.01 277.48
GHG emissions (226.1- (71.74- (86.01- (71.48- (72.39- (70.62- (79.47- (66.01- (277.48-
226.1) 71.74) 86.01) 71.48) 78.64) 70.62) 79.47) 66.01) 277.48)
N 1.27 0.62 0.71 0.62 0.62 0.58 0.67 0.58 1.2
© (127-127)  (0.62-0.62)  (0.71-0.71)  (0.62-0.62)  (0.62-0.62) (0.58-0.58) (0.67-0.67) (0.58-0.58)  (1.2-1.2)
Unmet demand (jgg'gg_ 4.6 10.2 3.91 3.91 5.09 5.88 2.77 2.06
penalty 402.36) (4.6-4.6)  (102-102) (3.91-3.91) (3.91-3.91) (5.09-5.09) (5.88-5.88) (2.77-2.77) (2.06-2.06)
744.13 409.84 420.69 413,03 447.47 421.39 410.82 407.02 54235
Sum (729.21- (331.12- (56.17-  3pesisey (MAS- (29649 (33944 (32366 (491.26-
758.54) 494.46) 492) : 555.99) 554.56) 489.08) 496.39) 595.27)
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Table S13: Net present value of costs (billions of 2024 USD, discounted at 2%) for All-Options Pathway, as estimated by ISO-NE's Massachusetts
Decarbonization Roadmap study (Commonwealth of Massachusetts, 2020). We excluded behind the m3eter, demand side and distribution cost items from the
total cost estimate presented by ISO-NE, since we do not consider these costs in our study.

Cost group All-Options

Demand-side costs $ =
Electricity storage $ 0.31
Electricity distribution $ =
Electricity transmission $ 4.22
Gas pipelines $ 1.89
Gas power plants $ 0.21
In-state fuels production $ 0.67
Biomass power plants $ 0.09
Ground-mounted solar $ 1.46
Rooftop solar $ -
Offshore wind $ 3.04
Hydro purchases $ 0.91
Zero carbon liquid imports $ 1.53
Zero carbon gas imports $ 0.14
Natural gas $ 0.23
Oil products $ 1.34

Other $ 1.05




Total (mean annualized costs 2024-bUSD for 2025-2050)

17.08

NPV 2024-bUSD (2% discount rate)

343.57

77



Table S14: Net present value of air emission costs (in millions of 2024 USD, discounted at 1.5%) across eight decarbonization pathways. Each cell reports the
mean cost estimate along with its corresponding uncertainty bounds (in parentheses, 90% CI and NREL cost scenarios), facilitating a comparative assessment of

financial implications by pathway and location in the region.

A Bl B2 B3 C1 C2 C3 D
Barnstable. MA 2231 4.67 4.82 471 5.32 49 471 19.97
) (21.82-23.18)  (4.44-5.17)  (457-531)  (4.48-5.06)  (5.12-5.67)  (4.68-5.41)  (4.48-5.06)  (19.35-21.06)
Berkshire. MA 2.95 0.38 0.6 0.38 0.58 0.52 0.31 1.42
erkshire, (1.58-3.13) (0.27-0.49)  (0.44-0.76) (0.28-0.5) (0.43-0.72)  (0.37-0.67)  (0.22-0.41)  (1.15-1.68)
Bristol. MA 25.05 18.44 20.3 18.24 13.5 19.02 17.09 24.08
) (5.91-2596)  (6.23-19.1)  (19.55-20.98) (17.47-19.07) (1.17-14.13)  (18.3-19.65) (16.29-17.8)  (3.67-26.07)
Chittenden. VT 16.87 3.76 38 3.76 3.86 3.81 3.76 17.11
g (16.13-17.67)  (3.58-4.27) (3.6-4.33) (3.58-435)  (3.69-425)  (3.65-437)  (3.58-4.35)  (16.42-17.88)
Coos. NH 23.43 30.16 31.38 29.66 19.37 30.26 28.72 23.46
) (22.71-24.26)  (29.29-30.84)  (30.6-32.29)  (28.85-30.37) (18.17-20.16) (29.42-30.87) (27.72-29.62) (22.74-24.29)
Cumberland. ME 94.13 37.76 40.56 37.68 34.74 39.16 36.45 96.77
? (29.89-96.68)  (18.04-39.58) (18.12-42.32) (36.06-39.37) (20.18-36.64) (37.79-40.87) (17.8-38.07) (72.41-103.08)
Essex. MA 24.28 21.38 23.96 21.12 15.91 22.33 19.67 28.93
> (1.16-2826)  (0.07-22.55)  (0.08-25.23)  (19.98-22.14)  (0.09-17.23)  (0.08-23.52)  (0.07-20.67)  (0.8-31.88)
Fairfield. CT 100.72 57.47 67.37 57.1 49.93 61.85 52.28 176.41
g (0.04-105.52)  (0.11-60.03)  (1.25-69.83)  (53.34-59.54) (48.63-50.95) (50.9-64.12) (20.91-54.69)  (80.9-178.3)
Hambden. MA 16.97 12.89 14.46 12.72 9.65 13.34 11.83 16.88
pden, (12.58-18.5)  (12.04-13.5)  (9.81-15.11) (11.89-13.39)  (9.14-10.15) (12.59-13.94) (11.09-12.51) (14.44-19.17)
Hillshoroush. NI 43.36 7.35 12.16 7.27 9.67 10.05 6.11 23.29
gh, (40.81-45.51)  (5.39-927)  (9.26-14.69)  (5.42-9.25)  (7.7-11.81)  (7.63-12.4)  (4.46-7.87)  (2.66-27.28)
Litehfield. CT 0.26 0.05 0.05 0.05 0.06 0.05 0.05 0.2
g (0.25-0.26) (0.04-0.05)  (0.05-0.05)  (0.05-0.05)  (0.06-0.07)  (0.05-0.05)  (0.05-0.05)  (0.11-0.21)
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A B1 B2 B3 C1 C2 C3 D

Merrimack. NH 70.62 18.09 18.28 18.15 18.75 18.37 18.15 69.51
g (61.88-71.75)  (17.89-18.41) (18.05-18.73) (17.93-18.53) (16.42-19.24) (18.15-18.81) (17.93-18.53) (68.74-70.68)
Middlesex. CT 41.77 15.84 20.67 15.69 15.27 18.41 14.07 40.83
) (0.01-44.73)  (13.68-17.64) (18.39-22.36) (13.67-17.46) (14.33-16.03) (16.28-19.87) (12.17-15.74)  (38.7-42.46)
Middlesex. MA 39.75 10.45 10.36 10.36 10.22 10.28 10.36 39.44
? (38.71-40.74)  (10.08-11.11)  (10.02-10.96) (10.04-10.83)  (9.95-10.49)  (9.99-10.59) (10.04-10.83) (38.38-40.41)
158.86 123.34
188.75 147.91 146.45 150.62 140.37 250.92
New Haven, CT (36.73-195.24) (143.55-151.06) O482- 14r53149.18) (22310 (95 49.153.11) (40.52-143.22) (60.09-254.62)
161.83) 124.62)
24.08 1.09 1.16 1.11 1.33 1.19 1.11 17.74

New London, CT (23.53-25.03)  (0.98-1.18)  (1.06-1.25) (1.01-1.2) (123-146)  (1.09-1.29)  (1.01-1.2)  (16.83-18.79)

Newnort. R 14.17 13.75 14.75 13.54 9.38 13.86 12.89 22.44
port, (13.68-14.74)  (13.35-14.15)  (1439-15.1)  (13.14-13.9)  (9.17-9.63)  (13.55-14.28) (12.5-13.28)  (21.95-24.29)
Norfolk. MA 139.72 73.54 87.34 73.06 72.05 80.7 68.44 124.91
? (30.38-146.15)  (29.6-78.51)  (28.42-92.66) (66.86-78.09) (28.81-74.73) (74.71-85.37) (29.97-73.01) (30.41-130.22)
Oxford. ME 2.77 2.62 2.92 2.59 1.92 2.72 2.42 3.36
2 (2.65-3.18) (248-276)  (2.79-3.08)  (2.45-272)  (1.82-2.04)  (2.59-2.86)  (2.28-2.52)  (3.07-3.67)
Penobscot. ME 1.69 0.22 0.36 0.21 0.3 0.3 0.18 0.74
g (1.58-1.8) (0.16-027)  (0.16-0.45)  (0.16-027)  (0.23-0.37)  (0.22-0.37)  (0.13-023)  (0.61-0.88)
155.66 85.08 100.14 84.71 82.23 92.86 79.45 241.53

LG (54.62-161.63)  (51.56-90.5)  (58.36-106.62) (78.94-89.84) (78.76-85.37) (86.42-98.6) (48.35-84.13) (92.83-248.91)

Rockingham. NH 215.91 47.93 53.96 48.08 51.99 5221 46.22 240.21
gham, (118.4-221.38)  (19.91-50.4)  (20.84-56.58)  (45.5-50.54)  (50.55-53.39) (40.66-54.41) (20.1-48.73) (66.34-244.53)
Suffolk MA 9.71 3.9 3.85 3.89 3.59 3.83 3.89 13.2

(9.28-10.18)  (3.85-3.94)  (3.78-3.91)  (3.84-3.94)  (3.44-3.71)  (3.74-3.89)  (3.84-3.94)  (12.87-13.52)
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A Bl B2 B3 C1 C2 C3 D
Windham. CT 57.98 23.34 31.95 23.13 23.6 28.04 20.5 81.04

? (54.7-60.91)  (18.67-26.79) (26.68-35.24) (18.61-26.45) (21.41-25.14) (23.34-31.1) (16.41-23.62) (51.57-84.08)
Worcester, MA 109.49 38.35 53.09 38.01 40.14 46.47 335 88.71

(47.81-114.19)

(30.78-43.62)  (1.14-59.23)  (30.87-43.23) (35.61-43.69) (38.87-51.85) (0.74-38.51)  (43.48-95.3)
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Table S15: Net present value of air emission costs (in millions of 2024 USD, discounted at 2%) across eight decarbonization pathways

A Bl B2 B3 Cl 2 c3 D
Barnstable. MA 20.92 4.6 4.74 4.63 5.23 4.81 4.63 18.75
2 (20.46-21.73)  (4.37-5.08) (4.5-5.23) (441-498)  (5.03-5.57)  (4.6-532)  (4.41-498) (18.17-19.78)
Berkshire. MA 2.73 0.36 0.57 0.36 0.56 0.5 0.3 1.32
4 (1.48-2.91) (0.26-0.46)  (0.41-0.73)  (0.26-0.47) (0.41-0.7)  (0.36-0.64)  (0.21-0.4)  (1.06-1.56)
Bristol. MA 23.52 17.6 19.31 17.42 13.09 18.16 16.36 22.65
g (5.52-2437)  (5.97-1821)  (18.62-19.95) (16.7-1821)  (1.15-13.7) (17.49-18.75) (15.6-17.03)  (3.46-24.52)
Chittenden. VT 15.86 3.7 3.74 3.7 3.8 3.75 3.7 16.09
? (15.16-16.62)  (3.53-421)  (3.54-427)  (3.53-429)  (3.64-4.19)  (3.6-4.3) (3.53-429)  (15.44-16.82)
Coos. NH 22.03 28.55 29.65 28.11 18.7 28.65 27.23 22.07
) (2135-22.81)  (27.76-29.17)  (28.93-30.48) (27.36-28.75) (17.54-19.44) (27.88-29.2) (26.32-28.06) (21.38-22.84)
Cumberland. ME 88.43 36.53 39.16 36.48 33.85 379 35.33 90.98
? (29.19-90.81)  (17.74-38.29)  (17.82-40.85) (34.91-38.11) (19.84-35.7) (36.6-39.58)  (17.5-36.9)  (68.07-96.91)
Essex. MA 22.81 20.39 22.79 20.17 15.42 21.32 18.82 27.2
> (1.09-26.55)  (0.07-21.5)  (0.08-23.99)  (19.1-21.14)  (0.09-16.7)  (0.08-22.44)  (0.07-19.77)  (0.75-29.98)
Fairfield. CT 94.6 54.94 64.18 54.66 48.47 59.21 50.17 163.24
g (0.03-99.1)  (0.11-57.36)  (1.2-66.48)  (51.09-56.97) (47.23-49.44) (48.64-61.34) (20.06-52.45) (76.09-165.01)
Hambden. MA 15.9 12.29 13.74 12.14 9.36 12.73 11.32 15.86
pden, (11.83-17.34)  (11.49-12.86)  (9.49-1434) (11.36-12.77)  (8.86-9.83) (12.03-13.29) (10.62-11.94) (13.58-18.01)
Hillshoroush. NH 40.3 6.96 115 6.9 9.4 9.58 5.81 21.65
gh, (37.84-4238)  (5.09-8.8)  (8.75-13.92)  (5.13-8.8)  (7.48-11.49) (7.26-11.85)  (4.23-7.51)  (2.59-25.42)
Litehfield. CT 0.24 0.05 0.05 0.05 0.06 0.05 0.05 0.19
g (0.24-0.24) (0.04-0.05)  (0.05-0.05)  (0.04-0.05)  (0.06-0.06)  (0.05-0.05)  (0.04-0.05) (0.1-0.2)
Merrimack. NH 66.39 17.79 17.98 17.84 18.44 18.06 17.84 65.37
? (58.62-67.46)  (17.59-18.1)  (17.75-18.42) (17.64-18.22) (16.17-18.91) (17.85-18.49) (17.64-18.22) (64.65-66.47)
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A B1 B2 B3 Cl C2 C3 D

Middlesex, CT

Middlesex, MA

New Haven, CT

New London, CT

Newport, RI

Norfolk, MA

Oxford, ME

Penobscot, ME

Providence, RI

Rockingham, NH

Suffolk, MA

Windham, CT

39.14 15.18 19.72 15.06 14.88 17.69 13.54 38.33
(0.01-41.92)  (13.12-16.9)  (17.56-21.33) (13.13-16.75) (13.97-15.61) (15.66-19.09) (11.73-15.15) (36.3-39.87)

37.38 10.28 10.19 10.19 10.05 10.11 10.19 37.09
(36.39-38.3)  (9.91-10.93)  (9.85-10.78)  (9.88-10.65)  (9.78-10.32)  (9.82-10.41)  (9.88-10.65)  (36.1-38.01)

177.27 140.71 150.84 139.45 (Hggé 143.44 133.79 234.34
(34.84-183.33) (136.63-143.64) (147.09-153.6) (135.77-142.01) g (71.54-145.75) (38.59-136.48) (56.35-237.83)
22.49 1.09 1.15 1.1 1.33 1.19 1.1 16.61
(21.96-23.37)  (0.98-1.17)  (1.05-1.24) (1-1.19) (1.22-145)  (1.08-1.28) (1-1.19)  (15.75-17.58)
13.32 13.05 13.97 12.87 9.07 13.16 12.26 21.05

(12.87-13.86)  (12.68-13.42) (13.64-1429) (12.49-132)  (8.87-9.3)  (12.88-13.55) (11.9-12.62) (20.59-22.79)

130.66 70 82.97 69.62 69.42 77.03 65.31 117.09
(28.31-136.65)  (28.08-74.76) (26.97-88.03) (63.69-74.44) (27.38-72.06) (71.29-81.49) (28.43-69.7) (28.53-122.14)

2.61 2.5 2.77 2.47 1.86 2.59 231 3.16
(2.49-2.99) (237-2.63)  (2.65-2.92)  (2.34-2.59)  (1.76-1.98)  (2.48-2.73)  (2.18-2.41)  (2.89-3.45)

1.56 0.2 0.34 0.2 0.29 0.28 0.17 0.69
(1.46-1.67) (0.15-026)  (0.16-0.43)  (0.15-0.26)  (0.23-0.36)  (0.21-0.35)  (0.12-0.21)  (0.57-0.82)

145.74 80.91 95.11 80.64 79.12 88.55 75.72 223.01
(513-151.33)  (48.93-86.1) (55.36-101.28) (75.1-85.57)  (75.71-82.19) (82.37-94.05) (45.92-80.23) (87.16-229.99)

202.71 46.75 52.46 46.92 51.02 50.93 45.18 223.91
(111.23-207.79) (19.64-49.12)  (20.54-54.96)  (44.45-49.3)  (49.61-52.38) (39.59-53.04) (19.82-47.6) (61.35-227.98)

9.12 3.83 3.79 3.83 3.52 3.77 3.83 12.41
(8.72-9.56) (3.78-3.87)  (3.72-3.84)  (3.78-3.87)  (3.38-3.65)  (3.68-3.83)  (3.78-3.87)  (12.1-12.71)

54.32 223 30.42 22.14 22.97 26.89 19.68 75.21
(51.29-57.08)  (17.84-25.6)  (25.4-33.53) (17.81-25.33) (20.84-24.46) (22.4-29.82) (15.75-22.68) (48.24-78.11)
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A Bl B2 B3 Cl 2 c3 D
Worcester. MA 102.34 36.61 50.51 36.36 39.05 44.53 32.14 83.07
g (44.76-106.73)  (29.38-41.65)  (1.09-56.35)  (29.53-41.36) (34.65-42.51) (37.27-49.68) (0.72-36.95) (40.82-89.32)
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Table S16: Net present value of air emission costs (in millions of 2024 USD, discounted at 2.5%) across eight decarbonization pathways

A Bl B2 B3 Cl 2 c3 D
Barnstable. MA 19.64 4.52 4.66 4.55 5.14 4.73 4.55 17.64
J (19.21-20.4) (4.3-5) (4.42-5.14) (4.34-4.9) (4.95-547)  (4.53-523)  (4.34-49)  (17.09-18.61)
Berkshire. MA 2.53 0.34 0.54 0.34 0.54 0.48 0.28 1.22
4 (1.38-2.71) (0.24-0.44)  (0.39-0.69)  (0.25-0.45) (0.4-0.68)  (0.34-0.61)  (0.2-0.38)  (0.98-1.46)
Bristol. MA 22.12 16.81 18.4 16.66 12.7 17.36 15.67 21.34
g (5.17-22.92)  (5.74-17.38)  (17.75-18.99) (15.99-17.41)  (1.13-13.3) (16.74-17.92) (14.96-1631)  (3.25-23.1)
Chittenden. VT 14.94 3.65 3.69 3.65 3.75 3.7 3.65 15.15
? (1428-15.65)  (3.48-4.15)  (3.49-421)  (3.48-422)  (3.58-4.13)  (3.55-424)  (3.48-422) (14.55-15.84)
Coos. NH 20.75 27.06 28.06 26.67 18.07 27.16 25.87 20.79
) (20.11-21.48)  (26.34-27.64) (27.38-28.82) (25.99-27.26) (16.94-18.77) (26.47-27.67) (25.03-26.62) (20.14-21.52)
Cumberland. ME 83.21 35.38 37.84 35.35 33 36.73 34.28 85.67
? (28.51-85.44)  (17.45-37.08) (17.53-39.47) (33.84-36.92) (19.51-34.81) (35.49-3836) (17.21-35.8)  (64.1-91.25)
Essex. MA 21.47 19.48 21.7 19.29 14.95 20.38 18.03 25.62
> (1.02-24.98)  (0.07-20.52)  (0.07-22.83)  (18.29-20.21)  (0.09-16.18)  (0.08-21.45)  (0.07-18.93)  (0.71-28.23)
Fairfield. CT 89 52.59 61.23 52.39 47.08 56.76 48.19 151.3
g (0.03-9323)  (0.1-54.87)  (1.15-63.38)  (49-54.58) (45.89-48)  (46.53-58.75) (19.27-50.36) (71.67-152.97)
Hambden. MA 14.92 11.73 13.07 11.6 9.08 12.17 10.84 14.92
pden, (11.14-1628)  (10.98-12.26)  (9.19-13.63)  (10.87-12.19)  (8.6-9.54)  (11.51-12.68) (10.18-11.42) (12.79-16.95)
Hillshoroush. NH 37.51 6.6 10.89 6.56 9.14 9.15 5.54 20.16
gh, (35.14-39.53)  (4.81-8.37)  (827-13.22)  (4.86-839)  (7.27-11.18) (6.93-11.34)  (4.02-7.18)  (2.53-23.72)
. 0.23 0.05 0.05 0.05 0.06 0.05 0.05 0.18
BT (L (0.22-0.23) (0.04-0.05)  (0.05-0.05)  (0.04-0.05)  (0.06-0.06)  (0.05-0.05)  (0.04-0.05)  (0.1-0.19)
Merrimack. NH 62.52 17.5 17.68 17.55 18.13 17.76 17.55 61.57
? (55.61-63.53)  (17.3-17.8)  (17.46-18.12) (17.34-17.92) (15.93-18.6) (17.55-18.19) (17.34-17.92) (60.9-62.61)

84



A Bl B2 B3 Cl 2 c3 D
Middlesex. CT 36.74 14.56 18.84 14.48 14.51 17.01 13.06 36.03
g (0.01-39.35)  (12.6-16.2)  (16.78-20.37)  (12.63-16.1)  (13.62-15.22) (15.07-18.35) (11.32-14.59)  (34.1-37.5)
Middlesex. MA 352 10.11 10.02 10.02 9.88 9.94 10.02 34.94
g (3427-36.07)  (9.75-10.75)  (9.69-10.6)  (9.71-10.48)  (9.62-10.15) (9.66-10.24)  (9.71-10.48)  (34.01-35.81)
New Haven. CT 166.75 134.05 (}‘3‘3“9‘2_ 132.97 (Hgg 136.78 127.7 219.21
A (33.11-172.42) (130.22-136.78) ' (129.51-135.37) ' (67.89-138.93) (36.8-130.23) (52.92-222.5)
146.01) 115.37)
New London. CT 21.03 1.08 1.14 1.1 1.32 1.18 1.1 15.57
W ’ (20.53-21.86)  (0.97-1.16)  (1.05-1.23)  (0.99-1.18)  (1.22-1.44)  (1.07-127)  (0.99-1.18)  (14.76-16.48)
Newnort. R 12.54 12.41 13.24 12.24 8.77 12.51 11.68 19.77
wport, (12.12-13.05)  (12.07-12.74) (12.94-13.53) (11.9-12.54)  (8.58-8.99) (12.25-12.86) (11.35-12.01) (19.33-21.4)
Norfolk. MA 122.37 66.72 78.92 66.43 66.96 73.6 62.4 109.93
g (26.43-127.97)  (26.68-71.27) (25.61-83.74)  (60.74-71.05) (26.05-69.54) (68.11-77.88) (27.01-66.63) (26.81-114.75)
Oxford. ME 2.45 2.38 2.64 2.36 1.8 2.48 221 2.98
2 (2.34-2.81) (2.26-2.51)  (2.522.78)  (2.24-2.47)  (1.71-1.92)  (2.37-2.6)  (2.092.31)  (2.72-3.25)
Penobscot. ME 1.45 0.19 0.33 0.19 0.29 0.27 0.16 0.64
g (1.35-1.55) (0.14-0.24) (0.15-0.4) (0.14-024)  (0.22-0.35)  (0.2-0.34) (0.11-0.2)  (0.53-0.76)
Providence. R 136.68 77.04 90.45 76.86 76.21 84.55 72.25 206.27
v 2 (48.27-141.92)  (46.5-82.03)  (52.59-96.34) (71.53-81.61) (72.85-79.22) (78.6-89.83) (43.68-76.61) (81.94-212.89)
Rockingham. NH 190.63 45.62 51.05 45.82 50.08 49.71 44.19 209.09
gham, (104.66-195.36) (19.37-47.91)  (20.26-53.43) (43.45-48.12) (48.71-51.41) (38.57-51.75) (19.55-46.53) (56.87-212.93)
Suffoll. MA 8.59 3.77 372 3.76 3.47 3.7 3.76 11.69
> (8.21-9) (3.72-381)  (3.66-3.78)  (3.71-3.81)  (3.32-3.58)  (3.62:3.77)  (3.71-3.81)  (11.39-11.97)
Windham. CT 50.97 21.33 29 21.22 22.36 25.81 18.91 69.9
? (48.17-53.58)  (17.06-24.5)  (24.21-31.95) (17.07-24.28) (20.29-23.8) (21.51-28.62) (15.14-21.8)  (45.19-72.66)
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A Bl B2 B3 Cl C2 C3 D
95.8 35 48.12 34.82 38.02 42.72 30.86 77.91
Worcester, MA
(41.98-99.93)  (28.09-39.83)  (1.05-53.68)  (28.27-39.61) (33.73-41.37) (35.77-47.65) (0.69-35.5)  (38.38-83.86)
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Table S17: Environmental impact metrics of energy technologies across scenarios B1-B3, C1-C3 and D. Values reported are the means, with 90% CI shown in

brackets.
Pathway
Technology Unit B1 B2 B3 C1 C2 C3
Bird mortality
million bird 0.01 (0.00- 0.01 (0.00- 0.01 (0.00- 0.00 (0.00- 0.01 (0.00- 0.01 (0.00- 0.00 (0.00-
deaths 0.02) 0.02) 0.02) 0.00) 0.02) 0.02) 0.01)
On-shore wind
million bat 0.08 (0.02- 0.08 (0.02- 0.08 (0.02- 0.00 (0.00- 0.08 (0.02- 0.08 (0.02- 0.03 (0.01-
deaths 0.16) 0.16) 0.16) 0.00) 0.16) 0.16) 0.07)
Solar million bird 0.21 (0.01- 0.21 (0.01- 0.21 (0.01- 0.00 (0.00- 0.21 (0.01- 0.21 (0.01- 0.05 (0.00-
° deaths 0.43) 0.43) 0.43) 0.00) 0.43) 0.43) 0.10)
Sum million avian 0.29 (0.05- 0.29 (0.05- 0.29 (0.05- 0.00 (0.00- 0.29 (0.05- 0.29 (0.05- 0.08 (0.02-
deaths 0.78) 0.78) 0.78) 0.00) 0.78) 0.78) 0.20)
Land use
Hydropower million 0.00 (0.00- 0.00 (0.00- 0.35 (0.20- 0.00 (0.00- 0.00 (0.00- 0.00 (0.00- 0.00 (0.00-
reservoirs hectares 0.00) 0.00) 0.50) 0.00) 0.00) 0.00) 0.00)
Natural eas million 0.00 (0.00- 0.00 (0.00- 0.00 (0.00- 0.00 (0.00- 0.00 (0.00- 0.00 (0.00- 0.00 (0.00-
& hectares 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00)
On-shore wind million 0.00 (0.00- 0.00 (0.00- 0.00 (0.00- 0.00 (0.00- 0.00 (0.00- 0.00 (0.00- 0.00 (0.00-
hectares 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.00)
Small modular million 0.41 (0.17- 0.42 (0.17- 0.41 (0.18- 0.00 (0.00- 0.41 (0.18- 0.41 (0.17- 0.18 (0.08-
nuclear hectares 0.69) 0.73) 0.70) 0.00) 0.71) 0.69) 0.29)
Solar million 0.23 (0.10- 0.23 (0.11- 0.22 (0.10- 0.00 (0.00- 0.22 (0.11- 0.23 (0.10- 0.05 (0.02-
hectares 0.37) 0.38) 0.36) 0.00) 0.36) 0.38) 0.08)
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Pathway

Technology Unit B1 B2 B3 C1 C2 C3 D
Sum million 0.63 (0.31- 0.65 (0.31- 0.99 (0.59- 0.00 (0.00- 0.64 (0.31- 0.63 (0.30- 0.23 (0.10-
u hectares 1.03) 1.10) 1.47) 0.00) 1.10) 1.07) 0.40)
View shed
High-voltage million |
transmission Withi‘; PEOPIE 9,20 (0.07- 0.00 (0.00- 0.19 (0.10- 0.00 (0.00- 0.00 (0.00- 0.23 (0.11- 0.27 (0.07-
to/from Hydro- : 0.39) 0.00) 0.33) 0.00) 0.00) 0.38) 0.80)
, viewshed
Québec
Eﬁ}s‘gl‘;ﬁgne $11t1§1‘§1n people 90 (0.13- 0.29 (0.08- 0.79 (0.08- 0.00 (0.00- 0.76 (0.21- 0.68 (0.08- 0.64 (0.05-
e e 2.38) 0.61) 2.61) 0.00) 2.63) 1.33) 2.17)
Offshore wind $11t1111‘1‘;n people ¢ 55 (3.47- 6.16 (3.58- 3.84 (1.96- 0.00 (0.00- 6.48 (3.52- 3.60 (1.71- 0.63 (0.00-
. 8.58) 9.82) 6.26) 0.00) 10.61) 5.91) 2.06)
viewshed
. ﬁ:ﬁ‘ people 5 62 (3 46 431 (3.35- 4.20 (3.34- 0.00 (0.00- 4.01 (3.43- 432 (3.43- 0.80 (0.58-
i 4.49) 4.99) 5.52) 0.00) 4.35) 5.49) 1.11)
Sum $11t1111‘1‘;n People 1151 (719.  1077(7.01-  9.01 (5.49- 0.00 (0.00- 1124 (7.17-  8.83(5.33- 2.34(0.71-
o wahed 15.85) 15.42) 14.71) 0.00) 17.59) 13.11) 6.14)
Water withdrawals for thermal generation
Natural gas — trillion 0.00 (0.00- 0.00 (0.00- 0.00 (0.00- 2.57 (2.57- 0.33 (0.33- 0.21 (0.21- 0.00 (0.00-
dry-cooled gallons 0.00) 0.00) 0.00) 2.57) 0.33) 0.21) 0.00)
Eﬁ?&?j"@gﬁ; trillion 0.00 (0.00-  0.00(0.00-  0.00(0.00-  0.00(0.00-  0.00(0.00-  0.00(0.00-  0.05(0.05-
gallons 0.00) 0.00) 0.00) 0.00) 0.00) 0.00) 0.05)

cooled
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Pathway

Technology Unit B1 B2 B3 C1 C2 C3 D
Sum trillion 0.00 (0.00- 0.00 (0.00- 0.00 (0.00- 2.57 (2.57- 0.33 (0.33- 0.21 (0.21- 0.05 (0.05-
u gallons 0.00) 0.00) 0.00) 2.57) 0.33) 0.21) 0.05)

&9
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