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Study Overview




Greenhouse Gas Emissions (MMTCOze)

Net Zero target for the Commonwealth
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100% Renewables

At least an 85% reductio
in gross emissions from
1990 levels.

Balanced by carbon
dioxide removals -
predominantly
Massachusetts natural
and working lands.

Includes interim targets



Economic & Health Energy Pathways
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INTEGRATED CROSS-SECTOR PATHWAYS MODELING

Energy Pathways Report
Non-Energy Sector
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S— . .F:eglor?:al representation
Electricity generation including Northeastern U.S. - Fluorinated gases
Renewable fuels and Eastern Canada - Gas leaks
* 8 pathways studied, each *  Solid waste
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and annual energy supply = Agriculture
and demand under an . Industrial processes
Transportation Buildings emissions constraint and
minimizes cost
Energy Pathways Report results coordinated and integrated with sector specific
models
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Roadmap and Clean Energy and Climate
Plan (CECP) Process

» December 30, 2020: Roadmap and Interim 2030 CECP posted

» Jan. 4, 2021 Legislature passes S.2995: An Act creating a next-generation
roadmap for Massachusetts climate policy

» January 7, 2021: Comment period opens for the Interim 2030 CECP
» Jan. 14, 2021 Governor Baker vetoes 5.2995
» Jan. 28, 2021 Legislature passes 5.9
» Feb. 8, 2021 Governor returns with amendments
» Mar. 18, 2021 Legislature accepts some amendments and returns to the Governor
» March 22, 2021: Public comments due on Interim 2030 CECP
» Mar. 26, 2021 Governor signs bill into law
» ~April/May 2021: Final 2030 CECP posted
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Presentation Notes
Focus on the technical analysis rather than the politics
45% Vs 50% interim targets


The Commonwealth in 2050




Energy Flows

2020 Commonwealth Energy Use (TBtu)

Net TX - Quebex: 56
Solar: 15

Natural Gas: 599

to 2050. On the left of each figure are energy sources.

The height of a bar indicates the relative quantity of energy used. The right of each figure indicates the energy
use sectors like transportation and buildings. The middle of each figure shows energy tramsformations.

Grid Electricty: 226

Electricity Generation: 415

Pipeline Gas: 268

NET TX - CT: 17 NET TX - Quebec: 54
NETPVT-6 NET TX = NH: 27
NET-TX-RI:8
~NET TX-VT: 4

Offshore Wind: 266

Buildings: 513 -
Onshore Wind: 6

— Hydro: 3

Solar: 134

Natural Gas: 44

Petroleum Imports: 529

mwEthanolTmports: 22

Liquid Fuels: 526

The Commonwealth shifts from being
primarily powered by fossil fuels

in 2020 to renewable resources in
2050. The main sources of energy in
2050 are offshore wind, solar, and
electricity transmission imports.

The two figures below illustrate key changes in energy supply and end use from 2020

2050 Commonwealth Energy Use (TBtu)

NET TX - CT: 22

NET TX---NY:-11

Electricity Generation: 511 Grid Electricity: 416

Buildings: 289

Steam Production: 17

I Hydrogen Production: 57

Fischer Trophsch: 25 g

Petroleum Imports: 57

Transportation: 426

The electrification of many end uses
in the buildings and transportation
sectors results in efficiency
improvements and a reduction in
overall energy demand. This is
exhibited by the lower amount of
primary energy sources in the figure
with 2020 energy use.

Gas use declines
significantly from 2020
to 2050 but is still
used in 2050 for some
electricity generation,
building heating, and
transportation uses.

phalt & Other;36
B Net Zero Carbon Imports: 34
= | -m"-m E ili. ﬁﬂ Transportation: 191

Sectoral coupling with
flexible industrial loads
(like steam and hydrogen
production) help to
balance the electricity
generated by high levels
of renewable energy.



Energy Demand by fuel (TBtu)

Rapid transformation of the energy system has impacts on
energy services and supply.

Energy Demand and Supply

Over time, end uses in the buildings and Electrification results in growing demand for
transportation sectors are electrified resulting electricity. Solar and wind generation increase
in efficiency savings and a reduction in overall dramatically from 2025 through 2050.
energy demand.
Energy Demand Electricity Generation 2050 Electricity
by Fuel by Source Demand
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= ) Heating —_
600 = 8o Wind 80 _é
Pipeline Gas 5 =
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Characteristics of low-cost, low-impact
decarbonization

Energy Efficiency ™ Decarbonizing Carbon
and Flexibility Energy Supply Sequestration

m

Transitioning Aggressively pursuing Producing zero and
buildings, vehicles, energy efficiency and low-carbon energy
and other end uses flexibility to enable supplies to power

away from consuming cost-effective our energy system
fossil fuels decarbonization
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Presenter
Presentation Notes
Renewable Electricity: Rapid deployment of solar & wind to achieve >97% carbon free electricity
Electrification of nearly all transportation, buildings and industrial end uses
High Efficiency investments that reduce energy demand by at least 30% across all sectors (e.g., widespread comprehensive building retrofits) – efficiency makes decarbonization cost effective and equitable
Negative Emissions are necessary to offset hard-to-abate sectors and allow for some fossil fuel use where alternatives are costly.
Enabling Actions such as investment in transmission, distribution and distributed energy resources 
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Annual Statewide Energy System Costs

2050 Cost in Non-Compliant Reference Case

2020

2050

Investment in
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equipment and
infrastructure

Purchase of
imported
energy

—
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W [ncremental Cost of EVs, Heat

Pumps, etc.
M Energy Infrastructure

Renewable Resources
B Fossil Power Plants
B Eledricity Imports
» Renewable Fuel Imports

B Fossil Fuel Imports

B QOther

Investment in local
equipment and
infrastructure increases
from 2020 to 2050,
allowing decreased
operating costs.

The purchase of imported
energy decreases from
2020 to 2050 due to the
replacement of imported
fossil fuels with a diverse,
largely regional, energy
mix.



Pathway

Limited
Offshore Wind

No Thermal

100%
Renewable
Primary
Energy

Pipeline Gas

Limited
Efficiency

Assumption

Offshore wind
capped in region

All “firm” capacity
retired by 2050

No fossil fuels
allowed, zero carbon
fuels used in thermal
plants

Limited
electrification of
buildings currently
using natural gas

~10% reduction in
energy demand (vs.
30%)

2050

Emissions

5 Mt CO,e

5 Mt CO,e

0 Mt CO,e

5 Mt CO,e

5 Mt CO,e

Distinct Tradeoffs in How We Get There

+3959

Solar+
storage

+3959

Fuel
imports

+5$
Fuel
imports

+$S
Additional
resources

Solar Land Needs

Non-Fossil

(% MA land)* Carbon Needs

Reliant on T&D and out of state
resources, and additional solar, &
hydro

3% Low Reliant on additional solar and

low-cost storage

1% High Reliant on large bio-based or
syntenic fuels industries to

emerge

1% High Reliant on large bio-based or
syntenic fuels industries to

emerge

1% Moderate Needs a faster development of

T&D and wind

*Impact subject to policy influenci
rooftop vs. ground shares




Renewable Electricity and the Need
for Reliable Resources




Traditional Flow of Electricity
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Mass Electricity Capacity by Year and Pathway
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Load (GW)

Generation (GW)
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all options no thermal
2030 _ 2040 _ 2050 _ 2050

delivered
renewables

curtailed
renewable

transmission . electric
import Stormge fieadle.load conversion load

thermal
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Pathway Choice Impacts Costs and

Resource Demand

Energy Costs

No Thermal 2050 48 19 20 31 $164/MWh
0 20 40 60 20 100 120 140 160 180
S/MWh

Land Consumption
DER Breakthrough

Regional Coordination

i

All Options

No Thermal 158

(=]

50 100 150 200 250
Solar Land Use (thousand acres)

300

M Electricity Distribution

M Electricity Transmission

M Other

B Wind

B Gas Power Plants

B Storage
Solar

350




Renewable Energy Goals for MA

» Offshore wind and solar are the lowest cost low-carbon energy resources
and will comprise the bulk of the Commonwealth’s (15-20 GW each) and
the region’s electricity generation in 2050.

» Complementary resources and technologies, including imported
hydropower and additional interstate transmission, is required to reliably
operate a cost-effective, ultra-low emissions electricity grid based on
variable renewable resources.

» Specific reliability resources (infrequently used thermal capacity without
carbon capture, and/or new bulk storage) will be needed.

» Key take-a-way: we can get to 95-98% renewable energy cost effective
but 100% will require large amount of storage and higher levels of
consuming solar.




Building Decarbonization & the
Limits of Fuels




Use of Decarbonized Fuels in Buildings

Primary Energy & Resources Heat Pump

Heat Pump

"?'PE- Traqsmhslun & 3100% Efficient
Distribution Losses

Heat Pumps provide heating and
cooling at high overall efficiencies.

Zero-Carbon Fuel
Methanation, Fischer-
Tropsch, or Anaerobic
Hydrogen Electralysis Digestion Furnace/Boller
e i ! ) & Ll
a0% Efficient Zero-carbon fuels could be dropped-
20% - 30% losses 20% - 30% losses (carbon released) in to existing furnaces and boilers
Zero-carbon fuels derived from Biogas or bio-oil derived from organic wastes simultaneously
captured CO, or biomass are treats waste streams and generates renewable energy.
expensive, incur high energy Producing biogas does not require hydrogen, but cleaning it
losses, and are an opportunity for pipeline injection incurs losses and costs. Dedicated crops
cost for carbon sequestration. can be used but have implications for food and land use.

e



Reliance on bio-renewable fuels will
likely strain bioenergy systems

2020 2050
140

100 ethanol
M decarbonized pipeline gas
sn M decarbonized liquids

TBw

60

reference 2020 all options  limited efficiency pipeline gas
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Electrification Costs & Opportunity

$500
—s—Total Cost
5400 = Replacement
5300
Single Family
$200 1950-1979
$100 Small Multifamily Single Family Single Family [
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) ! : : Energy intensive:
-5200 e Small Residential Laboratories, Hospitals,
Supermarkets,
$300 .' o Low intensity: Offices, Schoaols, Retail Assembly
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Emissions Reduction Technical Potential (MMTCO e)
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Implementing a Net Zero code soon will
avoid locking in fossil fuel infrastructure

Thousand Metric Tons CO.,e
co
=
o

2020 2025 2030 2035 2040 2045 2050
et Zero 2023 =sssmpet Zerp 2030 2 =———=Base Building Code
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Building Sector Goals for MA

» Electrification of space and water heating is a low-risk, cost-effective
strategy for decarbonizing the majority of the Commonwealth’s building
stock.

» Investing in envelope efficiency drives down costs to consumers and the
entire energy system.

» A limited amount of decarbonized fuels may be available and be an
appropriate strategy for some buildings, but in order to achieve Net Zero,
the use of gas for building heat must start to decline in the near term.

» Key take-a-way: electrification coupled with energy efficiency and
flexibility is the most cost effective strategy for decarbonizing the
buildings sector.




Cost, Economic, & Health Impacts




Decarbonization shifts spending from out-of-
state energy purchases to capital equipment
deployment in the state

REFERENCE ALL OPTIONS

25 W within-state spending on energy system
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Choice of how you decarbonize has long-
term cost impacts

Difference in 2018%bil
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DER REGIONAL OFFSHORE WIND LIMITED 100% RENEWABLE

PIPELIME GAS NO THERMAL

BREAKTHROUGH | COORDINATION | CONSTRAINED EFFICIENCY PRIMARY
S Supply Node Cost Group
B DEMAND-SIDE COSTS I IN-STATE FUELS PRODUCTION ]
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Ml EIOMASS POWER PLANTS B OIL PRODUCTS °
B GAS POWER PLANTS OTHER 37
B OFFSHORE WIND GAS PIPELINES
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How you decarbonize impacts economic

benefits

Pathway

All Options

Total

Net Cost
above
Ref. Case

Change in
Out-of-State
Spending

Change in
In-State
Spending

30-year total (billions 52018)

Employment

jobs per million

S spent

DER Breakthrough S21.4 -S61.1 $82.5

Regional $28.1 -$43.4 S71.6

Coordination

Pipeline Gas $33.2 -S45.3 578.6

Offshore Wind S34.7 -$45.0 $79.7

Constrained

Limited Efficiency $37.8 -$47.7 $85.5

100% Renewable $40.5 -$50.6 S91.1

Energy Primary

No Thermal $56.2 -S54.2 $110.4

Return on Investment




Rapid build-out of renewables required

to reach net zero target
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Health Benefits Accrue to the Most

Vulnerable
Deaths Avoided
» $2-4.5 Billion in health ES;
benefits annual E5-10
B 11 - 20
» Highest benefits are seen in =il
Suffolk and Barnstable
county

Raifman et. Al Env. Research Lette




Questions & Discussion
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reference all options limited efficiency pipeline gas
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SALES STOCK ENERGY
all options pipeline gas . all options . pipeline gas

TBtu
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