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Goal s of Todayodos Meeti ng

Alntroduce the Comprehensive Energy Plan (CEP)
ADiscuss the scope and anticipated content of the CEP

Alnform about current and future energy challenges in the
Commonwealth

AShare drivers and assumptions of various possible energy
futures

AResults have not been finalized and analysis is ongoing
ASpur written comments to the DOER

www.synapseesnergy.com | ©2018 Synapse Energy Economics Inc. All rights reserved. 2



Introduction and
Background



The Comprehensive Energy Plan

AGovernor Baker established the requirement for this, our first
Comprehensive Energy Plan, in his Executive Order NoES&lishing an
Integrated Climate Change Strategy for the CommonwealtBeptember
2016

Al 2YLINBKSYaA@dsS 9ySNHée tfly 6/9t0
energy use and energy supply in a regional context from now until 2030

AExamines portfolio of energy pathways that seek to balance the three main
energy policy goals of clean, affordable, and reliable energy

AlInvestigating the impacts of policies over a ldagn planning horizon

AThe CEP is informed by, and will inform, all of the ongoing energy planning
within the Commonwealth

AThis includes the ongoing Clean Energy and Climate Plan (CECP) process that
establishes the policies which will allow MA to meet its greenhouse gas emissio
reduction commitments under the Global Warming Solutions Act (GWSA)
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Goals of Massachusetts Energy Policy

AcKS aidliSQa SySNHeé LkRftAaoe aiNnNOgSa
and reliable energy

AClean Meet the targets set by the Global Warming Solutions Act by reducing
GHG emissions

A Affordable: Reduce the cost of energy and reduce the amount of energy
customers need to buy

AReliable and resilientEnsure a reliable system and reduce impact of service
outages, storms, and emergencies

AOur CEP analysis
At N22S00a RAFTFSNBYU LI2aairoAftAldArASa T2
modeling,
Alnterprets the results within the context of these goals,

AHighlights priorities for policy development and identifies possible strategies to
meet demand
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- |
Study Scope

AThe Comprehensive Energy Plan will include results on:
ASupply Today, we will review different assumptions that build different supply
and demand scenarios
AReliability: Ongoing work is investigating the impact of policies on winter peak
A Cost Final report will also contain cost estimates for different scenarios, focusinc
2y AYLI OO0 (G2 NBAARSYUAFf OdzalG2YSNEQ
AThe Comprehensive Energy Plan will project the energy supply and deman
for three sectors:

1. Power
2. Transportation

3. Thermal Conditioning
Alnteraction between the sectors including the impact of increased electrification
in Transportation and Thermal Conditioning



]
Timeline of CEP

AEarly 2018 CEP kickoff

AMarch to July 2018 CEP modeling
AJuly 201& CEP stakeholder meetings
Aduly 31, 2018 Written comments due
ASeptember 2018 Report release
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Overview of
Assumptions and
Drivers In Report



Synapse Energy Economics

AFounded in 1996 by CEO Bruce Biewald

ALeader for public interest and government clients in providing
rigorous analysis of the electric power sector

AStaff of 30 includes experts in energy and environmental
economics and environmental compliance

ABased in Cambridge
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Demand Drivers



Fundamental Drivers

APrimary drivers for energy demant .
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Transportation Demand

Ve

Aa2ad UONYYaLR2NIFOGA2Y A&a YSFEadzNBER Ay 0S

AMost VMT in MA is attributable to liglituty vehicles (LDVs)personal vehicles
which primarily consume gasoline

A Other key parts of the transportation sector include freight, buses, airplanes, and
trains, which primarily consume diesel or jet fuel

AToday, virtually all of the VMT in Massachusetts are powered using fossil fuels, but
increasing amount of VMT will be powered by electricity in the future
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Thermal Demand

AThermal demand can be divided into three subsectors
AResidential
ACommercial
Alndustrial

AHeating and cooling is highly variable yéayear, based on weather

ASince the early 1990s, residential heating and water heating has decreaset
by about onequarter

ASince the mie2000s, commercial demand for thermal energy has increased

by about 40 percent
Aln large part due to increased construction of commercial buildings

AEnergy demand in the industrial sector has dropped significantly since the
1990s.
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Power Sector Demand

Historical¢ New England

AMA is part of the regional New
England electricity grid e s
Aal Q& RSYI YR F2NJ e pors

100 Other le
45 percent of regional demand \\ Hydro

ASince 2010, demand for electricity
has fallen by about 5 percent »

0
2010 2001 2012 2013 2014 2015 2016 2017

(TWh)

50

ation, Demand,and Import:

Gener

AElectricity is increasingly provided
by imports and renewables

ATotal fossil generation has
decreased by about 30 percent

ANuclear generation has declined by
about 15 percent (retirement of VT
Yankee)
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Modeling Future
Energy Demand



Scenarios of Future Energy Use

A Energy future depends on:

A Growth: growing economy and increased Sustained Policies (SP)
population increased vehicle miles _ o
traveled and housing square footage 1. Sustained Policies
A Changes to energy supply (fuel switching, 3
increasing renewables from RPS, SMART, Increased Policies (IP)
83C and 83D, efc.) 2. High electrification (HE)
A Other drivers including fuel costs and :
appliance efficiencies 3. High renewables (HR)

4. High electrificatiomndhigh

AWe examine the impact of making
renewables

 RedzaGYSydga G2 ai1Se f

efficiency, renewables, electrification > High electrificatiorand high

renewableswith Clean Peak (CP)

(electric vehicles, heat pumps) : ..
Aggressive Policies

A By analyzing multiple scenarios, we can 6. Aggressive Polices
understand how different policies drive
differences in costs, reliability, and
emissions
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Assumptions for
Sustained Policies



Sustained Policies Scenario

Ala | FANBRG a0SLI AYy 2dzNJ ylFfeara 2
RSOSt 2LISR | aadzadl AySR LR2fAOASaA T
AA future in which all policies that are in effect today remain in effect into the

future

AThis includes future policies which are known and have already been enacted,
odzu | Nb y2u eSU AYLIOuAYy3I al aal OKdza:

AThis scenario does not assume or require results to meet any goals or targets,
including any GWSA emissions targets

AKey Assumptions are:
AElectric vehicles hit 160,000 in 2025
AVMT continues to grow
ACurrent deployment rates of heat pumps
ANo increase in building shell efficiency beyond current trends

ARPS increases 1% percent per year with current 83C (offshore wind) and 83D
(clean energy) procurements
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Transportation Energy Demand
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Transportation Energy Demand
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Transportation Energy Use

AWhile VMT is projected to
continue to rise, improved
efficiency is expected to reduce
fuel consumption

ABy 2030, CAFE standards are
projected to reduce gasoline
consumption by 20 percent
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Transpertation Energy Consumption
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AUnder a Sustained Policies future, :
1.2 million EVs on the road in 1990 1995 2000 2005 2010 2015 2020 2025 2030
2030 reduces gasoline
consumption by another 13
percent

A2 out of 3 vehicles purchased in
2030 are EVs
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Thermal Sector: Energy Demand

ADemand in the thermal sector include 400 Hitorical Projected>
the demand for heating, including bot .
A Space heating
AWater heating

300
250
200
150
100

Residential
Space Heating

Residential and Commercial Thermal
Deamnd (Trillion Btu)

AHeating and cooling is highly variable

50

(S 000 Y

year_to-year, based On Weather 0I990 1995 2000 2005 2010 2015 2020 2025 2030
ASince the early 1990s, residential

heating and water heating has ASince the mic2000s, commercial

decreased by about oreuarter demand for thermal energy has

AUnder a Sustained Policies future, ~ ncreased by about 40 percent
energy efficiency measures and fuel ~ Aln large part due to increased

switching are expected to continue to construction of commercial buildings
reduce residential demand for thermal A Under a Sustained Policies future,
energy energy efficiency measures and fuel

switching are expected to partially offset
continued increased in demand
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R
Residential Thermal Energy Use

AContinuing energy efficiency
under sustained policies is
expected to reduce total
residential thermal demand by 15
percent by 2030

ANew build and retrofit shells are
prOJeCted to Continue to improve 0|99O 1995 2000 2005 2010 ZOI.’E 2020 2025 2030
at 0.5 percent per year

300
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1

250

200

150 Fuel Oil

Residential Energy Consumption
(Trillion Btu)

AMultifamily buildings are
projected to be about 6 percent
more efficient than they are today
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Commercial Thermal Energy Use
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50

Commercial Energy Consumption

0
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ADespite improved energy efficiency, continued new construction is expecte
to increase total commercial thermal demand by 6 percent by 2030

ANew build and retrofit shells are projected to continue to improve at 0.5
percent per year
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Industrial Thermal Energy Use

AUnlike the residential and
commercial sectors, only a small
part of the industrial sector is
GUKSNXYIf ¢

AExact values are difficult to
determine, but most industrial
thermal demand is attributable to
industrial processes

AG ¢ KSNXYIFf ¢ SyYSNHE@
of in the other two sectors) is

often produced as a byproduct of
these processes

AEnergy demand is projected to
continue to gradually increase

AlIncreased manufacturing is
expected to morethan-offset
improved EE
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Power Sector: Energy Demand
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AOver time, efficiency is expected to decrease demand by about 10 percent
A 1.2 million EVs return the 2030 level of electricity demand to be par with what is

observed today

A Increased levels of EVs will necessitate good planning for charging infrastructure and
charging periods
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Power Sector: Energy Use

Sustained Policieg New England
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Aln a Sustained Policies future:

ADemand is projected to remain relatively flat

A State policies (RPS, 83C, 83D, SMART, and others) drive increases in renewab
which increase by 120 percent by 2030

AFossil generation decreases by ahéd
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Assumptions for
Increased Policies



Levers for Increased Policies Scenario

AThese scenarios test multiple demand levers including
AlIncreasing electrification, including electric heating and vehicles
Alncreasing renewables
ACombined electrification and renewables,

A Other possible policies including increasing energy storage capacity

AThese levers represent the areas of greatest impact and control for state
policy makers

Understanding electrification: What is a heat pump?

A A heat pump moves heat from outside to inside using the same processes|as air
conditioners or refrigerators

A Efficiency >100 percent because they move heat, rather than generating it

A1 SFG LildzyLla F2NJ aLl OS KSFG faz LINROA

A Can replace or supplement existing space heating systems

A Heat pump water heaters are also available
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Defi ning AnHIigh Electrificat

2.0

ACars and light trucks P

AMeet the ZEV MOU target 800,000 .
EVs on our roads in 2025

12 o
A 1.7 million EVs by 2030
A6 out of 7 vehicle sales in 2030 are EV 04

0.2

0.0
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1.0

Electric Vehicles in MA
(million vehicles)

AResidential and commercial heat pumps

A By 2030, 25 percent of etnd propane
heated buildings add heat pumps, and
10 percent of natural gakeated
buildings

A Between half and two thirds of homes

getting a heating system in 2030 choos - e
a heat pump Policies

2015 2020 2025 2030
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200

Heat Pump-Heated Single Family
Homes (thousands)
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Demand | mpacts of nHI gh EI

Assumptions
ATransportation 400 I
AGasoline use falls almost 40 percent . — \
by 2030 3°°
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Demand | mpacts of nHI gh EI

Assumptions

APower demand 50

A2030 electric consumption 11 percer 2 ——— e

above 2018 O
8% 7
?': . MAHighEkat
b 50
25
0
2010 2015 2020 2025 2030
AMeeting the increased demand High Electrificationg New England
AEnergy from natural gas falls relative . I )
to 2018, but by less than in Sustaine 2 Netimpars

Policies case, while renewables and
imports are relatively unaffected
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N\

Defi ning AHIi gh Renewabl eso

Aln Sustained Policies, renewables (including hydro/imports) supplyTa8t5
In 2030, about 35 percent of electricity in the region, with Massachusetts

hitting its 25 percent RPS target

Adl AIK NBYySgloftSaég OF &S TWHOWiRAE &f e
Increment serving Massachusetts, which gets about half its electricity from
Class | renewables in 2030

AThis could be achieved through either an increase to the RPS, additional
procurements, or a combination of both increased policies

ANo changes to thermal or transportation demand or supply from the

Sustained Policies case
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Demand | mpacts of nHI gh Ren

APower demand
ASame as Sustained Policies

AChanges in the supply mix High Renewableg New England
AClean Energy Imports and offshore 0 -
wind are unchanged % T Nt

Other
100 S Renewables

Other Fossil

50

AWwind and solar grow to 29.BWhin
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AFossil generation falls 39 percent fro
2018 levels
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Combining Electrification and Renewables

APower demand
ASame as High Electrification

AChangeS In the supply mix High Electrification + Renewable&sNew England

Alnstead of meeting the increased 150 e
demand with natural gas, the - ] D
increased renewables are sufficient Other

meet the increased demand

AWwind and solar grow to 33 7Whin
2030 .

ANatural gas in 2030 is 29 percent .
|ower than today 2018 2020 2022 2024 2026 2028 2030

100 T ——

75 \ l Hydro+CEl
Other Fossil

50

Generation, Demand, and Imports
(TWWh)

Nuclear
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R
Adding Storage Capacity

At 2a3aA0tS G/ tStYy tSIF1€é t2fA0e g2 dz
Incentivize generation or energy
diSpatCh available to meet winter anQIigh Electrification + Renewables + Clean Peak
summer peaks without emissions, New England
although those resources would be
available throughout the year

System

/ Demand
125 T

Net Imports
Other
Renewables

75 \ . Hydro+CEl
Other Fossil

50

AModeled as increasing availability o
battery storage

AExamining winter peak reliability N
impacts, too. .

2018 2020 2022 2024 2026 2028 2030

Generation, Demand, and Imports
(TWh)

AEV and battery charging/discharging
load shapes have a real impact
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Aggressive Policies
Assumptions



Going further/faster: Efficiency and Renewables

AScenario for increased efficiency, electrification, and renewables

AEfficiency

APace of building shell improvements increases3x $elative to today

A E.g., avg. commercial building in 2030 uses less than 75 percent as much heat energ
as a average building today

ALYRAzZAGNATIIf STFAOASYOé t26SNAE UKSNX)I

ARenewables
AAlmost 50 percent of MA electricity from renewables by 2030
A 20 percent of heating oil from bioheat in 2030
A5 percent of freight from blended biodiesel

Alncludes the same increased storage resources as the Increased Policies ¢
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Going further/faster: Electrification

ATransportation 22 pegesive Pt
AExceed the ZEV MOU goal (370,00C = .
EVs by 2025, and 1.9 million in 203C 5= Sutaned o
A8 of 9 car and light truck sales in 207 @2 !
are EVs 27 oe
A5 percent of freight powered by 233
electricity (~1/4 of trips under 100 2015 2020 2025 2030
miles) by 2030
AThermal
AHeat pumps used in 25 percent of e e i
homes and 20 percent of commercie & _
buildings by 2030 58 400
A3/4 or more of buildings getting i 300
heating systems in 2030 choose hee ¢
pumps o —
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AAdvanced deployment of EVs in the Aggressive Policies case (1.9 million by
2030) could decrease gasoline consumption by 12 percent below Sustained
Policies, and 40 percent below 2018
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Thermal

Aln an Aggressive Policies future,

iImproved building shells and

deployment of heat pumps reduce

thermal energy use in residential

and commercial buildings to 23

LISNOSYy (G 0St2¢ (G2RIé&Qa fS@St a
AAs stated above, industrial

efficiency lowers fuel consumption

o0& p LISNOSYyd FNRY (2RI é&Qa fSOSt a4

(instead of rising 15 percent as in

Sustained Policies)
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