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Introduction

M.J. Bradley& Associatesvascommissionedy theNaturalResource®efenseCouncilandtheUnion of
Concerned Scientists to evaluate the costs and benefits elestlteequirements for manufacturers that
Washingtorcouldadoptto increasesalesof no- andlow-emissiormedium andheavyduty (M/HD) trucks

and buses. The analysis examines alf@ad vehicles registered in Washington with greater than 8,501
poundsgrossvehicleweight, encompassingehicleweight classedrom Class2b thoughClass8. This is

a diverse set of mostly commercial vehicles that includes heatyypickups; school and shuttle buses;
sanitation construction andothertypesof work trucks;andfreighttrucksrangingfrom local delivery vans
totractortrailers that weighup to 80,00(pounds whetioaded.

Collectively theWashingtonMI/HD fleet includesalmost540,000vehiclesthatannuallytravel morethan
8.56 bilion miles and consume almost 1 bilion gallons of petroleaseduels.

In Washington M/HD vehicles are currently responsible for an estimated 10.4 million metric tons (MMT)
of greenhouse gas (GHG) emissions annéadipproximately 30 percent of all GHGs from theroad
vehicle fleet: In Washington M/HD vehicles are also responsible for 59 percent of the nitrogen oxide
(NOx) and53 percenbf theparticulatematter(PM) emittedby on-roadvehicles bothof which contribute

to poor air quality and resulting negative health impacts inymgban areas, including lewcome and
disadvantagedommunitiesthatareoftendisproportionatehaffectedoy emissiongrom freight movement

due to their proximity of transportation infrastructure to the communities.

Prior work by MJB&A conducted in asultationwith the New Jersey Environmental Justice Alliance and
memberf the Coalition for Healthy PortsNY NJ demonstratethat emissionsrom dieseltrucksand

1 Theremaindeof emissionsarefom passengetarsandlight trucks.Thisincludegailpipeemissionsandfi u p s t emssiondromfuel productionand
transport.
2 In this report all referencés PMare particulate matterith mean aerodynamic diameter ldisan 2.5 microns (Pl)).
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busesemithigherlevelsof air pollution, whichcanleadto evengreatehealthconcernsn populationanore

directly exposed to diesel emissici@ommunities located adjacent to ports and related gomdement
infrastructure (e.g., warehouses, logistics centers, rail yards, etc.) experience higher levels of truck traffic,
both from surrounding thruways and on local streets, which exacerbates health concerns. Since these
emissions are local in their effects, p@s to reduce transportation emissions from medmmd heavy

duty vehiclescansignificantly improvethehealthandwell-being of communitiesin urbanareasor around
transportatiortorridors which areoftenhometo peopleof color or low incomeor thosenvho areotherwise
vulnerable or disadvantaged.

Forthestudyof WashingtonMJB&A modeledhreeCleanTruck policy scenariosvith increasingevelsof
ambition.Undertheleastaggressivecenarid stateadoptionof Ca | i f édvandedC@anTruck(ACT)

rule (allowable under the Clean Air Aét)estimated cumulative net societal benefits total almost $24.9
billion (in constant 2020$) through 2050, compared with the baseline sc€haele net societal benefits
include the monetized value of climated public health benefits resulting from reduced GHG, NOx, and
PM emissions in the state, including up to 114 fewer premature deaths and 97 fewer hospital visits from
breathing polluted air. Net societal benefits also include net cost savings to fteetederating zero
emission trucks, and savings to all residential and commercial electricity customers due to lower electric
ratesmadepossibleby theadditionalke lectricity salesfor electricvehiclecharging.Underthe ACT scenario,

by 2050 annual costavings for Washington fleets are estimated to be more than $1.3 billion, and annual bill
savingsfor electric utility customer# the stateould reactan estimated $92 million.

The most aggressive policy scenario (100 x 40 ZEV + Clean Grid, discussed below) results in turnover of
virtually theentireWashingtorVI/HD fleetto zero-emissionvehicles(ZEVs) by 2050,togethewith ashift

to cleaner electricity generation sourcesnlative net societal benefits through 2050 increase to more
than $42.8 billion under this scenario, and there will be an estimated 288 fewer premature deaths and 242
fewer hospital visits. In 2050 estimated annual fleet cost savings also increaseibié®.4nd electric
customemnnual bill savingscrease to an estimated $148 million.

The modeling tools used for this analysis could not apportion these estimated benefits to individual
communitiesvithin thestatebutprior work indicateghatemissionreductionsrom M/HD trucksandbuses

would provide the greatest benefits in areas in close proximity to freight corridors and other transportation
infrastructure. As such, communities that are currently disproportionately impacted by trammspartati
expected to receive a higher share of the public health benefits, as long as zero emission trucks and buses
aredeployed equivalently across the state.

Implementation of the modeled scenarios will require significant changes to the national ecasmomy,
manufacturing of internal combustion engine vehicles is replaced by manufacturing of electric and fuel
cell vehicles, and productionand sale of petroleumfuels is replacedby increasedproductionandsale

of electricity and hydrogen. This analysis igates that this transition will have positive macroeconomic
effects, including increased net jobs and gross domestic product (GDP), as well as increased wages for the
newjobs that willbe added, relative to the jobs that we#ireplaced.

Compared with e baseline scenario, net national job gains under the most aggressive policy scenario
total 83 in 2035,thoughthereis a netjob lossby 2045dueto total fleet fuel andmaintenanceostsavings.

Average wages for the new jobs created under the ZEV transition are expected to be, on average, almost
50%higher as average wagkes the jobs that wilbe replaced.

3 MJIB&A, NewarkCommunitympactsof Mobile SourceE missionsA CommunityBasedParticipatory ResearcknalysisNovember20 20, http: /Avww.njeja.org/
wp-content/uploads/2021/04/NewarkCommunitylmpacts_ MJIBA.pdf

4 All valuescitedin thisreportare inconstan020$, unlesstherwisestated.
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Policy Scenarios

This reportsummarizesheprojectedenvironmentaandeconomiceffectsof Washingtoradoptingpolicies

requiring manufacturers to sell a greater number of M/HDV- lamd neemission vehicles over the next

30 years. Three specific Clean Truck policy scenarios, representing increasing levels of ambition, were
evaluated.

A ACT Rule: Washington adopts requirements analogous to those adopted by California under the
Advanced Clean Trucks Rule, which requires an increasing percentage of new trucks purchased in the
state to be ZEVs beginning in the 2025 model year. The percentage véhiedes that must be ZEV
variesby vehicletype, butfor all vehicletypestherequiredZEV percentagéncreasegachmodelyear
betweer2025 and 2035 (see Figute

A ACT Rule plus NOx Omnibus Rule: In addition to adopting the ACT Rule, Washington adopts
requirements analogous to those adopted by California under the-Begwpmnibus Rule (referred
to herein as the NOx Omnibus Rule). This rule requires an additional 75 percent reduction in nitrogen
oxide (NOx) emissions from the engines in new gasaling diesel trucks sold between model year
2025and 2026and &0 percenteduction for trucksoldbeginningin the2027 modeyear?

A 100 x 40 ZEV + Clean Grid: In addition to adopting the ACT and NOx Omnibus Rules, Washington
takesfurtheractionsto ensuremorerapidandcontinuedncreasein new ZEV sales suchthatvirtually
all new trucks are ZEV by 2040 (see Figure 1), with Clag8 2chieving 100 percent ZEV sales in
2038andClass4i 8 (nontractors)achievinglO0OpercenZEV salesin 2035.In addition,anaggressive
federal Clean Energy Standard is assumed to ensure that electricity generation in the state is virtually
carbon free and 96 percent renewable by 2050.-Speefic renewable portfolio standards that could
increaseherenewablelectricity levelsevenmorewerenotanalyzedaspartof this study.

All threeof theséWVashingtorpolicy scenariosrecomparedvith abaselingi b u s asu 8 s1sdnaridn
whichall newtruckssoldin thestatecontinueto meetexistingEPANOXx emissionstandardaindZEV sales
increasenly marginally, neverreachingmorethanl percenof newvehiclesaleseachyear?

TheanalysisassumeshatM/HD annualehiclemilestraveled(VMT) in Washingtorwill continueto grow

by approximateh0.8 percentannuallythrough2050,asprojectedythe EnergyinformationAdministration

(EIA), as the economy and population continue to grow. The modeled policy scenarios do not include
freight system enhancements or mode shifting to slow the growth of, or reduce, M/HD truck miles; this
wouldbe expected to provide additional emission reductions.

The analysis was conducted using MIJIB&AGs 8imate En
quality impacts of each policy scenario were estimated on the basis of changes in M/HD fleet fuel use and
include both tailpipe emissions and fAupstreamo en
in each scenario. These include petniguels used by conventional internal combustion engine vehicles
(gasoline, diesel, natural gas) and electricity and hydrogen used by ZEVs, which are assumed to include
both battery electric (EV) and hydrogen fuel cell electric (FCV) vehicles.

5 Reductions areelativeto currentfederalE PAnewengineemissiorstandardsThisrule doesnotrequireadditional PMreductionsbutincludesantibacksliding
provisiongo ensure that PMmissionsio notincrease compared wihginesdesigned to meet current federal standards.

6 The baseline ZEalesassumptionareconsistentvith projectiondn theEnergylnformationA d mi n i s Annual Eremy® dtlsok2021.
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To evaluate climate impacts, the analysis estimated chamgdiscombustion related GHGs, including
carbon dioxide (C®), methane (CH), and nitrous oxide (ND). To evaluate air quality impacts, the analysis
estimated¢hange totalnitrogenoxide (NOx) andparticulatematter(PM) emissionandresultingchanges
in ambientair qualityand healthmetrics suclas prematurdeaths, hospitaisits, andost workdays.

The economic analysis estimated the change in annual M/HDwildetspending on vehicle purchase,
charging/fueling infrastructure to support\&; vehicle fuel, and vehicle and infrastructure maintenance
under each scenario. Currently ZEVs are more expensive to purchase than equivalent gasoline and diesel
vehicles, but they have lower fuel and maintenance costs. Over time the incremental moshase

ZEVs is alsoprojectedo fall. Technologiegequiredto meetthe morestringentNOx standardsf the NOx
OmnibusRule are also projected to increase purchase fmystempliant vehicles.

On the basis of estimated changes in fleet spending, the analysis estimated the macroeconomic effects of
eachscenarion national jobs, wageand gross domestic product (GDP).

Annual Zero-Emission Vehicle Sales in Clean Truck Policy Scenarios

% new % new
trucks trucks
ZEV ACT Rule ZEV 100 x 40 ZEV
100%— 100%
80% - 80% -
60% - 60% [~
40% - 40% -
Single-UnitTrucks Single-UnitTrucks
Class 2b-3 Class 2b-3
04— 04 -
20% = Class 4-8 20% = Class 4-8
= Combination Trucks = Combination Trucks
0T T T T T T 07 T T T T T
2025 2030 2035 2040 2045 2050 2025 2030 2035 2040 2045 2050
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Theanalysisalsoestimatedheimpactof eachscenarionWa s h i n gettrcutilbiess, includingthetotal
statewidechangan powerdemand kW) andenergyconsumptior(kWh)for M/HD EV charging,aswell as

the additional revenue and net revenue that woul d
this power. On the basis of projected utility net revenue, the analysis estimateethialpffect on state

electricity rates for residential and commercial customers.

In addition, the analysisestimatedhe total numberof vehicle chargersthatwill be requiredto support
the increase in M/HD EVs under each sceiatioth depotbased chargers and shared public chadgers
comparedvith the existing charging network ihe state.

For a full description of the modeling approach and sources of assumptions used for this analysis, see the
report:Clean Trucks Analysis: Costs & Benefits of Staeel Policies to Require Nand LowEmission

Trucks, Technical Repor® Methodologiesand Assumptions May 2021 (https://mjbradley.com/clean
trucks-analysis).

The Washington electric grid mix and energy cost assumptions used can also be found in the Appendix to
this report.
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W ashington Results

Thesectiondelow detailtheresultsof theWashingtorCleanTrucksanalysis beginningwith adescription
of thecurrentWashingtonM/HDV fleetandthe projectedleet undereachmodeledpolicy scenarioThisis
followed by asummaryof theenvironmentabndpublic healthbenefitsof eachscenaricandthe economic
impactsof the modeled fleetransitions.

Washington M/HD Vehicle Fleet

Table 1 summarizes the current M/HD fleet in Washington State, broken down by the four major vehicle
typesused to frame the Cledirucks analysis.

Table 1 Current Washington M/HD Fleet

Annual Fuel
Annual VMT (million

Vehicle Type No. of Vehicles (billion miles) gallons)
Heavy-Duty
Pickup and Van 283,257 3.19 170.3
Class 2b
Bus

11,908 0.22 27.0
Class 318
Single-Unit Work
and Freight Truck 199,343 2.45 302.0
Class 3i 8
Combination
Truck 45,109 2.70 397.2
Class 718
TOTAL 539,617 8.556 896.6
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Approximately 52 percent of the-ilse M/HD fleet are Class 2b vehicles (8,600,000 in gross vehicle
weight rating, GVWR), which are mostly heasiyty pickup trucks and van$hese vehicles account for

37 percent of annual M/HD miles and 19 percentrofual fuel use. Approximately 2 percent of the fleet

are buses, which account for 3 percent of annual VMT and 3 percent of annual fuel use. This includes
relatively small shuttle buses (clasgBas well as school buses, transit buses, and intercityéclcadch
buses.Thirty-seven percent of the fleet are singtat freight and work trucks, which account for 29
percent of annual VMT and 34 percent of annual fuel use. These vehicles come in a wide variety of sizes
(Class 38) and have a wide variety ofes, from vans and box trucks used to deliver freight, to sanitation
andconstructiortrucks,to boomequippedutility trucks.Only 8 percenbf thefleet arecombinationtruck
tractors,but thesevehiclesaccountfor 32 percentof annualVMT and 44 percentof annualfuel use,

since approximately twthirds of these vehicles are used primarily for latigtance freight hauling and
typically log many more daily and annual miles than other MiéDicles.

Today less than 1 percent of the national M/HEefflis powered by electricity or alternative fuels (natural

gas and propane). Approximately 64 percent of the fleet have diesel engines and 36 percent use gasoline.
The largest Class 7 and 8 vehicles are almost all diesel, while almost 50 percentnafllégreClass 2ib
truckshave gasoline engines, withost of the remainder diesel.

Figure 2 summarizes the modeled turnover of the Washingtoserileet to zer@mission and lowNOXx

trucks under the three Clean Truck policy scenarios. Fleet turnovemtdruacks is based on historical
average turnover rates and projected fleet growth rates, along with the new vehicle ZEV purchase percentages
shown in Figure 1. Approximately 6.1 percent of existing Class 2b trucks and 4.7 percent ofi Blass 3
trucksandbusesareretired eachyearandreplacedvith newvehicles®® The ACT + NOx Omnibusscenario

and the 100 x 40 ZEV + Clean Grid scenario further assume that all new vehicles purchased in 2024 and
later yearsthatarenotZEV will havelow-NOx enginescomplantwith theNOx Omnibusstandards.

As shown, under the ACT Rule policy scenario, 34.6 percent of theerM/HD fleet will turn over to

ZEV by 2040, and 59.9 percent are ZEV by 2050; all of these ZEVs are assumed to be electric vehicles.
Under the ACT + NOx Omnibus policy scenario, the same percentage of the fleet turns over to ZEV, but
the remaining internal combustion engine vehicles in the fleet turn over tbl@xvengines by 2044.

Under the 100 x 40 ZEV + Clean Grid policy scenarib.55ercent of the iuse fleet turns over to ZEV

by 2040 and 97.1 percent do so by 2050. This scenario assumes that new ZEVs will include both EV and
fuel cell vehiclespoweredby hydrogenln 2050,5.2 percenof in-useZEVs areassumedo be FCV and

919 percentareEV.

7 A very smallpercentagefthesevehidesarelarge SUVs.

8 Notethatthe ACT RuledoesnotincludeZEV requirementfr transitbusesasthesevehidesarecoverechy aseparaténnovativeClean Transitegulationn
California.

9 Thesediguresarebasedn stateregistrationdatacollectedby IHS Markit.
10 Thisis alongtermaveragéictual annuaturnoveris highly correlatedo economic conditionandcanvary widely romyear toyear.
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Figure 2 Fleet Turnover to Low -NOx and Zero-Emission Vehicles in Clean Truck Policy Scenarios
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M/HDV
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M/HDV
100%

80%
60%
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% in-use 100 x 40 ZEV
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100%
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EV (battery electiic vehicle); F@el cell vehicle); LNOx ICE (lowNOx internal combustion engine vehicle), ICE (conventional internal combustion engine vehicle)
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Changesin Fleet Fuel Use

Under all modeled Clean Truck policy scenarios, a significant portion of the Washington M/HD fleet is
assumedo turnoverto EV and FCVtrucks andbusesThiswill resultin replacemenof petroleunfuelsd
primarily gasoline and diesel fewith electricty and hydrogen:t

Under the baseline scenario, total petroleum fuel use by the Washington M/HD fleet in 2050 is projected
to be 780 million gallons. Under the ACT Rule policy scenario, petroleum fuel use in 2050 falls to an
estimated880million gallons(i 51 percent)andcumulativereductionsn dieselandgasolineuseby the M/

HD fleet total 5.0 billion gallons between 2020 and 2050. This petroleum fuel is replaced by 90.5 million
megawatthours (MWh) of electricity between 2020 and 2050. Electricity use for M/HD EV charging in
2050 is estimated to be 7.8 milion MWh, a 11 percent increase to estimated baseline electricity use by
Oregorresidential and commercial customers that y@é@milion MWh).

Adding the NOx Omnibus Rule to the ACT Rule does not result in additional reductions in petroleum fuel
use.

Under the 100 x 40 ZEV + Clean Grid scenario, estimated petroleum fuel use by the M/HD fleet in 2050
falls to 4.7 million gallons (94 percent), and cumulative reductions in diesel and gasoline use by the M/
HD fleet total 8.4 billion gallonsbetweer2020and2050.This petroleunfuel is replacediy 134.8million

MWh of electricity and 1.1 billion kilograms of hydrogen between 2020 and 2050. Electricity use for M/
HD EV charging in 2050 is estimated to be 11.9 million MWh, a 17 percent increase to estimated baseline
electricityuseby Washingtorresidential andommercial customerthatyear.

Public Health and the Environment

The modeled Clean Trucks policy scenarios produce significant reductions in NOx, PM, and GHG emissions
from the M/HD fleet, even after accounting for the emissions from producing the efgcndihydrogen
neededo powerZEVs. NOx andPM reductionswill improvelocalair quality, particularlyin urbanareas,
resulting in public health benefits from reduced mortality and hospital visits. As noted earliemnctone
anddisadvantagecommunitiesareoftendis proportionateljmpactedy emissiongrom freightmovement,

due to the proximity of the transportation infrastructure to many of these communities.

Air Quality Impacts

Figures3 and4 showestimatecannuaM/HD fleet NOx andPM emissionstespectivelyunderthebaseline

scenario and the modeled Clean Truck policy scenarios. Under the baseline scenario, annual M/HD fleet
NOx emissions are projected to fall by 47 percent and annual fleet PM emissions are projected to fall 73
percentthrough2045,asthecurrentfleet turnsoverto new gasolineanddieseltruckswith cleanerengines

that meet more stringent EPA new engine emissions standards. After 2045 baseline annual NOx and PM
emissionsarethenprojectedo startrising agaires annualfleet VMT continues tarow.

11 Asmall numbeofM/HD trucksand buses ivashington currently usestural gas.
12 MJIB&A, NewarkCommunitympacts
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Projected M/HD Fleet NOx Emissions
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Compared with the baseline, by 2050 the ACT rule is estimated to reduce annual fleet NOx and PM
emissiondy 47 percentnd43percentrespectivelyasdieselandgasolingrucksarereplacedvith electric

vehicles. Adding the NOx Omnibus Rule will further reduce annual fleet NOx emissions due to turnover
of thedieselandgasolineportion of thefleet to newvehicleswith low-NOx enginespy 2050annualNOx
emissions are projected to be 88 percent lower than under the baseline if both the ACT and NOx Omnibus
Rules are implemented.

The 100 x 40 ZEV + Clean Grid scenario has the lowest fleet emissions due to replacement ofalirtually
gasolineanddieseltrucksandbuseswith EVs andFCVs by 2050,whenannuaNOx andPM emissionsare
estimatedo be 97percent an@7 percenibwer, respectively, thabaseline emissions.

Over the next 30 years, cumulative NOx and PM emission reductions from the ACT Rule (compared with
the baseline scenario) total 89,340 metric tons (MT) and 1,289 MT, respectively. Additional cumulative
NOx reductiondrom theNOx OmnibusRule areestimatedat 153,400MT overthesametime. Cumulative

NOx and PM emission reductions from the 100 x 40 ZEV + Clean Grid scenario (compared with the
baseline)areprojected tdotal 257, 70T and2,440 MT ,respectively.

Public Health Benefits

The reduced annual NOx and PM emissions under the Clean Truck policy scenarios will reduce ambient
particulatdevelsin theair, whichwill reducethenegativenealtheffectson Washingtorresidentdbreathing

in theseairborneparticles® Estimatedpublic health impactsinclude reductionsin prematuremortality

and fewer hospital admissions and emergency room visits for asthma. There will also be reduced cases of
acute bronchitis, exacerbated asthma, and other respiratory symptoms, and fewer restricted activity days
and lost workdays. Cumulative estimated reductions in these health outcomes in Washington under the
modeled Clean Truck policy scenarios are shownahld 2; these benefits were estimated using the U.S.
Environment al P r eBenefitstRislo Assedsgpantn(COBRAS He@lt Impacts Screening

and Mapping Tool. While this analysis did not apportion estimated public health benefits to specific
communiieswithin thestate theyareexpectedo disproportionatelaccrueto thosecommunitiesin close

proximity to freight infrastructure, since these communities are disproportionately impacted by current
emissiongrom M/HD truck traffic.

Cumulative Public Health Benefits of Clean Truck Policy Scenarios, 2020i 2050
Health Metric ACT Rule ACT + NOx Omnibus 100 x 40 ZEV + Clean Grid
Avoided Premature Deaths 114 246 288
Avoided Hospital Visits® 97 205 242
Avoided Minor Cases® 69,553 152,909 177,576
Monetized Value, 2020$ (millions) $1,329 $2,878 $3,364

a Includeshospital admissionand emergenapomvisits.

b Includesreducedcase®facutebronchitis,exacerbated asthnandotherrespiratorysymptomsand red ucedestrictedactivity daysandlost workdays.

13 PMis direcly emitted to the atmosphere from combustion sources as solid partides. NOx is emitted from combustiors sbgasek contributes to the
formation of secondary partides via chemical reactions in the atmosphdreliRat and secondary particles have negative health eflects when taken into the
lungs.
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The monetized value of cumulative puldfiealth benefits from th&CT Rule over the next 30 yeaistals

more than $1.3 billion. Adding the NOx Omnibusl®would increase the monetized value of cumulative
net public health benefits to nearly $2.9 billion. The monetized value of cumulative public health benefits
underthe 100 x40 ZEV + CleanGrid policy scenaridotalsnearly $3.4 bilionthrough 2050.

Climate Benefits

Figure 5 illustrates estimated annual M/HD fleet GHG emissions under the baseline scenario and the modeled
Clean Truck policy scenarios. As shown, under the baseline scenario annual M/HD fleet GHG emissions are
projected to fall by 12 peent through 2050 as the current fleet turns over to new, more efficient gasoline

anddieseltrucksthatmeetmorestringenteP Anew engineandvehicleemissiorstandards.

Compared with the baseline, by 2050 the ACT rule is estimated to further reducel dieet&HG emissions
by 42 percent, as diesel and gasoline trucks are replaced with electric vehicles; adding the NOx Omnibus
Rule doesnot produce additional fleet GHG emissionsbeyond those achievedby the ACT Rule.

The 100 x 40 ZEV + CleanGrid scenariohasthe lowestfleet emissionsdue to replacemenbf virtually
all gasoline and diesel trucks and buses with EV and FCV by 2050, when annual fleet GHG emissions are
estimated to be 83 percent lower than baseline emissions.

Projected M/HD Fleet GHG Emissions

MT
(million)
12

10

= Baseline
4 ACT
ACT + NOx Omnibus

100 x40 ZEV + Clean Grid

Over the next 30 years, cumulative GHG emission reductions from the ACT Rule (compared with the
baseline scenario) total 46.9 milion MT. Cumulative GHG emission reductions from the 100 x 40 ZEV +
Clean Grid scenario (compared with the baseline) are pedido total 85.3 million MT. These estimates

of GHG reductiongrom eachpolicy scenaricaccounfor reductionsn petroleurrfuel use(gasoline diesel

fuel) by theM/HD fleet aswell asincreaseemissiondrom electricityandhydrogerproductiontofuel the

EVs and FCVsthat will replace gasoline and diesel trucks and buses.
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Using the social cost of greenhouse gases as est.

Group, these estimated cumulative GHG reductions have a neshetilue of $8.6 bilion for the ACT
Rulepolicy scenaricand$14.%billion for the100x 40 ZEV + CleanGrid policy scenario* Thesocialvalue

of GHG reductions represents potential societal cost savings from avoiding the negative effects of climate
change, if GHG emissions are reduced enough to keegdongwarming below 2 degrees Celsius from
preindustrial levels:

The assumed Washington grid mix for electricity production each year is shown in the Appendix. For the
baseline, ACT Rule, and ACT+®k Omnibus scenarios, this analysis conservatively uses a buasess
usual(BAU) grid mix, while the 100x 40ZEV + CleanGrid scenaricassumesfi d e ¢ a r bgadmix.z e d 0

In 2020 the BAU grid mix is 0.3 percent cdaed generation, 11.1 percent naturaliiesd generation,

and 88. 6 seniddntn gz eredBg 2050tthie aenemitting yportoreo$ the BAU grid

mix increases to 89.9 percent while the iays nearly steady at 0.4 percent and natural gas falls to 9.7
percent. Considering just renewable resources, the percentages are 80.9 percent in 2030, 81.5 percent in
2040, and 83.1 percent in 2050.

Underthe100x 40ZEV + CleanGrid scenariozeraemiting generationncreases$o 98.0percenin 2030,

99.2 percentin 2040, and 100 percentin 2050. Consideringjust renewableresourcesthe percentages

are 91.0 percent in 2030, 93.8 percent in 2040, and 96.1 percent in 2050. It is noted that additional state
policies,suchasRenewabldortfolio Standards; ould potentiallyincreaseherenewablgercentagesven
higher,but these werrot considered in thignalysis.

Economic Impacts

This section summarizes projected economic impacts of the modeled Clean Truck policy scenarios,
including changes in annual operating costs for Washington fleets; impacts to Washington electric utilities
and their customers; net societal benefits; and macroeconomic effects on jobs, wages, and gross domestic
productfrom thetransitionto low-NOx andzereemissiontrucksandbusesThis sectionalsoestimateshe

required public and private investment incét& vehicle charging infrastructure to support the electric M/

HD fleet under each scenario.

Costs and Benefits to Fleets

ForallthemodeledCleanT ruck policy scenarioghis analysisestimatecannuaincrementat ostsassociated

with purchase and use of M/HD ZEVs compared with baseline conventional vehicles with combustion
engineghatoperaten petroleuntuels(gasoline diesel). Thesecostsincludetheincrementapurchaseost

of the new ZEVs added each year (instead of new combustion vehicles), the cost of installing the charging
andhydrogerfueling infrastructureequiredby thesenew ZEVs, andnetfuel andmaintenanceostsfor all

ZEVs in thefleet, boththosenewly purchagdeachyearandthosepurchasedh prior yearsandstill in use.

Netfuelcostsancludereductionsn purchasesf dieseffuelandgasoling dueto fewercombustionvehicles),
offsetby theincreasegurchas®f electricity andhydrogeno powerZEVs. Netmaintenanceostsinclude

net savings in annual vehicle maintenance for the ZEVs in the fleet compared with combustion vehicles,
offsetby annuat oststo maintainthechargingandhydrogerfueling infrastructureneededo supportin-use

ZEVs.

14 ForthesodalcostvaluesusedseeMJIB&A, CleanTrucksAnalysis:Costs& Benefitof StateLevelPoliciesto RequireNo- and Low-EmissionTrucks,Technical
Repord Methodologie® AssumptionsMay2021, https:/mjbradliey.convcledmicksanalysis.

15 ThelnteragencyVorking Groupdeveloped5HG sociacostestimatesisingarangeofdiscountrates Thesevaluesarebasednthed5th percentileresultsusing
a3 percentdiscountrate whichisin themiddleoftherangeofestimated/alues ThemonetizedvalueofcumulativeGHG reductionsundereachpolicy scenario
would be 72 percent lower ifusirtge lowest published sociabst values, antlhree times greater ifusing the highpablished values.

16 ForthisanalysiscoatiredgeneratiomdudesoilandbiomassZero-emittingsourcesndudenucleaandenewablsourcesuchaswind,solarandhydropower.
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Figure 6 Projected Lifetime Incremental Costs for Washington ZEVs Compared With Combustion Vehicles
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Figure 6 shows projected average lifetime incremental costs for new ZEVs purchased in Washington
comparedvith lifetime costsfor combustiorvehiclespurchasedh thesamemodelyear;thebarsshowfleet
averagevaluesfor all Class2bi 8 ZEVs purchasegtachyearunderthe100x 40 ZEV scenariolncremental

fuel and maintenance costs are discounted lifetime costs, assurmyear2tehicle life, and 6 percent
annual discount rate. Vehicle finangjrwhich is often used by fleets when purchasing vehicles, was not
considered in this analysis.

As shown,theaverageM/HD ZEV in Washingtoris projectedo producemorethan$65,000n discounted

fuel andmaintenanceostsavingsoverits lifetime. For ZEVs purchasedh theverynearterm,thissavings

maynot beenoughto offsettheprojectedncrementat ostof vehiclepurchasendfuelinginfrastructureor
someZEVs, resultingin netincreasedfetime costscomparedvith thoseof combustiorvehicles However,

by 2030incrementalEV purchaseostsareprojectedofall significantly, suchthatthe averageZEV wil
reachlifetime costparitywith combustionvehicles whendiscountedifetime fuelandmaintenancsavings

are considered. By 2040, the average ZEV purchased that year is projected to produce over $54,000 in
discountedifetime netsavings(2020$)compared witlthe costs o&n equivalentombustion vehicle.
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It is important to reiterate that thvalues in Figure 6 are fleet average values, which mask a significant
amount of variability across vehicle types and among different fleets of the same vehicle type. Also note
that the utility impact analysis (in the next section) indicates that the fgpstviding power to charge M/

HD EVs is lower thanexpecteditility revenueundercurrentratestructuresT his suggestshatWashington

could consider changes to rates that would not only be fairer for fleets, but also lower electricity costs for
M/HD EV charging, thus reducing net fleet operating costs further than estimated here. However, this
wouldreducehepotentialbenefitsthatwould accrueto otherratepayerérom M/HD vehiclecharging(see
discussion below).

M/HD ZEVs in some fleets will likely achieve lifetime cost parity with combustion vehicles much earlier
than 2030, while othersmay lag. In addition, this analysis,andthe valuesshownin Figure 6, assume

no government incentives for vehicle purchase or development of fueling infrastructure. If existing and
potential incentives are considered, or policies such as improved electricity rates for fleets, then actual net
coststo fleetswill be lower resultingin cost paritysooner.

Electric Utility Impacts

Current annual electricity sales to residential and commercial customers in Washington total 65.5 million
MWh and are projected to grow to 70.0 milion MWh2050?"

UndertheACT Rulepolicy scenarioadditionalannuaklectricitysalesor M/HD EV chargingareestimated

to total 0.7 MWh in 2030,rising to 7.8 million MWh in 2050.T his incrementaload representd.0 percent

and 11.9 percent of the total electricity demand in 2030 and 2050, respectively. Incremental monthly peak
chargingdemand undeiis scenarids estimatect 164MW in 2030, risingo 2,165MW in 2050.

Under the 100 x 40 ZEV policy scenario, incrementakpeharging demand is estimated at 245 MW in
2030, rising to 3,193 MW in 2050, and annual incremental electricity sales are estimated to be 1.0 million
MWh in 2030, rising to 11.9 million MWh in 2050 (1.4 percent and 17.0 percent of the total electricity

demand, respectively).

This analysisestimatedherevenudahatWashingtorelectricutilities would receivefrom thesencremental
electricitysalesthemarginalgeneratiorandtransmissior ostsof providingthis power,andthenetrevenue
thatutilities would earn(netrevenue=revenud marginalcost).Theestimatednarginalcostincludescosts
associated with procuring the necessary additional peak generation and transmission capacity to serve the
load ($/MW) as wellas marginal generatiand transmision energy cost&/MWh).

Figure 7 summarizeestimatedannualutility netrevenuefrom M/HD EV chargingunderthe modeled
CleanTruckpolicy scenariosUnderthe ACT Rule scenarioannualutility netrevenues projectedo be
$11.5million in 2030,risingto $58.7million in 2040and$92. 1milion in 2050.Under thel00x 40 ZEV
scenarioptility netrevenuds projectedto be $16.6milion in 2030,rising to $83.1milion in 2040and
$148.4 milion in 2050.

17 ThisgrowthassumptiomsfromtheEIA 2021AnnualEnergyOutlook.It doesnotindudesalesto largeindustrialcustomers.
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Projected Annual Utility Net Revenue From M/HD EV Charging
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I n gener al, a utilitybés costs to maintain its dis

these costs are passed on to utility customers in accordance with rules established by the Washington
Utilities andTransportatiorCommissiorvia periodicincreased residentiabndcommerciaklectricrates.

However projectedutility netrevenudrom increaseelectricitysalesfor M/HD EV chargingwould lower
distribution rates ($/kWh), since fixed annual distribution system costs would be spread over a larger base
of energy sales.

This analysisindicatesthat underthe 100 x 40 ZEV scenario,by 2050 incrementalutility netrevenue

from M/HD EV charging could potentially reduce average residential and commercial electricity rates in
Washingtorby asmuchas1.52percen{$0.0041/kWhn 2020%$).Thiscould savetheaveragéVashington
household $48 per year and the average commercial customer $309 per year on their electricity bills
(2020%):2

Jobs, Wages, and GDP

The transition from gasoline and diesel M/HD vehicles to ZEVs will have significant impacts on the U.S.
economywith subsantialjob gainsin manyindustries(e.g.,batteryandelectriccomponeninanufacturing,
charging infrastructure construction, electricity generation), accompanied by fewer jobs in other industries
(e.g.,enginemanufacturingpil explorationandrefining, gasstations auto repaishops).

This analysisusedthelMPLAN modelto estimatehesemacroeconomieffectsof themodeledWashington
CleanTruck policy scenarioshasedon estimatedchangesn spendingin variousindustries(relative to

the baselinescenario). Theseestimatesof spendingchangesby industrywere developedirom the fleet
costanalysis.For example,underthe modeledClean Truck policy scenariosmore moneywill be spent

to manufacture batteries and electric drive components for ZEVs, but less will be spent to manufacture
gasoline and diesel engines, and transmissions. Similarly, less money will be spent by fleets to purchase
petroleurrfuels, but more wilbe spento purcaseelectricity and hydrogen.

18 Figuresarebasecn averagennualelectricity useof 11,68 0kWh perhousingunitand 74,62 0kWh percommercialcustomeiin Washington.
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The IMPLAN analysis also includes the effects of induced economic activity due to consumers having
moremoneyto spendthanksto returnof utility netrevenuen theform of lower electricrates,andnetfleet
costsavinggeturnedaslower shippingcostsfor goods resultingn lower consumepricesfor thosegoods.

The IMPLAN analysis was run at the national level, but assuming only the industry spending changes
(from applicationof the policy scenariospccurringdueto M/HD vehiclepurchas@ndusein Washington.
Estimated national effects would be significantly greater if the modeled policy scenarios were applied to
theentire U.SM/HD fleet.

Table 3 offers a summary of estimated macroeconomic effects of the modeled Clean Truck scenarios on
jobs,GDP,and wages.

Compared with the baseline scenario, adoption of the ACT + NOx Omnibus policy or 100 x 40 ZEV +
CleanGrid scenariosn Washingtorwill increasenationainetjobsthrough2035.TheACT + NOx Omnibus

policy scenario will also increase annual GDP through 2035. The job and GDP loss for both policies in
2045 is due to total fleet fuel and maintenance cost savings. For both scenarios in all years, the average
wagesfor new jobs addedo theeconomyaremore than45% higherasthe averagevagesfor jobsthatare

replaced. This is because the largest number of added jobs are in electrical component manufacturing and
in construction of charging infrastructure, requiring many-+paitl electricians and electrical engineers,

while the largestob lossesarein vehiclerepai® dueto lower maintenanceequiredby ZEVsd aswell as

relatively low-paid retail workerst gas stions.

Table 3 Macroeconomic Effects of Washington Clean Truck Policy Scenarios

ACT + NOx Omnibus 100 x 40 ZEV + Clean Grid
Metric 2035 2045 2035 2045
Net Change in Jobs 263 (1,469) 83 (3,230)
Net Change in GDP 2020$ (million) $17 ($207) ($9) ($449)
Average Annual | Added Jobs $82,618 $77,872 $82,611 $77,718
Compensation Replaced Jobs $47,113 $52,007 $47,898 $52,902

Today many components used in electric and fuel cell veBialesst notably batteries, but also many
electric drivetrain componeritsare manufactured outside the United States and imported for final vehicle
assembly. The percentage of imported content is higher for ZEV drivetrains today than for conventional
drivetrains(gasolineanddieselengines andtransmissions)l'hescaleof U.S. macroeconomieffectsfrom

the modeled Clean Truck policy scenarios will depend on how the nascent M/HD ZEV industry develops;
for this analysis, MIB&A assumed that all incremental spending on ZEV batteries and eleatiaialr
components would be in the United States, with no imported content. As such, the results summarized in
Table3 representihigh-endestimateof whatis possiblefrom theZEV transition,with theright federaland

state policy supports in place to incentivize development othhased ZEV component manufacturing. If
vehicle manufacturers continue to rely primarily on imported batteries and electric drivetrain components,
thenet job and GDRBainswill be lower thathosesummarizedere.
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This macroeconomic analysis only includes direct, indirect, and induced impacts from changes in M/HD
vehiclemanufacturinganduse,andfrom consumere-spendingf netutility revenueandfleet costsavings
returnedaslower pricesfor electricityandshippedgoods.It doesnotincludeanyeffectsonfreightindustry

growth and investment due to lower operating costs, or any macroeconomic effects associated with the
estimatedtlimateandair quality (health)benefitsof themodeledCleanTruck policy scenarios.

Required Public and Private Investments

On the basis of a detailed charging model that considers typical daily usage patterns for different vehicle
types,this analysisassumeshatmostM/HD ZEVs in Washingtorwill useovernightchargingattheir place

of business, though about 10 percent will need to rely on a publicly accessible network epbigber
chargers’The exception are combination trucks, 70 percent of which are assumed to requpevidgh

public chargers sincthey are used primarifpr long-haul freight operations.

Table 4 summarizes estimated charging infrastructure required to support M/HD electric trucks and buses
underthe CleanTruck policy scenarios.

Table 4 Projected Charging Infrastructure Required for Clean Truck Policy Scenarios
_ ACT Rule 100 x 40 ZEV
Metric
2035 2045 2050 2035 2045 2050

Depot 81,956 246,762 306,058 124,208 404,961 481,770
Cumulative Public 150 KW 1,005 2,999 3,755 1,489 4,739 5,792
Charge Ports

Public 500 kw 696 1,858 2,354 1,018 3,758 5,156
Cumulative Depot $404 $1,148 $1,536 $600 $1,894 $2,590
Investment,
2020$ (million) Public $293 $773 $1,030 $428 $1,445 $2,020

Depot chargers will need to beiBD kW per port depending on vehicle type. The smaller 150 kW public
chargersareneededrimarily to supporsingle unit freight trucks while the higher capacitys00kW public
chargersare needed mostly for combinationdks.

As of May 2021,therewere194publicly accessiblehargingstationsin thestateof Washingtorwith atotal

of 665 direct current fastharging (DCFC) ports (>50 kV¥9More than 50 percent of these DCFC ports

are Tesla superchargers that can be used only by Tesla owners. Statewide, there are only 330 DCFC ports
fully available to any vehicle.

Under the ACT Rule policy scenari o, Was hingtonos
million peryear(2020$)betweer2025and2050to purchasandinstalldepotbasedharginginfrastructure.
Thegovernmenandprivateinvestorswill needto investanaveragef $41.2million peryearoverthesame

time periodto build outa publicly accessible hargingnetworkacrosshestateto servethe EV M/HD truck

fleet.

19 Seethemethodology reporbr a detailedliscussion dil//HD EV chargingneeds.
20 These numbemre frontheU.S.Departmend f  E n AltergptivéFsel DataCenter publicharger database.
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Underthe100x 40 ZEV scenariofleetinvestmentsn depoftcharginginfrastructurdrom 2025to 2050will
need to increase to an average of $103.6 million per year, and public and private investments in the public
chargingnetwork willneecto rise toan average d#80.8 milion peryear.

Net Societal Benefits

ThenetsocietabenefitsromthemodeledWashingtorCleanTruck policy scenariosncludethemonetized
value of public health and climate benefits, net cost savings for fleets, and net utility revenue from electricity
salesfor EV charging.

Figures 810 present projected annual net societal benefits under the ACT Rule, ACT + NOx Omnibus
Rule,and100x 40 ZEV + CleanGrid scenariosrespectivelyUnderall threeCleanTruck policy scenarios,
neartermfleet costsarehigherthanfleet costsunderthebaseline! However,afterapproximately2030all

policy scenarioshowannuahetsocietabenefits despitenetfleet costs dueto growingutility netrevenue

in addition to public health and climate benefits. After approximately 2035 there is an annual net savings
in fleet costs from operating ZEVs instead of diesel and gasoline trucks, and net societal benefits grow
quickly.?

Projected Annual Net Societal Benefits From ACT Rule Policy Scenario
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21 Ifanindividual truck owner finances a vehicle, it would better equalize payments for increased vehide price anddeetessuiing in a betterbalancing of
cashflow. On anetfleetwide basis howeverthecost ofinancingreduces totahetfieet savings.

22 Notethat fleet-wide annualnetsavingsunderthe Clean T ruck policy scenarioslag averageZEV life-cycle costparity to combustionvehiclesby about5 years.This
isbecause even after lifgyde cost paiity is achieved, most ZE\s will still have highefropt purchase costs (vehide plus charger) than combustion vehides;
thesehigher costs are then paid back over the next few years via fueleantenance costvings.
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Projected Annual Net Societal Benefits From ACT + NOx Omnibus Policy Scenario
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Figure 10 Projected Annual Net Societal Benefits From 100 x 40 ZEV + Clean Grid Policy Scenario
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Underthe ACT Rule scenario,by 2050 annualnet societalbenefits areestimatedto be $2.4 billion, including
$1.3 billion in net fleet savings and $92 million in utility net revenue. Cumulative estimated societal net
benefitsunder this scenarimtal $249 bilion betweer2020 and 2050.

Under the ACT + NOx Omnibus scenario, by 2050 annual net soc@&tefits are estimated to be $2.4
billion, including $1.3billion in net fleet savings and $92 million in utility net revenue. Cumulative estimated
societahet benefitsinder thisscenaridotal $25.2bilion between 202@nd 2050.

Underthe 100x 40ZEV + CleanGrid scenariopy 2050annualnet societabenefitsareestimatedo be
$4.2 billion, including $2.4 billion in net fleet savings and $148 million in utility net revenue. Cumulative
estimatedsocietahet benefits undethis scenaridotal $42.8&billion betweer2020 and2050.
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APPENDIX
W ashington Grid and Energy Cost Assumptions

Figure Al Washington Business as Usual Grid Mix Assumptions
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Thesebusinessas-usualgrid mix assumptionsvereappliedto the baseline ACT Rule,and ACT + NOx
Omnibuspolicy scenarios.

Figure A2 Washington Decarbonized Grid Mix Assumptions
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TheseDecarbonizedrid mix assumptionsvereappliedto the100x 40 ZEV + CleanGrid policy scenario.

Forsimplicity, resultsirom E P Alatsgrated®lanningModelfor coal,oil, andbiomassverecombinedunder

fcoal, 0 as noted in the acc cemjtiagncateégoryincloded nuatedro | o gy
and renewable resources such as wind, solar, and hydropower. Analysis of nespestifiteelectricity

policies, such as from more stringent Renewablkf®tio Standards, was beyond the scope of this study
butwould be expected to increase the usage of these renewable resources.
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Figure A3 Washington Average Fuel Costs
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