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About Evolved Energy Research (EER)

« Energy consulting firm focused on addressing key energy sector
challenges posed by energy system transformation

 We advise clients on issues of policy implementation and target-
setting, Infrastructure investments, R&D strategy, technology
competitiveness, and asset valuation

» Lead developers of EnergyPATHWAYS and RIO, two models used to
Investigate pathways to deep decarbonization
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Takeaways from this presentation

« Electricity storage has a critical, but limited, role with smart design of a
decarbonized system

« Our modeling finds a regional net-zero GHG target would add multiple GW of
new storage in New England, the bulk of which is added after 2035

* In a least-cost, decarbonized energy system, storage will work in
coordination with other resources to balance a very high renewable system
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Agenda

1. EER’s approach to modeling deep decarbonization pathways
2. Overview of Massachusetts study

3. Storage’s role in a net-zero compatible New England grid
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Context on EER'’s approach



Framing the pathways approach

* Necessary to meet the level of
granularity relevant for implementers
(utilities, business community,

regulators, and other stakeholders) — REALTIMEDECISIONS Q %
« Approach is to start with the end goal FORECASTING |+ ﬁ

and work backwards to understand
. . . SCENARIO PLANNING «_
the implications vE )

» Understanding policy comes after
understanding the physical transition TIME

FUTURE

PRESENT

Figure source: https://www.backcastpartners.com/what-is-backcasting/
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Conceptualizing the transition to zero carbon emissions

Why is it so critical to think long-term?

U.S. Energy-related CO, Emissions
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Pathways enable an understanding of transformation

Engaging in the process leads to deeper insights
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Reduction in Emissions
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Considerations when modeling long-term pathways

Value of pathways: What pathways do not represent:

» Framework to consider the choices and » Pathways are not forecasts — the
trade-offs to achieve deep GHG energy system will turn out differently
reductions than modeled

* OQOutline plausible potential sources and « Pathways illustrate technical transitions
demands for energy types over time but largely exclude institutional barriers

- ldentify both ‘no-regrets’ and ‘dead-end’ that are challenging to model

strategies » Pathways included in the study are not
- Provides insights into how economy- exhaustive — thousands of alternatives
wide decarbonization affects electricity exist
planning and operations « Both data inputs and model structure
can bias inputs in ways that aren’t
always clear

A
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How we model decarbonization pathways

Demand- and supply-side modeling framework

EnergyPATHWAYS (EP) Regional Investment and Operations (RIO)

Annual End-Use Energy Demand

Inputs

I
Reference

1]

/

DDP 500

Electricity Pipeline Gas Gasoline Fuel Diesel Fuel Jet Fuel |
_'_._._._,--""-F-
0 ___“_‘

D T \———"‘—r

MWh

Hourly Load Shape

Deep decarbonization
pathway with
electrification

Reference

End-use energy
demand

System emissions
constraints

RPS or CES
constraints

Technology and fuel
cost projections

New resource
constraints

Biomass and CO,
Sequestration costs

- Hourly load shape

Outputs

Electricity sector
Wind/solar build
Energy storage
capacity/duration
Capacity for reliability
Curtailment
Hourly operations

Hydrogen production

Synthetic electric fuel
production (H2/SNG)

Biomass allocation

CO, sequestration
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Four Pillars of a Net-Zero or Net-Negative Energy System

U.S. Benchmarks

Electricity Decarbonization = Energy Efficiency Electrification Carbon Capture
/ A \ 95% reduction in ‘ 40% reduction in 300% increase in 800 MMT+
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* intensity ’ energy demand from electricity and use/storage
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Massachusetts study



Overview of the MA study

« Massachusetts has undertaken a Decarbonization Roadmap Study for
achieving net-zero GHG emissions by 2050.

« Evolved prepared one part of the roadmap, focused on reducing CO, from
energy use and industry (E&I), looking at multiple pathways.

« Research questions:
* |Is it possible to reach E&I emissions consistent with net-zero GHG by 2050 in
Massachusetts; and
* If it is possible, what are the actions required in the E&I sectors, and what are their
implications?
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Study map

* Analysis includes New

England, New York, \
Quebec, and New -
Brunswick. A 4
» All zones are assumed
to adopt comparable
carbon targets in order
to establish regional g"’ B
boundary conditions for "
Massachusetts e
« Optimal transmission oo
and resource selection oot
in RIO is done for all ) T q{kk
zones. J — 7

% Ma
1

, ©2020 Mapbox © OpenSfreetMap [\
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Energy CO, emissions in Massachusetts and New England

Pathways reach a 90% reduction in energy emissions, consistent with net-zero GHG targets

Massachusetts Total CO2 emissions New England Total CO2 Emissions
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Massachusetts energy system transformation
Sankey diagrams for 2020 Reference and 2050 All Options

2020 - Reference

Net TX - Quebec: 56
Solar: 15 Grid Electricity: 226

Electricity Generation: 415

Natural Gas: 599

Pipeline Gas: 268
Steam Production: 14

M Biomass: 27

Trillions of BTUs

u Asphalt & Other: 25

Petroleum Imports: 529 Liquid Fuels: 526

Ethanol Imports: 22
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Net TX - CT: 17

Net TX-VT. 6

Buildings: 513

Industry: 75

Transportation: 426

2050 - All Options

Net TX - Quebec: 54
Net TX - NH: 27
NetTX-RI: 8

Net TX - VT: 4

Offshore Wind: 266
Onshore Wind: 8

—Hydro: 3

Solar: 134

Trillions of BTUs

J Natural Gas: 44
® Biomass: 25

I Net Zero Carbon Imports: 34

I Petroleum Imports: 57

Grid Electricity: 416

Electricity Generation; 511

Steam Production: 17

I Hydrogen Production: 57

e \

Fischer-Tropsch: 25 m

Pipeline Gas: 36

M Asphalt & Other: 36

Liquid Fuets: 69 [

Net TX-CT: 22
Net TX - NY: 11

Buildings: 289

Industry: 77

Transportation: 191




Massachusetts final energy demand

One quad of final energy

demand in reference case
is reduced to 0.6 quads in
decarbonization scenarios

Very high levels of
electrification more than
triple the share of final
energy from electricity

TBtu

Remaining hydrocarbon
fuels (pipeline gas, jet fuel,
etc.) can still be
decarbonized using drop-ir
replacements
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Electrification of transportation and heating drives load growth

Massachusetts electricity demand by end-use
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A net-zero pathway significantly changes the ISO-NE electricity profile

Building electrification changes the system to winter peaking
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Renewables become the primary source of electricity supply

Annual generation for three different pathways (including imports & exports)

all options no thermal limited efficiency
350 ground-mounted pv
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A major expansion of renewables enables this scale of generation
Average annual build during each 5-year period through 2050

all options no thermal limited efficiency

5.0 [ ground mounted pv
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[ offshore wind floating
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Storage for deep decarbonization in New England



New England installed capacity
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New England energy storage

all options no thermal limited efficiency
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ISO-NE cleared more than 630 MW of battery storage in their 2024-2025 forward capacity auction
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Storage and multiple other resources balance the system in 2050
Contrasting hourly operations for Feb 15t and Feb 16™, the all options pathway for MA

February Generation
1 16 renewable curtailment
30 [ net transmission flow
solar
[ offshore wind
onshore wind
[ energy storage

25

g flexible load
©3 oil
Most Days look like Feb. 1st: 5 mew . :
ostoays S s M gas Occasionally Days look like
rich inwind. On days like this, 5 1 hydro
o
O]

mbomass | Feb. 16M: almost no wind. MA
imports up to half its electricity
in some hours. Gas is needed
during every hour and over 9
GW is needed during the
morning.

MA: exports power to
neighbors, runs H, electrolysis
and electric boilers (in CHP
and industry). No gas capacity
is needed at any point during
the day.

nuclear

11 13 15 17 \9 21 23 1 3 11 13 15 17 19\21 23

0 . Load
Delayed EV charglng to [ net transmission flow
25 shift load to the night [l energy storage

flexible load
hydrogen electrolysis
[ electric boiler
bulk load

20
Electrolysis

Load (GW)

In both example days, storage
shifts energy on a diurnal time
scale

End-use Demand

1 3 5 7 9 11 13 15 17 19 2123 1 3 5 7 9 11 13 15 17 19 21 23
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Average daily operations 2050 (all options pathway)

connecticut maine massachusetts new hampshire quebec rhode island vermont Generation

renewable curtailment
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ISO-NE dalily supply and demand balance for all options pathway
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Electrolysis loads help decarbonize

other sectors while enabling loads to
better match renewable supply \ |
0 [
I

Storage maintains a relatively
consistent daily cycle

Days with low wind

2050| generation happen several
times throughout the year
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Storage largely plays an intraday balancing role in a larger portfolio

Balancing is accomplished with a suite of solutions working on different timescales

all options no thermal
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Takeaways

« Energy storage plays a critical role in a net-zero compatible New England grid, with battery
deployment increasing to multiple GW by 2050
* Our least-cost pathway modeling suggest slow deployment of new storage until after 2035 (which
excludes storage for resiliency and local capacity needs)

« Battery storage resources support diurnal balancing, principally shifting solar energy out of
the middle of the day

* Recent national modeling by Evolved suggests that while other regions of the country deploy battery
storage faster than the Northeast, the region catches up by 2050

» Lower future costs could augment this role

* Energy storage is part of an ensemble of balancing resources — flexible thermal
generation, transmission, and flexible loads — and plays a critical role filling in for any of
these resources if policy preferences limit their availability.

« If all gas capacity leaves the system, storage deployment is 5x higher, with much longer duration, to
ensure reliability

.
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THANK YOU
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