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Introduction

M.J. Bradley& Associatesvascommissionedy theNaturalResource®efenseCouncilandtheUnion of
Concerned Scientists to evaluabhe tosts and benefits of stdgel requirements for manufacturers that
Oregon could adopt to increase sales of amad low-emission mediumand heawyduty (M/HD) trucks
andbusesTheanalysisexaminesall on-roadvehiclesregisteredn Oregonwith greaerthan8,501pounds
grossvehicleweight, encompassingehicleweightclassesrom Class2bthoughClass8. Thisis adiverse

set of mostly commercial vehicles that includes hedwty pickups; school and shuttle buses; sanitation,
constructionandothertypesof work trucks; andfreight trucksrangingfrom local delivery vansto tractor
trailersthat weighup to 80,000 pounds whéoaded.

Collectively the Oregon M/HD fleet includes almost 380,500 vehicles that annually travel more than 6.6
bilion miles and consume almost 0.8 bilion gallons of petroleoased fuels.

In Oregon, M/HD vehicles are currently responsible for an estimated 9.3 million metric tons (MMT) of
greenhouse gas (GHG) emissions anndadipproximately 42 percent of all GHGs from theroad
vehicle fleet:In Oregon M/HD vehicles are also responsible for 70 percent of the nitrogen oxide (NOX)
and 64 percent of the particulate matter {Péfnitted by orroad vehicles, both of which contribute to
poor air quality and resulting negative ieampacts in many urban areas, including d{ewome and
disadvantagedommunitiesthatareoftendisproportionatehaffectedoy emissiongrom freight movement

due to their proximity of transportation infrastructure to the communities.

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

1 Theremaindeof emissionsarefom passengetarsandlight trucks.This includegailpipeemissionsandfi 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.) expergrerddwels of truck traffic,

both from surrounding thruways and on local streets, which exacerbates health concerns. Since these
emissions are local in their effects, policies to reduce transportation emissions from neediuneavy

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

For the study of Oregon, MJB&A metkd three Clean Truck policy scenarios with increasing levels of
ambition.Undertheleastaggressivecenarid stateadoptionof Ca | i f édvandedC@anTruck(ACT)

rule (allowable under the Clean Air Aét)estimated cumulative net societal benefitmltalmost $21.4

billion (in constant 2020$) through 2050, compared with the baseline sc€haele net societal benefits
include the monetized value of climate and public health benefits resulting from reduced GHG, NOx, and
PM emissions in the stateciuding up to 79 fewer premature deaths and 63 fewer hospital visits from
breathing polluted air. Net societal benefits also include net cost savings to fleets from operating zero
emission trucks, and savings to all residential and commercial electistpmers due to lower electric
ratesmadepossibleby theadditionalke lectricity salesfor electricvehiclecharging.Underthe ACT scenario,

by 2050 annual cost savings for Oregon fleets are estimated to be more than $1.1 billion, and annual bill
savings for electric utility customer# the stateouldreach an estimated $128 million.

The mostaggressivepolicy scenario(100x 40 ZEV + CleanGrid, discussedelow) resultsin turnover

of virtually the entire Oregon M/HD fleet to zeemission vehicles &Vs) by 2050, together with a shift

to cleaner electricity generation sources. Cumulative net societal benefits through 2050 increase to more
than $35.6 billion under this scenario, and there will be an estimated 186 fewer premature deaths and 144
fewer hepital visits. In 2050 estimated annual fleet cost savings also increase, to $1.9 billion, and electric
customemnnual bill savingscrease to an estimated $202 million.

The modeling tools used for this analysis could not apportion these estimateds benefidividual
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 sut communities that are currently disproportionately impacted by transportation are
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 tt modeled scenarios will require significant changes to the national economy, as
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 indicates 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 will be added, relative to the jobs that we#ireplaced.

Comparedvith thebaselinescenarionetnationaljob gainsunderthemostaggressiveolicy scenariaotal

988 in 2035, accompanied by a $101 million increase in GDP thatBe@045 there ia slight net job

and GDPlossdueto total fleet fuel andmaintenanceostsavings Averagewagesfor the new jobscreated

under the ZEV transition are expected to be, on average, 85% higher than average wages for the jobs that
will be 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 report sutmmarizes the projected environmental and economic effects of STATE adopting policies
requiring manufacturers to sell a greater number of M/HDV- lamd neemission vehicles over the next

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

A ACT Rule: Oregonadoptsrequirementsinalogougo thoseadoptedy Californiaunderthe Advanced
Clean Trucks Rule, which requires an increasing percentage of new trucks purchased in the state to be
ZEVs beginmg in the 2025 model year. The percentage of new vehicles that must be ZEV varies by
vehicle type, but for all vehicle types the required ZEV percentage increases each model year between
2025and 2035 (see Figudg.

A ACT Rule plus NOx Omnibus Rule: In addtion to adoptingtheACT Rule, Oregoredoptgequirements
analogous to those adopted by California under the HBavy Omnibus Rule (referred to herein as
the NOx OmnibusRule). This rule requiresanadditional75 percenteductionin nitrogenoxide (NOX)
emissiondgrom the enginesn new gasolineanddieseltruckssold betweemnmodelyear2025and 2026,
anda 90 percenteduction for trucks soldeginning in the 202mhodel year.

A 100x40ZEV + Clean Grid: In additionto adoptingtheACT andNOx OmnibusRules, Oregontakes
further actions to ensure more rapid and continued increases in new ZEV sales, such that virtually all
newtrucksareZEV by 2040(seeFigurel), with Class2bi 3 achievingl00percenZEV salesin 2038
andClass 48 (nontractors) achievig 100 percent ZE¥alesn 2035.

Fullimplementatiorof Or e g @ b 0 €l8anE n e r bl fHouseBill 2021,signedJuly 2021)is assumed
for all three scenarios. The law requires electricity sold in Oregon to be 100% derived freemiéng
sourcesy 2040.

Al |l three of these Oregon policy scenarios are ¢
whichall newtruckssoldin thestatecontinueto meetexistingEPANOXx emissionstandardaindZEV sales

increasenly marginally, neverreachingnorethanl percenof newvehiclesaleseachyear®

Theanalysisassumeshat M/HD annualvehiclemiles traveled(VMT) in Oregorwill continueto grow by
approximately 0.8 percent annually through 2050, as projected by the Energy Information Adroimistrati
(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 emissionuns.

The analysis was conducted using MIB&AGs STate En
quality impacts of each policy scenario were estimated on the basis of changes in M/HD fleet fuel use and
include both tail pimpe eenmisssionss faomd Ppupsiuceéi on of
in each scenario. These include petroleum fuels used by conventional internal combustion engine vehicles
(gasoline, diesel, natural gas) and electricity and hydrogen used by ZEVs, whichuanedass include

both battery electric (EV) and hydrogen fuel cell electric (FCV) vehicles.

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

6 The baseline ZE®alesassumptionareconsistentith projectionsn theEnergylnformationA d mi n i s Annual Enemy® dtlsok2021
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To evaluate climate impacts, the analysis estimated changes in all combustion related GHGs, including
carbon dioxide (C®), methane (CH), and nitrous oxide (ND). To evaluate air quality impacts, the analysis
estimatedhange totalnitrogenoxide (NOx) andparticulatematter(PM) emissionandresultingchanges

in ambientair qualityand healthmetrics suclas prematurdeaths, hospitaisits, andost workdays.

The economic analysis estimated the change in annual M/HDwfldetspending on vehilpurchase,
charging/fueling infrastructure to support ZEVs, 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 fuahd maintenance costs. Over time the incremental purchase cost of
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
04 T T T T T 0% T T T T T
2025 2030 2035 2040 2045 2050 2025 2030 2035 2040 2045 2050
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The analysis also estimated the impact oheacs c enar i o on Oregonds electri

statewide change in power demand (kW) and energy consumption (kwh) for M/HD EV charging, as well
astheadditionarevenueandnetrevenughatwould bereceivedby thes t a eleetr@ stiliti esfor providing

this power. On the basis of projected utility net revenue, the analysis estimates the potential effect on state
electricity rates for residential and commercial customers.

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

For a full description of the modeling approach and sowtassumptions used for this analysis, see the
report:Clean Trucks Analysis: Costs & Benefits of Staeel Policies to Require Nand LowEmission
Trucks, Technical Repor® Methodologiesand AssumptionsMay 2021 (https://mjbradley.com/clean
trucks-andysis).

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

Thesectionsbelow detail the resultsof the OregonCleanTrucks analysis,beginningwith a description

of the curren Oregon M/HDV fleet and the projected fleet under each modeled policy scenario. This is
followed by asummaryof theenvironmentabndpublic healthbenefitsof eachscenaricandthe economic
impactsof the modeled fleetransitions.

Oregon M/HD Vehicle Fleet

Table 1 summarizes the current M/HD fleet in Oregon State, broken down by the four major vehicle types
usedto frame the Cleafirucks analysis.

Table 1 Current Oregon M/HD Fleet

Annual Fuel
Annual VMT (million

Vehicle Type No. of Vehicles (billion miles) gallons)
Heavy-Duty
Pickup and Van 105,871 1.19 63.7
Class 2b
Bus

21,382 0.39 48.6
Class 318
Single-Unit Work
and Freight Truck 212,346 2.61 321.7
Class 3i 8
Combination
Truck 40,879 245 359.9
Class 718
TOTAL 380,478 6.636 793.9
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Approximately 28 percent of the-ilse M/HD fleet are Class 2b vehicles (8,600,000 in grossehicle
weight rating, GVWR), which are mostly heastyty pickup trucks and van$hese vehicles account for

18 percent of annual M/HD miles and 8 percent of annual fuel use. Approximately 6 percent of the fleet are
busesyhichaccounfor 6 percenbf annualVMT and6 percenbf annuafueluse.This includesrelatively

small shuttle buses (clas$5} as well as school buses, transit buses, and intercity/charter coach buses.
Fifty-six percenif thefleetaresingle unit freightandwork trucks ,which accountfor 39 percenif annual

VMT and 41 percent of annual fuel use. These vehicles come in a wide variety of sizes i(8)lassl3
haveawide variety of usesfrom vansandboxtrucksusedto deliver freight, to sanitationandconstruction
trucks, to lmomequipped utility trucks. Only 11 percent of the fleet are combination-trackors, but
thesevehiclesaccountor 37 percenbf annuaVMT and45 percenibf annuafueluse sinceapproximately
two-thirds of these vehicles are used primarily forglatistance freight hauling and typically log many
moredaily and annual miles than other M/Hihicles.

Today less than 1 percent of the national M/HD fleet is powered by electricity or alternative fuels (natural
gas and propane). Approximately 64 peradrihe fleet have diesel engines and 36 percent use gasoline.
The largest Class 7 and 8 vehicles are almost all diesel, while almost 50 percent of the smallei &lass 2b
truckshave gasoline engines, withost of the remainder diesel.

Figure2 summarizeshemodeledurnoverof the Oregonin-usefleetto zera-emissiorandlow-NOxtrucks

under the three Clean Truck policy scenarios. Fleet turnover to new trucks is based on historical average
turnover rates and projected fleet growth rates, along with tevehicle 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@ ZEV + Clean Grid scenario further assume that all new vehicles purchased in 2024 and
later yearsthatarenotZEV will havelow-NOx enginescompliantwith theNOx Omnibusstandards.

As shown, under the ACT Rule policy scenario, 34.0 percent of theei/HD fleet will turn over to

ZEV by 2040, and 59.6 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 internatombustion engine vehicles in the fleet turn over to-ld@x engines by 2044.

Under the 100 x 40 ZEV + Clean Grid policy scenario, 52.7 percent of-theeifieet turns over to ZEV

by 2040 and 95.6 percent do so by 2050. This scenario assumes that rewilZEIlude both EV and

fuel cell vehiclespoweredby hydrogenln 2050,7.3percenof in-useZEVs areassumedo be FCV and
88.4percentareEV.

7 A very smallpercentagefthesevehidesarelarge SUVs.

8 Notethatthe ACT RuledoesnotincludeZEV requirementfr transitbusesasthesevehidesarecoverecby 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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Oregon Clean TrucksProgram /11



Changesin Fleet Fuel Use

Underall modeledCleanTruck policy scenariosasignificantportionof the OregonM/HD fleetis assumed
to turnoverto EVandFCVtrucksandbusesThiswill resultin replacementf petroleunfuelsd primarily
gasolineand diesel fué with electricity and hydrogem.

Under the baselnscenario, total petroleum fuel use by the Oregon M/HD fleet in 2050 is projected to be
700 million gallons. Under the ACT Rule policy scenario, petroleum fuel use in 2050 falls to an estimated
340 million gallons {51 percent), and cumulative reductiansliesel and gasoline use by the M/HD fleet
total4.5billion gallonsbetweer2020and2050.This petroleuntuel is replacedy 81.9million megawatt

hours (MWh) of electricity between 2020 and 2050. Electricity use for M/HD EV charging in 2050 is
estimaed to be 7.1 milion MWh, a 18 percent increase to estimated baseline electricity use by Oregon
residentialand commercial customers that year (39.1 milion MWh).

Adding the NOx Omnibus Rule to the ACT Rule does not result in additional reductionsoleyetiuel
use.

Under the 100 x 40 ZEV + Clean Grid scenario, estimated petroleum fuel use by the M/HD fleet in 2050
falls to 50 million gallons 93 percent), and cumulative reductions in diesel and gasoline use by the M/
HD fleet total 7.5billion gallons betweer2020and2050.This petroleunfuel is replacediy 121. 7million

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 10.8 million MWh, and 28 percentag&te estimated
baselineelectricity useby Oregorresidential and commercialistomers thatear.

Public Health and the Environment

The modeled Clean Trucks policy scenarios produce significant reductions in NOx, PM, and GHG emissions
from the M/HD flee, even after accounting for the emissions from producing the electricity and hydrogen
neededo powerZEVs. NOx andPM reductionswill improvelocalair quality, particularlyin urbanareas,
resulting in public health benefits from reduced mortality ansphal visits. As noted earlier, lowmcome
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 42 mecand annual fleet PM emissions are projected to fall 71
percentthrough2045,asthecurrentfleet turnsoverto new gasolineanddieseltruckswith cleanerengines

that meet more stringent EPA new engine emissions standards. After 2045 baseliné&@xnaradl PM
emissionsarethenprojectedo startrising agairasannualfleet VMT continues tarow.

11  Asmallnumberof M/HD trucks andusesn Oregorcurrentlyuse naturagas.
12 MJIB&A, NewarkCommunitympacts
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Figure 3 Projected M/HD Fleet NOx Emissions
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Compared withthe baseline, by 2050 the ACT rule is estimated to reduce annual fleet NOx and PM
emissiondy 49 percentind50percentrespectivelyasdieselandgasolingrucksarereplacedvith electric

vehicles. Adding the NOx Omnibus Rule will further reduce ahflaet NOx emissions due to turnover

of thedieselandgasolineportion of thefleet to new vehicleswith low-NOx enginespy 2050annualNOXx
emissions are projected to be 89 percent lower than under the baseline if both the ACT and NOx Omnibus
Rules aremplemented.

The 100 x 40 ZEV + Clean Grid scenario has the lowest fleet emissions due to replacement of virtually all
gasolineanddieseltrucksandbusewith EVs andFCVs by 2050,whenannuaNOx andPM emissionsare
estimatedo be 97percent an®7 percentiower, respectively, thabaseline emissions.

Over the next 30 years, cumulative NOx and PM emission reductions from the ACT Rule (compared with
the baseline scenario) total 84,000 metric tons (MT) and 1,290 MT, respectively. Additional cumulative
NOXx reductiondrom the NOx OmnibusRule areestimatedit 139,200MT overthesameime. Cumulative

NOx and PM emission reductions from the 100 x 40 ZEV + Clean Grid scenario (compared with the
baseline)areprojected tdotal 234,70MT and2,100 MT ,respetively.

Public Health Benefits

The reduced annual NOx and PM emissions under the Clean Truck policy scenarios will reduce ambient
particulate levels in the air, which will reduce the negative health effects on Oregon residents breathing in
these airbornearticles® Estimated public health impacts include reductions in premature mortality and
fewerhospitaladmissionsandemergencyoomvisits for asthmaTherewill alsobereducedasesof acute
bronchitis,exacerbatedsthmaandotherrespiratorysympgoms,andfewerrestrictedactivity daysandlost
workdays. Cumulative estimated reductions in these health outcomes in Oregon under the modeled Clean
Truck policy scenarios are shown in Table 2; these benefits were estimated using the U.S. Environmental
Pr ot ect i on -Begefisn Risk dssesséht (COBRA) Health Impacts Screening and Mapping
Tool. While this analysisdid notapportionestimatedoublic healthbenefitsto specificcommunitieswithin

the state, they are expected to disproportionately adorthose communities in close proximity to freight
infrastructure, since these communities are disproportionately impacted by current emissions from M/HD
trucktraffic.

Table 2 Cumulative Public Health Benefits of Clean Truck Policy Scenarios, 2020-2050

Health Metric ACT Rule ACT + NOx Omnibus 100 x 40 ZEV + Clean Grid
Avoided Premature Deaths 79 156 186
Avoided Hospital Visits? 63 118 144
Avoided Minor Cases® 43,411 83,579 100,647
Monetized Value, 2020$ (millions) $927 $1,820 $2,172

a Includeshospitaladmissionsand emergenapom visits.

b Includesreducedcase®facutebronchitisexacerbated asthnadotherrespiratorysymptomsand reducecestrictedactivity daysandlost workdays.

13 PMis direcly emitted to the atmosphere from combustiorcas as solid partides. NOx is emitted from combustion sources as a gas but contributes to the
formation of secondary partides via chemical reactions in the atmosphere. Both direct and secondary particles haheayetffeets when taken into the
lungs.
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The monetized value of cumulative pubtiealth benefits from th&CT Rule over the next 30 yeaistals
morethan$900million. Adding the NOx OmnibusRulewould increaseéhemonetizedvalueof cumulative

net public health benefits to $1.8 biioThe monetized value of cumulative public health benefits under
the100 x 40 ZEV+ Clean Gridpolicy scenaridotals $2.ilion through 2050.

Climate Benefits

Figure 5 illustrates estimated annual M/HD fleet GHG emissions under the baseline scemhiieanodeled

Clean Truck policy scenarios. As shown, under the baseline scenario annual M/HD fleet GHG emissions are
projected to fall by 11 percent 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 reduce annual fleet GHG emissions
by 49 percent, as diesel and gasoline trucks are replaced with electric vehicles tlaeltN©Ox 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 buseb kX and FCV by 2050, when annual fleet GHG emissions are
estimated to be 87 percent lower than baseline emissions.

Projected M/HD Fleet GHG Emissions

MT
(million)
10 [
-y
s -
6
Ty
-.~.\
S,
4 — Baseline
ACT
ACT + NOx Omnibus
2 [ 100 x40 ZEV + Clean Grid

Over he next 30 years, cumulative GHG emission reductions from the ACT Rule (compared with the
baseline scenario) total 49.7 milion MT. Cumulative GHG emission reductions from the 100 x 40 ZEV +
Clean Grid scenario (compared with the baseline) are projectetht®2.3 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.

Oregon Clean TrucksProgram / 15



Using the social cost of greenhouse gases as est.

Group, these estimated cumulative GHG reductions have a monetized value of & Xdoithe ACT
Rulepolicy scenaricand$13.4billion 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 emissiorare reduced enough to keep letegm warming below 2 degrees Celsius from
preindustrial levels:

In July 2021, Oregon passed House Bill 2021 requiring retail electricity providers to aggressively reduce
greenhousgasemissionsassociateavith electricity sold to OregorncustomersEmissionsmustbereduced

to 80 percentby 2030, 90 percentby 2035, and 100 percentby 2040relative to the averageemissions

from 2010,2011, and 2012. The grid mix usedfor all scenariosn this analysismeetsthe requiremerg

of the legislation. In 2020, the grid mix is 2.8 percentcoalfired generation,16.6 percentnaturalgas

fired generation, and 80.6 percent renewable generation sé&drbesienewable portion of the grid mix
increases to 94.5 percent by 2030 and ¥@ent by 2040. The assumed Oregon grid mix for electricity
productioneach year is showin theAppendix.

Economic Impacts

This section summarizes projected economic impacts of the modeled Clean Truck policy scenarios,
including changesn annualoperating costsfor Oregonfleets;impactsto Oregonelectricutilities andtheir
customers; net societal benefits; and macroeconomic effects on jobs, wages, and gross domestic product
fromthetransitionto low-NOx andzeroemissiorntrucksandbusesT hissectio alsoestimatesherequired

public and private investment in electric vehicle charging infrastructure to support the electric M/HD fleet
undereach scenario.

Costs and Benefits to Fleets

Forall themodeledCleanT ruck policy scenarioghis analysisesimatedannuaincrementat ostsassociated

with purchase and use of M/HD ZEVs compared with baseline conventional vehicles with combustion
engineghatoperaten petroleuntuels(gasolinediesel). Thesec ostsincludetheincrementapurchaseost

of thenew 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 purchaseeéad yearandthosepurchasedh prior yearsandstill in use.

Netfuelcostsncludereductionsn purchasesf dieselfuelandgasoling duetofewercombustiorvehicles),
offsetby theincreaseghurchas®f electricity andhydrogernto powerZEVs. Netmainienanceostsinclude

net savings in annual vehicle maintenance for the ZEVs in the fleet compared with combustion vehicles,
offsetby annuatoststo maintainthechargingandhydrogerfuelinginfrastructureneededo supportin-use

ZEVs.

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

15 ThelnteragengWorking Groupdeveloped5HG socia costestimatesisingarangeofdiscountrates Thesevaluesarebasedbnthe95th percentileresultsusing
a3 percentdiscountrate whichisin themiddleoftherangeofestimated/alues ThemonetizedvalueofcumuativeGHG 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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Projected Lifetime Incremental Costs for Oregon ZEVs Compared With Combustion Vehicles
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Figure 6 showsprojectedaveragdifetime incrementatoss for new ZEVs purchasedn Oregorcompared

with lifetime costs for combustion vehicles purchased in the same model year; the bars show fleet average
values for all Class 2I8 ZEVs purchased each year under the 100 x 40 ZEV scenario. Incremental fuel
and maintenance costs are discounted lifetime costs, assumigiga2lvehicle life, and 6 percent annual
discountrate.Vehicle financing, which is often usedby fleets when purchasingvehicles,was not considered

in this analysis.

As shown, the average M/HD XEn Oregon is projected to produce over $76,000 in discounted fuel and
maintenanceostsavingsoverits lifetime. For ZEVs purchasedn the very nearterm, this savingsmay not

be enough to offset the projected incremental cost of vehicle purchaseelnglifirastructure for some

ZEVs, resulting in net increased lifetime costs compared with those of combustion vehicles. However, by
2030 incremental ZEV purchase costs are projected to fall significantly, such that the average ZEV will
reachlifetime cog paritywith combustionvehicles whendiscountedifetime fuelandmaintenancsavings

are considered. By 2040, the average ZEV purchased that year is projected to produce almost $60,000 in
discountedifetime netsavingsg(2020$)compared witlthe cost®f an equivalentombustion vehicle.
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It is important to reiterate that the values 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
thatthe utility impact analysis (in the next section) indicates that the cost of providing power to charge M/
HD EVs is lower than expected utility revenue under current rate structures. This suggests that Oregon
could considerchangego ratesthatwould not only befairer for fleets, but alsolower electricity costs

for M/HD EV charging, thus reducing net fleet operating costs further than estimated here. However, this
wouldreducehepotentialbenefitsthatwould accrueto otherratepayerérom M/HD vehick charging(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 governmentnicentives 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 resulting incost paritysooner.

Electric Utility Impacts

Currentannualkelectricity salestoresidentiabndcommerciakcustomersn Oregontotal 34.7million MWh
and are projected to grow to 39.1 milion MWh2050:7

UndertheACT Rulepolicy scenarioadditionalannuakledricity salesor M/HD EV chargingareestimated

tototal 0.63milion MWh in 2030,rising to 7.11milion MWh in 2050.This incrementaload represents

1.7 percent and 19.4 percent of the total electricity demand in 2030 and 2050, respectively. Incrementa
monthly peak charging demand under this scenario is estimated at 135 MW in 2030, rising to 1,790 MW
in 2050.

Under the 100 x 40 ZEV policy scenario, incremental peak charging demand is estimated at 205 MW in
2030,risingto 2,600MW in 2050,andannualincrementaélectricitysalesareestimatedo be0.90million

MWh in 2030, rising to 10.8 million MWh in 2050 (2.4 percent and 27.5 percent of the total electricity
demand, respectively).

This analysis estimated the revenue that Oregon electric utilitteddweceive from these incremental
electricitysalesthemarginalgeneratiorandtransmissiom 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 ($/MW) as wellas marginal generati@nd transmission energy co$&MVWh).

Figure 7 summarizeestimatedannualutility netrevenuefrom M/HD EV chargingunderthe modeled
CleanTruckpolicy scenariosUnderthe ACT Rule scenarioannualutiity netrevenues projectedo be
$14.4million in 2030,risingto $78.9million in 2040and$127.6milion in 2050.Underthe100x 40 ZEV
scenarioptility netrevenues projectedo be$21.7milion in 2030,rising to $115.6milion in 2040and
$202.1 milion in 2050.

17 ThisgrowthassumptiomsfromtheEIA 2021AnnualEnergyOutlook.It doesnotindudesalesto largeindustrialcustomers.
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Figure 7 Projected Annual Utility Net Revenue From M/HD EV Charging
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Il n general, a utilitydés costs to maintain its dis
these costs are passed on to utility customers in accordance with rules established by the Oregon Public
Utility Commissionvia periodicincreasein residentiabndcommerciaklectric rates However,projected

utility net revenue from increased eledtsicsales for M/HD EV charging would lower distribution rates

($/kWh), sincefixed annualistributionsystemcostswould bespreacveralargerbaseof energysales.

This analysisindicatesthatunderthe100x 40 ZEV scenariopy 2050incrementaltility netrevenugrom

M/HD EV chargingcouldpotentiallyreduceaverageesidentiaandcommerciaklectricityratesin Oregon

by as much as 3.7 percent ($0.0101/kWh in 2020%$). This could save the average Oregon household $110
per year and the average comnigrcustomer $650 per year on their electribilis (2020$):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 substantigbb gainsin manyindustries(e.g.,batery andelectriccomponeninanufacturing,
charging infrastructure construction, electricity generation), accompanied by fewer jobs in other industries
(e.g.,enginemanufacturingpil explorationandrefining, gasstations autorepairshops )\

This anajsis used the IMPLAN model to estimate these macroeconomic effects of the modeled Oregon
CleanTruck policy scenarioshasedon estimatedchangesn spendingin variousindustries(relative to

the baseline scenario). These estimates of spending changesubyyi were developed from 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 idsel engines, and transmissions. Similarly, less money will be spent by fleets to purchase
petroleurrfuels, but more wilbe spento purchaselectricity and hydrogen.

18 Figuresarebased omverage annudlectricityuse ofL 0,940 kWhper housinginitand 64,34&kWh percommercialcustomer inOregon.
19 Forexamplejn-statecharging infrastructuris estimatedo increasdy 626 jobsn 2045under themostaggressivecenaro.
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The IMPLAN analysis also includes the effects of induced economic activityodu@nsumers having
moremoneyto spendthanksto returnof utility netrevenuen theform of lower electricrates,andnetfleet
costsavinggeturnedaslowershippingcostsfor goods resultingn lowerconsumepricesfor thosegoods.

ThelMPLAN andysis wasrunatthenationalevel, butassumingnly theindustryspendingchangegfrom
applicationof thepolicy scenariospccurringdueto M/HD vehiclepurchasendusein Oregon.Estimated
national effectswould besignificantly greaterif the modeéd policy scenariosvereappliedto the entire
U.S.M/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 Ompillicy scenario in Oregon

will increase national net jobs through 2040, while the 100 x 40 ZEV + Clean Grid scenario will increase
national net jobs through at least 2045. The loss in 2045 is largely due to the reductions in spending on
diesel fuel and deeases in the costs of M/HDV ZEVs over time, resulting in decreased spending and
investments in the out years. Both scenarios also increase annual GDP in all years. For both scenarios in
all years, the average wages for new jobs added to the econonye 86t égher than the average wages

for jobs that are replaced. This is because the largest number of added jobs are in electrical component
manufacturing and in construction of charging infrastructure, requiring mampalelectricians and
electricalengineers, while the largest job losses are in vehicle egaie to lower maintenance required

by ZEVsd as wellasrelatively low-paid retail workerst gas stations.

Table 3 Macroeconomic Effects of Oregon Clean Truck Policy Scenarios

ACT + NOx Omnibus 100 x 40 ZEV + Clean Grid
Metric 2035 2045 2035 2045
Net Change in Jobs 777 (158) 981 (688)
Net Change in GDP 2020$ (million) $79 ($59) $101 ($159)
Average Annual | Added Jobs $84,970 $78,904 $85,272 $79,054
Compensation Replaced Jobs $45,585 $49,311 $45,959 $49,932

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 percentageimiported 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 nasddidtAHV industry develops;

for this analysis, MJB&A assumed that all incremental spending on ZEV batteries and electric drivetrain
components would be in the United States, with no imported content. As such, the results summarized in
Table3 represent high-endestimateof whatis possiblefrom theZEV transition,with theright federaland

state policy supports in place to incentivize development ofhaSed ZEV component manufacturing. If
vehicle manufacturers continue to rely primarily on importecebies and electric drivetrain components,
thenet job and GDBainswill be lower than thossummarizedhere.
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This macroeconomic analysis only includes direct, indirect, and induced impacts from changes in M/HD
vehiclemanufacturinganduse,andfrom consumerre-spendingf netutility revenueandfleet costsavings
returnedaslower pricesfor electricityandshippedyoods.Ilt doesnotincludeanyeffectsonfreightindustry

growth and investment due to lower operating costs, or any macroeconomic astasated 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 fot défecéen
types, this analysisassumeshatmostM/HD ZEVs in Oregonwill useovernightchargingat their place

of business, though about 10 percent will need to rely on a publicly accessible network epbigher
chargers$?The exception are combinatidrucks, 70 percent of which are assumed to requirepgogrer

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 57,980 172,433 217,107 86,940 274,458 338,851
Cumulative -

Public 150 kw 815 2,414 3,061 1,196 3,709 4,661
Charge Ports

Public 500 kw 634 1,694 2,146 930 3,426 4,697
Cumulative Depot $337 $952 $1,273 $506 $1,557 $2,124
Investment,
2020 (milion)  [Pepot 57,980 172,433 217,107 86,940 274,458 338,851

Depot chargerwill need to be 1060 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 combination trucks.

As of June 2021, therewere 163 publicly accessiblehargingstationsin thestateof Oregonwith a total

of 407 direct current fastharging (DCFC) ports (>50 kV¥)Almost 40 percent of these DCFC ports are
Teslasuperchargerthatcanbeusedonly by Teslaownes. Statewidethereareonly 248 DCFCportsfully
available to any vehicle.

Under the ACT Rule policy scenario, Oregonds f 1l ece
per year (2020%) between 2025 and 2050 to purchase and instalbdspadtharging infrastructure. The
governmenandprivateinvestorswill needto investanaveragef $36million peryearoverthesametime

period to build out a publicly accessiblecharging network acrossthe stateto servethe EV M/HD truck fleet.

20 Seethemethodology reporor a detailedliscussion di/HD EV chargingneeds.
21 These numbemre frontheU.S.Departmend f  E n AltergativéFsel DataCenter publicharger database.
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Under the 100 x 40 ZEV scenario, fleet investments in depot chargingtinfrimre from 2025 to 2050
will needto increasdo an averagef $85million peryear,andpublic andprivateinvestmentsn thepublic
chargingnetwork willneedto rise toan average d¢70 milion peryear.

Net Societal Benefits

The net societal befiess from the modeled Oregon Clean Truck policy scenarios include the monetized
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 annuadt societal benefits under the ACT Rule, ACT + NOx Omnibus
Rule,and100x 40 ZEV + CleanGrid scenariosrespectivelyUnderall threeCleanTruck policy scenarios,
neartermfleet costsarehigherthanfleet costsunderthebaseline2 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 fom operating ZEVs instead of diesel and gasoline trucks, and net societal benefits grow
quickly .z

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

23 Notethat fleet-wide annualnetsavingsunderthe Clean T ruck policy scenarioslag averageZE V life-cycle costparity to combustionvehiclesby about5 years.This
isbecause even after Hfg/de cost parity is achieved, most ZEVs will still have highefropt purchase costs (vehide plus charger) than combustion vehides;
thesehigher costs are then pdidck over the next few years via fuel andintenance cost savings.
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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 $2.1 billion, including
$1.1 billion in net fleet savings and $128 million in utility net revenue. Cumulative estimated societal net
benefitsunder this scenarimtal $21.4bilion betweer2020 and 2050.

Under the ACT + NOx Omnibus scenario, by 2050 annual net societal benefits are estimated to be $2.1
billion, including $1.0 billion in net fleet savings and $128 million in utility net reve@wenulative
estimatedocietahet benefits undethis scenaridotal$21.2bilion between 202@nd2050.

Underthe 100x 40ZEV + CleanGrid scenariopy 2050annualnet societabenefitsareestimatedo be
$3.6 billion, including $1.9 billion in netdkt savings and $202 million in utility net revenue. Cumulative
estimatedsocietahet benefits undethis scenaridotal$35.6bilion between 202@nd2050.
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APPENDIX
Oregon Grid and Energy Cost Assumptions

Figure Al Oregon Business as Usual Grid Mix Assumptions
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Thesegrid mix assumptionsvereappliedto all of the scenariosn this analysis.Thegrid mix meetsthe
requirementsetby theOregonHouseBill 2021.

Figure A2 Oregon Average Fuel Costs
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Table A1 MHDV In-Use ZEVs Population

M/HDV In-Use ZEVs 2025 2030 2035 2040 2045 2050

Baseline 525 972 1,445 2,088 2,701 3,291
ACT 1,945 22,238 76,439 148,804 221,633 279,067
ACT + NOx OMN 1,945 22,238 76,439 148,804 221,633 279,067
100x40 ZEV + Clean Grid 2,580 33,143 112,833 230,494 354,940 441,933
Total MVHDV Fleet (ZEV + ICE) 392,732 406,161 420,092 434,549 449,551 465,124

Net Incremental Fleet Benefits

2020% 2025 2030 2035 2040 2045 2050

ACT ($61) ($18) $203 $534 $848 $1,074
ACT + NOx OMN ($94) ($65) $167 $502 $817 $1,042
100x40 ZEV + Clean Grid ($135) ($79) $268 $842 $1,472 $1,948

Table A3 Average Oregon Household

and Commercial Customer Hectric Bill Savings in 2050

2020% Household Commercial Customer
ACT $70 $410
ACT + NOx OMN $70 $410
100x40 ZEV + Clean Grid $110 $650
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