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Introduction

ERM was commissioned by the Natural Resources Defense Council and the Union of Concerned
Scientists to evaluate the costs and benefits of-edd requirements for manufacturers thiéihois
couldadoptto increasesalesof no- andlow-emissionmedium andheavyduty (M/HD) trucks andbuses.

The analysisexaminesall on-road vehiclesregisteredin lllinois with greaterthan 8,501 pounds gross
vehicleweight,encompassingehicleweightclassegrom Class2b thoughClass8. Thisis adiverse set of

mostly commercial vehicles that includes heawy pickups; school and shuttle buses; sanitation,
constructionandothertypesof work trucks;andfreighttrucksrangingfrom local deliveryvansto tractor

trailers that weigh up to 80,0@®unds when loaded.

Collectively the lllinois M/HD fleet includes 615,603 vehicles that annually travel more than 14.4 billion
miles and consume almost 1.9 billion gallons of petrokbaised fuels.

In lllinois, M/HD vehicles are currently responsible fdisproportionate amount of pollution from-on
road vehicles. Despite making up only 7 percent of theoad fleet, M/HD vehicles eméstimated 22.0
million metrictons(MMT) of greenhousgas(GHG) emissionsannually—approximatel\86 percenof all
GHGs from the omoad vehicle fleetIn Illinois M/HD vehiclesare also responsible for 67 percehthe
nitrogen oxide (NOx) and 59 percent of the particulate mattef)(BiMitted by orroad vehicles, both of
which contribute to poor air quality amdsulting negative health impacts in many urban areas, including
low-incomeandcommunitiesof color thatareoften disproportionatelhyaffectedby emissiondgrom freight
movement due to their proximity to transportation infrastructure.

1 The remainderof emissionsare from passengecarsand light trucks. This includestailpipe emissionsand“ u p s t endsaion&from fuel productionand
transport.

2 In this report all referenceas PMare particulate mattevith mean aerodynamic diametess than 2.5 micror®Mz2.5).
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Prior work byERM (2020) conducted in consultation with the New Jersey Environmental JAliesece and
membersof the Coalition for Healthy PortsNY NJ demonstratedhat emissionsfrom dieseltrucksand

buses produce higher levels of air pollution, which can lead to greater health concerns in populations exposed
to diesel emissior'sCommunities located adjacent to goadevement infrastructure (e.g., warehouses,
intermodaterminals, 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
localin theireffects policiesto reducdransmrtationemissiongrom mediuny andheavyduty vehiclescan
improvethe healthandwell-beingof communitiesn urbanareasor aroundtransportatiorcorridors,which

are often home to people of color or low income or those who are otherwise vulnerable or disadvantaged.
But to ensure reductions in those communities, program requirements on truck manufacturers, such as the
Advanced Cleaffruck and Heawbuty Omnibis Rules discussed below, would need to be accompanied

by additional policies designed specifically with these communities in mind.

For the study of IllinoisERM modeled three Clean Truck policy scenarios with increasing levels of
ambition. Under the lesh aggressive scenafea d opt i on of California’"s Adva
rule (allowable under the Clean Air Aetestimated cumulative net societal benefits total almost $22.7
billion (in constan2020$)through2050,comparedvith the baselinescenarid.Thesenetsocietalbenefits

include the monetized value of climate and public health benefits resulting from reduced GHG, NOx, and
PM emissions in the state, including up to 310 fewer premature deaths and 347 fewer hospital visits from
breathing pollutediir. Net societal benefits also include net cost savings to fleets from operating zero
emission trucks, and savings to all residential and commercial electricity customers due to lower electric
ratesmadepossibleby theadditionalelectricitysaledfor electricvehiclechargingUnderthe ACT scenario,

by 2050 annual cost savings for lllinois fleets are estimated to be $1.2 billion, and annual bill savings for
electric utility customers in the state could reach an estimated $62 rhillion.

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

of virtually the entire Illinois M/HD fleet to zeremission vehicles (ZEVs) by 2050, together with a shift

to cleaner electricity generation sources. Cumulative nettabbienefits through 2050 increase to more

than $44.6 billion under this scenario, and there will be an estimated 878 fewer premature deaths and 995
fewerhospitalvisits. In 2050estimatedannualfleet costsavingsalsoincreaseto $2.4billion, andeledric

customer annual bill savings increase to an estimated $103 million.

Implementation of the modeled scenarios will require significant changes to the national economy, as
manufacturing of internal combustion engine vehicles is replaced by manufaatietectric and fuel

cell vehicles,and productionand sale of petroleumfuels is replacedby increasedproductionand sale

of electricity and hydrogen. This analysis indicates that this transition will have positive macroeconomic
effects,includingincreasedetjobsandgrossdomesticproduct(GDP),aswell asincreasedvagesfor the

new jobs that will be added, relatit@the jobs that will be replaced.

Compared with the baseline scenario, net national job gains under the most aggressive policy scenario
total 1,386in 2035. Thiswill beaccompaniethy a$239million increasen 2035GDP.Averagewagesor

the new jobs created under the ZEV transition are expected to be, on average, more than twice as high as
average wages for the jobs that will be replaced.

3 ERM, NewarkCommunitympactsof Mobile SourceEmissionsA CommunityBasedParticipatoryResearctnalysis Novembe2020,http://www.njeja.org/
wp-content/uploads/2021/04/NewarkCommunitylmpa@t3BA. pdf.

All values cited in this report aie constant 2020$, unless otherwisated.
Themodelingtools usedfor this analysicould notapportionthese estimatebenefitsto individual communitieswithin lllinois.
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Policy Scenarios

This report summarizes the projected environmental and economic effects of lllinois adopting policies
requiring manufacturers to sell a greater number of M/HD\+ lamd neemission vehicles over the next

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

A ACT Rule: llinois adoptsrequirementsinalogouso thoseadoptecby Californiaunderthe Advanced
CleanTrucksRule,whichrequiresanincreasingpercentag®f newtruckspurchasedn the stateto be
ZEVs beginning in the 2025 model yédme percentage of new vehicles that must be ¥&fiés by
vehicletype,butfor all vehicletypestherequiredZEV percentagéncreasegachmodelyearbetween
2025 and 2035 (see Figure 1).

A ACT Rule plus NOx Omnibus Rule: In addition to adopting th&CT Rule, lllinois adopts requirements
analogous to those adopted by California under the HBarty Omnibus Rule (referred to herein as
theNOx OmnibusRule). Thisrule requiresanadditional75 percentreductionin nitrogenoxide (NOX)
emissiongrom theenginesn newgasolineanddieseltruckssold betweemodelyear2025and2026,
and a 90 percent reduction for trucks sold beginning in the 2027 modél year.

A 100x 40ZEV + Clean Grid: In additionto adoptingthe ACT andNOx OmnibusRules,lllinois takes
further actionsto ensuremore rapid and continuedincreasesn new ZEV sales,suchthat virtually
all new trucks are ZEV by 2040 (see Figure 1), with Clas8 2ichieving 100 percent ZEV sales in
2038andClass4-8 (nontractors)achievinglO0OpercentZEV salesn 2035.In addition,anaggressive
federalCleanEnergyStandards assumedo ensurehatelectricitygenerationn thestateis carbonfree
andover90%renewableéy 2050.Statespecific,renewablegortfolio standardshatcouldincreasehe
renewable electricity levels even more were not analyzed as part of this study.

Al | three of these | llinois policy scenarios are
whichall newtruckssoldin thestatecontinueto meetexistingEPA NOx emissiorstandardandZEV sales
increase only marginally, never reaching more than 1 percent of new vehicle sales e&ach year.

TheanalysisassumeshatM/HD annualvehiclemilestraveled(VMT) in Illinois will continueto grow by
approximately 0.3 percent annually through 2050, as projected by the Energy Inforhtionistration

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

The analysis was conducted usiBBM's STate Emission Pathways (STER)ol. The climate and air

quality impactsof eachpolicy scenariovereestimatedon the basisof changesn M/HD fleet fuel useand
includebothtailpipeemissionsand” u p s t eméssiamfrom productionof thetransportatiorfuelsused

in eachscenarioTheseinclude petroleumfuels usedby conventionainternalcombustiorenginevehicles
(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.

If theACT is adoptedn lllinois in 2022,thefirst yearof compliancewill be modelyear2026.The modelingassumeshefirst complianceyearis 2025.

Reductions are relative to current federal ERAv engine emission standardibis rule does not require additional PM reductions but irdwhtibacksliding
provisions to ensure that PM emissions do not increase compared with engines designed to meet current federal standards.

8 ThebaselineZEV salesassumptionareconsistentvith projectionsin the EnergylnformationA d mi n i s AmualtEnemyOutl®ok2021.
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To evaluate climate impacts, the analysis estimated changes in all combustion related GHGs, including
carbondioxide (CQ,), methan€CH.), andnitrousoxide (N20). To evaluateair qualityimpacts theanalysis
estimated changes in total nitrogen oxide (NOx) and particulate matter (PM) emissions and resulting changes
in ambient air quality and health metrics such as premature deaths, hospital visits, and lost workdays.

The economic analysisstimated the change in annual M/HD flegtle spending on vehicle purchase,
charging/fueling infrastructure to support ZEVs, vehicle fuel, and vehicle and infrastructure maintenance
under each scenario. Currently ZEVs are more expensive to purchaseuhateat gasoline and diesel
vehicles, but they have lower fuel and maintenance costs. Over time the incremental purchase cost of
ZEVsis alsoprojectedo fall. Technologiesequiredio meetthemorestringentNOXx standardef the NOx

Omnibus Rule are sb projected to increase purchase costs for compliant vehicles.

On the basis of estimated changes in fleet spending, the analysis estimated the macroeconomic effects of
each scenario on national jobs, wages, and 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-Unit Trucks Single-Unit Trucks
Class 2b-3 Class 2b-3
04 — 04 —
0% m— Class 4-8 20% m— Class 4-8
= Combination Trucks = Combination Trucks
07 I I I I I 0T I I I I I
2025 2030 2035 2040 2045 2050 2025 2030 2035 2040 2045 2050
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The analysis also estimated the i mpact of each soc
state change in power demand (kW) and energy consumption (kwh) for M/HD EV charging, as well as

the additional revenue and net revenue thatwbudd r ecei ved by the state’'s el
this power.On the basisof projectedutility netrevenuethe analysisestimateshe potentialeffecton state

electricity rates for residential and commercial customers.

In addition, the analysis estimated the total number of vehicle chargers that will be required to support
the increase in M/HD EVs under each scenaiioth depotased chargers and shared public chargers
compared with the existing charging network in skee.

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

Trucks, Technical Rep@tMethodologiesand Assumptiondvay 2021
(https://www.erm.com/globalasts/documentsijba-archive/reports/2021/clednickstechnicalreportfinal-

09jun21.pd}.

The lllinois electric grid mix and energy cost assumptions used can also be foundppémelix to this
report.
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lllinois Results

The sectionsbelow detail the resultsof the lllinois Clean Trucksanalysis,beginningwith a description

of the current lllinois M/HDV fleet and the projected fleet under each modeled policy scenario. This is
followed by a summaryof the environmentabndpublic healthbenefitsof ead scenaricandthe economic
impacts of the modeled fleet transitions.

lllinois M/HD Vehicle Fleet

Table 1 summarizes the current M/HD fleet in lllinois, broken down by the four major vehicle types used
to frame the Clean Trucks analysis.

Table 1 Current Illinois M/HD Fleet

Annual Fuel
Annual VMT (million

Vehicle Type No. of Vehicles | (billion miles) gallons)
Heavy-Duty
Pickup and Van 147,289 1.66 88.6
Class 2b
Bus

44,182 0.80 100.3
Class 3i 8
Single-Unit Work
and Freight Truck 282,420 3.47 425.4
Class 3i 8
Combination
Truck 141,712 8.49 1,240.5
Class 71 8
TOTAL 615,603 14.417 1,854.8
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Approximately 24 percent of the-use M/HD fleet are Class 2b vehicles (8,500,000 in gross vehicle
weight rating, GVWR), which are mostly heagiyty pickup trucks and vafg.hese vehicles account for
12 percenbof annualM/HD milesand5 percenof annualfuel use Approximately7 percentof thefleetare
buseswhichaccounfor 6 percenbf annuaMMT and5 percenbf annuafuel use.Thisincludesrelatively
small shuttle buses (class5) as well as school buses, transit buses, aedcity/charter coach bus#s.
Forty-six percenbf thefleetaresingleunit freightandwork trucks,which accounfor 24 percenof annual
VMT and 23 percent of annual fuel use. These vehicles come in a wide variety of sizes{8)assd3
haveawide varietyof usesfrom vansandbox trucksusedto deliverfreight, to sanitatiorandconstruction
trucks, to boorrequipped utility truks. Only 23 percent of the fleet are combination trtraktors, but
thesevehiclesaccounfor 59 percenbf annuaVMT and67 percenbf annuafuel use sinceapproximately
two-thirds of these vehicles are used primarily for laligfance freight hauling and typically log many
more daily and annual miles than other M/HD vehicles.

Today less than 1 percent of the national M/HD fleet is powered by electri@tgrnativefuels (natural
gasandpropane) Approximately64 percentof the fleet havedieselenginesand36 percentusegasoline:

The largest Class 7 and 8 vehicles are almost all diesel, while almost 50 percent of the smaller&lass 2b
trucks have gadine engines, with most of the remainder diesel.

Figure2 summarizeshemodeledurnoverof thelllinois in-usefleetto zereemissionandlow-NOXx trucks

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 the new vehicle ZEV purchase percentages
shown in Figure 1. Approximately 6.1 pentef existing Class 2b trucks and 4.7 percent of Cla8s 3
trucksandbusesareretiredeachyearandreplacedvith newvehicles?? The ACT + NOx Omnibusscenario

and the 100 x 40 ZEV + Clean Grid scenario further assume that all new vehicles purcl2z@gztand

later years that are not ZEV will have I9WDx engines compliant with the NOx Omnibus standards.

As shown,underthe ACT Rulepolicy scenario31 percenbof thein-useM/HD fleetwill turnoverto ZEV
by 2040,and54 percentareZEV by 2050;all of theseZEVs areassumedo beelectricvehiclesUnderthe
ACT + NOx Omnibuspolicy scenariothesamepercentagef thefleetturnsoverto ZEV, buttheremaining
internalcombustiorenginevehiclesin thefleetturn overto low-NOx enginesy 2044.Underthe 100x 40
ZEV + CleanGrid policy scenario49 percenif thein-usefleetturnsoverto ZEV by 2040and91 percent
do so by 2050This scenario assumes that new ZEVs will include botraB¥fuel cell vehicles powered
by hydrogen. In 205@.9 percent of iruse ZEVs are assumed to be FCV and 82 percent are EV.

9 A very smallpercentage athesevehiclesarelargeSUVs.

10  Note that theACT Rule does not include ZEkéquirements for transit buses, as these vehicles are covered by a separate Innovativei@i¢aegulation in
California.

11 Thesefiguresarebasecn stateregistrationdatacollectedby IHS Markit.
12  Thisis alongterm averageActual annualturnover  highly correlatedo economiaonditions anatan varywidely from year toyear.
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Fleet Turnover to Low-NOXx and Zero-Emission Vehicles in Clean Truck Policy Scenarios

ACT RULE

% in-use
M/HDV
100%

80%

60%

40%

20%

2020 2025 2030 2035 2040 2045 2050

m EV = FC m LNOx ICE = ICE

ACT + NOx OMNIBUS
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M/HDV
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80%
60%
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100 x 40 ZEV
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EV (battery electric vehicle); FQuel cell vehicle); LNOx ICE (lowNOXx internal combustion engine vehicle); ICE (conventional internal combustion esgiicte)
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Changes in Fleet Fuel Use

Underall modeledCleanTruck policy scenariosasignificantportionof thelllinois M/HD fleetis assumed
toturnoverto EV andFCV trucksandbusesThiswill resultin replacemenof petroleunfuels—primarily
gasoline and diesel fuelwith electricity and hydrogeh.

Underthe baselinescenariototal petroleumfuel useby thelllinois M/HD fleetin 2050is projectedto be

1.48 billion gallons. Under th&CT Rule policy scenario, petroleum fuel use in 2050 falls to an estimated
810million gallons(—45 percent) andcumulativereductionsan dieselandgasolineuseby the M/HD fleet

total 8.4billion gallonsbetweer?020and2050.This petroleuntfuel is replacedy 150.8million megawatt

hours (MWh) of electricity between 2020 and 2050. Electricity use for M/HD EV charging in 2050 is
estimated to be 12.7 million MWh, an 11 percent increase to estimated baseline electricity use by lllinois
residential andommercial customers that year (111.0 million MWh).

Adding the NOx OmnibusRuleto the ACT Ruledoesnotresultin additionalreductionsn petroleumfuel
use.

Under the 100 x 40 ZEV + Clean Grid scenario, estimated petroleum fuel use by the M/HD fleet in 2050
falls to 173 million gallons{88 percent), and cumulative reductions in diesel and gasoline use by the M/
HD fleet total 14.9 billion gallons between 2020d 2050This petroleum fuel is replaced by 226 million
MWh of electricity and 2.6 billion kilograms of hydrogen between 2020 and 2050. Electricity use for M/
HD EV chargingin 2050is estimatedo be 19.7million MWh, an18 percenincreasdo estimatedaseline
electricity use by lllinois residential and commercial customers that year.

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, evenafteraccountingor the emissionsrom producingthe electricityandhydrogen
neededo powerZEVs.NOx andPM reductionswill improveair quality resultingin public healthbenefits

from reduced mortality and hospital visits.

Air Quality Impacts

Figures3 and 4 showestimatecainnualM/HD fleetNOx andPM emissionstespectivelyunderthebaseline
scenario and the modeled Clean Truck policy scenarios. Under the baseline scenario, annual M/HD fleet
NOXx emissions are projected to fall by 46 percent and annual fleet PM emissions are projected to fall 73
percenthrough2045,asthe currentfleetturnsoverto newgasolineanddieseltruckswith cleanerengines

that meet more stringent ER%w engine emissions standardfter 2045 baseline annual NOx and PM
emissions are then projected to start rising again as annual fleet VMT continues.to grow

13 A smallnumberof M/HD trucksand buse lllinois currently usenaturalgas.
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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 43 percentand44 percentrespectivelyasdieselandgasolingrucksarereplacedwith electric
vehicles.Adding the NOx Omnibus Rule will further reduce annual fleet NOx emissions due to turnover
of thedieselandgasolineportion of thefleetto newvehicleswith low-NOx enginespy 2050annualNOx
emissionsareprojectedo be 89 percenower thanunderthe baselingf boththe ACT andNOx Omnibus

Rules are implemented.

As shownin Figures3 and4, the2050emissionievelsaredramaticallylower for all scenariogomparedo
today’' s ( 2 0ACIT)»NOxeOmeidusscenarid) for example, contributes to reductions that are
94 percentiower in nitrogenoxide (NOx) and84 perceniowerin PM in 2050comparedot o d deyels.s
The100x 40 ZEV + CleanGrid scenarichasthe lowestfleet emissionsiueto replacemenof virtually all
gasolineanddieseltrucksandbuseswith EVsandFCVshy 2050,whenannualNOx andPM emissionsre
estimated to be 96 percent and 82 percent lower, respectively, than baseline emissions.

Over the next 30 yesy cumulative NOx and PM emission reductions fromA@d& Rule (compared with
the baseline scenario) total 170,600 metric tons (MT) and 1,970 MT, respediddifional cumulative
NOx reductiondrom theNOx OmnibusRuleareestimatedat 341,500MT overthesametime. Cumulative
NOx and PM emission reductionsoin the 100 x 40 ZEV + Clean Grid scenario (compared with the
baseline) are projected to total 543,200 MT and 4,340 MT, respectively.

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 lllinois residents breathing in
these airborne particlésEstimated public health impacts include reductions in premature mortality and
fewerhospitaladmission@ndemergeny roomyvisits for asthmaTherewill alsobereducedcase®of acute
bronchitis,exacerbatedsthmaandotherrespiratorysymptomsandfewerrestrictedactivity daysandlost
workdays. Cumulative estimated reductions in these health outcomes in lllinois under the modeled Clean
Truck policy scenarios are shown in Table 2; these benefits were estimated using the U.S. Environmental
ProtectiolA g e n €@-BesefitsRiskAssessrant(COBRA) HealthimpactsScreeningandMappingTool.

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 310 765 878
Avoided Hospital Visits? 347 874 995
Avoided Minor Cases® 193,287 481,090 549,534
Monetized Value, 2020$ (millions) $3,627 $8,951 $10,276

a Includeshospital admissionand emergencyoomvisits.

b Includesreduced casesf acutebronchitis, exacerbated asthnaad otherespiratory symptomsnd reduced restricteattivity daysand lostworkdays.

14  PM is directly emitted to the atmosphere from combustion sources as solid particles. NOx is emitted from combustiors sogdsitacontributes to the
formation of secondary particles via chemical reactions in the atmosphere. Both direct and secondary particles haveakyatifexts when taken into the
lungs.
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Themonetizedvalueof cumulativepublic healthbenefitsfrom the ACT Rule overthe next30 yearstotals

more than $3.6 billionAdding the NOx Omnibufkulewould increasehe monetizedalueof cumulative

net public health benefits to $9.0 billion. The monetized value of cumulative public beagfits under
the 100 x 40 ZEV + Clean Grid policy scenario totals $10.3 billion through 2050.

Climate Benefits

Figure 5 illustrates estimated annual M/HD fleet GHG emissions under the baseline scenario and the modeled
CleanTruckpolicy scenariosAs shown,underthebaselinescenariannuaM/HD fleet GHG emissionsre
projected to fall by 20 percent through 2050 as the current fleet turns over to new, more efficient gasoline
and diesel trucks that meet more stringent BB engine and vehicle emission standards.

Compared with the baseline, by 2050 &@T rule is stimated to further reduce annual fleet GHG emissions
by 43 percent, as diesel and gasoline trucks are replaced with electric vehicles; adding the NOx Omnibus
Rule does not produce additional fleet GHG emissions beyond those achieved 8y tRele.

As shown in Figure 5, the 2050 GHG emission level for the ACT + NOx scenario is significantly lower
compared to today’s (2021) Il evels by 55 percent.

The 100 x 40 ZEV + Clean Grid scenario has the lowest fleet emissions due to replacement of virtually
all gasoline and diesel trucks and buses withalBef FCVby 2050, when annual fleet GHG emissions are
estimated to be 83 percent lower than baseline engs

Projected M/HD Fleet GHG Emissions
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Over the next 30 years, cumulative GHG emission reductions from the ACT Rule (compared with the
baseline scenario) total 81.4 million MT. Cumulative GHG emission reductions from the 100 x 40 ZEV
CleanGrid scenaridcomparedvith the baselinelareprojededto total 165.3million MT. Theseestimates

of GHG reductiondrom eachpolicy scenaricaccountor reductionsn petroleunfuel use(gasolinediesel

fuel) by the M/HD fleet, the decreasedpstreamremissiongrom gasolineanddieselproduction,aswell as
increased emissions from electricity and hydrogen production to fuel the EVs and FCVs that will replace
gasoline and diesel trucks and buses.

Using the soci al cost of greenhouse gacyWakings esti
Group, these estimated cumulative GHG reductions have a monetized value of $6.8 billion for the ACT
Rulepolicy scenaricand$13.9billion for the100x 40ZEV + CleanGrid policy scenarid® Thesocialvalue

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

The assumed grid mifor electricity production each year is shown in Ampendix for lllinois. For the
baselineACT Rule,andACT+ NOx Omnibusscenariosthis analysisusesabusinessasusual(BAU) grid

mix consistent with the lllinois Clean and Equitable JAbs(CEJA)signed into law in 2021while the

100x 40ZEV + CleanGrid scenaricassumea“ d e ¢ a r bgadmiix.ZTkedcarbonizedrid combines

the requirements from CEMi t h t he 2035 Report’s 90%*MI2@2&n Scen
I 1 1 i grionmixis 18.3percentcoakfired generation13.9percennaturalgasfired generationand68.8

per cené&mi“tzteirrog ” g e A RByr2050 the reremiting partiers af the BAU grid mix

increases to 100 percent.

Underthe100x 40 ZEV + CleanGrid scenariozercemittinggeneration for the state increas®80 percent

in 2030 and 100 percent in 2040. Considering just renewable resptiie percentages arepkdcentn

2030,69 percenin 2040,and97 percenin 2050.1t is notedthatadditionalstateelectricsectorpoliciescould
potentially increase the renewable percentages even faster, but these were not considered in this analysis.

Economic Impacts

This section summarizes projected economic impacts of the modeled Clean Truck policy scenarios,
including changes in annual opénat costs for lllinois fleets; impacts to lllinois electric utilities and their
customers; net societal benefits; and macroeconomic effects on jobs, wages, and gross domestic product
from thetransitionto low-NOx andzercemissiortrucksandbusesThis sectionalsoestimatesherequired

public and privaténvestmenin electricvehiclecharginginfrastructureo supporthe electricM/HD fleet

under each scenario.

Costs and Benefits to Fleets

For all the modeled Clean Truck policy scenarios, this analysis estimated annual incremental costs associated
with purchase and use of M/HD ZEVs compared with baseline conventional vehicles with combustion
engineghatoperateon petroleunfuels(gasolinediesel).Thesecostsincludetheincrementapurchaseost

of the new ZEVs added each year (instead of new combustion vehicles), the cost of instaslaggime

15 Forthe socialcostvaluesused,seeERM, CleanTrucksAnalysis:Costs& Benefitsof StateLevelPoliciesto RequireNo- and Low-EmissionTrucks, Technical
Repord Methodologies & Assumptiondlay 2021, https://www.erm.com/globalassets/documenijbé-archive/reports/2021/cleanuckstechnicaireport
final-09jun21.pdf

16  ThelnteragencyVorking GroupdevelopedGHG socialcostestimatesisinga rangeof discountrates. Thesevaluesarebasedon the average3 percentdiscount
rate,whichis in themiddle of therangeof estimated/alues.The monetizedvalueof cumulativeGHG reductionsundereachpolicy scenariovould be 72 percent
lower if using the lowest published social cost values, and three times greater if using the highest published values.

17  Gov.Pritzkersignstransformativdegislationestablishindllinois asanationalleaderon climateaction.https://www.illinois.gov/news/preslease.23893.html.
18 2035TheReport(GoldmanSchoolof PublicPolicy, Universityof CaliforniaBerkley,June2020).https://www.2035report.com/electricity/dagaplorer/.
19  For this analysis,coatired generationincludesoil and biomass.Zero-emitting sourcesinclude nuclearand renewablesourcessuchaswind, solar,and hydropower.
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andhydrogerfuelinginfrastructuraequiredby thesenewZEVs, andnetfuel andmaintenanceostsfor all
ZEVsin thefleet, boththosenewly purchase@achyearandthosepurchasedh prior yearsandstill in use.

Net fuel costs include reductions in purchases of diesel fuel and gasoline (due to fewer combustion vehicles),
offsetby theincreasegurchasef electricityandhydrogerno powerZEVs. Netmaintenanceostsinclude

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

ZEVs.

Projected Lifetime Incremental Costs for lllinois ZEVs Compared with Combustion Vehicles
2020%
vehicle .
m Charger Maintenance
$80,000 -
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$40,000 | m Incremental Vehicle Maintenance

== Net Life Cycle Costs
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Figure6 showsprojectedaveragdifetime incrementakostsfor newZEVs purchasedh lllinois compared

with lifetime costsfor combustionvehiclespurchasedn the samemodelyear;thebarsshowfleet average
values for all Class 218 ZEVs purchased each year under the 100 x 40 ZEV scenario. Incremental fuel
and maintenance costs are discounted lifetime costs, assumys@r2tehicle life, and 6 percent annual
discountrate.Vehiclefinancing,whichis oftenusedby fleetswhenpurchasingehicleswasnotconsidered

in this analysis.

As shown, the average M/HD ZEW lllinois is projected to produce over $68,000 in discounted fuel and
maintenanceostsavingsoverits lifetime. For ZEVs purchasedh thevery nearterm,this savingsnaynot

be enough to offset the projected incremental cost of vehicle purchase and fueling infrastructure for some
ZEVs, resulting in net increased lifetime costs compared with those of combustion vehicleseHdy

2030 incremental ZEV purchase costs are projected to fall significantly, such that the average ZEV will
reachlifetime costparity with combustiorvehicleswhendiscountedifetime fuel andmaintenanceavings

are considered. By 2040, the averade/ purchased that year is projected to produce over $50,000 in
discounted lifetime net savings (2020$) compared with the costs of an equivalent combustion vehicle.
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It is important to reiterate that the values in Figure 6 are fleet aveahges, which mask a significant
amount of variability across vehicle types and among different fleets of the same vehiclidygpeote

that the utility impact analysis (in the next section) indicates that the cost of providing power to charge
M/HD EVsis lower than expected utility revenue under current rate structures. This suggests that Illinois
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 ogémg costs further than estimated here. However, this
would reducethe potentialbenefitsthatwould accrueto otherratepayerérom M/HD vehiclecharging(see
discussion below).

M/HD ZEVs in some fleets will likely achieve lifetime cost parity with cormstimn vehicles much earlier

than 2030, while othersmay lag. In addition, this analysis,and the 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
costs to fleets will be lower, salting in cost parity sooner.

Electric Utility Impacts

Currentannualelectricity saleso residentiaandcommercialcustomersn Illinois total 74.2million MWh
and are projected to grow to 83.8 million MWh in 2650.

Under theACT Rule policy scenario, additional annual electricity sales for M/HD EV charging are estimated
to total 1.3 million MWh in 2030, rising to 12.7 million MWh in 2050.This incrementaload represents

1.3 percent and 12.9 percent of the total electricitypated in 2030 and 2050, respectively. Incremental
monthly peak charging demand under this scenario is estimated at 308 MW in 2030, rising to 3,590 MW
in 2050.

Under the 100 x 40 ZEV policy scenario, incremental peak charging demand is estimated at 461 MW in
2030, rising to 5,530 MVih 2050, and annual incremental electricity sales are estimated to be 1.9 million
MWh in 2030, rising to 19.7 million MWh in 2050 (1.7 percent and 17.8 percent of the total electricity
demand, respectively).

This analysis estimatiethe revenue that lllinois electric utilities would receive from these incremental
electricitysalesthemarginalgeneratiorandtransmissiortostsof providingthis power,andthenetrevenue
thatutilities would earn(netrevenue= revenue- marginalcost). Theestimatednarginalcostincludescosts
associated with procuring the necessary additional peak generation and transmission capacity to serve the
load ($/MW) as well as marginal generation and transmission energy costs ($/MWh).

Figure 7 summarizesstimatedannualutility netrevenuefrom M/HD EV chargingunderthe modeled
CleanTruck policy scenariosUnderthe ACT Rule scenarioannualutility netrevenues projectedto be
$6.9 million in 2030, rising to $36.5 million in 2040 and $62.5 million in 2050. Under the 100 x 40 ZEV
scenarioutility netrevenues projectedto be $10.6million in 2030, rising to $52.5million in 2040and
$102.6 million in2050.

20 Thisgrowthassumptions from the EIA 2021Annual EnergyOutlook. It doesnotincludesalesto largeindustrialcustomers.
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Projected Annual Utility Net Revenue From M/HD EV Charging
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In general,au t i |cbststp maintainits distribution infrastructureincreaseeachyear with inflation,
and these costs are passed on to utility customers in accordance with rules established lllinois Commerce
Commissiorvia periodicincreasesn residentialandcommerciakelectricrates.However,projectedutility
netrevenudrom increaselecticity salesfor M/HD EV chargingwouldlower distributionrates($/kwh),
since fixed annual distribution system costs would be spread over a larger base of energy sales.

This analysisndicateshatunderthe100x 40 ZEV scenariopy 2050incrementaltility netrevenuegrom
M/HD EV chargingcouldpotentiallyreduceaverageesidentiabndcommerciaklectricityratesin Illinois
by asmuchasl.1 percent{$0.0018/kWhn 2020$).This couldsavethe averagdllinois households13per
year anl the average commercial customer $55 per year on their electricity bills (2020$).

Jobs, Wages, and GDP

The transition from gasoline and diesel M/HD vehicles to ZEVs will have significant impacts on the U.S.
economywith substantiajob gainsin manyindustrieqe.g.,batteryandelectriccomponenmanufacturing,
charginginfrastructureconstructionglecticity generation)accompaniedy fewerjobsin otherindustries

(e.g., engine manufacturing, oil exploration and refining, gas stations, auto repair’shops).

This analysis used the IMPLAN model to estimate these macroeconomic effects of the modeisd Illin
Clean Truckpolicy scenarios basenh estimated changda spending invariousindustries(relative to

the baseline scenario). These estimates of spending changes by industry were developed from the fleet
cost analysis. For example, under the modeled Clean Truck policy scenarios, more money will be spent
to manufacture batteries and electricvercomponents 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
petroleum fuels, but more will be spent to purchase electricity and hydrogen.

21 Figuresarebased oraverage annuallectricity useof 7,011 kWhper housinginit and30,642kWh percommercial customen lllinois.
22 Forexample, instate charginénfrastructure is estimated ocrease by 1,13jbbs in 2045 undethe most aggressivgeenario.
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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 goodsyesultingin lower consumepricesfor thosegoods.

ThelMPLAN analysisvasrunatthenationallevel,butassumingnly theindustryspendingchangegfrom
applicationof the policy scenariospccurringdueto M/HD vehiclepurchasendusein lllinois. Estimated
nationaleffectswould be significantly greaterif the modeledpolicy scenariosvereappliedto the entire
U.S.M/HD fleet.

Table 3 offers a summary of estimated macroeconomic effects of the modeladl'@lel scenarios on
jobs, GDP, and wages.

Compared with the baseline scenario, adoption oABE + NOx Omnibus policy and 100 x 40 ZEV +

Clean Grid scenarios will increase national net jobs through 2040. The loss in 2045 is largely due to the
reductions in spending on diesel fuel and decreases in the costs of M/HDV ZEVs over time, resulting in
deaeased spending and investments in the out years. Both scenarios also increase annual GDP through
2040 with the ACT + NOx Omnibus policy scenario increasing GDP for all years. For both scenarios in
all years, the average wages for new jobs added to timmgoare more than twice 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 manypallelectricians and
eledrical engineers, while the largest job losses are in vehicle refda® to lower maintenance required

by ZEVs—as well as relatively lovpaid retail workers at gas stations.

Table 3 Macroeconomic Effects of Illinois Clean Truck Policy Scenarios

ACT + NOx Omnibus 100 x 40 ZEV + Clean Grid
Metric 2035 2045 2035 2045
Net Change in Jobs 1,092 (329) 1,386 (1,353)
Net Change in GDP 2020$ (million) $175 $51 $239 ($5)
Average Annual Added Jobs $91,602 $86,912 $101,679 $92,464
Compensation Replaced Jobs $44,283 $47,689 $43,795 $44,712

Today many components used in electric and fuel cell vehisigsst notably batteries, but also many
electricdrivetraincomponents-aremanufactureautsidethe United Statesandimportedfor final vehicle
assembly. The percentage of imported content is higher for ZEV drivetrains today than for conventional
drivetrains(gasolineanddieselenginesandtransmissions)rhescaleof U.S.macroeconomieffectsfrom

the modeled Cleafruck policyscenamswill depend on how the nascémtHD ZEV industry develops;

for this analysisERM assumed that all incremental spending on ZEV batteries and electric drivetrain
components would be in the United States, with no imported coAtesuch, the resultaismmmarized in
Table 3 represent a highend estimate of what is possible from the ZEV transition, with the right federal and
statepolicy supportsan placeto incentivizedevelopmenbf U.S-basedZEV componenmanufacturinglf
vehiclemanufacturergontinueto rely primarily onimportedbatteriesandelectricdrivetraincomponents,

the net job and GDP gains will be lower than those summarized here.
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This macroeconomic analysis only includes direct, indirect, and induced impacts froge<iham/HD
vehiclemanufacturinganduse,andfrom consumere-spendingof netutility revenueandfleet costsavings
returnedaslower pricesfor electricityandshippedyoods It doesnotincludeanyeffectsonfreightindustry
growth and investment due to lower operating costs, or any macroeconomic effects associated with the
estimated climate and air quality (health) benefits of the modeled Clean Truck policy scenarios. These

effects may increase economic and job nusilbempared to those presented here.

Required Public and Private Investments

Usingadetailedchargingmodelthatconsidergypical daily usagepatterndor differentvehicletypes,this
analysis assumes that most M/HD ZEVs in lllinois will use overnipharging at their place of business,

thoughabout10 percenwill needto rely on a publicly accessibleetworkof higherpowerchargers: The
exception are combination trucks, 70 percent of which are assumed to requipeWwghpublic chargers

since they are used primarily for lahgul freight operations.

Table 4 summarizes estimated charging infrastructure required to support M/HD electric trucks and buses

under the Clean Truck 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 72,951 210,574 260,561 110,965 342,994 425,090
Cumulative :

Public 150 kw 949 2,735 3,404 1,413 4,246 5,274
Charge Ports

Public 500 kW 1,840 4,761 5,912 2,693 9,566 12,865
Cumulative Depot $515 $1,389 $1,831 $781 $2,394 $3,247
Investment,
2020% (million) | Public $631 $1,586 $2,077 $923 $3,060 $4,236

Depot chargers will need to be-BD kW per port depending on vehicle tydée smaller 150 kVpublic
chargersareneededrimarily to supportsingle-unit freighttrucks,while thehighercapacity500kW public

chargers are needed mostly for combination trucks.

As of January 2022, there were 112 publicly accessible charging stations in Illinoia teiid of 507

direct current fastharging (DCFC) ports (>50 kWW)Over 60 percent of these DCFC ports are Tesla

superchargerthatcurrentlycanbe usedonly by Teslaowners® In lllinois, thereareonly 197 DCFCports
fully available to any vehicle.

UndertheACT Rul e

per year (2020$) between 2025 and 2050 to purchase and instatbdspdtcharging infrastructurhe

policy

scenar.i

o

i noi s

’

s f

governmat andprivateinvestorswill needto investanaverageof $83million peryearoverthesametime

period to build out a publicly accessible charging network across the region to serve the EV M/HD truck

fleet.

23  Seethemethodology reporifior a detailed discussioaf M/HD EV chargingneeds.

24 Thesenumbersarefrom theU.S.Departmendf E n e r AltgrhasveFuelDataCenterpublic chargerdatabase.

25 https://www.businessinsider.com/teslanmuskchargerssuperchagernetwork202111
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Underthe100x 40 ZEV scenariofleetinvestmentsn depotchargingnfrastructurerom 2025to 2050will
need to increase to an average of $130 million per year, and public and private investments in the public
charging network will need to rise to an average of $169anillier year.

Net Societal Benefits

The net societal benefits from the modeled lllinois Clean Truck policy scenarios include the monetized
valueof publichealthandclimatebenefitsnetcostsavingdor fleets,andnetutility revenudrom electricity
sales for EV charging.

Figures 810 present projected annual net societal benefits under the ACT Rule, ACT + NOx Omnibus
Rule,and100x 40ZEV + CleanGrid scenariosiespectivelyUnderall threeCleanTruck policy scenarios,
neartermfleet costsarehigherthanfleet costsunderthe baseline® However afterapproximatel\2030all

policy scenarioshowannualnetsocietalbenefits despitenetfleet costs dueto growingutility netrevenue

in addition to public health and climate beneffier 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 7

Projected Annual Net Societal Benefits From ACT Rule Policy Scenario
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26 If an individual truck owner finances a vehicle, it would better equalize payments for increased vehicle price and diselrsawiting in a better balancing of
cash flow. On a net fleetide basis, however, the cadtfinancing reduces total net fleet savings.

27 Notethatfleetwide annuahetsavingsunderthe CleanTruck policy scenariosagaverageZEV life-cyclecostparityto combustionvehiclesby abouts years This
is becausevenatfterlife-cycle costparity is achievedmostZEVs will still havehigherup-front purchaseosts(vehicleplus chargerthancombustionvehicles;
these higher costs are then paid back over the next few years via fuel and maintenance 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 scenariopy 2050annualnet societalbenefitsare estimatedo be $2.3billion, including
$1.2 billion in net fleet savings and $63 million in utility net revenue. Cumulative estimated societal net
benefits under this scenario total $22.7 billion between 2020 and 2050.

Under the ACT+ NOx Omnibus scenario, by 2050 annual net societal benefits are estimated to be $2.5
billion, including $1.2 billion in net fleet savings and $63 million in utility net revenue. Cumulative estimated
societal net benefits under this scenario total $2@idrbbetween 2020 and 2050.

Underthe 100x 40 ZEV + CleanGrid scenariopy 2050annualnet societalbenefitsare estimatedo be
$4.5 billion, including $2.4 billion in net fleet savings and $103 million in utility net revenue. Cumulative
estimated societal net benefits under this scenario total $44.6 billion between 2020 and 2050.
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APPENDIX: lllinois Energy Cost Assumptions
and Supplemental Material

Figure Al Illinois Business as Usual Grid Mix Assumptions
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These businesasusual grid mix assumptions were applied to the basdli@&, Rule, andACT + NOx
Omnibus policy scenarios.

Figure A2 lllinois Decarbonized Grid Mix Assumptions
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TheseDecarbonizedrid mix assumptionsvereappliedto the 100x 40 ZEV + CleanGrid policy scenario.
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Table A1 M/HDV In-Use ZEVs Population

M/HDV In-Use ZEVs 2025 2030 2035 2040 2045 2050
Baseline 768 1,365 1,981 2,798 3,499 4,149
ACT 2,754 31,114 104,733 199,329 292,453 361,935
ACT + NOx OMN 2,754 31,114 104,733 199,329 292,453 361,935
100x40 ZEV + Clean Grid 3,741 47,028 156,202 316,713 485,688 609,693
Total M/HDV Fleet (ZEV + ICE) 628,495 636,743 645,195 653,857 662,735 671,835
Table A2 Net Incremental Fleet Benefits

2020% 2025 2030 2035 2040 2045 2050
ACT ($109) ($82) $176 $585 $974 $1,248
ACT + NOx OMN ($161) ($156) $118 $534 $925 $1,199
100x40 ZEV + Clean Grid ($237) ($212) $196 $917 $1,757 $2,405
Table A3 Average lllinois Household and Commercial Customer Electric Bill Savings in 2050

2020% Household Commercial Customer

ACT $8 $34

ACT + NOx OMN $8 $34

100x40 ZEV + Clean Grid $13 $55
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Figure A3 lllinois Average Fuel Costs
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