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Glossary of Terms

ACdl

ACT

BEV
CCs

CHAdeMO

CMP
CoO
DCFC

EV

EVSP

FCEV

GHG

HEV

ICEV

kw
kWh
LDVs

MHDWs

MMT

Advanced Clean CaisACdl is aproposedCalifornia regulatiorthat requiresincreasing numbers
of zero emission lighduty vehicles be sold by automakers.

Advanced Clean Trucks. California regulation that requires increasing numbers of maddim
heavyduty vehicle sales be zero emissions.

Battery electriovehicle. A vehicle powered exclusively by electricity (such as a Nissan LEAF).

Combined charging system. This is a DC fast charging standard supported by Volkswagen, '
Motors, BMW, Daimler, Ford, FCA, Tesla, and Hyundai.

This is a DC fast charging standard developed in Japan that goes up to 62.5 kW, originally
supported by Nissan, Mitsubishi, and Fuji Heavy Industries (which manufactures Subaru veh
Toyota later supported the standard as well, and Tesla sells an adapter allowing its vehicles
CHAdeMO chargers.

Central Maine Power Company
Carbon mooxide

Directcurrent (DC) fast charging equipment. DCFCs are sometimes called DE (bygiehlly
208/480V AC threphase input) and enable rapid charging of an electric vehicle.

Electric vehicle. A vehicle powered, at least in part, by electricity. Bolg®rwise noted, the

G SNXY @ 9 Raadnfayefers & &liplugn vehicles and includes BEVs and piugybrid

St SOGNRARO GSKAOf Sa 0tl1 9+4T RSTFAYSR -imekéttrzs 0 @
GSKAOE S¢ o0t 900

Electric vehicleservice provider. An EVSP providesnectivity across a network of charging
stations. Connecting to a central server, they manage the software, database, and communi
interfaces that enable operation of the station.

Fuel cell electric veH

Greenhouse gas. Gases that trap heat in the atmosphere, such as carbon dioxide, methane,
nitrous oxide.

Hybridelectric vehicle.A vehiclegpowered by an internal combustion engine in combination witt
anelectric motor that useenergy stoed in batteries These vehicles rely on regenerative
breaking rather than plugginigto off-board electricity.

Internal combustion engine vehicle. A vehicle that combusts fuel, such as gasoline or diesel,
power.

Kilowatt. A unit of power.
Kilowatthour. A unit of energy.

Lightduty vehicles. Vehicles with a gross vehicle weight rating belowd§é0nds which aligns
with Class 1 to Class 2a vehicles.

Medium- and heavyduty vehicles. Vehicles with a gross vehicle weight rating above 8,500
pounds which aligns with Class 2b to Class 8 vehicles.

Million metric tons



MMTCQe
MUD

NH3
NOX
PHEV
PM10/2.5
SO02
TCO

US DOE
VIUS
VMT
VOC
ZEV

Million metric tons of carbowlioxideequivalent
Multi-dzy Al RgSttAYyIRIIYRd2Z RUSEESRYyBEEEGINKSAS
and group quarters. The other major housing category used irRb&lmaps singlefamily

homes.
Ammonia

Nitrogen oxida.

Plugin hybrid electric vehicle. A vehicle powered by electricity or an internal combustion eng

Particulate matter

Sulfur dioxide

Total cost of ownership

United States Department of Energy
Vehiclelnventory and Use Survey
Vehicle miles traveled

Volatile organic compounds.

Zeroemission vehicle.
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Executive Summary

The State oMaineisleading orclimate action among peer statds its2020a I A yS 2 2@li@die 2 | A
Action Plan, thestate laysout a bold set of strategie® reducegreenhouse ga6GHG) emissi@by 45%

by 2030 and 80% by 20%@ddachievecarbon neutrality by 2045nd itsprogresstoward achieving

these goalss real. For examplaince 201%he number ofbattery electric and plugn hybrid electric
vehiclesincreased by 90%o 5,577 vehiclesand the number of public charging staticinsreased by

62%to 265 stations® Theelectricity that powers these vehicles continues to be cleaner as the state

makes progress toward achieving its requirement of 80% renewable energy by B0&Ber, thestate

and regional partnersontinueto explorenew approaches for providing pubti@nsportation efficiently

and effectively including innovative solutions mral Maing andin 2021spert $11.55 per capita on

public transit

ThisClean Transportation Roadmapa specific actioofa I A y' S 2 2ryideniifiestHe policies,

programs, and regulatory changes neededt@ y (i A y dzS RSO Nb 2y AT Ay3a al AySQa
coming yearsThe work was conducteid 2021by researchers at Cadmasd E2Tech, with oversight

from a steeringcommittee composed of state agegcstaff An externabdvisorygroup provided

technical inputfor the modeling, analysis, and recommendations

a | A ytrnQpbrtation sectoproduced 54%of statewide, fossiHuel GHG emissionis 2017, or
approximately 8 million metric tonsf carbon dioxide equivalefMMTCQe). Decarbonizing the
transportation sectois a challenge witbver 1million vehicles on the road and thousands offd
vehicles, aircraft, and marine vesséligghtduty carsand trucksare the source ofpproximately 6®%6 of
total sector GHG emission§iven the cost and scarcity of lmarbonfuels, thelight-duty vehicle (DY
fleet must achieve neazero emissions in the aggregate by 2050M@ineto achieve its 205GHGgoal.
Medium- and heavyduty surface vehicles produce the next largest segment of sector emissions
approximately27% in 2017 andmust similarly be decarbonized but with a greater variety of fuels and
at a pace sensitive tthe needs of the business community in Maine

Although multiplestrategiescould reduce emissions to neaero levelsgeployment ofelectric vehicles
(EVs) appeatto be the mostimportant, technologicallyeadystrategyfor almost all modesjueto
comparatively low fuel cost, high dritein efficiency, andustainedalling costs of batterieAs a
resut, EVgepresent the largest focus of thidean TransportattRoadmapYet,increasing the
adoptionof E\&faces several constraintB) the nearterm (probablythe next two years), E¥doption
will be constrained due tglobal supply chain issugasufficientdiversity of makes and modelsigher
upfront costs ofEVs relative to comparable vehiclemdlow inventory ofusedvehicles. Bythe mid-
2020s, thse constraints arexpected toease

1 Maine Climate Council (202)ps://www.maine.gov/future/sites/maine.gov.future/files/inline
files/MaineWontWait_OneYearProgressReport_SinglePgs.pdf

2 State of Maine (202Mttps://www.maine.gov/energy/initiatives/renewablenergy/renewableportfolio-standards



https://www.maine.gov/future/sites/maine.gov.future/files/inline-files/MaineWontWait_OneYearProgressReport_SinglePgs.pdf
https://www.maine.gov/future/sites/maine.gov.future/files/inline-files/MaineWontWait_OneYearProgressReport_SinglePgs.pdf
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This padmap also highlightstrategiesto reduce vehicle miles traveld®MT)and shift travel away
from personal automobilesThesestrategiesinclude pricingstrategies, infill development, transit
expansion, telecommuting, and bicycle and pedestrian infrastructure.

Because of théongplanninghorizonnecessaryor the desigrand constructionof infrastructure

projects the Maine Department of TransportatigMaineDOTadvancedseveral newnitiativesprior to

the publication of thisoadmap These includeS g NA G Ay 3 (GKS adGl (S @angd 2 YLX SGS
consultantto prepare transit bus electrification plans for select Maine transit agenacigdating the

Statewide Strategic Transit Plamd relaunching the Go Maine initiative in partnership with the

Turnpike Authoritya A y S Qa ST T sthéldvailabifitgof HigiseeeddioadSaninternet service

through the establishment of the new Maine Connectivity Authonitly also yieldransportation

emissions reductiodividendsas will thenew Legislative Commns®n to Increase Housing Opportunities

by StudyingZoning and Land Use Restricti@msl the significant inclusion of federal resources via the

American Recovery Plan Act (ARPA) and the Infrastructure Invesameédobs AdtilJA)

Additional mlicy interventionsare necessary to acceleratetransitiontoward adecarbonzed
transportation sector while minimizingnintended consequences, stranded investments, and
socioeconomiénequities. Thisroadmap a first attempt at a plan for this transitiofiocuseson the
strategies needed before 2025, althoulgimgerterm considerations aralsodiscussed.

Policy Recommendations

Through its analysis, Cadmisveloped asetof recommended new programs for state government,
localgovernmens, utilitiesand their regulatoyand Efficiency Maine Trysslistedin Tablel. Thiswork
was aided by E2Tecthichfacilitated a statewidestakeholder engagement proceg§hese
recommendationsvill help directconsumers, businesses, and governmagéenciesoward cleaner
transportation optionsEach recommended poliégyassociatedvith agoal andarationale.

Tablel. CadmusRecommendations for New Programs

-

If implemented, programs will have profound impact on GHG

5 Advanced Clean Cars Il emissions fronthe transportationsector.

_E Increase EV 1 Sends_tear, longterm signal to automakers to increase

g Adoption deliveries oEVs o
— g Advanced Clean Trucks 1 Historically EV market sharbas beerroughly twice as high in
S s states that follow California emission regulatiosg¢tion 177
;8 fg” statey, illustratingeffectiveness ofvehicle salesequirements®
ﬁ e 1 Cadmusanalysisusing MA3T modealuggests expanding public
g Public DCEC Incentind/or Expan_d fast ghargers _by 15% in 20B6osts EV sales byain 2030

g Ownership Charging relative t_opusmessasusual N _ .

0 Network 1 Academiditerature clearlydemonstrates positiveelationship

betweenDCFC accesasid EV sales

3 Center for American Progress (CAP; Cattaneo, Lia). JunecP0ig@In Electric Vehicles: Evaluating tBffectiveness of State
Policies for Increasing Deploymeérittips://cdn.americanprogress.org/content/uploads/2018/06/06140002/EVrepbnndf

4 For example, sereview by Hardman, Scott. 2009 ¢! Y RSNE G yYRAY 3 (G KS Hinahdlalindent@es onBg O O dzZNNAR Y
in electric vehicle adoptiog A review¢ Transp Res A Policy Practl19, 1-14. https://phev.ucdavis.edu/wp
content/uploads/reoccurringincentivesliterature-review.pdf



https://cdn.americanprogress.org/content/uploads/2018/06/06140002/EVreport-5.pdf
https://phev.ucdavis.edu/wp-content/uploads/reoccurring-incentives-literature-review.pdf
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| |Pogram [ Goal __|Ratongle

Availability of charging in MUDs unleditent demand for EV5.
'ﬂ 21% of Maine households aire MUDs(buildings with2+
household$.®

Multi-Unit Dwelling (MUD) (E;k(]pan.d 1 MUD housgholds have apmximately 50% lowehousehold
- arging . . . e .
L2 Charger Incentive Prograr Network incomein Mainethan households in singlamily homes’

1 Cadmusanalysisn MA3T modeshowsthat enabling access to
charging aMUDsis more impactful on EV sales than providing
charging for singiéamily homes.

Expanded Lowncome EV Incentivize i EV rebate progrellrrwgh a lowsincome cgmponenteducefree
. . ridersand potentially increase cosfffectiveness
Incentive Progranwith L2 Clean . .
. 1 Lowincome households have the largest transportatietated
Charger Vehicles
health burden of any group.

1 Removes high polluting vehicleseating potential benefit to
low-income householdsvhichare most burdened by
transportation emissions.

- 1 One of few programs capable of increasing turnover of vehicls

Incentivize

Cash for Clunkers Program  Clean SIPEL . . . .

Vielhioles 1 Program requires equitable desmgiior example, in the 2009
federal CARBrogramparticipants were higher income than
average used car buyetshough lower income than average
new car buyers, and only 1% of subsidies went to individuals
the bottom 50% of incomé&?

L 1 Incentives will help reduce the cost differentialZEVMMHDV<or
. Incentivize
Medium- and HeavyDuty EV Clean fleet owners
Incentive Vehicles T 9f SOUNARTEAYdI als5+xa A& ONRGAC

GHG goals!

Ensures public has concise, accurate informatioclean
transportation modes, incentives, and technologies

1  Provides technical assistancedtakeholders in need.

=a

Marketing and Awareness Education &
Campaign Awareness

5  DeShazo, J.R019.¢0vercoming Barriers to Electric Vehi€larging in Multuinit Dwellings: A Westside Cities Case Study
https://innovation.luskin.ucla.edu/wgcontent/uploads/2019/03/Overcoming_Barriers_to EV_Charging in_MUDs
A Westside Cities Case_Study.pdf

6 Only 19% when including Group Quarters. Data from US Census (2019) American Community-$esv&yryey.
https://data.census.gov/

7 Data from US Census (2019) American Communitye@uByear Surveyhtips://data.census.gov/
8 DeShaz Wd wodz ¢d [d { KSER2YZ FyR wd ¢d /IFINE2YDP HamMTd a5SaAIyAy3

I FEAT2NYRF RAESOE NEO =+ S KIoGfaf Eméranimentdl EcohBhiBshihdWidrager(@4)t 1&43.
https://doi.org/10.1016/j.j,eem.2017.01.002

9  Parker, T. & Gayer, E. Cash for Clunkers: An Evaluation of the Car Allowance Rebate System. TecB).Rep. (201
https://www.brookings.edu/research/casfor-clunkersan-evaluationof-the-carallowancerebate-system/

10 Miller, K. S., Wilson, W. V& Wood, N. G. Environmentalism, Stimulus, and Inequality Reduction Through Industrial Policy: Did
Cash for Clunkers Achieve the TrifedE®nomic Inquir$8, 1103;1128 (2020)https://doi.org/10.1111/ecin.12889

L Grd8S 2F alAyS 6unun0 al A yhdosAweny Qdine dol/idtilrdsites/haAnY. doid.Sturd/fi@dimigey t f | y o
files/MaineWontWait _December2020.pdf



https://innovation.luskin.ucla.edu/wp-content/uploads/2019/03/Overcoming_Barriers_to_EV_Charging_in_MUDs-A_Westside_Cities_Case_Study.pdf
https://innovation.luskin.ucla.edu/wp-content/uploads/2019/03/Overcoming_Barriers_to_EV_Charging_in_MUDs-A_Westside_Cities_Case_Study.pdf
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https://data.census.gov/
https://doi.org/10.1016/j.jeem.2017.01.002
https://www.brookings.edu/research/cash-for-clunkers-an-evaluation-of-the-car-allowance-rebate-system/
https://doi.org/10.1111/ecin.12889
https://www.maine.gov/future/sites/maine.gov.future/files/inline-files/MaineWontWait_December2020.pdf
https://www.maine.gov/future/sites/maine.gov.future/files/inline-files/MaineWontWait_December2020.pdf

-

EViready and EMapable building codes are critical for reducin
the cost of futurechargingnstallationon the customer side

Expand . i . .
EViReady Building Codes Charging 1 !Estlmatgs show thaelectrlc vehicle sgpgly equ!pmenEySE
Network installation costs increase by tWato siX3times if a parking
g space is made Ekeady after construction compared to during
g construction.
(@] B 2
o
a Pans!t Vll!age LeZnellIEfs | A . 1 Reduces VMT dwsts transit ridershipand reduces need for
© LRIl IS traditionalroad infrastructure
§ Development TOD Mode Shift ’
= . . VMT 1  Ensures poritization of nonmotorized modes.
Bicycle & Pedestrian . . . . " .
Investment Reduction & 9§  Facilitatessupport of emerging micrmobility technologies
Mode Shift such as éikes and escooters
Marketing andAwareness Education & 9§  Ensures public has concise, accurate information on clean
Campaign Awareness transportation modes, incentives, and technologies.
1 Cadmus analysis of CMP rates suggests demand clecgasnt
for between34% and70% of total costs for a 5kW DCFC
g station and betweer24% and62% of total costs for a 350N
5] Expand DCFC station.
® Demand Charge Relief Charging 1 Critical forcorridor charginggertainfleets, andsites withmany
o Network plugs.
-% 1 In atariff analysis, Rocky Mountain Institute shows that reduc
= or eliminating demand charges can promote a more conduciv
é‘ business environment for the public DCFC matket.
0 - . Expand . . N
B Utility-Side Charain 1 Removes key barrier expanding charging infrastructure,
i Make-Readyinfrastructure Netw?)rkg following Californiaand New York progranis16
S}
- Incentivize . .
£ Time Of UseTOY Rates Clean g Euvp\)lp(r)rts d:ar?isnd refpcf;nvmld efficiency of grid
5 Vehicles owersoperating cost oEVs.
Marketing and Awareness Education & T  Ensures public has concise, accurate information on clean
Campaign Awareness transportation modes, incentives, and technologies.

Funding Recommendations

Theroadmap also explores the magnitudad timingof investment neededetween 2022 and 202tor
chaginginfrastructureandfor an expandedow- and moderateincome(LMI)EVrebate. Asshownin
Table2, the estimated investmentfor theseprogramsincreases over timas EV adoptiogrows Note
that the investments imable2 are typicallysharedbetween governmentthe businesommunity,
homeowners and other entitiesDCFC charging ab#§IEV rebatesre the two most criticabrograms

2 DNBFG tflAyad LyadaddzZiS oDtLT aOCINIlySs . & 503 ad tBBRNR|I |YyR

toExpandi@d Cl ad / KFNBAY3I LYFNI AGNHzOGdzZNB Ay (GKS aARO2yGAySyli

https://scripts.betterenergy.org/reports/GPI_DCFC _Analysis July 2019.pdf

13 California Electric Transpottan Coalition CalET@oVale K., E. Kamei, C. Kido, and E. Pike). RRtAn Electric Vehicle
Infrastructure Cost Analysis Report for CALGreen Nonresidential Update/caletc.com/assets/files/ CALGree2019
SupplementCostAnalysisFinatl.pdf

14 Rocky Mountain Institute (RMI) (2019)tps://rmi.org/wp-
content/uploads/2017/04/eLab _EVgo Fleet and_Tariff Analysis 2017.pd

15 NRDC (202nhttps://www.nrdc.org/experts/milesmuller/ca-approvesnew-rulessupportev-charginginfrastructure

16 NY (2021pttps://jointutilitiesofny.org/ev/makeready

wS3IAz2y
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https://www.nrdc.org/experts/miles-muller/ca-approves-new-rules-support-ev-charging-infrastructure
https://jointutilitiesofny.org/ev/make-ready

for the State of Maindo fund, based on experience in other stat&ee notes below the table for more
detail about how the estimates were calculated.

Table2. Annuallnvestment Neededor Chargingnfrastructure and Expanded LMEV Rebatd’rogram

(Valuesin boldare inmillions$2021 Numbers irparenthesesare new plugsor EVgebated?®

Public L2 Chargirtg $4.1M (200plugs $4.9M (247 plugs) $5.5M (291 plugs) $6.0M (334 plugs)
Public DCFC Chargihg $7.™ (55 plug3 $10.6M (77 plugs) $14.4M (104plugs)  $17.6M (132plugs)

Residential L1 Chargifig ~ $0.4M (1045 plugs)  $0.5M (1269 plugs)  $0.6M (1474 plugs)  $0.6M (1664 plugs)
Residential L2 Chargifig ~ $1.8M (1568 plugs) $2.2V (1903 plugs)  $2.6M (2212 plugs)  $2.9M (2495 plugs)

LMI NewkEV Rebaté $6.4M (853 EVs) $7.0M (1028 EVs) $7.5M (1203 EVs) $7.7M (1377 EVs)
LMI UseceV Rebaté $4.6M (1139 EVs) $6.0M (1655 EVs) $7.7M (2320 EVs) $8.8M (2996 EVSs)
Total $25.aM $31.2M $38.2M $43. ™

Table rotes:

a

Future EV population associated with estimatethis tableuse the ACC Il Lower/Upper Bound scena@e theDutlook Transportation
Electrificationchapterfor more informationon scenarios

TheLMI EV Rebatestimatesare alignedwith Cdifornia LMI B/ Rebatdevels. However, the rebate valuesll likelyrequire yearto-year
adjustments in pewehicle incentive to achieve the desired uptake.

Public charger refs to publiclyaccessible chargefas opposed te@hargers at workplaceapartment complexeshotels, etc). The number
of new level2 and DCFC charging plugs are estimatethultiplying the EV population by ratioplugs/EV$rom the EV4Pro Lite tool.
Ratics are given imable10. Assumed er-plug costs are ifable9. Costs irthistable are thenet present valu¢NPV)of costs and revenues
associated with the station over the assumtglyear life of equipment andssumed30-year lifetime of makeeady infrastructure. A 4%
discount rate is usedCostsncludecustomerside makeready,stationinstallation, equipmen revenue from drivers, electricity (using CMP
commercial tarifincluding demand charggsmaintenance, warranty, and networking cos$¢ation revenues are $0.25 per kWh fevel2
plugs and $0.37 per kWh for DCFC plAgsumed tilization of stationsaligns with current utilization in Maine and increase over time.

Number of new residential charging pluge estimated using ratios of existing residential plidsvs and applying an assumed gradual shift
over time toward slightly greater public chargifiRatios are given ifiable10. Assumed peplug costs are iffable9. These costs reflect

costs at a detached, singfamily home rather than a muttinit dwelling (MUD). A program to fund MUD charging shoultlbded
separately See Note for assumptions on discount rate aregjuipment lifetime Costs includeustomerside makeready, station

installation, equipment, maintenancandwarranty (and networking costfor L2 chargers)

New and used EV rebate assumptions are described i€lgen VehiclEundingchapter and assume rebates are availabigy to

households with income under $50,000 per year. New and used EV safateat $7,500 and $4,000 per vehicle in 2022, respectively, and
declire over timeto $5,500 and $3,000 per vehicle by 202&spectivelyln alignment withthe new and usedarmarket households

earning $50,000 or less are assumed&?21% of the new EV market and 52% of the used EV car market.

The State of Maine has limited existing funding for chargifrgstructure andeVrebates

1

$8 million available for charging infrastructure through Fiscal Yea2026from the Maine Jobs
Recovery Plall

$19 millionavailable for charging infrastructure through 2025 the fedéméiastructure Investment
and Jobs Act (IIJfrmula funding to Maine for charging infrastructure.

$3.75million for EV rebatesind $1.25 million for qualified lowincome EV rebatefsom the New
England Clean Energy Connect stipulatindthe potential foran additional$8 millionfor charging
infrastructureoverfour years The $3.75nillion will likely be fully used by June 2022.

Clearly, existinguindingsources arénsufficientto meet the funding needdescribedn Table2. For
example, if the State of Mairfendsonly new DCFC charging would need$7.7 million in 2022and
$17.6million in 2025.Fully funding and distributing rebates undéetL M| EV Rebate prograwould
require an additiona$11.0 million in 2022 andp16.5million by 2025 Together, these programs exceed

17

Maine fiscal year runs from July 1 through June 30. The valtiezbie2 are for calendar year.



existing furling.¢ K S $2L5\Willidd@f competitive grant fundindgor chargingnfrastructure could

KSEf LI LI NIGAFfEe FAEE GKS FdzyRAYy3a 3L LI ! FlL AN aKl NB
would imply approximatel$10 million AdditionallyMaine could develop a new funding source, such

as a clean fuel standard, road uséarge(or VMT tax), gas tax, carbon mechanism, and/or vehicle

feebate program. These options are briefly described inGhean VehiclEundingchapter.

Table2 does not includeéhesefive cost categorieshat may requirepublic fundingsupportin the future:
(1) dectricity distribution system expansip(2) nstallation of chargers at multinit dwellings (MUDs)
(3) nstallation ofMHDV chargerg4) nstallation ofworkplace chargingand(5) MHDV rebates

Future Research

Finally, during the development of thisadmap several new knowledggapsand research needs
arose Table3 summarizeduture research opportunities

Table3. Recommendations for FuturBesearch

Opportunities for Future Description
Research

In support ofthe implementation of programs such Aslvanced Clean Truck&Q7, develop
aMHDV roadmagnd correspondingtakeholder group that focuses aharging needs,
funding, duty cycles, range, timeline on vehicle availabgihd costs of electriand other
zero-emissions MHDV#lsg the MHDV roadmap could examine the feasibilitgledd by

S E | Y pdbgSams withzero-emissions MHDVS.

Develop a publiclpvailable ArcGIS map that shomrgas suitable fofleet chargingwithout

Make-Ready Mapping a need to upgrade thiocal distribution system. Such a map could be especially importar
for electric MHDV fast chargers as well as for chargimoviders looking to site new statians
al AySQa DID Ay@Syia2Ne O2dzyia SYAaaAa2gm
tourists. Yet, relatively little data exist about how much fuel is purchased-siata versus
out-of-state drivers.

TourismSudy The State of Maine should conduct a study to investigate opportunities and barriers for
lowering emissions from otdf-state drivers. Suta study could also examine the feasibilit
of programs that increase EV penetration among tourists through rental cars and/or oth
incentives and fees.

Zero-EmissionsMHDV
Roadmap

CaseSudies onRural Develop case studies on jurisdictions (in atside of Maine) that have successful electric
Transit and/or micro-transit or rural transit programs that simultaneously increase access and decarbo
Hectrification transportation.

Loan Loss Reserve (LLR) programs provide loacdessage to financing partners such as
local and regional banks and credit unions. LLR programs, often used in clean energy
Loan Loss Reserve Progran TA Yy | yOAYy 33Z | NB || FT2N¥Y 2F ONBRAG SyKIl yo¢
for EVs rate terms to increase participation byleincome consumers, who often have poor or
limited credit to access financing of a vehitcleN2 A NI ¥ O2dzA R 6S Y2R
LLR programor€aA T2 Ny Al Q& / €SIy +#+SKAOfS ! aaArai
Develop a study of costs and feasibilityfleet electrification within state, local, and utility
owned vehiclesEstimate costs of charging infrastructure arehicles Additionally, study
reimbursement options for drivers who park at herovernightand charge
Conduct an malysis of feasibility, power supply, duty cyeterket availability, and other
factors related to school bus electrification in Maine. Coordinate with ongoing research
The Nature Conservancy atite Vermont Energy Investment Corporati/EIQ.
Identify opportunitiesthrough state planning process toensure that future energy
Emergency Management assurance or emergency management plaossiderhigh penetrations of vehicle
Plans electrification and the impacts of necessary infrastructurhis could include events such &
natural disasters, massacuationsand prolonged grid blackouts.

Government Fleet
Electrification

School Bus Electrification
Study



Introduction

Purpose

The purpose of the Clean Transportation Roadmap is to ideh#fgolicies, programs, and regulatory
OKIFIy3aSa ySSRSR (2 eddioniafg&sfoatheltranSportatiorsséctaiad M 3/\5 Q a
recently updatectimate action plan, entitleda I A y' S 2 2, taiQaisar80%\réductiorin emissions

by 2050. The finsportation sector is responsible for 54%tué & (i | énfisSignssoreductions in this
sectorarecritical to reachinghistarget ¢ 2 O 2 2 NR A Y leiiSsions keQuctiagifortsistiaea
transportationsectortheD 2 @S NY 2 NRA& h T FA OS (@PIFt 2R AIORS | 2R SINGS2 NIz
Office (GEO), in coordination with Efficiency Maine Trust, the Maine Department of Transportation
(MaineDOT), and the Maine Department of Environmental Protection (B&Rnissioed Cadmudo
develop acleantransportationroadmap for MaineThisroadmapintegrateskey findings from Cadmgsa
modeling of the transportation sector through 2050, with a particular focus on 2025 and R@B&h
exploresthe relative contributions of lectrification,vehicle miles traveledfMT) management, and

system efficiencies in achieving the desiggdenhouse GHG emission reductions.

Audience

Thisroadmap is intended to help infora | A yir&r@gdrtationpolicy and investmerstas the state

pursues the emissions reduction targets identifiedtsrfour-year climate actionplara Ay S 2 2 y Qi

Wait. To that endthe primary audience for tisroadmaparethe decisionmakersh y al Ay SQa
institutionsg K2 a KI LIS (KS iansystanbidtakéhhliieys autspieddhdsdiinstitutions
mayalsobenefit fromthisanalysi® ¥ al Ay SQa Odz2NNBy G | yR FdzidzZNBE (NI ya

Overview

This roadmaplescribesseveralcomplementary strategies to achieve theissions targets laid ol
al Ay S 2 2 yoRdntextublizerecommendationthe roadmap providean overview of thestatus
of the transportation systenn Maineandthe policiescurrentlyin effect topromote sustainable
transportation.Hectrification of the transportation sector has beatentified asthe most effective
strategy for neatterm emission reductios, soparticular attention is paido electric vehicle$EVspnd
charging infrastructureThis padmapcharacterizes the existyEVmarket andprovides insight into
trendsimpactingeVadoption Using a suite of modeling toodsd scenarioghe roadmapforecasts
light-, medium, and heawyduty EV adoptioralong with the required number of chargers to support
different adoption ratesAssociated cost and revenue projections are also provided for eharg

In addition to electrificationstrategies toreduce VMTmust be employedtomeat A Yy SQa SYA&daAz2y
targets.The roadmap explores théMT reduction potentiabf VMT pricing strategies, infill

development, transit expansiobjcycle and pedestrian infrastructure, transportation demand

management, and telecommutirgplicies.To accompliskelectrification andVMT reductiorobjectives,

the roadmap identifies currergources of fundinganticipated gaps in funding, and future funding
requirements.Theroadmap alsaliscussepotential regulatory driverdehindthe transition to

sustainable transportatioypartiesresponsible for policy implementatioandareas for further

research Appendix ARoadmap DevelopmeRrocesprovides an overviewn parallel to thecoadmap,



MaineDOT initiated several RFPs to addiss®le in VMT reductionThese include GO MAINE, a
ridesharing progranthe Statewide Strategicransit Planthe Transit Bus Electrification Plamd an
Active Transportation Plan.

Transportation Sector Overview
This section provides an overview of tfliansportationsector in Maine, with higheveldescriptions of
emissions, milesraveled,policies, and vehicle mix.

CurrentStatus

In 2017 the transportation sectowasresponsible for 54% af | A yidaQE0 emissions generating
8.0MMTCQe®¢ KS &S00 2NNA& &K hasiSen aver tinieanil996it wés Yespbrisible fgh &
just 44% of total C@emissions. Howeveas shown irFigurel,'® transportation sector emissions in
Maine havebeen relativdy stablebetween1990 and the latest GH@wentory yearof 2017 The

increase in theransportationsd S O i 2 N2 the tétai$ dN&to eniBsions reductions in other sectors

primarilythe industrial sector

1990 1993 1996 1999 2002 2005 2008 2011 2014 2017
m Passenger Cars  mLight-Duty Trucks  mHeavy-Duty Vehicles ® Aviation m Other

[

RPN WA OO N 0O O

MMT CO,e

Figureld a | XrginSpQréation Sector GHGs, Million Metric Tons of £0

Passenger cars are responsible for an outsized proportion Gi t8eD (i 2 NX & coftribitiagi 392 of
the total. Combined witHight-duty trucks, the two categories make up%G0of all emissions fdahe
sector.Lightduty vehicles are responsible ftire highestpercentage of totaemissionsTable4
summarizes th@n-road vehicle fleet in MainéAs shown, lightluty vehiclesaccount for90% of all VMT
and91% of the total vehicle population.

18 Eighth Biennial Report dProgressoward Greenhouse Gas Reduction Goals, Maine Department of Environmental Protection,
https://www.maine.gov/dep/news/news.html?id=1988154

19 Figure uses emission inventory data providéd ba F Ay S 5SLI NI YSyid 2F 9yOBANRYYSyd 659t0d 4l

motorcycles, locomotives, boats, and other.


https://www.maine.gov/dep/news/news.html?id=1988154

Tabledd { dzY' Y I NE 0 I O ARoadA\Véhicle0L7al Ay SQa hy

Average Miles
Source Type Name Annual VMT Vehicle Population Per YeaPer Vehicle

Motorcycles 137,400,011 48,822 2,814
LightDuty Vehicles 13,447,638,869 1,130,500 11,895
Buses 105,791,087 4,313 24,528
Single Unit Trucks 619,618,704 51,083 12,130
Combination Trucks 632,669,639 8,122 77,896
Total 14,943,118,310 1,242,840

Mainedriversalsoprefer SUVover sedanswhichreflects a national trend towarthrger vehicles

According to a nationaurvey?! consumerdist cargo space4WD/AWDcapability,and safety as theop

reasons for lheir SU\purchaseThe Chevrolet Silverado, Ford 50, and GMC Sierra pickup trucks are

the three most popular vehicles in Maine. LighNbdzO1 & 'yR {! & YIS dzZlJ cw:> 27F
duty vehicle fleet. Given the increasing popularity of SUVs over smaltertibaroverall fuel economy of
alAySQa @GSKAOES FfSSG NIBYIAnyadditidayfodiferegcas@monF 2 NJ (G KS
vehicle typesVMT also variewidely by geograply. Figure2 breaks dowrvVMT by county

All Counties 76% [ 11 R
Piscataquis TH61%
Franklin Bl 639
Knox B 74%
Washington Bl 52%
Lincaln B 72%
waldo  FOud
Sagadahoc [T2% M0l
Oxford  B4% I
Aroostook  [60% IR 25%
Somerset [GATETINN 22%
Hancock DES% I 20%
Androscoggin 1% I 2 1%

Kennebec £9% 2090
Penobscot 68% 22% [
York 75% 7% 0
Cumberland 76% C18% [
- 1,000 2,000 3,000 4,000 5,000 5,000 7.000

Eillion Miles

Motorcycles Fassenger Cars mLight-duty Trucks Buses mSingle Unit Trucks = Combination Trucks
FHgure2. VMT by County and Vehicle Category

Unsurprisinglythe five most populouscounties (Cumberlandfork, Penobscot, Kennehemnd
Androscoggipalso have théighestVMT. However, tle correlation between population and VMibes
not hold true for the remainingleven countiesfFor exampleiHancock and Somersebuntieshave

20 Maine Department of Environment (DEREcessedNovember 2021https://www.maine.gov/dep/air/mobile/vehicledata.html

21 J.D. Power2017 Auto Avoider Studytips://www.jdpower.com/business/presseleases/idpower-201 7auto-avader-study

2 wdzo Ay SG Ftd Hnumd 9f SOGNAROS | @8oNAR FYyR | A3K CdzSt BFFAOASYyOe
Maine. https://digitalcommons.library.umaine.edu/mcspc_transport/3/



https://www.maine.gov/dep/air/mobile/vehicle-data.html
https://www.jdpower.com/business/press-releases/jd-power-2017-auto-avoider-study
https://digitalcommons.library.umaine.edu/mcspc_transport/3/

higher VMT thamroostook andOxfordcounties despite havingelativelylower populations.This
deviation is likely due tthe greater number of road miles in largéesspopulated counties

Figure3 shows the gowth of EV$n Maine over time relative to other Northeastates? Maine had an
EV saleshare among new vehicles of 1.4% in 2019, 1.6% in, 202I03.7% as of the first two quarters
of 2021.A list is provided idppendixC EV Sales by Stabtg Year
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Hgure 3. EV Sales Share of ALL Libhtty Sales (%)

TheNortheast States for Coordinated Air Use Managen{BiiSCAUMalculateshe sales sharem
Figure3 by dividing the number of newly registered EVs (owned and ledsethe total number of new
vehicles registered in a given year (regardless of the model year of the vehicles being registered).
I O0O2NRAY 3 (2 b9 { /the satefshare¥ Bduety Radderty@ ars and passenger
trucks and excludemotorcycles ad light commercial trucks.

In addition vehicles that are registered in one state and therregistered in a second state are only

counted as being registered in the first stateregistration For example, if an EV is originally registered

in Massachusetts then resold in the secondary market in Maine, the EV counts toward Massachusetts
arfSaod ¢KAa fA1Stfe RIFEYLISya alAySQa | OGdzat 9+ NBIA

23 NESCAUM. 2021. Summary statistics provided by Jeremy Hunt, NESCAUM from IHS Markit/Polk data.
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purchased atwctions in other states and sold at Maine dealersBfgis2 6 S~ b9{/ ! ! aQa
differs slightly fromthe goal of 219,000 EVsontheromca | A y'S 2 2 yhidgoal indlules light
commercial trucks up to 10,0(sbunds(in addition to passenger cars and passenger trucks).

As with otherstatesthat K I @S | R 2 LJi SeRissiohststartigdsjothdrw@é known as Section
177 states)EV sales shasen Maineare tising over timethough at different proportions foplug-in

hybrid electric vehiclePHEVE® andbattery electric vehicle@BEV)?® collectively referred to as EVs in
thisroadmap As shown by the light blue barskigure3, sales of Tesla EVs account for a smaller share
of total EV sales in Maine compared to other Section 177 stRtdEV sales comprise a higher
percentage of total EV sales in Maine relative to ot8ection 177 states.

Maine is also one of the first states in the country to pursue ferry electrification, as discussed below.

Electric FerriesMaine State Ferry Serviand Casco Bayines

MaineDOTand the Maine State Ferry Service are under contract for construction of the first commerciai di
electric hybrid vehicle ferry on the east coast of the United States. Then$li@n ferry is under construction at
Senesco Marine in Rhode Island axgected to be operating in Maine waters in 2023. With its onboard stol
battery power, the ferry will be capable of all electric zemission operations at slow speed operation and
during loading and discharge of passengers. In addition to the reductiG® emissions and diesel costs over
the lifetime of the vessel, passengers and workers will benefit from lack of diesel engine exhaust, noise, ¢
vibrations during the periods of electric operation. The 66t vessel, capable of carrying 23 vehides up
G2 Hpn LIaaSyaSNrRI gAff SyLXz2e .!9 {&aidsSwaeDdTdsc
also providing funding for the design of a replacement ferry for its Lincohsilsboro route with the intent to
implement full or mosy electric propulsion including onshore charging facilities.

Similarly,Casco Bay Island Transit Distrieiso known as Casco Bay Lines (CBLactively pursuingn electric
ferry project. CBLmaintains a fleet of five vessels and operates yeamd passenger, vehigland freight
serviceto six unbridged islads in Casco Balysingfederal, stateand local funding, CBL will soon begin
construction on a new car ferpgquipped with a statef-the-art diesel electric hybrid propulsion systein
service Peaks Islandhe electric portion of the hybrid propulsion system will serve as the primary snafan
operation with diesel generators as the backup. This existing vessel is 34 yeaseo&des on awo-mile route
up to 17 timegdaily andis in port for approximately 15 minutes between most trig¢ghen evaluating the
configuration of the prpulsion system, CBL considered six criteria: capital cost, operating costs, survivabi
reliability, GHG emission reductions, and experience of customers. The nepl&rsytouse an automated
rapid charging system to recharge a 900 kWh battesipga 1.4megawatt (MW) charger at the pier in

t 2NIfFyR® ¢KS LINRLIzZ A2y &deaidsSy sgAtft NBRdzOS Syi
operational costs.

24 Discussions between the authors and Tim Archambault, Adam Lee, and Tim Seymour in Septeinber 202
25 A vehicle powered by electricity or an internal combustion engine, such as a Chevy Bolt.

26 A vehicle powered exclusively by electricity, such as the Nissan LEAF.
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Current Policies

MaineQa Of A Yl (&8 A YO8 A2 6l Py 13X & O yAT S GKS adlkisSqQa RS
savepeople in Mainamoney, and advance equible access to climate benefits feveryone in Maine

The plan includethe followingkey targets fothe transportation sector:

9 Electric vehicles41,000 EVs on the road by 2025 and 219,000 by 2030
1 Vehicle miles traveledA 10% reduction itight-duty VMTby 2025 a 20%reductionby 2030
anda 4%reductionfor heavyduty VMT by 2030.

Maine has already laidfoundationof clean transportatiorpoliciesand programsincluding these
examplesof keystate-levelpolicies and programs

1 Executive Order 3&n Order to Advance Clean Transportation Solutions in Maicedisfor a
Clean Transportation Roadm#éhis document) to be completely Decembel31,2021.

1 TheMaine Climate Coungikstablishedn June 26, 201%y GovernorMills andthe State
Legislature Thecouncil was tasked witdevelopment ofa fouryear plan to put Maine on a
trajectory to reduce emissions by 45% by 2030 and 80% by. ZB&@ouncildelivered this plan
entitleda I A y'S 2 2 16 thégoviernak an December 1, 2028 keystrategyidentified in
the planisthe accelerded adoption ofEVs

T 9FTA OA Sy Oeé Eletricivghitle Rebatespip§raprovides up to $2,000 for a new BEV
and up to $1,000 for a new PHEWDbe eligible for a rebate, vehicles must hamtal
manufacturer suggested retail price (MSRP$%0,000 or lessThe programalsotiers incentive
level by income category, providing up to $5,500 for households that gtalieceive
assistance through the Maine Low Income Home Energy Assistance Program (LIHEAP). The
program also provides up to $886 for used vehicles for losmcome residentand offers a
comprehensive outreach and marketing initiative to raise awareness about the benefits of EVs.

1 Efficiency Maine Tru§tiditiative to expand EV charging infrastructuracross the statdas
received finding primarily through th&W settlement and NECEC settlementdincludes
installation of DCFC aridvel2 chargers. To date, the initiative hagpandedVaine'sDCFC
network across the statewith funds awarded for 28 DCFC plugs at tations On a parallel
timetable, the initiative has worked to improve local access and destination charging with
publicly availabléevel 2 chargersawarding grants for 178vel2 plugs at 59 site locations

1 Efficiency Maine Tru&demand management ot programisintendedto shift EV charging to
off-peak hoursEfficiency Maine Truss$ preparing to epandthis program statewide.

1 TheAmericanRescuePlanAct, whichdirected $4.6 billiorto the state of Maineearmarked
$3.6 billion for specific purposes. The remairfigoillionwasallocated through theMaine Jobs
and Recovery PlaMJRP)in which Governor Mills prioritize@8 millionfor expandng public
EV chargingTheMJRRalsoallocated $5million for workforce tansportation pilot programs to
support shared transportation options and increased access to work opportunities

f Legislative bilLD 1494which Governor Mills signddto lawin June 2019increassa | A Y S Q&
renewable portfolio standard (RPS) to 80% by 2030 arshsgbal of 100% by 2050he
obligation for2021 requiresthat 45%of MaineQ & St Sothé fain @heilvable sourcedhe
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bill alsorequired the Maine Public Utilities Commission (MPUC) to procure-teng contracts
for new clean energy generation

Local governments in Maine are also activele@an transportation policies. For example, tBesater
Portland Council of Governmes(ilGPC@) admnisters a set of pliciesdesigned to incentivize
nonmotorized transportation and a shift to public tran€®PCOG is leadiag effort to craft aComplete
Streets Policyo be adopted by théortland Area Comprehensive Transportation System (PAGES)
policywill require multimodal facilities in all road project&PCO@IsodevelopedTransit Tomorrow a
30-year strategic plan for enhancing public transportation in the Greater Portland regRPGOQ a

Connect 204%rojectfocuses on all modes of wal (including transit, freight, bicycles, and pedestrians)

andwill guide transportation investments over the next 25 yedis help accelerate the adoption of
EVs, GPCQOtastsDrive Electric Mainea statewideEVstakeholder groupvorking to growworkplace
charging, engagutilities, and attrat business, consumeand tourist investment.

Public Utility Commissioifrilings Rates

alAySQa dziaAftAlGASa FNB NBaLRyRAY IMdng Publis StilitiBsNBnanis&io
(MPUG approveda Central Maine PoweCMB pilot two-part demand rate called-BCFC. The rate was
designed to reduce the economic risk for DCFC installations. According to CMP, the rate was modeled tc
DCFC station providers over 40% off their delivery costs. In 2020, the one eligible acigatary DCFC statior
saval over 40% ofts electricitydelivery costs.

In addition in 2021 theMPUGCissued an order for transmission and distribution utilities in Maine to propose
rate schedules to support the installation and sustainable operatiareaf and existingnon-residentialEV
charging station’/ | RYdza Q&4 NBG@GASs 2F GKS b2@SYOSNI Hanum dz
included in theOutlook Transportation Electrificatiochapter of this roadmap

Finally,as directed by the legislaturéhe MPUCssued a second inquiry in 2021 for transmission and

distribution utilities in Maine to propose rate schedules to support the installation and sustainable operatic
severalclimate-friendly technologies, including residential EV chargé@iven the rate submission timeline of
5SOSYOSNI MXZ HnumXE (GKSasS LINRLRalta NS y2i0d AyOfc

Severafederal programs are also availableadvance clean transportation in Maine. Tiegleral
electric vehicle tax crediprovides anaximum$7,500tax rebatefor eligible vehiclesthe US
Environmental Protection Agen@& 5 A S& St 9 Y A DERARaN they SededzOiridtieny

I RYAYASGNI GA2Y Q8 +2f dzy (i I NBLEprdvildgiantTior Ipwrgissiory A 4 4 A 2 v &

technologiesTK S 9 Y GANR Y Y Sy (I f SntarN@ayi FBBdgranhedpy fleet @perafddsd Q &
measure, benchmark, and improfreight transportation efficiencyin addition Maine actively

LI NIAOALI S8 Ay (KS C SaRennitive Fuel GodidodesignatibniddramiAs i NI (i A 2

27 al Ay S Proteflugal Grder (EV Rate Schedutes).{ S LJi S Y&tSsNinmia H m
cms.maine.gov/COM.Public. WebUl/MatterManagement/MatterFilingltem.aspx?FilingSeq=112223&CaseNumbefiZ® 1

28 Maine PUC&Commission initiated investigation into transmission and distributitlity rate design to promote state policies®
September 2021https://mpuc-cms.maine.gov/CQM.Public. WebUl/Common/CaseMaster.aspx?CaseNumbeBa3P51
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https://mpuc-cms.maine.gov/CQM.Public.WebUI/MatterManagement/MatterFilingItem.aspx?FilingSeq=112223&CaseNumber=2021-00198
https://mpuc-cms.maine.gov/CQM.Public.WebUI/MatterManagement/MatterFilingItem.aspx?FilingSeq=112223&CaseNumber=2021-00198
https://mpuc-cms.maine.gov/CQM.Public.WebUI/Common/CaseMaster.aspx?CaseNumber=2021-00325

of September2021, Maine has threeorridors designated as corridoeady?® and two corridors
designated asorridor-pending®® Corridorready status requires DCFC stations spaced a minimum of
every 50 mile$! Recent funding prdded in the federal Infrastructure Investment and Jobs Act (11JA) is
provided in theClean VehiclEundingchapterof this roadmapAnd as of the publiden of this

roadmap additional federal funding and supporting initiatives are actively being considered by
Congress.

Equity and.istening Sessions

Thetransportation system in the United States has a legacy of inediriggtedtoward disadvantaged,
underrepresentedandhistorically excluded communitiegequity can exhibit itself in several wayzr
example, lowand moderateincome louseholds spend highgortionsof their income on

transportation thando high-income houseblds. In the Northeast, households with a befdéeas income

of less than $15,000 per year spend 11% of their income on fuel, maintenance, and repairs while those
with an income of $200,000 per year spend *%.

Further,national data suggest thaiesidents ofdisadvantaged communities are disproportionately
impacted by transportation emissions, as they tend to live closer to emissions sétiv¢asg et al.

(2015) show that 25% of vehicles on the road contribute more 8G#b of certain healtielated air
pollution3* These high emitters tend to be the oldest vehicles on the road and are more often driven by
low-income householddn Maine, households with incomes under $50,000 drive vehicles with an
average age of 12.9 ges whereas households with income above $125,000 perdragvehicles with
anaverage age of 7.2 yeatsHouseholds making under $50,00ke up65.8% of all households in

Maine, greater than the 1% average 060.3%%

Relatively little information is available about hp&opleof different income levels travéh Maine
Data on the commute mode to work from the American Community Syrvelected before the COUD
19 pandemicshow that nearly 90% gfeopledrive persoral vehicleso work, although this fraction

29 1-295 Between South Portland and West Gardiner at the intersectiof286I1-95; US2: Between Skowhegan and Farmington;
SR27: Between Gardiner and Farmington

30 US2: Between Newport and Skowhegan; and between Farmington and Evans Notch (ME/NH [8Ra@&r)Between Boothbay
and Gardiner; and between Farmington and the ME/Canada border

31 Notethat these programs are evolving with the new Biden Administration and may look different in the near future.

2 ' p{d . dzNBldz 2F [F02N) {GFGA&AGAO&D a&c¢ | dAvdBageamnual expebdduE 408 I & G SN NB:
characteristics, Consumé&xpenditure Survey, 204819 igttps://www.bls.gov/cex/2019/CrossTabs/regbyinc/xregnne.PDF

3 Gurram, S,etaR019.a 9 ljdza & LR f f dzi A2y S E LRBompueBSEnvirénméntaad Ukbgn(sgsies). AR dzLJa & ¢
2019, pp. 2234.

% Wang,J. M, ® WS2y 33 bd BAYYSNNIYZ wod ad | S| f &-Base anxlybis 6f velicks Cd Y SZ
fleet air pollutant emissions and the contribution from high emi&tet\tmospheric Measurement Techniqués): 288%2912.
https://amt.copernicus.org/preprints/8/2881/2015/amteB-2881-2015.pdf

% CSRSNIf | AIKgFE ! RYAYAAONI A2y P Hmmns/dhibommmt bl GA2YyFE | 2dzZASK2¢€ F

36 U.S. Census Bureau, American CommuBiitivey Accessed November 2021tips://www.census.gov/programs
surveys/acs/microdata.html
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varies by household income. The highest fractiomdividuals whalrive-to-work is in the third income

guartile of households making $71,000 to $110,000 per year. The highest income quartile (above
$110,000 peyear) are the most likely to work from home and least likely to walk and take transit. The
lowest income quartile households (below $39,000 per year) are nearly four times as likely to take

transit to work than households in other income quartiles.

To eyloreinsightson clean transportation amongpeople inunderrepresented groupghe writers of
this roadmap conducted9 listening sessionduring the fall of 2021Interviewees represeted
industries andyroups within Maine whdaceeconomic, social, arperational challenge® shifting to

clean transportation fuels, vehicles, and modes.

Tableb. Listening Session Groups

Category Numberof Listening 8ssions

Trucking ofFleet Operatoor Package Delivery
VehicleMaintenance Shops

RuralTransit Opeator

Forestry

RefuseTruck Operator
OverburdenedDisadvantagegand/or Vulnerable
CondoApartment Developeor HOA

Tourismindustry

2

1

1

Amongthe various insigtg gained during theslkstening sessionsywo common qeestions emerged

aboutthe transition toeledric vehicles. These questions are addressed below.

What are the emissions impacts from the source of electricity for EVs?

Electric vehicles, powered by a battery instead of an internal combustion ei@iBiedo not produce
tailpipe emissions. To determine the total emissions of an EV, it is important to consider the source of

electricity generationa Ay SQa wSySglotS t2NITF2fA2
supplied in thestate in 2022 to be sourced from renewable generatdisesi | (1 S Q &

{41 yRINR

wSySsl ot S

Standard (RPS) will contindecarbonizing the electricity gridequiring 80% neewable consumptioty

2030 anda goal of 100%enewable consumption by 2050

Due to thelower carbon intensity of electricity generation in Maine, driving an EV today will have a lower
emissions impact than a vehicle with BZE A lightduty gasoline vehicle in Maine produces over 11,000
pounds of C@equivalent on an annual basi& lightduty EV in Maine is estimated to produce only 852
pounds of CO2 equivalerdr 92% less overall emissions than a gasoline vedila such a low carbon
intensity for electricity productionEVs in Maine are estimated to produce 7I6¥er GHGemissions than
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the national average for EVs. These calculations account for emissions or@wiedlel basis, which
includesimpacts related to fuel production, processing, distribution, and¥ise

What are the emissions impacts of EV production?

State Averages for Maine

Electricity Sources

Hydro: 34.41%
Wind: 24.00%
Biomass: 20.20%
Natural Gas: 16.S
Other Fossil: 3.1%
Coal: 0.57%

Qil: 0.35%

Solar: 0.35%

Pounds of CO2 Equivalent

Annual Emissions per Vehicle

15k

10k

Sk I
0-I

All Plug-in Hybrid Gasoline

Electric Hybrid

Fgure4. Well-to-Wheel Emissions for LDV in Maii8ource: AFDC)

Production of an EV can be thought of as the production of the necessary raw materials, the manufacturing
of component parts, and the vehicéssembly process. EV production can be more emissmbassive than

an ICE vehicleéue primarily to the lithium, cobalt, and copperequirementsfor battery manufacturing®®
ThoughEV production can be highemitting, total wellto-wheelemissions, or emissions over the entire
lifecycle of the vehicle, are lower for EVs than ICE vehiteseen ifrigure5. The overall lower emissions
impact of EVs can be attributed to much lower impact from operational use and maintenance over the
lifetime of the vehicleln addition, as the source of electricity becomes increasingly powered by renewable
energy generation, the environmental impact of EV operation decreases ovef%ime.

Acknowledginghe environmental impact of EV productidine EV supply chais innovatingo ensure weH
to-wheel EV emissions continue to decli@provements in manufacturing are underway to enstirat the
impacts from thebattery productionand the end of lifeincluding thecollection, recyclinggenergyrecovery

and disposal of theehicle and batteriesare less emissions intensivieor example, EV battery manufacturers
are pursuing new technologies, such as sodiamand soliestate batteries, to improve energy density,

37

38

39

U.S Department of Energy. C 5 Emissiéns from Hybrid and PigElectric Vehicles. | OO

https://afdc.energy.gov/vehicles/electric_emissions.html

w»

aasSRr

b2@SYOSNI HAHMOD

Union of Concef SR { O AEY BatténaRecychiigé t dzo f A & K S R hi@S/6vhdlzicNE org/measmcds/ebattery-

recyclin

HillS (i Deferminigg the environmental impacts of conventimnd alternatively fueled vehicles through d€A wA OF NR2 9y SNH
& Environment. Published July 2020tps://ricardo.com/newsand-media/newsand-press/ricardedeliversmajor-european

report-on-the-lifecycleimpactsof-road-vehicles
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reduce costs, and rely less on limited critical matefiafss the EV market continues to grow, the market for

these innovations also matures

500 4
=]
@ 400 - :
-E Battery Manufacturing
(E =7 M Vehicle Manufacturing
EF T, M Vehicle Operations
E [}
g \% 200 -
E 100 -
[}
0
Gasoline Current Battery, Improved Battery, Improved Battery,
Vehicle Current Grid Mix Current Grid Mix Increased Renewables

Fgure 5. Mine-to-Wheel Life Cycle Emissions of EVs (Source: Union of Concerned Scientists)

J

Electric Vehicle

40 Kanea @ CATL Unveils Fir@eneration Sodiuaton Batterg dhside EVRublished July 2021.
https://insideevs.com/news/523413/catlinveilssodiumion-battery/
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Market and Technolog ical Trends

This chapter explore®cent market and technological trends relateddiectric vehiclesgharging
infrastructure,electric bikes and scooters, and transportation network companies.

Electric Vehicles

Hectric VehicleAvailability

Statewide EV salegowth isconstrained bya lack othe pickup trucks, vanand SUVgreferred by
most Maine driversAs of 2021, Mainercould purchase 43 different EV mode8 PHEVs and 15
BEVs. Across the United States, California has the amagdability ofEV modelswith 65 total PHEV and
BEV modelsvhile Montana has the fewestvith 21 total PHEV and BEV mod&laccording to an
interview with three Maine auto dealerships, this discrepancy in availability is driven purely by the
demand for EVs and the respective strategy by the automaké&igure6 isa snapshot of the lightluty
vehicle stock in Maine across vehicle categories.

1 The farleft bar shows the breakdown of the entire lightity vehicle stockSorts utility
vehicles, vans, and pickup trucks comprise nearlyttvirals of alllight-duty vehicles

1 The second from left bar shows the breakdown of all EVs on the market in Maine, highlighting
the lack of pickup trucks.

9 The third bar shows the breakdown of all EVs eligible foEtfficiency Maine Trusebate,with
an even largeshare of vehicles in the sedan categtikgly due to the maximum purchase price
of $50000for the rebate.

1 The farright bar shows the breakdown of EVs on the market expected in 2024.

Overall Figure6 demonstrates the misalignment between the types of vehicles drivepebplein

Maineand the types of EVs offered. Specifically, the lack of electric pickup trucks acts as a constraint on
themaNJ SG® | 26 SOSNE Ald A& ¢2NIK y2G4Ay3 GKFG GKS 0F NJ
08 HnHné | NB y2i RANBOGEtE O2YLI NI 6f SOtheRoMIFSEL YLX S
150 Lightning) could satisfy all 21% of the pickup sagrim Maine. By 2024, if automakers meet their

target delivery dates, 7% of EVs on the market will be pickup trucks (see far right bar). As of this writing,
Rivian has begun initial deliveries of its R1T pickup truck, and the Ford Motor Company hasadnoun

that deliveries of the A50 Lightning will start in the spring of 2022.

4 1 Gtla tdzotAO t2f A 08 dipsHvvavmitsedhbtcondzdateiRils/sKad-2ale diRigmddelavailability/

42 Discussions between the authors and Tim Archambault, Adam Lee, and Tim Seymour in September 2021

43 Rubin, Jonathan, Kathngallingall, and Erin Brown. 20Alectric, Hybrid and High Fuel Efficiency Vehicles:Eifestive and
Equitable GHG Emission Reductions in Maine.
https://digitalcommons.library.umaine.edu/cgi/viewcontent.cgi?article=1002&context=mcspc _transport
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ElectrificationCosts
Consumers typically compare the cost of EVs and inteosrabustion engine vehicles (ICEVS) by their
upfront retail cost or their total cost of ownershipCQ, which includes the upfrontost, fueland
maintenance costsjehicle disposal cosandancillary costs such &®me charger costdJpfront costs
of EVare still currently higher than similar ICEVs comparable vehwlele the TCO is close or even

favorable for

EVE

3% 4% 7%

Pickups 21%
Vans
Crossover/SUV
Sedans

All LDVs in Maine All EVs on Market All EVs Eligible for All EVs on Market
in 2021 EMT Rebate by 2024

Fgure 6. Breakdown of LighiDuty Vehicles irMaine

Severalnterrelatedtrends are changing the costs of the EV market

1 Battery pack cost decline§hecosts of manufacturingVsare droppingrapidly due to
technologicahdvancesnd economies of scale in the vehicle supply chain. In particular, costs of
manufacturing batteryacks continue to decline, as shown kigure7. Since 2010, the average
cost of battery packs worldwide has declined by more tha¥vh3Battery pack costs account for
approximately a quarteto a third of the cost of 8EV depending on thall-electric range.
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Hgure 7. Battery CosEstimates($/kWh)

44 International Council on Clean Transportation (ICCT; Lutsey, Nic, and Michael Nicholat)pd@ion EV costs in the United
States through 280. https://theicct.org/publications/updateUS2030electricvehiclecost
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f Energy density of battery packs. OO2 NRAYy 3 G2 .f22Y06SNH bSg 9yS
2021, energy densitiyas been improving at%per year in recent years.
Emeaging electricity ratedesignsa 2 4G 2F al AySQa NBaARSyida | NB

Power. Both utilities have timef-use (TOU) rates available to customers, which provide a lower
cost per kWh during offeak hoursHowever,only a small percentage of customeypically

take advamage of these rates. According/ a t ZDE9 EIA861 filing,1% ofits residential
customers take advantage of TOU rates. Uptake is particularly low when a TOU program is a
voluntary optin program. A survey of EV drivers who received the Maine EV rehatd that

only 8% of residential customers used TOU rates. On the other hand, Lawrence Berkeley
National Laboratoryound robust evidence that opbut programs produce substantially higher
enrollment rates (936 to98%), without affecting program retentiqratterns.

Increasing akelectric range Automakers are increasingly expandingeddictric rangdor EVs.

For example, the weighted average-aléctric range of EVs in California has shifted from about
150 miles in 2014 to 275 miles in 2021.

MSRR have stayed relatively steadyDespite declining battery pack costsd improving

energy densities, the MSRP of Edsstayed relativelystable in recent yearélowever, two

vehicle categories, BEV and PHEV SUVs, have seen steady declines in cost.ifilyislisena

the availability of less expensive SUVs joining more expensive luxury models (namely, the Tesla
Model X) in recent year&igure8 provides the average MSRP of EVs in Maine between 2015
and 2020 by vehicle categot.

$120,000
$100,000 == BEV Hatchback
BEV Sedan
$80,000 BEV SUV
BEV Wagon
$60,000

= PHEV Hatchback

— L —
$40,000 t: ': s PHEV Minivan
, % a—PHEV Sedan

— PHEV 5UV

Average MSRP *Sales Weighted

$20,000
e PHEV Wagon

S0
2015 2016 2017 2018 2019 2020

Fgure 8. Average MSRP of EVsI&in Maine by Vehicle Category.
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BNEF (2021) EV Outlookips://about.newenergyfinance.com/electrizehicleoutlook/

I FPEAF2NY AL AN wS&a2dz2NDSE . 21 NRO  Hhipsiive2. érth. R @k/si S8 dRaulilfiesPAr  / | N&
08/ACC%2011%20Augqust%202021%20Workshop%20Presentation.pdf

Analysidy University of Maine, Kathryn Ballingall, Reseds$ociate, Margaret Chase Smith Policy Center, based on July 2020
BMV data
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Recent estimates suggest ligthtity BEV's are expected to reacbstparity on a TCO basis between 202
2 Y -elgdkii6 rangSikeAcQdg@ydiity-cylclé, &ind charging

location*® Researchers estimate thapfront vehicle pice parity will lagfCO parityy two to five

| cAn$trititsioR Bhargirdy adcasR limited public charging
availability, long charge times, and range anxiety will contribute to the persistence of ICE\¢sailes.

of these concerns have already been addredsgetechnology developmenEor example, mny EVs can
travel 200 to 300 miles on a chaP§and charge to 80% in 20 30 minutes using a DCFC statién.

years? NonethelessQ 2 y & dzY S N& Q

The MHDV subsector exhibits similar trends to the sibéector, although TCO and upfront cost parity
is a few years further away for most vehicle categotfds/en when electric MHDVs reach parity with
conventional MHDWn a TCO basiadoption by fleetsvill be challengindor somesegmens. Fleets are
often constrained in their capital budgetsd are disinclined to take a risk on a new technolégyther,
many MHDV segments require higbwer chargindi.e., 50 kW or highetp servethe full array of use
cases This requires a local electricity distritbon system that can handle the higher powdgmandsIn
particular, the most challenging fleet vehicles to electrify wilthse with high daily mileage
requirements, heavy payloads, minimal downtime for chargargi/or depotswithout access to high
power chargingThe public sector in other statésaddressing these challenges with a variety of
programs, includingaying 80% to 100% of tlelargers and/odistribution system upgrades.e.,
makeready),>® providing incentives for the upfront cost véhicles}* providingfree advisory services for
fleet electrification®® and providing aHinclusive chargingsa-service to fleet$®

al Ay8Qs

{dAlGroAtAGE
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According to data from the 2017 National Household Travel Survey, the avdadg miles driven in
private cars is 33 miles far I A yua&hiesidents and 30 miles for rural residettslationally, average
daily mileageis 30 milesFigure9 shows the distribution of average daily miles across urban and rural

48

49

50

51

52

53

54

55

56

57

International Council on Clean Transportation (ICCT); Lutsey, Nic, and Michael Nicholddpg@i©on EXosts in the United
States through 20301tips://theicct.org/publications/updateUS2030¢electricvehiclecost

Ibid.

U.S. Department of Energy, Office of Energy Efficiency & Renewable BEwrggsed November 2021.

https://fueleconomy.gov/feg/evtech.shtml

tfdza Ay ! YSNAROFZ a2 KIQ
chargingfor-electricvehicles/
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International Council on Clean Transportation (ICCT); Hall, Dale, and Nic Lutseit28¥8heicct.org/publications/zere

emissiontruck-infrastructure

State of New York (2021). Makeady Prograntips:/jointutilitiesofny.org/ev/makeready

State of California (2021) HVIP Progranmps://californiahvip.ora/

National Grid (2021) Fleet Advisory Servicéss://www.nationalgridus.com/evfleet-hub/GetStarted/FleetAdvisoryServices

Program

Sacramento Municipal Utility District (202h}tps://www.smud.org/-/media/Documents/Corporate/About)s/BoardMeetings

and-Agendas/2021/0ct/202411.0-19-Financeand-Audit-Exhibitto-Agendaltem-1---EdHamzawi.ashx

Rural and urban classifications based on US Census classification. Average daily miles calculated usiilg sabpgplying

household weights to BestMile variable.
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drivers in Maineand the national average. The figure demonstrates that, on a typical day,Mzdse
driversdrive less than the range of modern EVs.
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Figure9. Average Daily Miles in Maine and in the U.S. (U.S. Census, 2017)

Note, Figure9 shows aerage daily rangenly and therefoe does not capture the distribution of miles
across a given year for a given individual. This distribution is critical to market uptake of EVs because
consumerdgend to purchase EVs based on thmaximum daily range nesgnot average daily

range®°° Without telematics or GPS data, it is impossible to characténizse maximum daily range
needs.However, we know that nationally, 9&of all trips taken are under 30 mifesvell within the

range of EV&

In addition, nearly 8060f households in Maine have two or more cars, further nullifying the range

concern®® Previous studies in other parts of the United States find that rmaiividualEV driversieed

to recharge during the day for at least some daysymar. For exampleg studyused Atlanta, Georgia

GPS data in 455 vehicles to calculate that a BEV with-sn2#8@@ange would meet 262 ¥ (G KS & YLJX S¢
daily range needs all the time, Bof the sample if drivers are willing to be inconvenienced two days

per year, and 6@if drivers are willing to be inconvenienced six days per §darthis study,

inconveniencedneansii KS RNA @SNIDa RIFAf & NIBEY®ithy DehiRIange.SNE y 2 (i
Said in another way, 800of the sample required only overrfiggcharging to complete all trips made 359

days out of the year.

58 Franke et al (2013), What drives range preferences in electric vehicle users?, Transport Policy, Volume 30, 201%2Rages 56
https://doi.org/10.1016/j.tranpol.2013.07.005

59 Pearre, N.S., Kempton, W., Guensler, R.L., Elango, V.V., 2011. Electric vehicles: how much range is required foimm®@ay's driv
Transp. Res. Part C Emerg. Technol. 19,llIBY.http://dx.doi.org/10.1016/j.trc.2010.12.010

60 QOak Ridge National Laboratory, Popular Vehicle TripstitatAccessed November 2021iips://nhts.ornl.gov/vehicletrips

61 U.S. Census Bureau, American Community Suneys.//www.census.gov/programsurveys/acs/

62 Pearre, Nathaniel, Willett Kempton, Randall Guensler, and Vetri Elango.Betfic vehiclesiow much range is required for a
RI @ Q& RpER@WysEeKcedirect.com/science/article/abs/pii/S0968090X1100012X?via%3Dihub
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Impact of Cold Weather

alAySQa OfAYF(GS A& OKIFNIYOGSNARTI SR o0& QmterRY ayz2geé
temperatures range from 28egrees Fahrenheiff in the far south to les than 15°F in the northern

and interior portions of the state. Mean annual summer temperatures range from near 60°F in the far
north to near 70°F in the soufiMaine has many regions where the temperature during winter drops

under O°F for stretches ofags or weeks.

[SN

Cold weather impact&Vbattery performance, especially when the vehicle is parked outside and not
plugged into the gridand requires increased energy for heating the cabin of the veffiélestudy led by
the Norwegian Automobile Federatieestimated that EVs lose approximately 20% of their range in
winter conditions in Norway compared to test cycle rangfgdowever the U.S Department of Energy
(DOER also notes that gasoline vehicles lose as much as 33% of fuel economy in temperatures under
20°F. Another study conducted in Norway estimated that winter fast charging lowers the average
charging power by 24% relative to summer chardithis isbecausethe onboard battery management
system limits the charging rate in cold conditions to avoid detrimental effects on the battery’cells.

The vehicle telematics firm, Geotab, provides an interactive tool that allows the user to understand the

impact of tempeature on EV$E® The tool is based on realorld data collected from 4,200 EV drivers. In

the worstcase conditions ad°F, EVs can lose up to 50% of their rated range (e.g., if a vehicle is rated at
250 miles, the vehicle would have an effective rang&2a% miles)FigurelO provides curves of the

average, 99 percentile and 19 percentile of range impacts across all 4,200 EVs in the study. As shown,
70°Fprovides tle highest range across temperatures.

63 NOAA National Centers for Environmental Informatitate Climate Summaries, Maifecessed November 2021.
https://statesummaries.ncics.org/chapter/me/

6 WF 3dz2SY2y G W2NR&Z [2A0 .2dA 2yX , S48 5dzoS3 FYyR CNIyO2Aa al NSt c
2 §| (i KEENJransactions on Energy Conver3i¢Bi).
https://www.researchgate.net/publication/301307242 Thermal Management of a Hybrid Electric_Vehicle in_Cold Weather

6 +SAK2St LId al NRKId#H NI 9xEn ¢ SEHIA yhdps:Avyin.ba2 N8Ik biRe Aty i@ NaD £
rangetest-2020/

6 CAASYoldzYs 9ONA|1 P wnmTd® OKISNHSEROG R &G & Hikighnre & BridE @i and Himiafibap £
Transitiong25): 14;34. https://doi.org/10.1016/j.eist.2016.11.002

67 Motoaki, Yutaka, and Matthe® @ { KANJ] ® HNSKOGA2 B B dZYBNLIG F GA2Y AY Efergy ClF &l / KI NH
Policy(108): 178183.https://doi.org/10.1016/].enpol.2017.05.051

68 DOhe¢! . ® HAHM®P & ¢ SY LIS NEE: dzNG.qedtgb 2dm/fldFegrNdademenmotuyb BsS denperaturetool/
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FigurelO. Impacts of Temperature on EV range for 4,200 raalrld EVs Measured by GEOTAB.

Because about twhirds of range impacts are due to cabin heating in cold condifidngny of the

emerging technologies focus on using heated seats and onboard heat phatpswer the auxiliary

loads.Some EVslsohave battery heatershat prevent damage to the battery in extreme coldhe

impact of cold weather temperature on EV rarigghe southern and coastal regions of the state is likely

to be less significant than in less populous northern regions of the dtaye. | RRAGA 2y S al AySQa
adzYYSNJ GSYLISNI GdzZNB 2F 1TncC NBLINB&SyioabaieieS GagSSi
operate at their greatest efficiency.

Auto Dealerships and Electric Vehicles

Auto dealershipplay an important role in EV ownershiccording to a survey of Maine Ebate
recipientsadministered by Efficiency Maine Trd861% of respondents saidK S& ¢ SNB G OSNE &l
2N) Gal GAaFASRE Fo2dzi GKS fS@St 2F (y2¢tSR3IS 2F (K
rebate.However, most EV buyers had already decided on their EV purchase beiogeto the

dealershipln fact, 926 ofEV owners weralreadyd @S NE &adzNBE 2NJ GLINBG e adzNBé
they arrived at the dealership to purchase a vehicle. The @her 6 SNBE a2y (KS TSy OS¢ 2
dzy RSOARSR®¢

In interviews Maine auto dealers report that the majority of used EVs in Maine are purchased from out
of state at auctionprimarily within New Engnd, which suggests the used EV population in the rest of
New England is an important determinant of used EVs in Malagonal statistics show that 66% of all

6 1 f B5SLINIYSYyld 2F 9y SNBRIOR H2nSakmdbi SRS dono@\GBwie NYodlwektifer.shtml

70 Survey results private via email by staff at Efficiency Maine Trust, August 2021.
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https://www.fueleconomy.gov/feg/coldweather.shtml































































































































