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Executive Summary

Overview and Project Background

In 2014, the Rhode Island General Assembly enacted the Resilient Rhode Island Act, which created the
Executive Climate Change Coordinating Council (E@EC4vas requiredo develop a plan to meet a

set of ambitious greenhouse gas emissions reductionetargncludingan 80 percentreduction below

1990 levels by 205Qater, h 2017, the Rhode Island General Assembly enacted an amendment to the
Act, requiring the EC4 to study the effectiveness of a state and/or +stalie carbon pricing program to
incentvize institutions and industry to reduce emissions.

To meet this charge, the Rhode Island Office of Energy Resources (OER) and the Rhode Island Department
of Environmental Management (DEM), in consultation with the Rhode Island Department of
Transportation (DOTYrontracted with the Cadmus Group and Synapse Energy Econ(muiletively
NBEFTSNNBR (2 I &indhis ddsumeni® iBvSstigate gotrtial state and regional carbon

pricing policy optionso support Rhode Island in acliirg the requirements laid out in the Resilient Rhode

Island ActThis reportoutlines the process and results the study.It provides an impartial assessment

of the implementation considerations amgbtential impacts ofillustrative carbon pricing polies. The

studywill inform, not set, potential future policy design.

It should be noted that a carbon pricejist one potential tool within a broader suite of decarbonization
A0NF 0S3IASa GKIG O2dA R adzlllR2 NI wK2RS Lafl yRQa
evaluate the potential contribution of a carbon price to support a portfolio of carbonctalu strategies,
rather than design a price that would independently achieveshé G S Q& 32 f & @

puj
w
O

Summary of Approach
¢KS tNR2SOG ¢SIFYyQa LINRPOSaa F2NJ I aaSaainclided LR GSY GA Ll
several key steps, including:
9 Literature Review andPolicy Selection: The Project Team reviewed and summarized critical state
level policiesregional climate initiativesand international examples of carbon pricing better
understand the impact of these initiatives on emissions, as wslltleir advantages,
disadvantages, and feasibility of implementatiofhe learnings from the literature review
informed which carbon pricing policies were appropriate to study in Rhode Island, particularly
focused on price level, sectors covered, and useweenue.
1 Policy AnalysisNext, theProject Teananalyzed the defining elements of a typical carbon pricing
policy against assessment criteria identified in collaboration with the Rhode Island Peéay.
elements analyzed include price level, appliesggctor,anduse of revenueThe purpose of this
analysisvas to identify key tradeoffg theimplementationandimpact of a carbon pricing policy
as it relatedo eachpolicy element identified above.
1 Carbon Pricing and Economic Modeliriine Project Teanalsomodeled policy casd® quantify
GKS LRGSYOGALrt AYLIOGa 2F | OFNb2y LINAOS |yR | a&
energy use, emissions, economy, and public he&hibhpolicy casédnas a specified carbon price
level (e.g.$25 per metric ton of C{pand associated use of revenue (e.g., a heat pump subsidy).
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The price levels studiedcludea low price that startedt $6 per metric ton in 2021 and
increagsto about$25 in 2050 ana high price that stagat $15 in 2021 andncreaseto about
$100 in 2050These policy cases were compared to a hypothetical future case with no carbon
pricing policy, referred to as the sustained policy case.

9 StakeholderEngagementand Public CommentTo ensure the findings of this report reflected
feedback from Rhode Island residents and businesses that wousbteatially impacted by a
carbon pricing policy, the Project Team conducted stakehad&eachat key points throughout
the study These effrts included interviews with frontline communit members and
organizations serving frontline communitieand sectorspecific focus groups with key
representatives of the Rhode Island building thermal and transportation se¢tdditionally, the
Project Team heldthree webinar updateghat were open tothe public each of which was
followed by a tweweek comment period.

KeyFindings
The Project Team synthesized the findings from the policy analysismanfdling to identifykey
takeawaysThese key takeaays are briefly summarized below

Act Nb2y LINAOS i GKS tS@Sta |ylteéel SR A greehiduséd a (i dzR &
gas (GHG) reduction targets alonBor Rhode Island to achieve its leiegm decarbonization goals,
additionalactions will be needed to complement carbon priciWghile a carbon price may not achieve

wK2RS LatlryRQAa DI D SYAaarzya NBRdzo® ha&ahighel phN&g@S G 2y
results in more GHG reductions than a lower price.

Determininghow to userevenuegenerated by the carbon prices achief policy design stepTrhe use of
revenuegenerated by the carbon prideasa A Iy A FA Ol y i A Y LI A SatelvileBGndT 2 NJ wK 2
social equity objectivesas well agor the outcomes at théhousehold levelThe policy cases examined in

this study showed that the use of revenue could drive greater GHG impacts than the carbotighase

a market signalRevenue use decisions atp@atly impact the social equity outcomes antpactsat the

household level.

Equity needs to be a conscious choice in both process and ultimate policy deSgme communities
disproportionately experience the burdens of climate chaage have least access to the benefits of
clean energy technology. For instandew-income househlols spend a higher portion of income on
energythan other householdand thus would be disproportionately impacted by a carbon pricdess
revenuegenerated by the carbon price is intentionatlygetedto support them To ensure carbon pe

is desigred and implementedequitably, Rhode Islanghould engagédrontline communitiesearly and
often in the process of policy development, atigbn integrate feedback into final policy design.

A carbon price has a small impact on electric vehicle (&¥9ption. The results of this study need to be
considered in the broader context of the EV marléare favorable ehicle and fueprices are only two
componens of increasing EV adoption. To significantly increase the adoption of EVs, other barriers need
to be overcome, such as reducing range anxiety, increasing awareness of EVs, and improving the
availability and diversity of EV models in Rhode Island.
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A carbon price contributes, in a limited fashion, to increasing the adoption of air source heat pumps
(ASHPs)A carbon price does not significantly impact the dynamics already seen in the heating industry
The high cost of heating oil promotagransition to ASHPs, which is amplified by a carbon price. The low
cost of natural gakinderswidespread transibn from gas heating system to ASH&slynamiowhich is

not sufficientlychanged by a carbon price to make ASHPs moresftesttive.

! OFNb2y LINAROS gAff ONBIGS aKATOa Ay wWK2RS Laf .y
expected to be negligibleThe study showed that aggregate impacts on jobs is expected to be slightly
positive, while the impact on state GDP is slightly negative. However, both impacts are close to zero in the
O2yGSElG 2F wK2RS Laft | y R Ghangds/ofioipeient& @ yfzoajabs andd O 2 dzy
state GDP.

A carbon price would generally have a limited aggregate impact on househditie aggregate near
term cost impacts of a carbon price on househadssmall. Households that see the highest costéase
are those who spend the most on fossil fuélsuseholds can mitigate added costsachievecost savings
by adopting clean energy technologies and weatherizing their homtesstudyalsoshowed that health
impacts are small but positive.

Wider geographic scope would lead to greater succeBeveloping a carbon price in coordination with
other states has several advantages and would likely lead to greater success of the p®geaifically,
wider geographic participation can lowadministrative costs anihcrease social acceptabilif the
program.The Regional Greenhouse Gas InitiafR€Glpas shown that a program with a wide geographic
scope can be successfdowever, regional participation may involve making tradeoffs guoirtant parts

of policy design based on the needs and preferences of other states, including price.
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Section lintroduction

Project Background arf@urpose

In 2014, the Rhode Island General Assembly enacted the Resilient Rhode Isfamtieddcicreated an
Executive Climate Change Coordinating Council @@@#jrised oftate agencyirectors That bodywas
chargedto assess, integrate, and coordinate climate change efforts throughoté atgencies to reduce
emissions strengthen the refience of communitiesand prepare for the effects of climate clge The
Actrequiredthe EC4 to develoa planto meetthe following greenhouse gas (GHG) emissions reduction
targets:

1 10percentbelow 1990 levels by 2020

1 45percentbelow 1990 levels by 2035

1 80percentbelow 1990 levels by 2050

In 2017, the Rhode Island General Assembly enactegreamdmentto the Resilient Rhode Island Act
that required the EC4 to study the effectivenessstate and/or multistate carbon pricingrogram to
incentivize institutions and industry to reduce emissions

To meet this chargeghe Rhode Island Office of Energy Resources @1 ERhe Rhode Island Department

of Environmental Management (DEM), in consultation with the Rhode Island Departofent
Transportation (DO 02t f SOGA GBSt & NBFSNNBR (2 A onttastedaithNS L2 NI
the Cadmus Group and Synapse Energy Econdmiesred to ascthe Project Tear) to investigate

potential state and regional carbon pricing pwlioptions The Project Team was askedpimvide an

impartial assessmentf the implementation considerations and expected impastdhose options to

inform potential future policy designThisstudy is intended to inform, not set, potential carbon pnigi

policy design in Rhode Island.

Furthermore, it should be noted that a carbon pricguist one potential tool within a broader suite of
decarbonization strategiethat could supportRhode Islan@ decarbonization objectiveAs suchthis

analysis aims to evaluate the potential contribution of a carbon price to support a portfolio of carbon
NBRdAzOGAZ2Y aGNIGS3AS&a> NI GKSNJ GKIFYy RS&A3Iy.OtherLINAOS
state initiatives, such asccelerating the wth of renewable energyesources, aggressiviEployment

of costeffective energy efficiency resources, Heating Sector Transformation (HST3, and the
Transportation Climate InitiativBrogram(TCiP)?, will remain vital even in a world with carbon pnig.

More information on the suite of decarbonization initiativesderway in Rhode Island can be found in
Section2w K2 RS LaflyRQa 5SOFNb2yAT I GAR2Y [FyR&aOl LIS

I Climate Change Coordinating Council. 2@lHapter 426.2: Resilient Rhode Island Act of 2014.
http://webserver.rilin.stat.ri.us/Statutes/TITLE42/42 2/INDEX.HTM

2C2NJ Y2NBE AYTF2NNIGA2Yy 2y wK2RS LatlyRQa STF¥F2NIa G2 GNIy
http://www.enerqgy.ri.gov/HST/

3 For more information on the Transportation Climate Initiative Program-PyQilease visit:
https://www.transportationandclimate.org/finaimou-122020
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The Role of a Carbon Price

Anthropogeni¢ GHGs are wellocumented as the primary cause of global climate change. As the climate
changes, society has experienced increasingly severe impacts, such as flooding, dvidfjtes, and
ocean acidification. These negative consequences impose a cosic@mtysSincethese costs are not
realized when greenhouse gases are released into the atmosphere, costs are borne by those impacted
instead of those responsible for emitting GHGs. This is an exampleeftenmality ¢ an impact of an
action that isnot reflected in the transactional cost of the good or the service involgedarbon price
seeks to correcthis externality by attributing a monetary value to GHG emissions, which reflects their
harm to societyThis price places the cost of GHGs on ¢hesnitting theminstead of those bearing the
impact A carbon price can a be applied to any sectors in the economy where GHGs are dhigteften
applied in the three major sectors of the energy economy: electricity generation, building thermal
(heating), and transportation.

Carbon pri@ssends a longerm price signal to the market, whidatisincentivizes the use of fossil fuels
and improves the economics of cleaner technologiegGarbon pricing programsalso typicallygenerate
revenue for the regulatig entity, which can then be invested into clean eneagy efficiency programs
further reducing GHG emissiors, distributed to residents as a rebateffsetting some of the increased
cost of goods and serviceRhs studyexplores boththe direct impactof the carbon price and thienpact

of revenue use.

4 Merriam-Websterdefinesai KN2 LI23SYyA O a a27Fx NBf I { rofhHEmai Belhgs ariNJ NI & dzt
nature.§
5 Union of Concerned Scientists. 20CaArbon Pricing 10hitps://www.ucsusa.org/resources/caon-pricing-101
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Summary oApproach
¢tKS tNR2SOG ¢SIFYQa LINPOSaa F2NJ FaaSaairyd LRISYGAl
summarizedn Figure lbelow:

Figurel. Summary of approach

1. Literature Review and 3. Carbon Pricing and
2. Policy Analysis
Policy Selection Economic Modeling

Reviewed state, Analyzed the defining *  Modeled policy cases
regional, and elements of a typical and compared them to
international carbon carbon pricing policy a sustained policy or
pricing initiatives. Against assessment baseline case.

& |everaged findings to criteria. # Assessed and
select and define * Summarized and guantified the GHE,
illustrative palicy organized findings for health, and economic
Cases. each assessment impacts of various

criteria. palicy cases.

4, Stakeholder and EC4 Engagement

* (Conducted stakeholder engagement throughouwt the study, including equity interviews,
sector-specific focus groups, and webinar updates to the public and EC4 followed by
pullic comment sessions.

1. Literature Review andPolicy Selection: To better understand how carbon pricing programs could be
implemented in Rhode Island,&Project Team reviewed and summarized critical stewel policies
and regional climate initiatives (e.g., RGGI andP.dhe Project Teanalsoevaluated international
examples of carbon pricin@he selected international and domesticlicieswere examined for how
they reduced emissions in the electricity, thermal, and transportation sectarsluding their
advantages, disadvantages, and feasibility of implementation.

2. Policy AnalysisTo help inform the design of a potential carbon priciriqy in Rhode Islandhe
Project Teamanalyzed the defining elements of a typical carbon pricing policy against assessment
criteria identified in collaboration with the Rhode Island TeRwlicy elements analyzed includeger
level, applicable sector,na investment optionsThe purpose of this analysigas to identify key
tradeoffsin the implementationand impact of a carbon pricing poli@s it relatesto eachpolicy
element identified above.

3. Carbon Pricing and Economic Modelinfo quantify the potatial impacts of a carbon price and
F24a20AF 0S8R AyoSadySyida 2NJ NBol (S84 2y wK2RS L&t !
health, the Project Team modeled polisgenarios each of whicthasa specifiedcarbonprice level
(e.g, $25 permetricton of CQ) andassociatedise of revenude.g., a heat pump subsidyjeferred
to as policy case3hese policy cases wetempared to a hypothetical futurecenariowith no carbon
pricing policy, referred to ahe sustained policy cas€arbon picing policies anthe associatedise
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of revenuechangethe total costof owning and usindpeating and transportation equipmenthese

changes impact thadoption rates of lowcarbon alternatives such as electric vehiclesat pumps,

and energy efficiencneasures (e.gweatherizationlp ¢ KS t N2 2SO0 ¢SFYQa Y2RSH
the changesdn adoption rates of lonwcarbon alternativesand the resulting reductions in emissions

YR OKIy3aSa Ay GKS adlrisSqQa SoO2y2yvYeo

4. Stakeholder and EC4 Engagement: ensure that the findings of this report reflected feedback from
Rhode Island residents and businesses that woulgdientiallyimpacted by a carbon pricing policy,
the Project Team conducted stakeholdmrtreachat key points throughout the studyrheg efforts
included interviews with frontline communit members and organizations serving frontline
communities, sectespecific focus groups with key representatives of the Rhode Island building
thermal and transportation sectors, and three webinar upddtethe publicandi KS a Gl §5Qa 9ES
Climate Change Coordinating CoureCd. Each webinar update wdsllowed byatwo-weekpublic
comment period where stakeholders could submit additional feedback via erRaftback was
consolidated by the Projedteam, incorporatedhto the reportwhere possibleandresulted ina high
level responseposted on the public project websité. For more information on stakeholder
engagement efforts, please séependixB: Stakeholder Engagement Summary.

Organization of this Report
The remainder of this report is organizedarthe following sections:

 Section 22wK2 RS LDBetatbghRdlién LandscapeProvides a summary of current
decarbonizationA Y A GA L A @Sa dzy RSNBlI & Ay wK2RS LaflyRQ
transportation sectorsand describes how a carbon pricing policy may interact with these
initiatives.

1 Section3: Carbon PricingPolicy Cases Examinethtroduces and provides deta on the six
illustrativepolicy cases examined in this stu@yg., sectos coveredprice leveland revenue usg

1 Section 4Modeling the Poliy CasesDiscusses the modeling methodology aedults from the
GHG, economic, and health impaadeling.Modeling results were later combined with the
findings from the qualitative policy analysis to inform wathesized findings of this study

1 Section 5Nearterm Cost Impactsor Households Showsestimatednearterm cost impacts for
four illugrative households in Rhode Islanthese neaterm impacts were used to inform the
synthesized findings of this study.

6 State of Rhode Island Office of Energy Resources. R0gftle Island Carbon Pricing Study
http://www.energy.ri.gov/carbonpricingstudy/
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f Section 6:Qualitative Policy Analysis: Summarizes findings from the Project Te@ LJ2t A O&
analysiswhich analyzed the defining elemtsrof a carbon pricing policy against key assessment
criteria. Policy analysis findings were later combined with the outputs of the qualitative modeling
findings to inform thesynthesized findings of this study.

1 Section 7:Additional DesignConsiderations:While this report focuses specifically on the
included sectors, price level, and revenue use of a carbon pricing policy, this section outlines
additional design consideratio®d their impacts that should be considered when designing and
implementing a carbon pricing policy.

9 Section 8:Synthesized FindingsSummarizeghe overarching key findings of this study, which
should be used to guide thinking on the development of a carbon price fostéte of Rhode
Island. These key findings $iyesizeresults from the qualitative modeling, qualitative policy
assessment, and stakeholder engagement efforts.

9 Section 9Conclusion & Next StepSummarizes and concludes theport and outlineskey next
steps for Rhode Island.

In addition, this report includes the followiragppendices

1 Appendix Aprovides a detailed overview of the methodology for the GHG, economic, and health
impact modeling.
1 Appendix Bprovides assummaryand keyfindings of stakeholder engagement process
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Section2w K 2 RS  DeécéarlboyiAatdriLandscape

Existing Policiesnd Programs

As noted in the previous section, theesilient Rhode Island Act of 2014 establishetbitious GHG
emissiongeduction targetdor Rhode Islandn addition to assessing tledfectivenesof a carbon pricing

program Rhode Island hamplementedor is participaing in a number ofpolicies, programs, and other

initiatives to accelerate decarbonizati. A summary ofurrentinitiatives in the electricity, transportation,

and building thermal sectsican be found belowwhile energy efficiency was not the foaofsthis report,

many & w K 2 R Snatlokaklehdih& é¥férts aralirectly captured or linked to belovRlease na this

listAd NBLINBaSydlFrdiAdS 2F wkK2RS LatlyRQa STF2NIAX 0 dzi

Electricity Sector

Regional Greenhouse Gas Initiative (RG&)

Along withnine other northeastern states, Rhode Island participates in RGGI, a regional and-bzeget
cap-andtrade program that aims to reduce €@missions from the power sectorhe program places an
annually declining cap on emissions from fokgil-fired electric generating facilities in the regidhhas
built a broad coalitionof ten state$ that is continuing to grow, with Virginiplanningto participatein
2021 and Penndyania consideringo participate as well!*!* RGGI has been sucséd in helping to
reduce carbon emissions frothe electricity sector while the economy in the region has continued to
grow ! Specifically, emissions have decreased bge¥éentduring the duration of the program, which is
still ongoing'® Participatingstates are able to invest proceeds from @lowance auctions into a number
of programs that benefit consumerspch as bolsteringnergy efficiencyprograms and accelerating
renewable energgrowth.

Capandtrade programs, such as RGGI, are a form dfarapricing. The difference between a eapd
trade program and aarbonfeeis discussed ifection 7: Additional Design ConsideratidRbode Island

”Rhode Island Department of Environmental ManagemBetgional Greenhouse Gas Initiative (RGGI
http://www.dem.ri.gov/programs/air/rggi.php
8 Stak of Rhode Island Office of Energy ResoumRegional Greenhouse Gas Initiative.
http://www.energy.ri.gov/policiesprograms/programsncentives/rgqgi.php
9 States currently participating in RGGI include Connecticut, Delaware, Maine, Maryland, Massachusetts, New
Hampshire, New Jersey, New Yorko&e Island, and Vermont.
Wr ANBAYAF Q& [ S3AA &t I ( AHB 881 Clgah Erfedgyl addACBrgmuiitpdaeieSaredness Acl n ®
Definitions, Funds, Repottitps:/lis.virginia.gov/caibin/legp604.exe?201+sum+HB981
11 pennsylvania Department of Environmental Protecti@agional Greenhouggas Initiative.
https://www.dep.pa.gov/Citizens/climate/Pages/RGGl.aspx
12 Ceres. 2015The Regional Greenhouse Gas Initiative: A Fact Sheet
https://www.ceres.org/sites/default/files/Fact%20Sheets%200r%20misc%20files/RGGI%20Fact%20Sheet.pdf
13 Jan Ellen Spiegel, Yale Climate Coriaest 2020Power plant emissions down 47% under the Regional
Greenhouse Gas Initiativale Climate Connections.
https://www.yaleclimateconnections.org/2020/01/poweplant-emissionsdown-47-percentunderthe-regionat
greenhousegasinitiative/



http://www.dem.ri.gov/programs/air/rggi.php
http://www.energy.ri.gov/policies-programs/programs-incentives/rggi.php
https://lis.virginia.gov/cgi-bin/legp604.exe?201+sum+HB981
https://www.dep.pa.gov/Citizens/climate/Pages/RGGI.aspx
https://www.ceres.org/sites/default/files/Fact%20Sheets%20or%20misc%20files/RGGI%20Fact%20Sheet.pdf
https://www.yaleclimateconnections.org/2020/01/power-plant-emissions-down-47-percent-under-the-regional-%09greenhouse-gas-initiative/
https://www.yaleclimateconnections.org/2020/01/power-plant-emissions-down-47-percent-under-the-regional-%09greenhouse-gas-initiative/
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could apply an additional carbon price in #lectricity sector, as has been done in Massachu¥gthich
would create an additional compliance obligation for electric generators who emit GHGs.

100PercentRenewable Electricityy 2030 Goal

In January 2020Governor Raimondsigned anExecutive Order (20-01) committing Rhode Island to

achieving 10@ercentrenewable electricity by 203Furthermore, theOrder direced OER to conduct an

economic and energy market analyaisd developactionable policies and programs to achieve thislgoa
Thisanalysisa O2YLJX SGS FyR | O08aaAroftsS 2y howQa ¢SoaridSo

Leas-CostProcurement!’

In 2006, the Rhode Island General Assembly passed legistaitastablishedhe Comprehensive Energy
Conservation, Efficiency and Affordability Athis ACONB I G SR/ 236G [ SNBOI2NBSYSy (¢ LR
requreswK2 RS Lafl yRQa St SOGNARO I yR yI (cdNdodteffedtived RA & (1
energy efficiency(e.g., higher efficiency lighting, HVAC systems, and appliances; insulation; and air
sealingbefore acquiring additional suppl¢. K A & & G NJ G S3 & -Gi2aa (&2 yoaS\(R SdxERSR Yol f y=al
energysaving measures cost approximately 4 cents per KWh over their lifetime, while electric supply costs
between 812 cents per KWh.

AdditionalPolicies, Programs, and Initiatives:

Rhode Island offers a number of additiopalicies, programs, and initiatives aimed at decarbonizing the
electricity sectorjncluding but not limited tg the Rhode Island Renewable Energy StandRES)the
Renewable Energy FuB@EF)and the Renewable Energy Growth Progf&®&G)For more information,

LX Sl asS @abaikd howQa

Transportation Sector

Transportation & Climate Initiativierogram(TCiP)*8

In December 2020, Rhode Island, Massachusetts, Connecticut, and the District of Columbia announced
the launch of a groundbreaking muttiate program thatvill reduce transportatiorsectorpollution while
investing $300 million per year in cleaner trangation choices and healthier communitisnown as

the Transportation & Climate Initiative Program, or-IPCit is a multstate effort to develop an approach

to reduce greenhouse gas emissions from the transportation sector, which is a major contto@&bIG

4 CAP. 201 Massachusetts Introduces Additional GapHrade Systemhttps://icapcarbonaction.com/en/news
archive/483massachusettintroducesadditionatcap-and-trade-system

15 State of Rhode Island Office of Energy Resources. 208(Percenby 2030 Renewable Electricity Goal
http://www.enerqgy.ri.gov/100percent/

16 State of Rhode Island Office of Energy Resources. 2028(Percent by 2030 Renewable Electricity Goal
http://www.energy.ri.gov/100percent/

17 State of Rhode Island Office of Energy Resout@sstCost Procurement (2006).
http://www.energy.ri.gov/policiesprograms/rienergylaws/leastcostprocurement2006.php

8 Transportation and Climate Initiative. 20Massachusetts, Connecticut, Rhode Island, D.C. are First to Launch
Groundbreaking Program to €lransportation Pollution, Invest in Communities.
https://www.transportationandclimate.org/finaimou-122020
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emissions and climate change. Under this new-aag invest program, the oil companies that distribute
gasoline and omoad diesel fuel in the region will need to purchase allowances in an auction for the carbon
emitted from their products. The totamount of allowances available for auction would be determined

by the states and would decrease gradually over time. This method ensures that greenhouse gas emissions
will be reduced through the program.

The proceeds from the auctions will be shared I tparticipating states and invested in clean
transportation improvementRhode Island is currently developing an investment plan and will continue
to solicit input from a broad range of elected leaders and citizen groups to determine the best use of the
funds. Ultimately, the investment plan will focus on developing real choices for Rhode Islanders for better,
cleaner, and healthier transportation. Rhode Island will consider clean transportation options such as
deploying more electric buses for public teortation, purchasing clean electric school buses for our
children, providing incentives to purchase electric vehicles, improving regional rail, installing more
charging stations to support electric vehicles, expanding bike path networks, and using fficiemte
highway design to minimize traffic and congestion. The connections between climate change, public
health, equity, and justice are more urgent today than they have ever been, especially for transportation
T and equity and environmental justice halieen deeply integrated into the program desi@imilar to

RGGI, TeR is a form of carbon pricing.

Mobility Innovation Working Group’

The objective of the Mobility Innovation Working Group is to inform the design of a statewide mobility
strategythat A f f o0dzAf R 2y wK2RS LaflyRQa SEAAGAY 3T LRNILT?
to further reduce greenhouse gas emissions from the transportation sector, while also enhancing
accessible transportation options and promoting economic daselent. The Working Group consists of

state agency leaders and external stakeholders, who have a deep understanding of the mobility,
environmental, economic and public health needs of Rhode Islanders. In January of 2021, the Working
Group producal a final report outlining a suite of recommended initiatives and policies aimed at
enhancing mobility for all Rhode Islandéts.

Additional Policies, Programs, and Initiatives:

Rhode Island offers a number of additional policies, programs, and initiatives airdedaabonizing the
transportation sectoy including but not limited to, the Long Range Transportation Plan, the Transit
Master Plan, the Bicycle Mobility Plahe light duty zero emission vehicle (ZEV) mandgie light duty
ZEVmemorandum of understandg (MOU) and the medium and heavyduty ZEV MOUFor more
AYVF2NYIEGAZ2Y I uelis&l ¥R B®E®a howQa

19 State of Rhode Island Climate Charlgebility Innovation Working Groupittp://climatechange.ri.gov/state
actions/mobilityinnovation.php

20 AECOMClean Transportation and Mobility Innovation Repbtip://climatechange.ri.gov/documents/mwg
cleantransiinnovationreport.pdf
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Building Thermal Sector

Heating Sector Transformatioft:

In July 2019, Governor Raimondo signed Executive Order (19-06) initiating a Heating Sector
Transformation Initiativeled by OER and the Division of Public Utilities and Carriers (OR&atG%
intended to advane the development otlean, affordable, and reliable heating technologiBise study
evaluated tradeoffs associated with alternatilieating decarbonizatiostrategiessuch as heat pumps
and renewable fuelsThis initiativeculminatedin the developmenbfareportin Spring 2020 that outlined
keyrecommendationghat will be used to informnext steps.

Additional Policies, Programs, and Initiatives:

Rhode Island offers a number of additional policies, programs, and initiatives aimed at decarbonizing the
building thermal sectorincluding but not limited to, the Weatherization Assistance Program (W#HiP)
incomeeligible householdsweatherization andefficient thermal measures through utilityenergy
efficiency program$? and the EfficientBuildings Fundvhich provides low cost financing for statea
municipal energy efficiency and renewable energy projects in Rhode Islanthore information, please

GA &R QvelsikwQa

21 state of Rhode Island Office of Energy Resoukdeating Sector Transformation.
http://www.energy.ri.gov/HST/

22 All three Rhode Island utilities offer energy efficiency programs, which support energy savings in building
thermal and other areas.

12


http://www.energy.ri.gov/documents/HST/RI%20HST%20Final%20Pathways%20Report%205-27-20.pdf
http://www.energy.ri.gov/policies-programs/programs-incentives/index.php
http://www.energy.ri.gov/HST/

CADMUS

Section 3Carbon Pricin§olicy CaselSxamined

Characterizing the Focal Sectors

While Rhode Island has many existing decarbonization initiatives, a carbon price is an additional tool that
can help thestate achieve s GHG emissiareduction goals.This report analyzes the potential role a
cabon price could playo support Riode Islandn reaching its climate goals Wyrther reducing GHG
emissions Specifically, lis study was charged with examining the application of a carbon price in the
transportation building thermal, anelectric sectorsGiven parallel efforts to examine decarbonization

of the electric sector in Rhode Island, tReject Team focusedesources on gaining insights in the
transportation and building thermal sectorshe transportation sectocurrently accounts for about36
percentof GHG emissions in Rhode Island, whilerdsdential andcommerciabuilding thermal sector
accounts for about 2percent?® The study was not tasked with examining a carbon price in the industrial
sector.

Pricing Levels

This study primarily examines two price levels based on current and proposed carbongmogjragnsin

Rhode IslandThe two primary price levels are described furtheTablel below. In addition to the two

main prices levels analyzed, the Project Team also examined a third price level during an initial phase of
the modeling based on th@&merican Opportunity Carbon Fee ABOCFAY a federal bill that was
introduced by Rhode Island Senator Sheldon Whitehouse. This price starts at just over $50 in 2021 and
increases by 6 percent a year above inflation to just over $300 in 2050. Howeyend the initial pricing
response analysis, hich was designed to understand how the market reacted to a higher price, the
Project Teamdid not examine the AOCFA further. It was determined thag tederal policyit was less
appropriateto analyze at the statdevel than the other prices considateThe trajectory of these three

price levels can be seenhigure2.

Beyond price level, there are several program design elements to consider when implementibgra ca
price. Revenue use is a chief design consideration and is discussed further below. Other design elements
that influence implementation include whether the carbon price is aa@agtrade program or a fee, the

point of regulation, what gases are regidd, and several others. These other design elements are
discussed irBection 7: Additional Design Considerations

2Rhode Island Department of Environmental Managam&017.2016 Greenhouse Gas Emissions Inventory
http://www.dem.ri.gov/programs/air/ghgemissionsnventory.php

24 Senator Sheldon Whitehouse, U.S. Senaterfé@&ommittee. 201965.1128; American Opportunity Carbon Fee
Act of 2019https://www.congress.gov/bill/116thcongress/senatdill/1128
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Tablel. Description oflow andhigh prices

Price

DIEIglo]i[elgM The low price is based on the Regional The high price is based pnoposed 2019
L V' A legislation that was introduced in the

Sectors
included

Rationale
for Inclusion

Low

DNBSSyK2dzaS DI a
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expected future pricing levels. It starts @ Rhode Island General Assembly, titted

$6 per metric ton of Cee in 2021 and
increases by 5% a year above inflation,
reaching just over $25 in 2050his price
trajectory also falls within the expected
range of prices in the proposed TCI
Program.

Because RGGlehdy covers the
electricity sector at the levels examined
in the low price, the low price nly
applied to thetransportation and
building thermal sectos.

The low price allows th€roject Team to
evaluatethe creationof a RGGlike
program to other sectors.

Economic and Climate ResiloerAct of
20191 f a2 1y26y la i
Rhode Island A€t the bill would have
implemented a carbon price thatarted

at $15 per metric ton of C, increasing
by $5 a year until it reaches $50, at whic
point it increases with inflation. However
recognzing the likely need for more
aggressive action on climate change in tl
future, the Project Team increased the
price by 5% a year above inflation startin
in 2034, causing the high price to reach
just over $100 in 2050.

The high price is applied in the
transportation, building thermal, and
electric sectors

The high price allowthe examination of
the Economic and Climate Resilient Act

25The Economic and Climate Resiliencech@019 was proposed legislation in Rhode Island that establishes a
carbon price and creates an "economic and climate resilience fund" to disperse revenue. Known as the
Energize Rhode Island Act in previous years, this proposed legislation has strooig aopmg
environmental advocates in Rhode Island.
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Figure2. Pricelevelsanalyzed
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Overview of Revenudses

There are many waythat carbon pricingevenue could be usedo develop an appropriate studyhe
Project Team, in consultation with OER, DEM, DGihd staleholders, selected specific spending
characterizations for analysis and modeling purpo#igs. worth notingthat other usesof revenuemay
have different outcomeshan those seen in this study

Beyond administrative cost the Project Team studietivo primary uses of revenues from carbon
pricing

1 Investments Carbon price revenue thatised to providedirectfunding to programs that aim to
reduceGHGemissions or accomplish other outcomes in the sector from which the revenue was
raised.

1 Rebates(also commonly referred to as dividenjtsCarbon price revenue that is returned to
Rhode Island residents or businesses without requirements about how the money is used
Rebates are usetb lessen the impact of the price itsefutdo not have alirectimpact onGHG
emissions.

An overview of how the revenue is used in each price scenario can be fouiatlla? below.

Table2. Use ofrevenue

Low Price Scenario High PriceScenario

1 Administrative costs 1 Administrative costs
1 Investment in programs 1 Investment in programs
1 Rebates

26 Administrative costs are the costs incurred by the state to implement and manage the policy. This includes staff
time, capital costs, and ongoing costs associated with monitoring, verification, anccemfent.
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Investment Options

The Project Team examined two illustrative investmenbptions. Please note that these investment
options are meant to bélustrative of whatinvestment fora carbon price could band are not designed
to set policy for Rhode Islaniihese investment options are summarized able3.

1 Incentives Thisoption focuses onnvesting carbon price revente programs thaprioritize GHG
reductions through electrification of end uses, such as vehicles and space Héating.

91 Public ServicesThs option focuses on investing carbon price revenue in clean energy and
transportationrelated services that provide support to the public, with an emphasisrsuring
benefits accrue tdrontline communities®

Table3: Summary ofinvestmentoptions

_ Incentives Public Services

Majority of 9 Light duty electric vehicle { Reduced transit fare@bout
Revenue incentives 50% of current fare price)

c

z

8

g_ Remaining 1 EV charger incentives i Transit busservice expansion

% Revenue 9 Electric transit bus i Electric transit bus deploymen

= deployment 9 Active transportation
infrastructure (i.e. bike lanes)

Majority of 9 Air-and groundsource I Free &- and groundsource

_ | Revenue heat pump incentives heat pump installation and

g free building weatherization

E for low-income residents and

I; public buildings

=

% Remaining 1 Building weatherization 1 Heating/cooling bilpay

@ | Revenue incentive assistance

9 Heating/cooling bilpay
assistance

27 Electrified technologies can use electricity as their fuel. Since electricity can increasingly be supplied through
renewable energy such as solar and wind, these technologies have the potential to drive lower GHG emissions
than fossil fuepowered technologies. Additionally, electrified technologies tend to be more energy efficient
than their fossil fuel counterpart#\s the electric grid decarbonizes, electric technologies will continue to see a
decrease in emissions.

Sustainable Solutions Dewpment Network. 2019Roadmap to 2050: A Manual for Nations to Decarbonize
by Mid-Century https://roadmap2050.report/static/files/roadmapo-2050.pdf

28 For the purposes of this pert, frontline communities are defined as those that are most impacted by the crises
of ecology, economy, and democracy, including-ioeome communities and communities of color. This
definition draws upon the definition ithe City oft N2 @A RSy OSQa /.t AYI S wdzadArOS t ¢t}
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lllustrative Cases Studied

There were siXlustrative policy cases examined in this study, includfinge carbon pricingpolicy cases

and a reference baselineeferred to as the sustained policies cashese are summarizedTabled. Each

of the cases is defined by the price level, the types of investments being made with the revenue, and
whether there is a rebate being used.

Table4. Summary ofillustrative cases

# PolicyCase Carbon Price Investment Focus Rebates
1 Sustained Policies None N/A No
2 Low Price Alone Low N/A No
3 Low + Incentives Low Incentives No
4 Low + Public Services Low Public Services No
5 High + Incentives High Incentives Yes
6 High + 2x Incentives High Double Incentives Yed®

As shown inTable4, the policy cases examining the low price assume that all revenue not used for
administrative costs is invested in prograargd, therefore, the policiesdo not have angurplusrevenue

to useas a rebateBecause the high price generates more revenue than the low price, thereraaéning
fundsafter investments that can be distributed to Rhode Island residents as a rebate. The total amount
of the rebate isequivalent toall revenue not usedof administrative costs or program investmefor

Cases 3 and, the investments are exactly the same, with the remaining revenugda 5 usedin the

form of a rebae. Case6 differs from Case 5 by doubling the total dollar amount invested into the
incentivesinvestment option, resulting in smaller rebate.

There are incremental differences between thikeistrative cases, which allowed thBroject Team to
isolate the impacts of key policharacteristicsTable5 summarizes what can be learned tymparing
the variouscases

Table5. Keypolicy characteristicsexamined

Case A Case B Characteristic Examined
Sustained Low Price Alone The impact of a price before investments
Policies
Low Price Alone Low + Incentives The impact of the Incentives investment option

Low Price Alone Low + Public Service The impact of the Public Services investment option

Low + Incentives Low + Public Service The comparison of the Incentives investment option
versus the Public Serve@vestment option
Low + Incentives High + Incentives The impact of a higher price and rebate

High + Incentives High + 2x Incentives The impact of doubling investment and reducing the
amount of the rebate.

29The rebate will be smaller in this scenario because investment is higher.
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Section 4Modeling the Polig Cases

Overview

The Project Teamqmodeled the carbon pricing and investment policy cases using the tool suite detailed in
Figure 3. The Project Teamused a mix of ihouse models (including its Building Decarbonization
Calculator ancElectric Vehicle Regional Emissions and Demand Impacts tool) angbahiydmodels
(includingthe Carbon Tax Assessment Model, Market Acceptance of Advanced Automotive Technologies
model, IMPLAN economic impact model, andB¥Defits Risk Assessment todihis suite relates inputs
regarding the underlying drivers of energy consumption (e.g., the energy demand and technologies
required to meet comfort and mobility needs) with the policy and programmatic context. From there, the
suite projects adoption ofred use technologies and their resulting energy use, including the resulting
changes in fuel and capital expenditures (e.g., spending on heating systems and vehicles) which shape
overall economic impacts. Changes in energy consumption drive changes inl @amissions of
greenhouse gases (GHG) and other air pollutants which impact human health.

This chapter walks through the inputs and the results of each stage of the analysis, beginning by defining
the Sustained Policies case and describing the data aswhgdions used. It then presents the energy
consumption and capital results in each of the buildings and transportation sectors in the context of each
of the policy cases (which compare low versus high carbon prices and incentive versus public service
investment strategies)The chaptethen presens overall emissions trajectories and results in milestone
years for each policy case. The chapter concludes by examining the impact of thesempadicychanges

2y wWK2RS LaftlyRQa SO2slemse | yR (GKS KSIfGK 2F Ada

Throughout this analysis preseatesults that reflect the impacts of the carbon pricing and investment
policies selected for examination, and not for the full suite of potential policies that may be required to
move Rhode Island all the wayite longterm GHG reduction goal§he modeling results presented here
assume that other states are taking comparable actitmwgard comparable targets. Those actions need
not take the form of grice on carbon, but, for example, this modeling assumestaletric vehicles are
widely available as a result of broad customer demat that businesses do not face strong carbon
price-driven incentives to move their operatioegther to or from Rhode Island.
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Figure3. Modeling toolkit summary

Data Inputs

Stock of vehicles,
buildings, and
appliances; For
technology
options:
performance,
market shares,
and installed
costs; fuel costs
and consumption
projections

Policy Inputs

Existing and
sustained prices

Carbon prices

Investment in
incentives or
public services

Developed by Synapse, the Building
Decarbonization Calculator is a stock-flow
model of the systems installed in a state's
buildings, including space and water
heating systems. It is integrated with a
consumer adoption model that estimates
the change in sales share for different
technologies based on their relative cost
and novelty.

The BDC was used in this project to

estimate the market share of heat pump-

based space and water heating

technologies in different sub-markets,

including residential and commercial

buildings with and without access to

natural gas, and using forced air or

boiler/ductless systems. Market shares are Energy

a function of the relative price of fuels consumption;
including the carbon price impact, the state  emissions; capital
of market development, and incentives investment:
modeled as part of the policy. These GRErabiBCOsE
market shares are then used as inputs to

the stock-flow model to track the change in

aggregate efficiency, energy consumption,

and emissions.

MA3T

Developed by Oak Ridge National Lab,

the Market Acceptance of Advanced
Automotive Technologies model is a consumer
adoption model that predicts the types of

vehicles consumer will choose to purchase EV the impacts of various EV adoption

based on inputs including vehicle price, 0&M sales trajectories. The calculated impacts include

costs, and financial incentives. market electricity demand, GHG and criteria pollutant
share emissions, and avoided fuel consumption.

The Project Team used MA3T in this project to
estimate the changes in EV sales share resulting
from changes in the gasoline price and upfront
incentives in each carbon price case.

CTAM

Developed for and by the Washington State Energy
Office, the Carbon Tax Assessment Model is an
elasticity-based spreadsheet tool for estimating the
electricity, buildings, transportation, and industrial
sector response to carbon prices.

CTAM was used in this project as a framework to track
energy use and emissions across sectors, and to
conduct initial screening of different carbon price
trajectories.

GHG emissions for
screening carbon
price trajectories

Modeling Outputs

® GHG emissions

Criteria pollutant emissions

® Changes in spending on
energy and infrastructure
(e.g., appliances, vehicles,
buildings, etc.)

* Energy consumption by type
& end use

Energy consumption;
emissions; capital and

vehicle investment
EV-REDI

Developed by Synapse, Electric Vehicle
Regional Emissions and Demand Impacts tool
uses detailed, state-specific data to calculate

EV-REDI was used in this project to track
changes in the vehicle fleet and associated
energy use and emissions in each case.

CADMUS

IMPLAN

Developed by IMPLAN Group,
LLC, IMPLAN is an economic
input-output model that
assesses positive and
negative GDP and job impacts
(measured in jobs per year)
associated with spending
changes on various sectors.

IMPLAN was used in this
project to estimate the job
and GDP impacts of changes
in expenditures resulting
from each of the carbon price
and investment cases.

COBRA

Developed by U.S. EPA, the
CO-Benefits Risk Assessment
tool is a health impacts
screening and mapping tool.
It uses county-level inputs on
changes in criteria pollutants
to estimate impacts on public
health, including morbidity
and monetized health effects.
COBRA is limited to health
impacts from particulates and
does not estimate ozone
impacts, so the benefits are
underestimates.

COBRA was used in this
project to estimate the
health benefits to Rhode
Islanders and the nation of
each of the policy cases,
relative to the sustained
policies case.
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Defining the Sustained Policies Case

Thesustained policiefor analysis (i.e., theuStainedPolicies case) includes the effects opalicies that

are currentlyenacted ora NBI| a2yl 6t & SELISOGSR (2 0S5 Syl OGSRo®
0SOIdzasS wKamRBILREADYBRAGATE RNAGS OKFy3ISa | gle& FNR
j dz2 ©¢ ! (i timé,Kie Susthine@®olicies case does not assume success at achieving state GHG
emission reduction targets. This means th@s casegenerally does not reflect broad systemic change in

end use energy consumption patterns or technologies of the sort that are likely togoéred to meet

deep decarbonization targe.

ElectricitySupply

¢KS adlrisSqQa OdzNMSgledtestippact i0 theSedectrit Aettdr. InNKphartigdhis analysis
assumse that the statewill successfully meael00 percent ofits electric supplyneeds with renewable
sources by 2038. For the purposes athis analysis, it was not necessary to map out how this goal is
achieved astudy conducted by GHhas explored thign great detail.Renewable portfolio standards are
implemented using renewable energy credits (RECs), each of which corresponds to 1 MWh of renewable
electric generationThe fraction of electric supply that is supplied by renewable energy is equal to the
ratioofthenums NI 2F w9/ a (G2 (GKS adlriasSQa O2yadzvYLliAzy o

This analysisleveloped for this carbon pricing repatsumed that thdeRECsequired to meet this goal

would cost approximately $40 p&dWh (in 2019 dollars) each year between 2021 and 2030, and that

costs would de@ase slowly after 203Qreflecting technological progress in renewable generating
technologies)Figure4 shows the trajectory of electricity prices developed for tisilysis. The underlying

trajectory isbr 8 SR 2y (KS | o{ ® 9y SNHE& |Aghtia? BadtdgyOMtBaR020 RY A Y A &
(AEO202)) as discussed in the Assumptions section below. The value of $40 per MWh is comparable to
current prices for renewablerergy credits in the region, anid also consistent with the difference

between longterm forward energy prices and the price of electricity from recent U.S. offshore wind
contracts (which would set a rafence point for potential REC prices paid by Rhistlend under long

term contracting approaches to meeting the 10ércentrenewable goal).

30 pursuant to Executive Order-®1. For more information, please vigitip://www.energy.ri.gov/100percent/
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Figure4. Rhode Islandesidential electric rate projection with assumed impact of 100 percent
renewable electricity, as developed for this stuggompared with AEO2020 projection
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The assumption of success at achieving 100 percent renewable electricity by 2030 is an important
assumption, andhe overall results would have been noticeably different with@utAnalysis of carbon

prices with and withouthis success was not in scope for this work, but intermediate results indicate that

without this assumption, market shard eledric vehicles and heat pumps systems would be about 10

percent higher over thetady period because electrification would be more ceffective. Actual
implementation pathways and technology costs for 100 percent renewable electricity could moderate or
exacerbate this effectAs shown by the analysigetailedin the rest of this chapterapidly increasing the
NEySgloftS FTNIOGAZ2Y 2BaaRyRIIEATGRYRSEISYIOGNIBORGE G

Electric andThermalDemand inBuildings

The Sustained Policies case assumes that the state continues to be a leader in utility energy efficiency
programs in both electricity and natural gd$isanalysis relies on AEO2020, whitiudes building shell

and heating system improvements that arensistent with cotinued implementationof efficiency at a

rate comparable to historical ratesmportantly, the enablingstatute ¥ 2 NJ wK2 RS Lafl yRQA&
procurement and energy efficiency prograsunsets ir2023.1f Rhode Island were to cease or curtail the

utility efficiency programs, the emission reductions achievable by the carbon pricing policies examined
here would be rduced, while energy costs would increase.
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Transportation

In the transportation sector, the Sustained Policies case is calibrated to be consistent with
contemporaneous analysis of tA&CIP.3 The primary variables adjusted to caliteghe MA3Tconsumer

adoption model withthe TCIP reference case are the relative costsimternal combustion enginéCE)

vehicles and electric vehicles (EVs). There are a wide range of data sources and projections for EV adoption
and the relative cost of EVs and ICE vehiclé®e TCP reference ase projection is among the more
optimistic of these cases for the rapid adoption of EMsis analysisloes not assume adoption of or
participationin a TGP carbon capand trade program in the Sustained Policies case, but thisraabn

to the underlyingsustained policieenables crossomparison and avoids unnecessary conflicts between
analyses.

Thepublished results of th@ CIP referencecaselook at the potential TAP membe states as a single
region.WherOl f A6 N} SR (2 wK2RS LaftlyRQa NI 4GS 27F LR Lz |
2F St SOGNRO O2ai AyONBlFIasSa NBadzZ GAy3a FNRY wmnn LISH
rate in the Sustained Policies case is slightly lower tharaverage adoption rate across the mugitate

TCiPregion. In addition, the Sustained Policies case includes development and installation of EV charging
stations in an amount commensurate with its EV adoption.

OtherAssumptions andata Sources

In addiion to the assumptions specific to the SustainPdliciescase(described abovk the analysis
required numerous further assumptions, drawing on external resources and models, in order to develop
a quantitative assessment of the impact of carbon pricindjiamestmentportfolios. This section provides

a summary and citations; further information is availablé\irpendixA.

TheProject Teamelied onthe State Energy Data SystdSEDS) from U.S. EIA for historical energy use by
fuelin each sector. Before making the adjustments described in the Sustained Policies sieefrnject
Teamdzd SR (i K S20ZRefeedce dase Iprojection to scale the SEDS data to alstatidorg-term
projection3 The AEO202Qrajectory is a reasnable benchmark because it reflects lestgnding
structures and relationships that are not radically changed by the relatively minor changesrigy
consumption reflected in this analysis. HdRle kland and the broader New England region were todarg

and succeed at wholesale adoption of heat pumps or electric vel{aiesscale beyonahat the models
indicate is likely to result from the adoption of the policies considered here), the shapenamaha of
demand for electricity and other fuels would change substantially beyond what is modeled in AEO2020.
However, such changes are beyond the scope of this analysis.

Fuel prices, including the prices of gasoline, diesel/heating oil, natural gas)extdcity, are based on
AEQ02020. The COVID pandemic has impacted fuel prices since AEO2020 was published. However, EIA
is projecting a return to prices that are comparable to the AEO2020 projections within a few years.

31 Transportation and Climate Initiativodeling Methods and Results from TCI Regional Policy Design Process
https://www.transportationandclimate.org/modelingnethodsand-results

32U.S. Energy Information Administration. 202@inual Energy Outlook 202@tps://www.eia.gov/outlooks/aeol
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Becausehis analysis is primdsi concerned with (and shaped by) customer adoption of new technologies
more than a few years in the futuréhe Project Teandid not made explicit adjustment for the COVID
related fuel price effectsThis analysisised internal combustion engine vehiclffigency trajectories
based on historical data for the light duty vehicle fleet from U.S.*E&#led into the future based on a
projection from AEO2018 thaéflects the recent reduction in federal fuel economy standafds.

The Project Teamused the Electric Vehicle Infrastructure ProjectidgV4Pro) Lite model from the

National Renewable Energy LaborafStp estimate the amount of EV charging infrastructure required

in each policy case. As mentioned ababe, analysisassumed that the &tained Policies case includes
RSOSt2LIYSyd 2F GKS FLIWNBLNRFGS FY2dzyd 2F Lzt AO ¢
that case. In the carbon price caséise analysissets aside investment funds to cover the costs of
incremental public chging stations, and incorporagdunds to support home EV charging into the EV

purchase incentive.

¢2 SadAYFGS GKS O02ad IFyR AYLI OGO 2F St SOGNARTFeAyI |
fleet, the Project TeanNB f A SR dzLJ2 v 2018 Sustdindbie FElRat Kransgitiara PRArThis plan
SadAYIFIGSR GKS Ozaid 27F (NI yaaAlA 2T andysimsedithe fel@isie ¥t SS i
O02aid 27T (KNRdhIBABSRR SRS LI i theDimaEidpyt. There 3 IsibSandl &
uncertainty regarding the future price of electric buses, as well as the supporting charging infrastructure.
TheSustainable Fleet Transition Piacludes relatively optimistic assumptions for the decline in battery

cost and resulting increase in caxffective range for buses. These assumptions are consistent with the
relatively optimistic assumptions inherent in the Feference case on whicthe light-duty vehicle

analysis relies.

For heat pump market shaia residential buildingghe Project Tamused regional sales data from D+R
Internationaf” and calibrated to the heat pump saturation and program participation reflected in National
Grid energy efficiency programs and associated data colle&ibine analysiassumed negligible current
market share for heat pump water heaterEhe Project Teandza S R Coranteial Building Energy

33U.S. EPA. 2028xplore the Automotive Trends Daltétps://www.epa.gov/automotivetrends/explore
automotivetrends-data.

34 AEO2020 and AEO2019 did not provide an alternate case reflecting this rule change.

35U.S. Department of Energy Alternative Fuels Data Celtectric Vehicle Infrastructure Projection Tool {&'d)
Lite. https://afdc.energy.gov/evpro-lite.

36 RIPTA. 201%ustainable Fleet Transitid®lan https://www.ripta.com/wp-
content/uploads/2020/07/sustainable fleet transition plan.pdf

S7D+R International. 2013 to 201MARDI Data: D+R Uaiy HVAC Market Reportsinked from
https://www.nyserda.ny.gov/About/Publications/PrograRlanningStaius-and-EvaluatiorReports/Evaluation
ContractorReports/2017Reports

38 NMR Group. 2018 ational Grid Rhode Island Residential Appliance Saturation Survey (Study RI2311) Report
http://rieermc.ri.gov/wp-content/uploads/2019/04/nationalgrid-ri2311-rassfinal-report-110ct2018. pdf
National Grid. 202019 Energy Efficiency Yedand Reporthtip://rieermc.ri.gov/wp-
content/uploads/2020/05/ngrid 4888 earend-report-2019-puc-5-15-20.pdf
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Consumption Surveglata to estimate heat pump share in commercial buildjffgand developed
estimated residential building equipmecosts from data collected and evaluations conducted on behalf
of the Massachusetts utility energy efficiency prograthBor commercial building electrificatiothe
Project Teanused estimated costs developed for Washington Gas Light Company, aligakoatted in

in Washington, D.C., by ICF Internaticfal.

Energy Use and Emissions Results

TheProject Teanused the sectospecific modeling tools described figure3 to estimate the market

response to each of the fioy casesif., low and high carbon prices with indire-based or public
servicebased investments) in the buildings and transportation sectdhgs analysislid not conduct

explicit modeling of theegional electric markets and associated emissions because G@epércent

renewable energy requiremerfor 2030in the Sustaing Policies casg dzA O1 f & St AYA Yyl GSa |
emissions, and thuany direct effect of the carbon pricenwK2 RS Laf | yRQa St SOGNRO
price is not applied in the industrial sector (aside from building space and water hdah isltaptured

in the buildings analysisandthis analysisassumed that sectorwould be unchanged as a result of the

policy. This section describes the market and energy use changte ibuildings and transportation
sectasand then collects the results to present economigle emissions impacts.

Buildings

In the SIstainedPolicies case, Rh& L a f uildifdrteimalGHG emissianfall about 20 percent by

2050, due to improving building shells and some shift to heat pumps for space and water heating,
especially for buildings that currdgtheat with heating oil and propane. The carbon prigimnd
investment cases show greater adoption of heat pumps, along with additional weatherization of existing
buildings. Building owners make choices for heating systems based on both upfront and operating costs,
and the policy cases make fossil fuel opiarlatively more expensive on both fronts in ways that differ

for each policy.

Carbon price and incentives

{ & y | 1Bail§irg Decarbonization CalculatBDC)ncludes a consumer adoption model for building
spaceand water heating systems. It is calibrdt® current market share estimates, using tieat pump
market share andsaturation data described above, along with the current lifecycle cost differential
between typical installations of each type of heatingtem. Both fossil fuel price increases édio a
carbon price) and upfront installation cost decreases (due to incenta@®lerate the market share of

39U.S. EIACommercial Buildings Energy Consumption Survey (CBECS)
https://www.eia.gov/consumption/commercial/

40 Navigant. 2018Water Heating, Boiler, and Furnace Cost Study (RES:b9)Yma -eeac.org/wordpress/wp
content/uploads/RES19 Assembled Report 20927.pdf; Navigant. 2018uctless MinBSplit Heat Pump Cost
Study (RES 28jttp://ma -eeac.org/wordpress/wgcontent/uploads/RES28 Assembled Report 20085.pdf

41 These values were provided to the District of Columbia Department of Energy and Environment in DC Public

Service Commission Formal Case 1142 in a file titled "DCAOG Follow Up Quédiiar&d20 Responses”.
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heat pump systems. The BDC models buildings with and without forced air systems, and with and without
access to natural gas, as separate markets

Figureb shows the results for space heating heat pump market shader each policy case in one sub
market, residential homeghat are currently heated withforced-air natural gassygems. In this sub
market, the heat pump market share remains relatively flat without policy intervention, and the addition
of a low carbon price alone has negligible effect. In the Low Carbon Price + laceag®; where the
funded incentive starts at about $1,500 per unit and rises over time and approaches $2,000 per unit,
market share increases by about ethérd, although it remains below 15 percent even in 2858dding

a higher carbon price to the sanhvel of incentive funding begins to drive accelerating market share by
the 2030s. Note that this case, High Carbon Price + Incentives, has slightly smaller incentives than the Low
Carbon Price + Incentives case, on a dgl&runit basis, because the sanfunding is spread over more
units. Doubling the incentive creates an additional step up in market share in the early years of the policy
and parallels the higher carbon price case in theymars.

Figure5. Heat pump sales sharanieach policy case for gdseated residential homes with forced air

heating systems
30%
High CO2 Price + 2x Incentives

25%
20%

15%
Low CO2 Price + Incentives

10%

D R —
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f
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5% \/—/

Heat Pump Sales Share

0%
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The other submarkets show similar relative effects in the different policy cases, although the markets
with delivered fuelge.qg., fuel oil and propandéiave much highemarket shares throughout because heat
pumps a&e more costeffective when compared tehese fuels Commercial submarkets where heat
pumps already have a larger market share so there is a stronger foundation for the market to build on,

42 For context, a typical heat pump system laasinstalled cost of just under $15,000. National Grid currently
offers incentives for efficient heat pumps of approximately $1,050 per unit (assuming a rouigimys3stem
capacity) for homes that currently heat with fossil fuels.
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are generally more responsive to carbon price and incentive policies than the residential mawketss

all casesthe relatively flat oreven downwaretrending heat pump adoption through 2030 is related to
projectedincreasing electric rate® this period. AppendixA contains summary tables for sales share of
heat pump systems in other subarkets.

TheProject Teaninvestigated the potentl impact of biofuel heating oil blends time model results and
found they would have minor effects at the most likely blend ratios. Bioheating oil with 20 percent biofuel
content (B20) is the highest blend ratio that has been certified by ASTM Intamagt@n organization
which sets industry standards for fuels and lubricants, to be used in place of eating oil. If oil dealers
switched to B20 blendat the same fuel price as fossil heating oil, and thus reduced the impact of the
carbon price by 20 percérthe consumer adoption modeling shows that heat pump market sheeesus
heating oilwould fall by jist 4 percentin the high carbon price caséwvhich show the largest effectror
natural gas customers, the price premium for renewable naturalB&k3 is higher than the associated
reduction in carbon priceso using RNG to avoid these carbon prices would not make economic sense. If
the default natural gas supply were to blend RNG, it would tend to make electrification more attractive
to customers.

Weatherization incentives funded by a carbon price would build on the existing -uéitégpayerfunded
programs to increase building shell perftance.Figure6 shows the resulting reduction in heat losses in
building shells, relative to the Sustained Policies case. With the base level of incentives funded by the low
carbon price, esidential building shells in 2050 arecalb 6 percent better than they woulddve been

absent the additional funding, and commercial building shells are al®petcent better.lmprovements
roughly double in thédigh Carbon Price + Double Incentives case.

Figure6. Relative improvement in building shell lossedue to additional weatherization incentives
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Investments in public services

In the Low Carbon Price + Public Services case, most building owners only see cost increases resulting
from the carbon price, rather than benefits resulting from an expansion of public services. This results in
only minor changes in heat pump uptake (asstrated inFigure5 above). However, public buildings and
buildings housing lovincome families receive increased funding for-aost weatherization and
electrificaton. This has the effect of allowing lemwcome households and frontline communiti¢és

directly participate in and benefit from the carbon pricing palisyich may be especially critidalavoid

leaving these communities to pay more than their sharehefdosts oheatingsystemtransformation

Figure7 shows the resulting number of units of lamcome housing and the square feet of public buildings
that are improvedwith the carbon price funding for investment in public services. Over the study period,
about 7 percent of Rhode Island households benefit from the additional weatherization and
electrification, and the scale of public buildings served is comparable ttothesquare footage of all
public schools in the stat® Figure8 shows the resulting annual emissions impact.

Figure7. Cumulative units andlbor area served by direct investment of carbon price revenues in
weatherization and electrification of lomincome and public buildings
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43 Assuming thatthesiaSQa omtT LIzt A0 aOK2z22fa | SN IS | o62dzi mnnInns
Top Rhode Island Public Schoeigs://www.publicschoolreview.com/rhodésland; and Spaces4Learning
School Costs: Did You KnoWwiips://spaces4learning.com/Articles/2015/07/01/ScheGbsts.asp).
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Figure8. GHG emissions reduced from using carbon revenue to directly fdadarbonization in low
income homes and public buildings
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Figure9 shows he accumulating effects of each component of the carbon price and investrasas in
2050. In the Sustained Policies case, 2050 building sector ensi$sib20 percent from the 2020 estimate
of 3.01 MMTC@to 2.41 MMTC@*

Across the combined residentiand commercial sectors, the combined emission redudtia2050from

the Low Carbon Price + Incentive case is 0.5 MMTODxhis reduction, 0.11 MMTG@2 percent) is
caused by customer responses to the carbon price, while the remaining 0.39 MN[A&&ercent) is

driven by the incentives. The alternative modeled investments in the Public Service case produce 34
percent fewer emission reductions than the modeled incentives: 0.26 MMID50. As a result, while

the Low Carbon Price + Public Serviesghas the same 2050 price effect of 0.11 MMJ @©2050 total
emission reductions are only 0.37 MMTQ¥@r year.

In this modeling, the commercial sector is more responsive to the carbon pricing and incentive policies

than the residential sector. On anage, across the cases considered, the palityen emission reductions

in the commercial sector are about one quarter to one third larger than the equivalent case for residential

buildings. This is becausige models use current market share to gauge gutal growth from changes

in relative cost. The relatively higher current market share for heat pump systems in commercial buildings
across the region indicates that the commercial marketplace would be more responsive to policies that
encourage greater aption.

442020 emissions in each sector are estimated based on the EIA 2020fAnn@a/ SNH& hdzif 221 ® wK2RS
actual 2020 emissions (in any sector) are unknown as of this writing.
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Figure9. Residential (top) and commercial (bottom) building sector emissions in 2050 under each policy
case. Each colored bar shows the reductions from the preceding case that result from the addition of
the labeled policyelement (e.g., a change in CO2 price or investment strategy). The Public Services case
is only examined with the low carbon price.
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Transportation

Relative to today, ransportation emissions fall substantially in the Sustained Policies case due to
increasing expected sales of electric vehicles. Carbon prices and investments further reduce emissions by
increasing use of EVs and by reducing vehicle miles travelled.

Incentives

Both increasing the cost of gasoline via a carbon price and decreasingftioatucost of EVs through
incentives make EVs more attractivedonsumersFigure10 shows the increasing market share for EVs
projected in each policy case. In general, the fuel price impact is somewhat smaller than the incentive
effect.

FigurelO. Electric vehicle sales share in each policy case
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Investments in public services

There are numerous ways that carbon revenue could be invastdtk transportation sectoto support

public services and advance equity, whilsoreducing GHG emissionisorthe purposes of illustrating

potential impactsthe analysigdedicated the first tranche of carbon revenue to reducing transit fares,

which are approximately halved. In other words, half the carbon revenue from transportation fusl use
rebatedto transitNA RSNE ® ¢ KS NBYIFAYyAy3a FdzyRa 6SNB RSRAOIGS
then split between support for expanding bus service and investing in active transport infrastructure (e.qg.,
sidewalks and bike lanes). In practice, stakeholders,l3¢grs, and transit leaders deciding how to use

carbon revenue to support transit might choose a different blend of fare support, expanded service, and
electrification to meet broader policy objectives.
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Figurella K2¢a GKIFIG GKS fA2yQa akKINB 2F Syraaizy NBR
electrifying the bus fleet. Reduced fares for transit and expanding bus service (at the level funded under

this approach) hay comparatively little impact on emissions. While they do increase ridership
incrementally, the resulting avoided fuel use in personal vehicles is expected to be much smaller than the
FdzSt dzaS 2F wLt ¢! Qa SEAaAdGAY3I o6dza FtSSio

Figurell. Emissions impact of Public Services investments in transit (i.e., reduced fares and expanded
service), electric buses, and support for active transport (e.g., walking and biking) infrastructure
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Figurel2 shows the accumulating effects of each component of the carbon price and investment cases in
2050. In the Sustained Policies case, 2050 transportation emsssie modeled to fall from the 2020
estimate of 4.21 MMTCSQo 2.49 MMTC®@ The addition of the low carbon price (equal to approximately
$15 per metric ton in 2050) alone would cause 2050 emissions to fall an additional 0.06 MM@diGg

EV incentives wuld reduce 2050 emissions by an additional 0.19 MMJ @GBile adding public services
investments to the low carbon price instead would reduce emissions much lless than 0.04 MMTGCO
beyond the price impactThe high carbon price (around $100 per to2@50) would have a larger effect
than the low carbon price, although the emissions impact per dollar of additional carbon price is smaller.
The analysialsoshowsdiminishing returns when doubling the incentive level with the high carbon price:
where theinitial incentive reduces 2050 emissions 0.19 MMZ,@Gubling it reduces 2050 emissions only

a further 0.11 MMTCO
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Figurel2. Transportation sector emissions in 2050 under each policy case. Each colored bar shows the
reductions flom the preceding case that result from the addition of the labeled policy element (e.g., a
change in CO2 price or investment strategy). The Public Services case is only examined with the low
carbon price.
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EconomyWide Emissions

Puttingpolicy impacts in the buildings and transportation sectors togesiernvsthe combined effectin

relaiontow K2 RS Laf F yRQ&A &l ( dzBiguieEs shbwsEhe &hBuRl dat@iggladte G NA S
emissions pathay under the Low Carbon Price + Incentives policy case, compared wigmiksions

observed in theSustained Police® & S | YR w Lgetad*® TadiSudiadridPdliBes case Mihieves

the 2035 target primarily as a nel of the elimination of emissions from the electric sector, although

there are reductions in the building and transportation sectors as. ®alth of the policy cases has lower
emissionghan the Sustained Policies baselir®weverno policy cases meet the 2050 targktthe Low

Carbon Price + Incentives case illustratedrigurel3, the mlicy case emissions trajectoexceeds the

target emissions level beginnitig 2038.

Figurel3. Annualenergyrelated GHG emissions for the Sustained Policies baseline (total) and the Low
Carbon Price + Incentives policy case (by sector), along with statutory GHG targets
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Figureld shows the estimated economwide energyrelated emissions in each of the policy cases in the
milestone years of 2020, 203&nd 2050. All cases achieve the 2035 emissions target, and @llrfagkt

the 2050 target. Additional policies and programs beydmase modeled here would be required to meet

or exceedthe reductions for the statutory 2050 target. Without 100 percent renewable electricity, it is
unlikely that any of the cases would achieve the 2035 target, although there would likely be greater
electrification in both transportation and buildings sectors to partly offset the increase in emissions in the
electric sector.

45 Rhode Island does not have annual GHG emission targets. Its targets are statutorily defined for 2020, 2035, and
2050. The statutory targets fall aloagstraight line, so this analysis uses that interpolated line as a benchmark.
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Figurel1l4. Composition and total of annual energselated GHG emissions for Sustained Policies and
each policycase in 2020, 2035, and 2050.
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@aluation of a Higher Carbon Price -\

As discussed in Section 3,@art of initial assessment of the scale of potential impact from carbon price scenari
we evaluated the energy demand changes from three carbon prices using the Carbon Tax Assessment Modt
(CTAM). The three carbon prices were the two prices evaluatedghout the rest of this report plus the price
trajectory in the proposed federal American Opportunity CafieEnAct (AOCFA), introduced by Sen. Whitehous:
This trajectory starts at $52 and rises 6 percent above the rate of inflation. This assesgshmattidclude the
results from investment of any revenue.

Figurel5. The America Opportunity Carbon Fee Act (AOCFA) carbon price trajectory in context of the high ar
low carbon prices fully assessed in this report
$300

.- AOCFA

$250
$200
$150
$100

.
.
.
.
.
.
.
.
-
.
.
o®
.
-
.
.
_—
"""
.
.
ae®
.
.
.
ee®
.
.
.o
as®
s

$50

Carbon Price ($2019/metric ton)

Low

$0
2020 2025 2030 2035 2040 2045 2050

Unsurprisingly, the higher AOCFA carbon price results in lower emissions than the High case, taking-only pri
driven effects into account. Emissions in the AOCFA case in 2050 are 1.2 million metric tons (about 26 perce
lower than in the High Prie@nlycase.This analysis indicates that, even at the AOCFA carbon price, the demar
impact of a price signal alone would not be sufficient for the state to meet its emissions targets.

Table6. 2030 and 2050 pricenduced (CTAMmModel) emission results for the Low, High, and AOCFA cases

Year Price trajectory Price Emissions Emissions reductions
(2019 $/metric ton) | (MMTCO2) below 1990 levels

Low $9 6.6 45%
2030 High $50 6.2 48%
AOCFA $88 5.9 51%
Low $25 5.2 57%
2050 High $103 4.7 61%
AOCFA $282 3.5 71%

o _/
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Economic Impacts
Changes in spending on energy and enedigted infrastructure, such as vehicles and HVAC systems,

NEBadzZ GAy3d FNRBY OFNB2Y LINAOAY3I YR Ay@SadayYSyid LRfA

shifts from one product (e.g., gasoline) to anotheg(, electricity) for the same purpose (e.g., mobility),

cause changes in supply chains. Changes in the aggregate amount of money spent by households and

businesses on energy also result in more or less spending oremergy items (referred to as

& NB RIVY yihke Brdject Teanmodeled these changes using hd@e Islanespecific version of the
IMPLAN inpubutput model, which traces the impacts of spending in one sector on spending in other
sectors, and allows us to measure jpbar® and gross domestic product (GDP) impacts resulting from
each component of the response to the carbon pricing and investment policies.

Aswith the other results presented in this repothese results refleabnly the impacts of the policy cases
examined m this study above and beyond the Sustained Policies case, and not the economic implications
of the broader energy sector transition toward decarbonization.

The Project Teamdevelopedeconomic impactresults out to 2035, and not to 2050, because the
undef @ Ay3 akKlFLIS 2F (KS SO2y2Yeé Aa dzytaAailsSte G2 oS
respect to today, 2050 is as far in the future as 1990 is in the past, and the components of the Rhode
Island and U.S. economies have evolved to be substardiffitrent over that timeframe. Even the results

to 2035 should be taken with substantial uncertainty given the potential changes to lifestyles and business
that may emerge from the COMIL9 pandemic.

BuildingsSctor

In all cases examinei this study carbon pricing coupled with investment policy results in net job
creation from spending changes in the buildings seé¢iigurel8shows the Low Carbon Price + Incergive
case. The net increase in spending on HH¥AC water heatingnstallation, resulting from the fact that
new installations of heapump based comfort systems are somewhat more expensiveftiesil fuel (FF)
combustion systems with separate air conditiosieproduces a net increase in jobs. The net increase in
building shell improvements (e.g., weatherization) and renewable electricity generation construction,
which is linked to increased electrification needs, increases jobs. Reductions in spendirigyaredélels

decreases jobs. Reductions in natural gas sales do not have direct job impacts, because natural gas

infrastructure spending is unaffected and the regulated gas utility is assumed to pass through the changes
in commodity gas purchases withoutankup or job implications. Customer fuel savings, primarily from
delivered fuels, accumulate to counteract the increase in spending on heating systems so that, in years
after 2030, respending creates net job increadeslicy impacts from the buildings ¢econ GDP are
similar to their impact on job creation: small and netting out to a small positive effecE{geecl?). The
delivered fuels sector is responsible &mewhat more loss in GDP than loss in jobs, compared to the
other drivers.

46 A jobyear is one full time equivalent job for one calendar year.
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All other incentivesbased cases are qualitatively similar. Equivalent figures for these case$\ppeimdix
A

Figurel6. Annual economywide job-year increases and decreases resulting from changes in buitding
related spending patterns in the Low Carbon Price + Incentives case

600
Spending Changes in:
500 Respending
400 Weatherization
£ 300
]
>
_té 200 TOTAL
- Electric Space and Water Heat
]
o
< 100
gu Electricity Supply
E 0 Admin.
(o]
c
(o]
]
i

-IOOE

-300

Delivered Fuels

-400

2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035

37



CADMUS

Figurel7. Annual GDP increases and decreases resulting from changésiiiding-related spending
patterns in the Low Carbon Price + Incentives case
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In contrast to the incentivebased investment portfolios, the public services case for building investment
has a negative impact on jobs and GDP from respending effects. Howilesepolicy as a whole still
produces small job gains (sEegurel8.) This difference is largely becaubes analysisssumed that the
low-income and public buildirgginvestments would be evenly spread across the state, split proportionally
between gasand oitheated homes. As a result, there is less fuel cost savings than in the incérasexs

case, where there are more fuel savings because of greater partiaiphyiche owners of oiheated

homes. This illustrates the impact of program design choices. The programmatic balance between oil and
gas heated homes has downstream effects on customer savings and a further small effect on the broader
economy.

38



CADMUS

Figurel8. Annual economywide job year increases and decreases resulting from changes in buiding
related spending patterns in the Low Carbon Price + Public Services case
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Figure19. Annual GDP increases arttbcreases resulting from changes in buildinglated spending
patterns in the Low Carbon Price + Public Services case
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TransportationSector

Policydriven changes in spending in the transportation sector have an overall slightly negative impact on
jobs and GDP in Rhode Island. This is primarily because EVs require substantially less maintenance than
traditional ICE vehicles. The resulting reduction in revenue and jobs in repair shops means fewer jobs
overall. Meanwhile, drivers benefit from savings on tbdtiel and maintenance costs, but generic
consumer respending is not focused on products and services produced in Rhode Island, so the net effect
of this shift is positive for consumers but negative for the statel economyFigure20shows the overall

and spendingriver results for the Low Carbon Price + Incentives case. As was the case with buildings, the
overall picture for GDP is similar to job impacts: smalldigthtly negative. Gas stations contribute more

to GDP than to jobs, so they play a larger role here.

Each of the other incentivedsased cases is similar, and the equivalent figures can be foulplp@ndix
A
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Figure 20. Annual ecommy-wide job year increases and decreases resulting from changes in
transportation-related spending patterns in the Low Carbon Price + Incentives case
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Figure 21. Annual GDP increases and decreases resulting from changes in tratasioor-related
spending patterns in the Low Carbon Price + Incentives case
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The economic results of the public services investment case are quite different from the incdratbesbs
approach, because the investments are almost entirely different: reduoctio transit fares, bus
electrification, expansion of transit service, and support for walking and biking infrastructure. This case
has much less EV adoption, which means that it lacks the EV vs. ICE auto repair impact that dominates the
net results in theanvestment casegThedisplacement of vehicle ownership by increased transit ridership

is de minimig. The transition from diesel to electric buses has very small job impacts, while residents
experience a net decrease in disposable income (thdsicing jobs associated with respending). This is
because the carbon price increases the cost of fuel but only decreases direct costs in the form of reduced
transit fares. Compared to the incentives approach, this investment path spends more funds @ annu
operational costs, and less on changes in capital spending, so there are fewer accumulating effects over
time. When the EV bus transition is complete in 2033, the increased spending on transit service and active
transit infrastructure results in a boost jobs and GDP.

Figure 22. Annual economywide job year increases and decreases resulting from changes in
transportation-related spending patterns in the Low Carbon Price + Public Services case
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Figure 23. Annual GDP increases and decreases resulting from changes in transportetlated
spending patterns in the Low Carbon Price + Public Services case
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ComparingAcrossPolicy Cases

The aggregate economic impacts of all four carbon price and investment cases, sheiguré@24 and

Figure25x | NB avlft 2y (KS aldrtS 2F wkK2RS LaflyRQa SYL
any case is an increase of less than 0.07 percent (e.g., less than one job in 1,500). The largest GDP impact
from any case is a redtion of 0.1 percentat the end of the projection perioth 2035. The differences

between cases are even smaller. In general, the more aggressive policy interventions that result in more
emission reductions also result in marginally larger impact on thelis6 Q&4 SO2y2YeéX 024K
negative. The Public Services investment case is qualitatively different, for the reasons discussed in the
LINSOSRAY3I aSOiAzyaod LG Ffaz2z KrFra GKS avylftfSaild AYL
transportation €ctor.
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Figure24. Comparison of the Rhode Island employment impact of the four policy scenarios

300 High CO2 Price + 2x Incentives

250 High CO2 Price + Incentives

“————— Low CO2 Price + Incentives
100 P —

Rhode Island Job-Year Impact

¢
)

-100
-150

2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035

Figure25. Comparison of the Rhode Island GDP impact of the four policy scenarios
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Aggregate changes in statéde jobs and GDP can be small while the impacts on individual types of firms
and jobs are large. In fact, the transition to a fully decarbonized economjdvbe impossible without
fundamental changes in some aspects of the economy (e.g., those related to selling and consuming fossil
fuels). In general, the opportunities and growth created in-tawbon industries counteract the losses in
fossilfuel-basedindustries. In some cases, shifts occur within the same industry (e.g., auto repair shifting
from fossil fueled to electric vehicles, or HVAC installers installing heat pumps instead of furnaces and
boilers).
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The characteristics of net job creation alsaywhetween cases. In the incentivbased cases, there are

job losses in the direct areas associated with investment, predominated by auto repair jobs. These spread
to indirect jobs. Meanwhile, accumulated customer savings and respending result in ingreaiced

jobs over time. In the public services case, the direct investment creates jobs in transit operations and
construction, and this results in more indirect job creation in supply chains. But the net negative
respending results in a loss of induceds. Figure26 shows the two low carbon price cases with the
different investment approaches, which have very similar overall employment effects but quite different
distributions of those jobs.

Where the aggregate results show GDP declines accompanied by job gains, that implies that wages and
profits (i.e., the components of GDP) per job are falling. In the incentives cases that exhibit this behavior,
this effect is likly the result of shifts in job composition from higkskill and highesvage direct jobs to
induced jobs that are in lowawage sectors such as retail.

Figure26. Contribution to net job impacts from direct, indirect, and inducedis in the a) Low Carbon
Price + Incentives case (left) and b) Low Carbon Price + Public Services case (right)
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Health Impacts

TheProject Teanused the COBRA model, published by U.S. Environmental Protection Agency, to estimate
the health benefits of each of the modeled carbon price and investment policy options. COBRA estimates
health impacts resulting from changes in particulates but doesstitnate ozone impacts, for which the
atmospheric chemistry is much more complex. Consequently, these results are underestimates of health
benefits.

Tablel2shows the cumulative health benefits over the 262050 period from each policy case, in Rhode

Island and nationally. Overall, health benefits scale with carbon emission reductions, and are relatively
modest. [fonewere to monetize these benefitshisy 3 G KS 9t ! Q& RSFI dzZ (4 | & a dzy LJG |
and the value of a statistical lifémore than 98.5 percent of the value would come in the form of reduced

mortality, at a value of more than $11 million per avoided death.

The nationalevel bendits are those that result across the country, including in Rhode Island, because of
wK2RS LaflryRQa LRfAOed !a adOKX GKSasS AyOfdzRS o2
residents of nearby states who breathe pollutants that are produce®hode Island. Of the national

benefits, 46 percent are in Rhode Island; 43 percent in Massachusetts, Connecticut, or New York; and the
remaining 11 percent spread further across the country. The national results do not include any benefits

from policiesadopted in other states.

These results are also subject to the same caveat as earlier results: they reflect the impact of the carbon
pricing and investment policies only, and not the overall transition to a decarbonized economy. In
particular, this meansh@at the air quality and health benefits from a relatively optimistic EV adoption
trajectory in sustained policies case (basedtmTCIP modeling) are not reflected here.

47 Seehttps://www.epa.gov/environmentateconomics/mortalityrisk-valuationand
https://www.epa.gov/statelocalenerqy/ctenefitsrisk-assessmentobrahealth-impactsscreeningand-

mappingtool
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Table7. Cumulative health benefits from each policy casger the 20212050 period, in Rhode Island
and nationally. Totals may not equal to sum of columns due to rounding.

A) Low Carbon Price + Incentives

Rhode Island National
wSRdzOG A2y & Ay| Buildings Transport Total Total
Deaths 11 5 15 27
Non-fatal heart attacks 4 2 6 15
Respiratory hospital admits 2 1 2 6
ER visits for asthma 3 1 4 12
Lost workdays 724 296 1,020 2,472

B) Low Carbon Price + Public Services
Rhode Island National
wSRdzOG A2y & Avy| Buildings  Transport Total Total
Deaths 9 2 11 27
Non-fatal heart attacks 3 1 4 10
Respiratory hospital admits 1 0 2 4
ER visits for asthma 3 1 3 9
Lost workdays 590 156 746 1,817
C) High Carbon Price + Incentives
Rhode Island National
wSRdzOG A2y a AYy| Buildings Transport Total Total
Deaths 18 6 24 55
Non-fatal heart attacks 6 2 9 20
Respiratory hospital admits 3 1 4 9
ER visits for asthma 5 2 7 18
Lost workdays 1,169 385 1,554 3,761
D) High Carbon Price + Double Incentives
Rhode Island National
wSRdzOG A2y & Avy| Buildings  Transport Total Total
Deaths 25 9 34 79
Nonfatal heart attacks 9 3 12 28
Respiratory hospital admits 4 1 5 12
ER visits for asthma 7 2 10 26
Lost workdays 1,671 557 2,228 5,375
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Section 5Nearterm Cost Impacts fadouseholds

Householdtharacteristics thaDrive PolicyImpacts

A carbon pricing policy and associated investments would cause changes in the household economics of
Rhode Island families. However, the impact would vary depending on the characteristics of the family an
their home. A carbon price would increase costs more for families whose energy consumption causes
greater GHG emissions, and vice versa. The investment portfolios funded by the carbon revenue would
also have different effects, depending on whether a igg able to take advantage of the investment

and chooses to do so. For policies that include rebates, the family composition can affect how much rebate
they receive. When modeling the illustrative effedtse Project Teantharacterized households usitige
following parameters:

1 House sizelargerfloor ares to heat and coolcorresponds tolarger impactsfrom
changes in the cost of energy. The median home size in Rhodeitslatasquare feet'®
Forsinglefamily detached homes, the median risest800square feet.

1 Building shell quality Linked with the age of a home, the level of air sealing and insulation
Ay | K2YSQa glffta FYyR FGGAO AYLI OGa KSIFIGAY3 |y
can usesubstantially more energy per square foot than newer or weatherized homes.

9 Heating fuel Almost all homes in Rhode Island today are heated with natural gas, heating
oil, or propane. Natural gas and propane have substantially lower GHG emissions per unit
of energy delivered than does heating oil. As a result, carbon prices have a larger impact
in dollar terms on heating oil customers. Heating fuel type is linked to the location of a
home: rural homes have much less access to natural gas.

1 Driving patterns Vehicles that drive more miles per year use more fuel, and therefore
see more financial impact from changes in the price of gasoline. The average vehicle miles
travelled per registered vehicle in Rhode Island is aBg@@0 milegper year.

1 Vehiclefuel econany. The cost to operate vehicles that use less fuel per mile driven
would increase less as a result of a carbon price.

1 Household sizeWhile the design of a rebate in the high carbon price case is subject to
policy design, in general larger housel®ldioutl receive a larger rebate. For the
purposes of the illustrative cases belothjs analysisassuma a flat $143 peicapita
rebate in 2025 (without differentiation between adults and children, and without any
adjustments for income or other factors). Theestof a household is also correlated with
house size, albeit imperfectly.

9 Building ownership While building ownership does not have a direct impact on the
household cost of a carbon price, it does shape how a family can take advantage of

48.S. Censugmerican Housing SurveRrovidence metro areattps://www.census.gov/programs
surveys/ahs/data/interactive/ahstablecreator.html?s_areas=39300&s_year=2011&s tablename=TABLE2&s_byg
roupl=1&s bygroup2=1&s filtergroupl=1&s filtergroup2=1
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investment suppom. In particular, renters are commonly less able to take advantage of
incentive programs to upgrade heating and water heating equipment or building shells.

FourlllustrativeHouseholds

This sectiorpresensthe impact of the carbon pricing and investmeadlicies in 2025 for four illustrative
households. These households reflect variation across many of the parameters discussed @athave

rural, and suburban; heating with different fuels; living in newer or older housing; and driving more or less
(or taking transit). Given the minor effects of the policies examined here on jobs otl@dhalysisioes

not assume that any of the family members gets a different job or experiences some other employment
related impact from the policies. Actual familiesllvexperience their own particular circumstances, but
theseillustrative households provide some insights into the range of potential impacts that households
would experience.

Eachhouseholdsummary begins with a short summanf/the relevant parametersof the household &
energyrelevant situation and a table summarizing the household economic impact of the carbon pricing
policies¢ KS agAlGK y2 IOGA2yaé aSOlA2y 2F (KS iftHeof S &K
householdmakes no changeis their home, vehicle, or behavior; this represents the highesst the

household might face. The rightl YR &A RS 2F SIOK GlrotS LINBaSyida |
economics if they take some action to reduce their emissions, suokpéecing an existing vehicle with

an EV, replacing their heating system with a heat pupngyeatherizing their homeln the case of Family

D, the household sees a difference between the Incentives and Public Services cases. Each table
summarizes only thannualenergy or operational costs, not the capital cdgbbility costs include the

cost of gasoline and electricity for driviregd the cost of transit passebut do not include vehicle
maintenance Comfort costs include natural gas, heating oil, eceicity used fowater heatingwinter

spaceheating and summer air conditioning.

This sectiorexamine the impacts on each household during the year 2025 and assthraethey make

any change in their home or vehicle at the start of that year. In 20@5l.ow Carbon Price cases reflect

a cost of $7.30 per metric ton, and the High Carbon Price case has a cost of $35 peritothe earlier

analysis, this section assumes that the agam drop in oil prices from the COVID pandemic has

abated by 2@5. It is worth noting thatEVs have lower fuel cosisK 'y F @SNF 3S L/ 9 O N&
lower gasoline prices.
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Family A
1 Single parent and child
1 Rents a 1,300 sq. ft. apartment with slightly below average building shell
1 Heats with ga$80 percentefficientboiler); cools withwindow AC

91 Drives 8,000 milegeryear in a relatively efficient (28 mpg) car

Table8. lllustrative household impactg, Family A

With n o actions With electrification
Base Low CO » High CO , Low CO High CO ,
Price Price Price Price
Mobility costs $1,010 $1,030 $1,120 $550 $570
CQ price impact +$20 +$110
Electrification impact $480 $550
Comfort costs $2,130 $2,170 $2,330 $2,130 $2,180
CQ price impact +$40 +$200
Electrification impact $40 $150
Rebate -$290 -$290
Total $3,140 $3,200 $3,160 $2,680 $2,460

Family A would see a small net cost from the Low Carbon Price policies, and an even smaller net cost from
the High Carbon Price policieysent taking any action to change their home or vehicle.

If the family took actions to reduce their carbon emissions in 2025 through electrification, their net energy
cost for transportation would fall, while their cost for comfort (water heat and spacelitioning) would

rise. In 2025, a new EV to replace their 28 MPG car would have an incremental cost of about $2,000 over
an equivalent new gasoline car, assuming a $1750 incentive paid for with carbon revenue. This investment
would offer about a fouyear payback under either carbon price.

If the family were able to work with their landlord to upgrade space conditioning and water heating to
electric options on the normal replacement cycle, the family or landlord would incur an incremental
upfront cost ofabout $1,500 after incentives. Given the further challenges of coordinating building shell
improvements in multfamily housingthis analysigioesnot assume any changes in the building shell.
While there are firsiyear operating cost savings to the hgatmp options in the High Carbon Price policy
case, they are not enough to offer a simple payback period shorter than the lifetime of equipment. Higher
carbon prices in future years, or more favorable electric rates relative to the cost of natural ghk, cou
offer a more attractive payback.
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FamilyB
1 Two parents with two children
I Owns a 2,200 sq. ft. suburban home with above average building shell
1 Heats withcondensinggas(92 percentefficient furnace)cools with central AC
1 Two cars:
A 13,000milesperyearat 28 mpg
A 7,000 miles per year at 20 mpg

Table9. lllustrative household impactg Family B

With n o actions With electrification
Base Low CO » High CO » Low CO High CO ,
Price Price Price Price

Mobility costs $2,300 $2,350 $2,530 $1,800 $1,900

CQ price impact +$50 +$230

Electrification impact $550 $630
Comfort costs $2,380 $2,430 $2,610 $3,090 $3,160

CQ price impact +$50 +$230

Electrification impact +$660 +$550
Rebate -$570 -$570
Total $4,680 $4,780 $4,570 $4,890 $4,490

Family B would see a small net cost from the Low Carbon Price policies, and a small net savings from the
High Carbon Price policies, absent taking any action to change their home or vehicle. Jdangs from

the High Carbon Price policies is critically dependent on the modeledapita rebate for the family of

four.

In 2025, the family could replace their higkaniving car with an EV at an incremental cost of about $2,000
after the rebate fundd by the carbon price (if that is how the revenue is used), and see a simple payback
period of less than four years. Heat pumps for space and water heating, estimated to require an
incremental cost of $2400 relative to replacement in kind for their exgsgjias system after incentives,
would not offer any payback because fuel costs would increase by more than $500 in anyhisse.
analysisassums that the family wouldnot weatherize their home, because it is already relatively high
performing. ThigamilyQ &  iust&tss the challenging customer economics of building electrification
when compared with efficient natural gas systems.

The financially optimal choice for this household would be to buy one or two electric vehicles, but not to
electrify theirhome comfort systems.
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FamilyC
M Two retired adults
1 Owns an 1,800 sq. ft. rural home with average building shell
9 Heats withoil (80percentefficient boiler);cools withwindow AC
1 Two cars:
A 11,000miles/yearat 28 mpg
A 5,000 miles/year at 20 mpg

Tablel0. lllustrative household impactg Family C
With electrification and

Base Withn o act_ions efficiency
Low CO » High CO LowCO,  HighCO .
Price Price Price Price

Mobility costs $1,830 $1,870 $2,010 $1,410 $1,480

CQ price impact +$40 +$180

ElectrificatioREEimpact $460 $530
Comfort costs $3,720 $3,790 $4,070 $2,300 $2,350

CQ price impact +$70 +$350

Electrificatiof EEimpact $1,490 $1,720
Rebate -$290 -$290
Total $5,550 $5,660 $5,790 $3,710 $3,540

Because of the relatively higher carbon intensity of heating oil, the carbon price has a larger effect for this
couple. In Low Carbon Price cases, their costs rise about $110 per year, while in the High Carbon Price
their 2025 costs rise more than $200 per year. As the carbon prices continue to rise in each case, the
effects grow.

Electrification of transport and comfort both result in energy cost savings in this case, due to the favorable
economics of electrification relate to oil. If the couple were to weatherize their house while converting

to ductless heat pumps, they would pay net costs of about $2,000 for space and water heating and cooling
systems and $5,000 for weatherization (after incentiv&fese investments euld save about $1,500 or

more per year, offering a simple payback of less than five years.

While this couple drives less than average, they would still see about gdéanrsimple payback when
choosing an EV, if they replaced their highgteage vehiclén 2025.
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FamilyD
 Two adults, two children
Quialifies for lowincome programs
Rents a 1,400 sq. ft. home with below average building shell

Heats withgas (8(percentefficient); cools withcentral AC

=A =4 =4 =

Drives one car 8,00@iles/yearat 20 mpg

9 Oneparent uses the bus (monthly pass)

Tablell. lllustrative household impactsg, Family D

With n o actions With Public Services
Base (and Incentives cases) investments
Low CO , High CO ,
Price Price Low CO ;, Price

Mobility costs $2,050 $2,080 $2,180 $1,660

CQ price impact +$30 +$130

Public Servidespact $420
Comfort costs $2,530 $2,580 $2,780 $2,270

CQ price impact +$50 +$250

Public Servidespact $310
Rebate -$570
Total $4,580 $4,660 $4,390 $3,930

In the incentivebased investment casethis analysisloesnot assume this lovincome family can afford
to take decarbonization action#\s a resultthis family in 2025 experiences an $80 net cost at the low
carbon price and net savings of $190 at the high carbon price (as a result of the per capita rebate).

In the Public Services investment case, this family would save $420 per year from reduced cost for transit
and would qualify for home weatherization and heat pumps at no upfront cost (provided they either own

their home or could coordinate with their laratd for these improvements). With heat pumps and a 25
percent improvement in the building shell, home comfort costs would decrease in the low carbon price
OFLasS 0@ |062dzi bPomnke@SFNI 0Fo2dzi mMH LISNOSyd 2F (GKS

Combined with the transitJ- 8 4 &l @Ay 3a | yR (GKS AyONBI&aS Ay 3l az2f A
comfort spending would fall by $650 relative to the Sustained Policies base case, and $730 relative to the
Low Carbon Price + Incentives case.
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Section 6QualitativePolicyAnalysis

Overview

To help inform the design of a potential carbon pricing policy instate of Rhode Island, the Project
Team analyzed the defining elements of a carpdning policyagainstkeyassessment criteriaentified

in collaboration with the Rode Island Tean(seeTable12 below). The defining elements of a carbon
pricing policy include price level, applicable sectogsilinvestment optionsThisanalysis was informed

by desk research and stakeholder engagement, whidesgsribed in more detail ihppendix B

The purposeof this analysis was to identify key tradeoffs related to the implementation or eénpha
carbon pricing policyelated toelementsthat could be considered by Rhode Island to inform the design
of a holistic carbon pricing policy.

Tablel12; Assessment Criteria

Assessment Criteria Description

Technicalmplementation Extent to which a policy is feasible to implement given Rhode
Feasibility Island's current resources, including electronic systems and
procedural frameworks for administering such a policy. The
analysis considers the extent to which the Radslandstate
government is expecteth incur staff time and other costs to
implement the policy

Administrative Feasibility Extent to which a policy is feasible to manage over its duratic
The analysis considers the extent to which the Rhode Island
state government is expected to incur staff time and other cos
to administer a given policy over time.

P\l CRIRYIGR=S S RETNYE] Extent to which a policy is expected to align with existing
decarbonization initiatives in Rhode Island

oI NI N (o] STU (eSS (NINRETe[OlaEIN  Extent to which a policy could successfully be broadened to
Implementation include regional participation.

Social Equity Extent to which net benefits associated with the policy are
expected to be distributed equitably across Rhode Island
residents, particularly the degree to which net benefits are
expected to accrue tbhouseholds irirontline communities
Benefits may incluel cost savings, local public health
improvements, and workforce development opportunities.
Social Acceptability Feedback regarding how carbon pricing policy is expected to
received among stakeholders (based on the limited desk
research and interactiowith stakeholders conducted within
the study this is notdesigned to capture the overall sentiment
in Rhode Island
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Based on the qualitative policy assessméme Project Teanorganizeddentified findingsinto the
below categories for eaabf the assessment criteridhese findings were later combinadth the
outputs of the qualitative modeling to inform the key takeaways of the study.

Price Level Findings

Sector Findings

Transportation Investment
Options Findings

Building Thermal Investment
Option Findings

wHow the criteria are impacted by the price level of the
carbon price

wHow the criteria are impacted by the sector in which
the carbon price is implemented

oHow the criteria are impacted by the investment of
revenue within the transportation sector

oHow the criteria are impacted by the investment of
revenue within the building thermal sector
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Technical Implementation Feasibility

Overall, implementing a carbon price is expected to be highly technically fedRhmee Island already

has years of experience implementing R@@dl the lessongearned fromthis experienceould be applied

to a carbon pricing prograro help minimize echnical implementation burdens. Additionally, several
other jurisdictions have implemented carbon pricing programs spanning multiple sectors, including
California and British Columbia, that could serve as nsfdeRhode Island>*°

Category Findings
Price Level Price level is not expected to impact the technical implementation feasibility of
carbon priceas the updates to electronic systems and procedunesded to
implementsuch a policy will not vary greatly by price level.
There are nonajor anticipated differences in the technical implementation
feasibility of a carbon price in the either sectas the updates to electronic
systems and procedures for implementing sugtolicywill not vary greatly by
sector.
O efieiilegll Boththe Incentives and Public Serviéegestment options are expected to have
Investment hightechnicalfeasibility.In regards to the Public Services optieliminating transit
Options fares is technically simpknd there are already several citiefering this option,
including Bostort! In regard to the Incentives optighode Islandstaff have
indicated that restarting their EV incentive program would require minimpaont
administrative burdert?
Building The technical feasibility of either investment option would ultimately depend on
Thermal program designA major program design decisitimat could influence the technica
Investment implementation feasibilityof a carbon pricing poliagthe extent to which Rhode
Options Island leverages existing programmatic infrastructure to implement these
investment options (i.e., provide more funding to expand exisprograms).

49 Government of British Columbia.NA G A A K / 2f dzYo Al Qa /I Nb2y ¢I E
https://www?2.gov.bc.ca/gov/content/environment/climatehange/plannineand-action/carbontax

50 California Air Resources Boa@hpand-Trade Programhttps://ww2.arb.ca.gov/ourwork/programs/capand
trade-program

51 Fare Free Public TranspoBoston, USAntips://freepublictransport.info/city/boston/

52 Feedback from the RI Carbon Pricing Study Team.
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Administrative Feasibility

Rhode Island can potentially leverage its experience with RGGI to reduce administrative challenges and
associated cost$hode Island can also leverage existing programs and institutions to further reduce the
administrative burden of collecting and distributing revenker example, the Rhode Island Infrastructure

Bank bl GA2ylf DNRARRQA SySNHe& Sikshtations haf éus diNBehNI Y &
investmentscould be leveraged-owever, it show be noted that administrative feasibility of a carbon

pricing program will depend owhetherit is designed as a carbon tax or eapd-trade program.

Category Findings
Price Level Price level is not expected to impact the administrafieasibility of carbon pricing
policy, as the processes for administering such a policy will not vary greatly by
price level
Sector Level There are no major anticipated differences in the administrative feasibility of a
carbon price in eithethe transpotation or building thermal sectaas the same
reporting requirements, administrative oversight, and enforcement activities w
be needed, regardless of sector.
O lefi=tlegM Overall, the Public Services investment option is expeaidédde slightly lower
Investment administrative costs than the Incentiwevestmentoption. This is largely because
Options incentive programs require internal or external staff time to administer, while
reducing transit fares requires minimal staff time over the lifetimé¢hefreduced
fare.
Building The administrative feasibility of either investment option would ultimately depe
Thermal on program desigrPotential pogram design decisions that could influence
Investment administrative feasibility include thextent to which Rhode Island leverages
Options existing programmatic infrastructure to implement these investment optji@ss
well as theoverallnumber of incentives distributed.
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Alignment with Existing Initiatives

Overall, a carbon price woulalign well wih existing decarbonization efforts in Rhode Island, including

existing policies, programs, and initiatives across key sectors that seek to reduce GHG emissions or study
decarbonization. Furthermore, a carbon price wocdy & NA 6 dzi S (2 wKaghie@&anB®B f | Y RQA
percentreduction in GHG emissions by 2088pand upon the success of RGGI, and generate reenue

programs that can benefit Rhode Island residents and businesses.

Category
Price Level

Sector Level

Transportation
Investment

Options

Building
Thermal
Investment
Options

Findings
A lower priceismore inlinewithK 2 RS L&t yRQ&a SEA&GA
carbon pricingincluding aligning with the price of RGBbwever, ahigher price is
moreinf Ay S g A 0K ankifoRSGEHG radudtiofi RuQets.
A carbon price in th&ransportation sector appears more aligned with existing
initiatives than a price in the building thermal sectdo. date, he transportation
sectorwill adoptcarbon pricing througfi CiP, as well aother initiatives aimed at
promoting electric vehiclesHowever, within the building sector, most initiatives t
date have focused on energy efficiency as opposeaohbastelectrification.
Boththe Incentives and Public Serviégagestment options align with current
transpatation decarbonizationnitiativesin Rhode Islandrelated to the Incentives
investment option Rhode Island has implemented thero-emission vehicle (ZEV)
mandate, signed onto both thigght-duty and medium and heavyduty ZEV
memorandum ofunderstandings (MO®Z | YR A& O2y aiARSNAR
Advanced Clean Trucks ruRelated to the Public Services optiéthode Island
currently offerslimited forms of free/reduced fare transit, such as free bus fares
low-income seniors andgople with disabilities.
Currentbuilding sectoinitiativeswithin Rhode Islangrimarily focus on energy
efficiency and building weatherizatipwhichare more aligned with the Public
Services investment option. However, tstate recentlycompleted aHeating
Sector Transformation Studkyat exploredfuture options for thetransition to low
carbon heating optionand was more aligned with thacentivesinvestment
option.
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Potential for Successful Regional Implementation

It appears there is some potential for the successful regional implementation of a carbon pricing policy.
The RGGI program has a wide geographic scope and has demonstrated thaalregitnon pricing
programs can be successfatditionally, TCiPshows continued interest in carbon pricing among a broad
set of statesLastly,Massachusetthias adopted an additional carbon pricing program in the electricity
sector, demonstratingome, but limited, carbon pricing activity outside of RGGI.

Category Findings
Price Level While some states in the region are exploring ambitidasarbonization efforts
and may support a higher price, a lower price is more likely to garner a broade
coalition.To date, RGGI is in line with this study's low price andPhi&$ focused
on a similarly low range of pricing levels.
ST GIANCYCII The transportation sector is expected to have somewhat greater potential for
successful regional implementation than in the building thermal sedtioe.
transportation sector currently has some momentum through-F.@dditionally,
to-date, there are more impactfl initiatives within the region to decarbonize the
transportation sector than in the building thermal sector.
IO eieilogll In the event of a regional carbon pricing program, it is assumediieainvestment
Investment of revenuewould still bedetermined at the statdevel. As suclthe transportation
Options investment options are not analyzed fibvis criterion.
Building In the event of a regional carbon pricing program, it is assumed that the investi
Thermal of revenue would sl be determined at the statéevel. As suctthe building
Investment thermal investment options are not analyzed fbrs criterion.
Options
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Social Equity

Carbon prices have the potential to be regressive given thatiloeme households typically spend a
greater portion of their income oenergyandwould thus be more greatly impacted by a carbon price.
However, intentional policy design choices, such ageteed revenue reinvestment, can offset the
regressive nature of a carbon price. Ultimately, the equitability of a program will depend on how the
revenue is targeted (e.g., by income, geographic location, etc.).

Category Findings
Price Level In the absene of revenue spending, a higher price is expected to place a highei
burden onhouseholds in frontline communitigban a lower priceHowever, a
higher pricewill generate more revenue that cde targeted towards programs
that promote equity.
SNV Excluding use of revenue, there are no major-diéferences in the overall social
equity impacts of a carbon price in the transportation sector as compared to the
building thermal sectorThe degree of impact will depend on several factors,
iy Of dZRAYy 3 | LISNBR2Yy Qa f 2<dtuddsasemerdrKSA N
homeowner and the extent to which they rely on a car for transportation.
IO eielilolgl Public Servicginvestments are more likely to haggeatersocial eqity outcomes
Investment than incentive investmentsn the case of the Incentives investment optiomany
Options low-income residents magtill not able to afford EV/®ven with incentivesgiven
their high upfront cost. In the case of the Public Services optimviging reduced
fare and expanded public transit will be a boon for those who live close to it.
However it should be noted thatural residentsvho donot live near public transi
would likely be excluded from experiencing the benefits of this option.
Building PublicService investments are more likely to have greater social equity outcome
Thermal than Incentive investmentdn the case of the Incentives integent option, many
Investment low-income residents may still not be able to afford a heat puayen with
Options incentives given their high upfront cost. In the case of the Public Services optiol
providing free weatherization and heat pump installation for {m@ome regents
can help reducéhe cost barrier to participating in heating sector decarbonizatior
However, cost is only one of multiple barriers, particularly for renters.
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Social Acceptability

A carbon pricing policy would align with existing initiativesdta¢ée of Rhode Island is supporting related

to decarbonization (se¢ SOUA2Y wY wWK2ZRS L af I V)RandisormeSstakeholdet v A 1 | (i )
groups have expressed support for carbon pricidgwever, some stakeholders have been opposed to

carbon pricing legislation in Rhode Island for various reasons, including concerns that it is not as effective

as more prescriptive palies and may result in costs being passed on to consumers.

Category Findings
Price Level Based on stakeholder feedback, a lower price is generally seen as more soc
acceptable, however there are specific groups (e.g. environmental advocates
who prefer a higher price.
There are no major anticipated differences in the saataleptability of a carbon
price in the transportation sector as compared to the building thermal sector
IR leli=Uleg MM Public service investments are expected toshghtlymore socially acceptable
Investment than incentive investments given that technoleggutral advocates (e.g. biofuel
Options industries) may oppose EV incentives, and EV incentives are sometimes see
subsidies for affient householdsHowever, while free transit ridership may
garner popular support, the modest associated emissions reductions may lirr
support among environmental advocates.
G MIEEl There is no major difference in the overadpected social acceptability of either
Investment investment option. Both investment scenarios are in line with current initiative
Options but technologyspecific interventions (e.g. heat pumps) may face push back fr
certain groups that prefer a technologgnostic appoach. Furthermore, some
stakeholders may be supportive of targeting resources towardsihocame
households, while others may prefer a greater emphasimarimizing
decarbonization.
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Section 7Additional Design Considerations

While this reportspecifically focuses on the price level, included sectors, and revenue use of a carbon
pricing policy, there are several other important design features to consider in the design of a policy that
have important implications for the implementation and ovieianpact of a carbon price. This section
provides a list of these key features and an explanation of their overall implications.

Approach: Cajand-Trade vs Fee
There are two common approaches of applying a price on carbon, inclogirend-trade programsand
carbon fees (commonly referred to as taxes).

1 Capand-Trade Under acap-and-trade program, there ian upper limit, or cap, on total emissions
from regulated entities and a corresponding amount of emission allowances. Under such a
program, regulateantities need to attain allowances that correspond to their level of emissions.
These emissions allowances are either freely allocated or sold at an auction. After being
distributed, they can be bought and sold by regulated entities in a carbon marketeeeprice
of the allowances is set by market factors (i.e., the supply and demand of the allowances). Given
that these allowances are scarce and therefore valuable, emitters will be incentivized to reduce
their emissions in order to limit the number allowances they need to purchageapandtrade
also sometimes providdlexibility for regulated entitiesin that excess allowances from one year
can be used for compliance in future years and in some circumsta@aflesvances can be
borrowed from futureyears to meet complianda the current yeap?

1 Fee Conversely, a carbon fee sets a fee per ton of carbon emissions from regulated entities.
Emitters who are covered by the policy would be required to pagrton fee for their total
emissions. As a salt, emitters are incentivized to reduce their emissions in order to reduce their
overall payment. While the fee schedule is set by the regulator, there is no cap on total
emissions?

In summary, caqandtrade programs provide certainty in the volumeearhissions without certainty on

price. Conversely, carbon fees provide certainty on price without certainty on GHG emissions volume.
However, m practice the distinction between these two methods is often blurredsulting in hybrid
approaches that limit emissions while setting bounds on the extent to which the price can vary. For
example, camndtrade programs often will institut@ price floor on the cost of allowancesd a cost
containment reserve that releas additional allowances ihe allowanceprice reactes an established
ceiling In doing so, the capndtrade program can only operate within a range of carbon prices, and the
cap may be flexible as a result. Similarly, a cafbeischemewill sometimeshave a mechanism by which

53 Union of Concerned Scientists. 20Carbon Pricing 101: When carbon emissions cost monegyragece less of
them. https://www.ucsusa.org/resources/carbepricing101
541bid.
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price increases are triggered basedvamether the program is achievirmgarget GHG emissions reduction
trajectory >

Point of Regulation

The point of regulation is the stage in thassil fuel supply chaiat which the tax is agessed, which in

turn impacts the number of regulated entitieShere are multiple points in the supply where a carbon
price can be applied, includingpstream midstreamor downstream An upstream point of regulation is
one that is early in the supply am, at the point of extraction (e.g. a coal mine or wellhead) or the port
of entry. A midstream point of regulation would apply to the first purchaser of fossil fuels within the supply
chain, such as a refinery. Lastly, a downstream point of regulationeighat is late in the supply chain
where the endusercombustshe fuel, such as households or businesses that use natural gas to heat their
homeor a power planthat usesnatural gago produce electricityBased on this structurearbon pricing
schaneswith upstream points of regulatiomend to have fewer regulated entitiethan downstream
regulated systems.

Overall, the point of regulation can have large impacts on administrative das$ts associated with
measurement, reporting, and verification are lower in carbon tax schemes with an upstream point of
regulation and fewer regulated entiti€é These costtake two forms. The first is administrative costs for

the regulating entity, in this case Rhode Island. The second is costs borne by the regulated entity to comply
with the regulation Higher administrative costs for the regulating entity result in lessling remaining

for investments and rebatesAdministrativecostsborne by the regulated entityend to be at least
partially passed through to consumers, resulting in higher prices for goods and services. RGGI uses a
downstream point of regulation, witlelectric powerplants being the regulated entifff while the
California cagand-trade program uses a mix of upstream and downstredtre California schentakes

a similar approach to RGGI in the electriggctorbut regulates fuel distributors in the ansportation

and building thermal sectors.

Gasegovered

There are several gases that can be regulated in a carbon pricing systérdiffarent carbon pricing
systems regulate differergubsetof these gasesWhile many of these gases do not containbcar, they

still contribute to theGHGeffect that causes climate change. The Global Warming Potential (GWP) is a
standard measure that was developed to compare the relative potehashich the various gases warm
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the atmosphere’® RGGI only regulates cantdioxide (C€),*°while the California capndtrade program
covers several gases, including: carbon dioxide;)(G@ethane (CH4), nitrous oxide (N20), sulfur
hexafluoride (SF6), hydrofluorocarbons (HF@sjfluorinated compound (PFCs), nitrogemifluoride
(NF3), and other fluorinated GH&sThe number of gases included under a carbon pricing scheme will
impact reporting requirements and administrative cqststh more gases being more complicated to
monitor. However, it will also impact the onadl effectivenessof the scheme in mitigating the
consequencesf climate changewith more gases being monitordgeingmore likely to have a greater
influence

Offsets
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work to decreasehe carbon price burden oma regulated entity.Offseting techniquesoften include

extracting greenhouse gases from the air or preustthe release ofuture greenhouse gase# few

examples of offsets include managing methane from agriculture, capturing and destroying landfill
methane, carbon sequestration through reforestation, awojdforest destruction, or better forest
management

Offsetscan bea contentious topic in carbon pricing program design. To ensure the integrity of the avoided
or sequestered greenhouse gases, programs often have rigorous standards, only allow specific project
types, and limit the portion of emissions thean be offsetFor instancethe California program allows
regulated entities to meet @ercentof their compliance obligation with offsets, half of which need to
create direct environmental benefits in Califorifalhe RGGI program allows regulatedites to meet

3.3 percentof their compliance obligation with offsets.

Exemptions

Exemptions include program elements that excuse certain industries from being subject to the carbon
price. Exemptions are typically enacted to maintain the competitivenesmadifstries that would
otherwise face a disadvantage as the result of a carbon tax in one jurisdiction without one in another
jurisdiction. For example, Sweden, which at the time of this writing has the highest carbon tax in the world,
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exempts some energntensive industries, such as steel production, from paying the carbof? Ehis
study does not cover the industrial sector, which is typically where exemptions would occur.

Emitter Threshold

The emitter threshold refers to the minimum threshold at which entities are included within the pricing
scheme. Beyond the point of regulation, the emitter threshold will further specify what size entities are
included within the carbon pricing schemetudinn, this will impact the number of regulated entities, which
can haveconsequence®n administrative costs anthe scope of emissions covered. In the U.S., RGGI
covers fossil fuel electric generating units with a capagigater than or equal t@5 MW?* while the
California cagandtrade program applies to electric power plants, industrial plants, and fuel distributors
emitting greater than or equal t@5,000 metric tons of Cer year>5®

Penalties

Penalties involve setting and enforcing policiesféolure to pay the carbon tax at a level equivalent with
regulated emissionsoutput. Penalties are designed to discouragencomplianceamong regulated
entities in properly reporting and paying for emissions. Both RGGI and California have multiplicative
penalties for failure to comply with the carbon price. In RGGI, entities nheed to submit three times as many
emissions allowances for each allowance they fail to subhhit.California, the penalty is four times as
many emissions allowancés.

Rebate Desiy

As discussed in thenalysis Scope & Approasection of this report, rebateefer to revenue that is
returned directly to residents and businesses, withany conditionsabout how thethose who receive

the rebatesspend thefunds Byreturning revenue directly to residents and businesses, rebates offset
some of the higher cost afsingfossil fuels. In some cases, the rebate can more than offset the increase
in energycostsfor residents Rebatesalsoprovide a tangible benefior residents and businesseshile

the other benefits of a carbon price anéten lessconcrete(e.g., reducig theseverityof climate change)
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A rebate could be designed and implemented in several differenswayew illustrative methods of
designing a rebate includepercapita dividend, a progressive dividend, and an income tax offbese
three methodsare descdbed further below.

PerCapita Dividend

A percapita dividendeturnsrevenue to every Rhode Islahduseholdand businessn a percapitabasis
and is the rebate option that was modeled in this analy&sgery year, &h resident would receive a
paymentof the same value as everyone ets®&d each business would receivpaymentproportional to
their number of employees each yearhe advantage of a peapita dividend is thabecause each
resident is receiving the same amount in their paymemtaning thater capita dividends are more likely
to garner widespread support for the carbon pri€ercapita dividends are often criticized becawsen
though all residents receive ¢hsame amountsome people do not think it is right that the government
would be giving money to highéncome households.

A version of the pecapita dividendvasthe methodproposedinw K 2 RS [Ecofiomiy & @limate
Resilience Act of 2019vhich cdked for 30 percent of revenueto be distributed to Rhode Island
businesses. Of the revenue distributed to businesseperfentwould be distributed to employers in an
FY2dzy G LINRPLR2NIA2YyLFf (2 GKS SYLX 2 8kdibnaBeperte 2 F
would be distributed toany business who are expected to be particularly impacted by a carbon price,
including energy intensive or trade exposed industffes.

Progressive Dividend

A progressive dividend is similara percapita dividend except that the dividend would scale inversely
with incomefor residents so that low-income residents receive a higher payment than Kiglome
residents.The advantagef a progressive dividend is that those who are nmid&tly tostruggle with the
affordability of energy as a result tife carbon tax would receive the highestnapensation Progressive
dividends areseen by some asot being fair The view of opponents is thatveryone is paying higher
prices as the result afarbon tax and therefore everyone should receive an equal share in a dividend.

A version of the progressive dividend is the method employed ifcttemomic and Climate Resilience Act
of 2019 In the act, 40 percentof revenue is usetb provide direct divdends to residents. Qhe revenue
being distributed as dividends to residents, rcentwould be dividedevenly among residents in the
bottom third of income in Rhode Islan85 percentwould be divided evenly among residents in the
middle third of incane in Rhode Island, and percentwould be divided evenly among residents in the
top third of income in Rhode Islarii.

Income Tax Offset
An income tax offset wouldse the revenue from the carbon tax to reduce the income tax rate in Rhode
Island.The adantage of this method is thah shifting the tax from income to GHG emissigriRhode

59 State of Rhode Island in Generals&mbly, Senate Environment and Agriculture. 2@c®nomic and Climate
Resilience Act of 2019 (S 0662)p://webserver.rilin.state.ri.us/Bill Text19/Senate Text19/S066#.p
" 1bid.
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Island would be promotingconomicactivity while disincentivizinthe emission ofGHG, creating a more
efficient economic systenThe disadvantage of income tax offsetdhat they are regressiveBecause
income taxes are proportional to income reduction in income tax provides a larger direct benefit to
higherincome households than Iar-income households-urthermore they may not provide benefit

for a significant proportion of the population in Rhode Island because many people do not pay income
tax. Estimates have showthat that over half of Rhode Island residents do not pay incoaé&’twhich is

in-line with more recent nationwide estimates, which indicate tahbut 44percentof Americans do not

pay income tax? Typicallyhouseholdsiot paying income tais a result of not crossing a minimum income
threshold includinghouseholdswith very low incomesthose who are unemployed, loimcome retirees

on social security, and dependent children.

GolocalProv.2012.1 £ ¥ 2F wK2RS Laf | y RSN/ wHRyilprdv.goS/ndnwyi@2 YS ¢ ES.
of-rhode-islandersdont-owe-incometaxes

2Tax Policy Center: Urban Institute & Brookings Institution. 2048Vox: Federal Budget and Economy.
https://www.taxpolicycenter.org/taxox/tcja-increasingsharehouseholdspayingno-federatincometax
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Section 8Synthesized Findings

Overview

As Rhode Island considers the development of a carbon price, there are several key fimalirvgsre
gained from this studyThese key takeawayssynthesize findings fronthe GHG impact modeling
economic and health impacts modelirend qualitative policy assessmedescribed in previous sections
of this document

The key findingsan informthe designof a carbon price for Rhode Islamaghd should be considered in
LI NI £ fSf 6AGK SEA&GAY3I | YR TFdzidzNB O2 YLX Sunlésgii I NB S
otherwise noted, these findings hold true across all price levels and cases edamihis study.

Key Findings

Il OFNDb2Yy LINAOS |4 GKS tS@gSta FylLftelSR ¢2dz
emissions reduction target alone

For Rhode Island to achieve its laiegm decarbonization goals.dditional actions will be needed to
complementcarbon pricing The emissions for policy cases range from 3.9 to 5.1 MMIRGD50, which

Frtfa aK2NI 2F wK2RS 1 #@hede figR@si denjohsNdeStiiat tite fhecessary a a ¢ |/
technological transitions that would need to occur are not fullhieeed through the carbon pricing

scenarios examined in this study. It is important to note that this is tneneassuming Rhode Island
achieveghe Executive Order committing tt00 percentrenewable electricity by 2030

While a carbon price may not aéhidS wK2 RS LaflFyRQA DI D SYAdaaArzya NB
are two important takeaways that policymakers shoothsiderwhen designing a carbon price in Rhode

Island. First, aigher price results in more GHG reductidhan a lower price. Seconthvestment in
decarbonization programs results in more GHG reductibbas themarket signal resulting from therice.

While the price drives modest emissions reductions through disincentivizing fossil fuels, investments were

more impactful in changingoasumer preferences from fossil fuehsed technologies to cleaner
technologies, such as heat pumps and electric vehicles.

Finally, during the study, many stakeholders noted that a carbon price that enables Rhode Island to
achieve its 2050 GHG emissioaduction targetshould be consideredrhis study did not include a direct
scenario aligned with that objective, as tgeal of the study was not to model what carbon price would

be needed to reach a specific reduction target, but rather to explbeeimpact ofpotential state and
regional carbon pricing policies

Determining how to use revenue generated by the carbon price is a chief policy design

step

There are numerous ways thadwenuefrom a carbon price could besed However, die to practical
constraints, his study examined a limitedet of options forrevenue use Bven through the limited
illustrative examples, Wvasclearthat the use of revenueould drive greater GHG impacts than than
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the market signal resulting from the pd. The revenue camlsobe used to achieve other societal goals
beyond GHG reductiorf-or example, the Incentives investment option had larger impacts on GHG
emissions than the Public Services investment optionddtnot necessarily benefit loimcome and
frontline communities Theuse ofrevenue generated by a carbon tax thus represents an impodadt
consequentiapolicy choicen the sii | (iGHQ #&eductiomfforts.

The program design for investment of revenue can further impact outcoResicularly, design choise

can be madeto increase the acces® cleaner technologies to lowcome residents. For example,
incentivesprogramsfor clean technologiegould provideadditional fundingto households below a
certain income level, increasing affordability for laveome householdsind the equitability of the

incentives

Equity needs to be a conscious choice in both process and ultimate policy design

Some communities dsoportionately experience the burdens of climate change and have less access to
the benefits of clean energy technology than othétsr instance dw-income households speraihigher
portion of theirincome on energy and thus would be disproportionatieiypacted by a carbon prica

the absence of revenue usas a result,arbonprices are potentially regressive, unlessenue generated

by the carbon price is intentionally targeted to support thehtherefore, the quitability of acarbon
pricingprogramdepends on thaise of the revenugFor example pw-income households could seaat
gainin income with a rebatepatrticularly if it is designed such that léemcome residents see a higher
portion of the revenue than higincome residents.

If Rhale Island moves forward with developing a carbon pricehduld engage residents early in the
process and frequently throughoufThe state should also consider ways it can center frontline
communities within this participation. Resultifgedbackshouldbe utilizedappropriatelyto ensure the
experiences and needs of frontline communities and households are reflected in program design. Doing
so canensure the carbon price is implemented equitably amelp strengthen relationshipsvith
communities and bud trust.

A carbon price has a small impact on electric vehicle (EV) adoption

The study shows that a carbon price has a limited positive impact on increasing EV adoption. Moreover,
the study finds thatncentives drive more adoption than thmarket signatesulting from the priceThe
assumptions in the transportation sector within this study were based on the Transportation and Climate
Initiative@ modeling. These assumptions indicate that EVs are expected to achieve upfront cost parity
with gasolinepowered vehicles in 2030 angsume a higher rate of EV adoption treomeother studies
Partially as a resubtf this baselineof high EV adoptignthis study finds that aarbon price does not
sufficientlychange the economics to drive significauditional adoption of EV$dowever, the carbon
price-funded incentive does induce some consumers to purchase amhBWould otherwise not have

done so

The results of this study need to be considered in the broader context of the EV miankebving
favorability of vehicle and fuelrre are only two componens of increasing EV adoptioifo significantly
increase the adoption of EVs, other barriers need to be overcome, such as reducing range anxiety,
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increasing awareness of EVs, and improving the av#ijand diversity of EV models in Rhode Island.
Furthermore, a electric prices ris@as a result othe renewable energy standaydhe cost savings from

EVs are not quite as significaad they would be otherwise. Revenue generated from a carbon pridd co

be used to address some of these barriers by supporting charging deployment and educational programs.

A carbon price contributes, in a limited fashion, to increasing the adoption of air source

heat pumps (ASHPS)

Without a carbon price, the lifetime ctssof oil heating systems are typically more expensive than ASHPs,
while natural gas heating systems are less expensive Agtis. A carbon price does not significantly
impact thesedynamics already seen in the heating industry, even within the high pramined in this

study. The high cost of heating oil promotes transition to ASHPs, which is slightly amplified by a carbon
price. The low cost of natural gainderswidespread transition from gas heating system to ASIPs,
dynamicwhich is notsufficienly changed by a carbon pride make ASHPsare more costeffective.
Furthermore, as electric prices riss a result ofhe RenewableEnergy Sandard ASHP economics are

not as favorable as they would be otherwise.

Theresults of this study need to be considered within the broactemtext of theheat pump marketin

addition to cost barriers, there are a wide range of other market bartieais will need to be addressed

in order to achieve widespread deployment of h@aimps in Rhode Island. Some key challenges include

a lack of consumer awarenedisnited confidence in the benefits of heat pumgsnsumer preferences

for traditional heating sourcegaps in thesupply chainand a limited workforceof qualified installes.
Revenue generated from a carbon price could be used to address some of these barriers by supporting
consumer education and workforce development programs.

I OFNb2Yy LINAROS gAff ONBIGS aKATFTIa Ay wK2RS
impacts areexpected to be negligible

The study showed thatggregate impacts on jobséxpected to beslightly positive while theimpact on

state GDP is slightly negativdoweverpoth impactsareOf 24 S (2 1T SNB Ay GKS 02y
entire economy accounting fochanges 00.1 percentor lessof total jobs and GDRVhile the aggregate

changes are small, there aleY L2 NIi I y i aKATFGA GKFdG oAt 2h@nQazN) Ay w
are to be expected of any action that sedk reduce GG emissions, as jobs shift from industries that

rely on fossil fuels tadhose that support renewable, electric, and other cleaner technologidse

magnitude ofthese shiftsscales with the degree of decarbonization driven by such actions.

In the transpotation sector, jobs shift from ggsowered cars to electric vehicles as consumesakethe
same switch. For example, car salespeople tnalhsition from selling gasolinpowered vehicles to
electric vehiclesauto repair jobs will see a similaansition; and there will be fewejobs available at gas
stations. However, there will be an increaisejobs associated with the instation of electric vehicle
charging equipmentAdditionally, theeduced maintenance and fuels costs of electric vehislécreate
savings for electric vehicle drivemshich will then bespent in other sectors of the economy.
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The building thermal sector sees a similar transitidobswill shift from fossil fuel heating to electric
heating and weatherizatiarFor exampleHVAC échnicianswill start to transition from installing oil and

gas heating systems toore heat pump installation®elivered fuel suppliers will see a decrease in jobs,
while jobs associated with electricity transmission and distribution could see an increase as more heat
pumps are installedThere is also an increase in jobs associated with weatherizing homes sidteofe

the spendingn such programs.

A carbon price would generally have a limitaghregatampacton households

The aggregataearterm cost impacsof a carbon pricen householdsre small Households that see the
highest cost increase are thosgho spend the most on fossil fuels. Typicallyis would include
households who heat with oihave large homes, have poor insulation, or drive more than averagie.
such, households canitigate added costsorachievecost savingdy adopting clean egrgy technologies
and weatherizingheir homes.Although theaggregatechanges are relatively small, as indicated abdve, i
isworth notingthat those whose jobs are impacted by shifts in economic activity weegdarge impacts.
This include both householdsthat lose jobs and those that gain jobs as a result of the shiftthe
economy

Policy design can dictate how revenue use is targeted, which determines how different households are
impacted For examplethe Public Services investment optiogsulted in greater benefit folow-income
households and those who use public transit thiadid for other householdsThe presence of aebate
canalsoresult insome householdachievinga net gain in incomeThis is more likely to occur for large
families or those whdiave low expenses associated with fossil fu€le rebate could also be designed
such that it provides greater benefit for lelwcome households than highcome householdsby
changing the amount distributed to households inverse t@ome level

It is also important to acknowledge the health benefits that would accrue to households as the result of a
carbon price. This study showed thagdith impacts aresmall butpositive

Wider geographic scope would lead to greater success

Developing a carbon price in coordinatianith other states haseveral advantages and would likely lead
to greater success of therogram.First, erating at a regional scat&n improvesocially acceptaibty. It

is easier to justify a carbon price to those who view it unfavorédtdgveral states are movirtigwards
implementationthan if Rhode Island were to develop oneitsown. Additionally, enissions reductions
can also occur at a lower cost to busiresand residents. Particularly in a eapd-trade program, where
emissions allowances are tradeable, entities who can decarbonize more cheaply willrddigong the
cost of allowances. It will also reduce costshte Rhode Island government because agistrative costs
can be shared among the participating stateeating economies of scale.

The Regional Greenhouse Gas Initiatiasshown that a program with avide geographic scopean be
successfulln fact new statesare still participating with Mrginia set toparticipatein January 2021 and
Pennsylvania consideringarticipating as well. However, egional participation maynvolve making
tradeoffs on important policy desigiecisionge.g., pricepased on the needs and preferences of other

71



CADMUS

states. While there may be appetite for a higher carbon price among progressive states in the region who
are currently studying deep decarbonization, such as Massachusetts and Newa ¥aovier price may be
more likely to garner a broader coalition of states.
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Section 9Conclusion & Next Steps

The results of thisstudy showthat there is a diversity of perspectives on carbon pricing and numerous
ways in which it could be implementedurthermore it highlightsthat carbon pricing i®ne of manytools
available to thestate of Rhode Islandh an effort to achieve itambitious decarbonization goalés this
report describesRhodelslandalready has multi-faceted robust, and expandinget ofdecarbonization
policies and programg\s the findings of the several decarbonizatietated studiegincluding this one)
and initiaives become available, Rhode Island can align these elementssittmader decarbonization
strategy Rhode Islandan utilize the findings of thidecarbonizatiorstudy toinform whether it pursues

a carbon pricing scheme, and if it doedat itsgoalswould be forimplementing a carbon prieg scheme
within the context of thesii | (ib&@d@r decarbonization effortsSpecifically, these goals may include
what price level or GHG dactions it wants to achieve through adoption of a carbon pritigher prices
and more stringent emissions caps will resuljinaterGHG emissions reductisn

If Rhode Island decides to move forward with a carbon price, there are several key detiatomeuld
need to be made regarding program desi@tief among themRhode Islan@vould need todetermine
whetheracarbon feg a capandtrade, or hybridprogramwould bestfit with achievng itsgoals

Another key decisionfor Rhode Islands whether to pursue acarbon price independently or in
cooperation with regional partner§he success of RGGI and the ongoing effoffGH has shown that
there isanappetite for regional coatination on carbon pricingdowever, these initiativesave occurred
around relatively lowprice levelslf Rhode Island seeks to pursue a higher carbon price, itthagyseto
move forward independently owork with a smaller coalition of statéban has been seen IRGGI and
the development off CiP.

Perhaps even more important than the price itsaie the decisions abouhow to use the revenue.
Revenue use willdcritical in determining the success of the carbon pride use of revenue should be
Ff A3y SR 4 A (K objedidart brbadler HegaroOnization effortdVhile there were some
illustrative examples examined in this study, the revenue can be used howelieymakers see fit
However, it is important to remember that there will likely be key tradeoffs betwesmious uses of the
revenue and stakeholder input on decision making will be vital

Through the process of program developmeRtode Island should work closely with stakeholders in
determining thestructure of the program and these d revenue This icludes governmengntities, such

aswkK2 RS LaflFyRQa hFFAOS 2 7TEmiydnedEdanagbricdtdDefiadndest 5 S LI N
of Transportation, Public Transit Authorignd Division of Taxatigramongothers. In addition Rhode

Island should work ckely with community members and organizations, particularly those irricame

and frontline communitiesCommunity engagement should begin prior to program development and

should continugegularlythroughout.

In summarywhile the impacts of a carbon price alone would not sifficient to achievehe sii I 1 S Qa
decarbonizatiorgoals the price can be an importasupplementatool. The specificdesign of a potential
policywould generate different outcomes against key indicat@uch asmissions reductions, economic
impacts, and health outcomeBolicymakersan use the quantitative and qualitative findings of this study
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as well as ongoing stakeholder engagemeatdesign acarbon pricing structurehat best achieves
statewide energy, economic, and environmentgbals and appropriately complenents its robust
portfolio of decarbonizationnitiatives
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Appendix ADetailed Modeling Methodology & Assumptions

Assumptions

Building sector
Residential

Spaceheating and cooling

Our source for shipmenweighted average efficiency for HVAC equipmentd®€B/ HVAC Market
Report,prepared for New York State Energy Research and Development AuthbityR
International” Tablel3 shows the cost and efficiency assumed for each heating and cooling
technology.

Table13. Assumed cost and efficiency of residential spdesating and cooling equipment

Equipment Type Cost Efficiency CostSource(s)

Gas furnace $5,640 92% (AFUE) Navigant (2018a)Vater Heating, Boiler, and
Furnace Cost Stuffy

Gas boiler $8,890 93% (AFUE) Navigant 2018a

Oil furnace $5,505 85% (AFUE) ~Navigant 2018a

Oil boiler $7,535 86% (AFUE) Navigant 2018a

Ducted HP $14,496  Heating: 8.85 (HSPF| Navigant (2018bpuctless MinBplit Heat Pump
Cost Studfy

Cooling: 15.54 (SEEF
Ductless HP $14,496 Heating: 10.43 (HSP( Navigant 2018b
Cooling: 21.02 (SEEF

Central AC $4,124 14.57 (SEER) Navigant (2011)ncremental Cost Study Final
Report prepared for NEEP's EMV Forum.
Assumes a-Pon system with SEER 14.5

Room AC $1,000 10.00 (SEER) Project Teangestimate (cost of B large window

ACs)

We estimated average demand for heating service as 70 MMBTU/per year, baaadrge of heating
loads 60 (furnace) to 80 (boildy)MBTUin Cadmu® 2015 High Efficiency Heating Equipment Impact

3D+R International. 2013 to 201MARDI Data: D+R Unitary HVAC Market Repdriked from
https://www.nyserda.ny.gov/About/Publications/PrograflanningStatusand-EvaluationReports/Evaluation
Caotractor-Reports/2017Reportsin particular the 2017 report &ittps://www.nyserda.ny.gow
/media/Files/Publiations/PPSER/PrograBvaluation/2017ContractorReports/200RUnitaryHVACMarket.pdf

74 Navigant prepared for the Electric and Gas Program Administrators of Massachusetts. 0a&a.Heating,
Boiler, and Furnace Cost Study (RES 19) Final Reppared for the Electric and Gas Program Administrators
of Massachusettittps://ma-eeac.org/wpcontent/uploads/RES19 Task5 FinalReport v3.0_clean.pdf.

S Navigant, prepared for the Electric and Gas Program Administrators of Massachusetts.20di##ss MinSpit
Heat Pump Cost Study (RES 28) Final Relpiots://ma-eeac.org/wp
content/uploads/RES28 Task4 FinalReport v2 clean.pdf.
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Evaluatiort® (Figure 20. This analysis was conducted for Massachusetts, but heating degrees are similar
to Rhode Island swe usel the data from this study #thout any modification.

We estimated average demand for cooling service as 13 MMBTU/per year, baa&dtom sysem and

ocn STFSOUADS FdAft t2FR K2dzNA LISNI @8SFENE o6l aSR 2y

Manual””

We assumed that both heating and cooling demand per unit would fall at the rate described in the EIA
AEO02020. Incremental weatherization €ing for incentives was assumed to deliver energy savings of
0.00825 MMBTU per year per dollar in residential buildings, based on the average performance of
building envelope measures in the MassSave progfam.

Water heating
Tablel4 shows the assumed cost and efficiency of residential water heating equipment.

Table14. Assumed cost and efficiency of residential water heating equipment

Equipment Tye Cost  Efficiency CostSource(s)
Combustion storage $2,234 63%(gas and Navigant 2018a
(natural gas, oil, or propane); 58% (oil)

propane)

Heat pump water heater $2,327 292% Navigant 2018a

We assumed a hot water service demand of 12 MMBTU per year, badejeat Teananalysis of EIA
Residential Energy Consumption Survey data.

Commercial

Space heating and cooling

Tablel5 shows the assumed cost and performance of commercial space heating and cooling equipment.
These values were derived from information provided by Washington Gas Light, the gas utility for
Washngton, DC, to the District of Columbia Department of Energy and Environment in the context of
cost analysis of electrification of commercial buildings in the District. The represent an average across
different building types, including institutional, largemmercial, and small commercial construction.

76 Cadmus, prepared for the Electriccaas Program Administrators of Massachusetts. 28igh Efficiency
Heating Equipment Impact Evaluation Final Repeérépared for the Electric and Gas Program Administrators of
Massachusettshttps://neep.orag/sites/default/files/resources/HiglfficiencyHeatingEquipmentimpact
EvaluationFinatReport.pdf

T National GridRhode Island Technical Reference Manual For Estigngavings from Energy Efficiency Measures
2020 Program Yeahttp://rieermc.ri.gov/wp-content/uploads/2019/11/ngridri-2020-trm.pdf.

"8 Derived from data provided by &sSave &ittps://www.masssavedata.com/Public/MeasuresDetails
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Tablel5. Assumed cost and efficiency of commercial space heating and cooling equipment

Equipment Type Costper 1,000 sq ft.  Efficiency

Gas furnacer boiler, $1,663 Heating: 93%Cooling: 500%
with chiller

Oil furnaceor boiler, $1,663 Heating: 880Cooling: 500%
with chiller

Ducted HP $3,033 Heating: 25%Cooling: 500%
Ductless HP $3,033 Heating: 3080Cooling: 500%

We assumed a heating service demand of 39.9 MMBTU per year per 1,000 square feet, fasgdabn
Teamanalysis of EIA Commercial Building Energy Consumption Survey data, and a cooling demand of 13
MMBTU/year per 1,000 sq ft., assuming that commercialingdoads are somewhat higher than

residential loads on a per square foot basis, due to internal loads and daytime occupancy.

We assumed that both heating and cooling demand per unit would fall at the rate described in the EIA
AEO02020. Incremental weatheation funding for incentives was assumed to deliver energy savings of
0.0180 MMBTU per year per dollar in residential buildings, based on the average performance of
building envelope measures in the MassSave progfam.

Water heating

Tablel6 shows the assumed cost and performance of commercial water heating equipment. The low
average costs per 1,000 square feet, relative to residential costs, reflect the relativedghoand for

hot water in most commercial spac®nly about two thirds of commercial building square feet require

any hot water service at all. We assume a demand of only 6 MMBTU per year of hot water per 1,000
square feet, based on analysis of EIA ComrakBuiilding Energy Survey data, for buildings that do have

hot water demand. Costs are based on the same Washington, DC, data source described above for space
heating. Efficiency is based on boiler efficiency.

Tablel6. Assumed costrd efficiency of commercial space heating and cooling equipment

Equipment Type Costper 1,000 sq ft. Efficiency
Gasstorage water heater $130 93%

Oil storage water heater = $130 88%
Heat pump water heater $330 300%

Transportation sector

Electridight duty vehicles
Figure27 shows the average purchase price we assumed for new internal combustion and electric
vehicles, before tax credits or incentives. EVs bextess expensive to purchase than traditional

" Derived from data provided by MassSaveéntbs://www. masssavedata.com/Public/MeasuresDetails
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vehicles in 2031. We assumed that vehicle miles traveled per vehicle remains fixed at the current level
of about 9,200 miles per year.

Figure27. Average purchase price of new internalrmdustion and electric vehicles
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$25,000 o
$20,000
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$10,000
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SourceProject Teananalysis, calibrated to Transportation Climate Initiative baseline modeling
Public transit

Bus electrification

2S Y2RStSR GKS 02ai IyR &al @Ay 3a SastinablefeetTarSiton St SO
Plan®{ LISOATFTAOI tft &2 4SS dzASR U(KSNRBAZABIAPR RIHM (12 OKHKE
our primary input, and spread the costs eWewithin each time period reported in that plan. Those

costs are $10 million per year for the first 12 years and then $3.9 million per year for the next 12 years,

and $2.6 million per year for the remaining period until 2050. These costs include botbdiasand

charging infrastructure costs.

Increased service

2S FaadzYSR GKIG NARSNEKALI g2dzZ R INBG Ay LINRLI2NIA?Z2
increased service that could be offered with those funds. This is a relatively optimistic dissuimp

that RIPTA likely already serves its highesue routes. Additional routes or frequency would provide

diminishing returns. Estimates provided by RIPTA during consultations without team confirmed this
STFFSOGzZ 6AGK |y S| Nassudhetrdofleadfddonlp aFD wercent ihctedse io dzR 3 S (i
ridership.

80RIPTA. 201%ustainable Fleet Transition Plamps://www.ripta.com/wp-
content/uploads/2020/07/sustainable fleet transition plan.pdf
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Increased ridership reduces vehicle miles traveled in personal vehicles, although we assumed that only
80 percent of transit miles displace personal vehicle miles (because some may disglking or
cycling, or reflect trips that otherwise would not have happened).

Active transport

We modeled the effect of investments in active transportation promotion based on the results of a

study in New Zealand which measured the effect of a combinationfrastructure investment and

marketing to encourage active transpéttwWe scaled the New Zealand results down by 50 percent to

NBEFf SOl wk2RS La&aflIyRQa fS&da K2alLWAildloftS 6SHFIGKSND ¢
reduction in anmal miles traveled.

Detailed Results
Heat pump adoption
Residential

Space heating

Heat pump adoption for space heating increases steadily in all cases, although more robustly with policy
drivers and in homes without access to natural gas (e.g., those depéon oil, propane, or electric
resistance heat) where customer economics is more favorable.

81 Chapman et al. 2018 Cost Benefit Analysis of an Active Traviervention with Health and Carbon Emission
Reduction Benefitént J Environ Res Public Heal®018 May; 15(5): 9620i: 10.3390/ijerph15050962
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5982001/.
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Figure28. Heat pump space heating market share in each policy case, for homes with access to natural
gas

100%

90%

80%

Q

s

o

£ 70%

(V2]

D 60%

S

g_ 50%

S 40%

o

" 30%

f High CO2 Price + 2x Incentives
20% High CO2 Price + Incentives

Low CO2 Price + Incentives

10% - —

Sustained Policies

0%
2020 2025 2030 2035 2040 2045 2050

Figure29. Heat pump space heating market share in each policy case, for homes without access to
natural gas
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Water heating

Heat pump water heater adoption is much faster in homes without access to natural gas, due to
favorable customer economics. Higarbon prices or incentives drive rapid shifts in homes with gas
after 2040.
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Figure30. Heat pump water heating market share in each policy case, for homes with access to
natural gas
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Figure31l. Heat pump wate heating market share in each policy case, for homes without access to
natural gas
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Commercial

Space heating

The commercial buildings space heating sector shows a stronger response to policy than in residential
buildings. As in residential, heat pump a@dion is much faster in all policy cases among those without
access to natural gas.

Appendix A 81



CADMUS

Figure32. Heat pump space heating market share (on a square footage basis) in each policy case, for
commercial buildings with access to natural gas
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Figure33. Heat pump space heating market share (on a square footage basis) in each policy case, for
commercial buildings without access to natural gas
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Water heating

Commercial water heating adoption of heat pump technology omis hindered by a lack of available
products for cold climate applications, and by the relatively small average use of hot water on
commercial buildings.
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Figure34. Heat pump water heating market share (on a square footage basigdch policy case, for
commercial buildings with access to natural gas
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Figure35. Heat pump water heating market share (on a square footage basis) in each policy case, for
commercial buildings without access to natural gas
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Lightduty electric vehicle adoption

Figure36. Electric vehicle sales share in each policy case
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Economic impact modeling results
Low Carbon Price + Incentives

Buildings
Figure37. Annual economywide job-year increases and decreases resulting from changes in buitding
related spending patterns in the Low Carbon Price + Incentives case
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Figure38. Annual GDP increases and decreases resulting from changes in buileliaged spending
patterns in the Low Carbon Price + Incentives case

$60 Spending Changes in:
Respending

$40

Weatherization

$20

Electric Space and Water Heat
TOTAL

I............. E:;:‘:‘rilr::itYSupply

o

-$2

Delivered Fuels

Change in GDP (million $2019/year)
o
<)

-$40

-$60

2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035

Transportation

Figure 39. Annual economywide job year increases and decreases resulting from changes in
transportation-related spending patterns in the Low Carbon Price + Irtoess case
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Figure 40. Annual GDP increases and decreases resulting from changes in transportatiated
spending patterns in the Low Carbon Price + Incentives case
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Figure4l1. Annual economywide job year increases and decreases resulting from changes in buiding
related spending patterns in the Low Carbon Price + Public Services case
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Figure42. Annual GDP increases and decreasesulting from changes in buildingelated spending
patterns in the Low Carbon Price + Public Services case
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Figure 43. Annual economywide job year increases and decreases resulting from changes in
transportation-related spending patterns in the Low Carbon Price + Public Services case
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Figure 44. Annual GDP increases and decreases resulting from changes in transportstiated
spending patterns in the Low Carbon Price + Public Services case
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High Carbon Price + Incentives

Buildings

Figure45. Annual economywide job-year increases and decreases resulting from changes in buitding
related spending patterns in thélighCarbon Price + Incentives case
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Figure46. Annual GDP increases and decreases resulting from changes in buildiaged spending
patterns in theHighCarbon Price + Incentives case
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Transportation

Figure 47. Annual economywide job year increases and decreases resulting from changes in
transportation-related spending patterns in thélighCarbon Price + Incentives case
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Figure 48. Annual GDP increases and decreases resulting from charnigesansportation-related
spending patterns in theHdighCarbon Price + Incentives case
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High Carbon Price + 2x Incentives

Buildings

Figure49. Annual economywide job-year increases and decreases resulting from changes in buitding
related spending patterns in thélighCarbon Price 2xIncentives case

o

1200
Spending Changes in:
1000 Weatherization
800
w
& 600 Electric Space and Water Heat
RS
-é 400 TOTAL
s
;E 200
i Electricity Supply

? Admin.
o
=
(o]
v}
i

-200

-400 l I I I ' I
Delivered Fuels
-600
Respending
-800
— N o ¥ 1 VW N 0O 060 O — o m T un
A d d ada adadad a0 M m 0 0 M
© ©O O O ©O ©O O O © O O ©o ©o o o
AN A AN A AN AN AN AN AN NN N NN

Figure50. Annual GDP increases and decreases resulting from changes in buildiaged spending
patterns in theHighCarbon Price 2xIncentives case
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