
 

THE OPPORTUNITY
FOR NEAR-TERM 
ELECTRIFICATION OF 
MEDIUM- AND HEAVY-DUTY 
VEHICLES

MAY 2022



 1 

1. Executive Summary 
 
The Biden Administration has an opportunity right now to jumpstart the nation’s transition to a 
zero-emitting fleet of medium- and heavy-duty trucks and buses. Greater federal investments and 
policies including protective emissions standards are urgently needed. Our nation’s commercial 
vehicles are significant contributors to the climate crisis. And the diesel emissions from these 
trucks and buses harm the health of all Americans and can be deadly to many, especially those in 
low-income communities and communities of color that are more often located near truck routes 
and hubs. New standards for medium- and heavy-duty vehicles can reduce pollution by ensuring 
higher sales of zero emitting vehicles (ZEVs) in the near term. The transition to a zero-emitting 
commercial sector will strengthen our nation’s security while advancing environmental justice, 
saving trucks, fleets and shippers money, and strengthening American manufacturing jobs. 
 
The Environmental Protection Agency (EPA) recently proposed updated pollution standards for 
model year (MY) 2027-2029 medium- and heavy-duty vehicles and engines. The proposal 
assumes only a very modest, 1.5 percent level of ZEV deployment, though EPA has sought 
comment on how it might strengthen the standards to further reduce pollution and substantially 
increase ZEVs. Greater ZEV deployment is warranted – many classes and segments of medium- 
and heavy-duty vehicles are ready for electrification – the technology is available, the costs are 
falling rapidly and are already competitive with diesel, and manufacturers are investing billions 
of dollars to deliver more and improved models at a rapid pace.  
 
In this report, EDF presents information and analysis that demonstrates the overall feasibility, 
including adequate lead time and reasonable cost, of EPA standards that, by 2029, ensure 40 
percent of all new class 4-8 single unit trucks and short haul tractors and 80 percent of new 
school and transit buses are zero-emitting. We then estimate the emissions reductions, health 
benefits and economic and health related savings of EPA finalizing performance-based pollution 
standards that would ensure ZEV deployment consistent with these goals. The MY2027-2029 
standards are an essential first step in ensuring that all new medium- and heavy-duty vehicle 
sales be ZEVs by 2035. The administration must also use all available tools, including 
infrastructure investments and government purchasing power to reward manufacturers who 
immediately accelerate freight ZEVs in communities afflicted by harmful truck pollution.  
 
Numerous recent studies confirm that eliminating tailpipe emissions from 40 percent of Class 4-
8 single unit trucks and short haul tractors and 80 percent of school and transit buses by 2029 is 
both technically feasible and cost-saving.1 EDF analysis shows that advancing ZEVs at this rate 
would:2 
 

• Avoid 85 – 114 million metric tons of greenhouse gas (GHG) emissions every year by 
2040 and more than 1.6 billion tons of GHG emissions through 2050, eliminating 46 
percent of emissions from those segments by 2050. 

 
• Significantly reduce ozone forming nitrogen oxide (NOx) pollution by 840,000 – 2.2 

million tons through 2050 – pollution that disproportionately impacts people of color 
and lower income neighborhoods.  
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• Prevent as many as 7,500 – 9,600 premature deaths through 2050. 
 

• Provide our nation with up to $34 billion in economic benefits annually in 2040 with a 
cumulative savings of more than $650 – 680 billion by 2050.   

 

 
 
The following sections discuss our analysis in more detail. 
 

2. Protecting the health of all communities 
 
The health burden from truck and bus pollution is substantial, causing adverse health impacts in 
utero, in infants and children, and in adults and the elderly – with those who live closest to our 
nation’s roads and highways, ports, distribution centers, freight depots, and other well-known 
sources of truck pollution facing the greatest harms.3 EPA has estimated that 72 million people 
live within 200 meters of a truck freight route, and relative to the rest of the population, people of 
color and those with lower incomes are more likely to live near truck routes.4 
 
Despite making up only about 4 percent of vehicles on the road,5 the buses, trucks, and tractor 
trailers that distribute our people and goods are the largest contributor to ozone-forming oxides 
of nitrogen (NOx) emissions from all highway vehicles and will be one of the largest mobile 
source contributors to ozone in 2025.6 They are also responsible for a significant amount of 
health-harming fine particulate matter (PM2.5) and more than 420 million tons of climate 
pollution – more than a quarter of all transportation sector emissions and more than the entire 
country of Australia.7 

It is estimated that more than 15,000 Americans die prematurely every year as a result of the 
motor vehicle pollution on our roads and highways.8 As a result of housing discrimination and 
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other unjust policies, communities of color and low-income communities constitute a higher 
percentage of the population near our roads and highways and therefore suffer disproportionately 
from this harmful pollution.9 According to the American Lung Association’s 2022 State of the 
Air report, people of color are more than three and a half times more likely to breathe the most 
polluted air when compared to white people.10 A report by Moving Forward Network found that, 
on average, Asian and Black Americans are exposed to PM2.5 pollution that is 56 and 44 percent 
higher, respectively, than white Americans.11 And an EDF analysis of the Bay Area in California 
found that neighborhoods with higher percentages of residents of color experienced double the 
rate of asthma from nitrogen dioxide (NO2) –a pollutant often used as a marker for 
transportation-related pollution.12  

Heavy-duty diesel vehicle emissions are often identified as among the largest source of disparity, 
disproportionally affecting racial-ethnic minorities across geographies and demographics.13 A 
recent analysis by The Real Urban Emissions (TRUE) Initiative finds that people of color living 
in New York City are exposed to 5 percent more PM2.5 attributable to diesel trucks operating in 
the city than average, while non-Latino white residents are exposed to 10 percent less.14 TRUE 
concludes, “[t]hese inequities in air pollution exposure contribute to racial disparities in health 
outcomes.”15 

Recent work using satellite data to assess the health burdens from NO2 pollution in 52 cities 
found diesel traffic is the dominant source of disparities—across race, ethnicity, and income—
and that a 62 percent reduction in on-road diesel traffic would decrease these inequalities by 37 
percent, noting that heavy-duty diesel vehicle emissions, specifically, contribute to the majority 
of these NO2 inequalities.16  

Analysis by scientists at EDF, Harvard Chan School of Public Health and University of North 
Carolina, using state of the art fine scale air quality modelling and health impact assessment 
methods, found that electrification of medium- and heavy-duty diesel vehicles will have 
significant benefits in New York City at a census tract scale.17 Full electrification of the sector in 
New York area would prevent $2.4 billion in health damages every year by 2040 (248 deaths, 
173 childhood asthma emergency department (ED) visits), much of it directly due to the NO2 
reduction health benefits. Ensuring all new sales of medium- and heavy-duty vehicles by 2040 
would provide half of these benefits. Many minority and low-income neighborhoods with high 
baseline asthma ED visits also have elevated diesel truck and bus traffic and pollution and 
therefore face disproportionate impacts. Census tracts with 97 percent minority populations bear 
> 35 percent of total childhood asthma ED visits attributable to medium- and heavy-duty 
vehicles, despite being only 19 percent of the population. This also means that disadvantaged 
populations in NYC will potentially experience significant benefits of medium- and heavy-duty 
electrification. Up to 68 percent of childhood asthma ED visits reduced will be accrued in census 
tracts with >85 percent minority populations if full electrification takes place by 2040.  

Heavy-duty vehicles are also responsible for significant NOx, PM2.5, and black carbon emissions 
around ports, railyards, distribution centers, airports, and other places where trucks congregate 
and idle.18 Warehouses and distribution centers where trucks pull in and out, and often idle, are 
also concentrated sources of risk. Again, many discriminatory policies have led to the siting of 
these facilities near communities of color who face higher rates of underlying health conditions 
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as a result of the cumulative burden from air pollution and other factors.19 In Houston's Fifth 
Ward, diesel trucks that come and go from the cluster of metal recyclers and concrete processing 
plants, drive up NO2 levels by 48 percent relative to the rest of the city. Residents are largely 
people of color (more than 90 percent), 40 percent live below the federal poverty line and life 
expectancy is almost a decade lower than the rest of the region (69 compared to 78 years).20  
 
Commercial diesel trucks also take an especially heavy toll on neighborhoods along their routes. 
A years-long study in Canada confirms large trucks to be the greatest contributors to black 
carbon emissions near major roadways.21 A study in Oakland, California found that 
transportation-related air pollution (e.g., black carbon and NOx) was much higher—in some 
cases double—on a freeway that is a designated truck route (I-880) compared to another freeway 
in the same city where trucks are prohibited (I-580).22 Another study near the Port of Oakland 
also found that black carbon levels measured along truck routes were higher compared to 
measurements at most other sites, including those near industrial facilities, other highways and 
on residential streets.23 Studies have combined these fine scale assessments with electronic 
health records  in the health care systems serving the population in Oakland (Sutter Health and 
Kaiser Permanente) and find that these elevated levels of NO2 and black carbon are associated 
with higher rates of cardiovascular events,24 asthma emergency room visits and 
hospitalizations,25 as well as adverse pregnancy outcomes.26 Estimated effects of NO2 and black 
carbon on preeclampsia were highest among non-Latina Black mothers.  
 
A shift to zero emitting medium- and heavy-duty vehicles–including rapid deployment in 
communities long overburdened by this pollution–is a critically important step our nation can 
take to save lives and bring cleaner air to all communities.  
 

3. Investments and Market Advancements 

Momentum for electric vehicle development and production is accelerating rapidly, both globally 
and in the United States. Numerous recent studies highlight key automaker commitments and 
deployments, the dynamic and growing market for ZEVs, and the opportunity for new American 
jobs. States and business coalitions are taking the lead in supporting the industry in its transition 
to electrification.  

President Biden has also signaled his support for a zero-emitting transportation system through 
the signing of two executive orders and an infrastructure bill. In the Executive Order on 
Strengthening American Leadership in Clean Cars and Trucks, President Biden set a goal that 50 
percent of new passenger vehicles sold by 2030 are ZEVs and directed EPA to undertake a series 
of rulemakings to reduce pollution from light, medium- and heavy-duty vehicles, beginning with 
model year 2027.27 A second executive order set goals for the federal government to achieve 100 
percent ZEV fleet acquisition by 2035 (including medium- and heavy-duty vehicles), and 100 
percent light-duty ZEV fleet acquisitions by 2027.28 President Biden also signed the $1.2 trillion 
Infrastructure Investment and Jobs Act (IIJA) in 2021, which passed with bi-partisan support in 
both the U.S. House and Senate. It allocates more than $19 billion toward the medium- and 
heavy-duty sector, a significant portion of which can be used for ZEV purchases.29  IIJA also 
includes $7.5 billion for grant programs administered by U.S. Department of Transportation 
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(DOT) for EV charging infrastructure and provides new funding to support ZEV school buses, 
with priority given to underserved and overburdened communities.30 

Vehicle manufacturers and fleets are making substantial economic and employment 
investments in a ZEV future   

ERM recently released its fifth Electric Vehicle Market Update, which tracks the current status 
and projected growth of the U.S. electric vehicle industry.31 The April 2022 report found robust 
growth indicators for the electric vehicle sector just since the last update was published one year 
prior. Medium- and heavy-duty vehicle manufacturers and fleets are making substantial 
commitments to zero-emitting vehicles. Daimler Trucks North America, the leading 
manufacturer of class 8 trucks in the U.S., has committed to offering only carbon-neutral trucks 
in the U.S. by 2039,32 and expects that by 2030, as much as 60 percent of its sales will be 
ZEVs.33 Volvo Group, owner of the Mack truck brand, has set a goal of having 100 percent of its 
truck and bus sales be zero-emission by 2040.34 Navistar recently said it believes that 50 percent 
of its sales will be electric by 2030 and 100 percent by 2040.35 Both FedEx and Walmart have 
committed to transition their entire global truck fleets to ZEVs by 2040.36  

According to ERM, the labor market is also benefiting from the transition to electrification. 
Manufacturers have announced new investments in the United States of almost $2 billion in 
medium and heavy-duty assembly plants, investments that will support approximately 15,000 
new direct U.S. jobs over the next decade.37 

The numbers of electric trucks and buses already on the roads is growing, in part because of the 
increased selection of model availability. According to CALSTART, as of December 2021, 
1,215 Class 2b through Class 8 ZEVs had been deployed in the United States across over 163 
fleets.38 CALSTART has developed an interactive online tool that tracks available and soon-to-
be-available medium- and heavy-duty zero-emission trucks (ZETs).39 In 2019, there were only 
20 models of Class 2b-8 ZETs available for purchase in the United States. Today there are more 
than 400 models available across all classes and CALSTART estimates that could increase to 
544 total models by the end of 2022. EPA also conducted an analysis of the manufacturer-
supplied end-of-year production reports and found that out of the 380 BEVs certified in MY 
2020, a total of 177 unique makes and models were available for purchase by 52 producers in 
Class 3-8.40 For example, General Motors launched a new business unit, BrightDrop, in January 
2021 that focuses on electric first-to-last-mile delivery trucks. FedEx signed an agreement 
reserving 2,500 delivery vans and is working with BrightDrop to add up to 20,000 more vehicles 
in coming years.41 UPS and DHL ordered 950 electric trucks and 63 delivery vans, respectively, 
from Workhorse42 and Amazon has ordered 100,000 zero-emitting vehicles from Rivian.43 

Leading businesses have also recognized the importance of pollution standards and 
complementary policies in hastening ZEV deployment. The Zero Emission Transportation 
Association (ZETA) – a coalition of major businesses including electric vehicle manufacturers, 
power companies, and many others – has urged adoption of ambitious policies to support 
medium- and heavy-duty electrification, including multi pollutant standards under the Clean Air 
Act.44 The National Zero-Emission Truck (ZET) Coalition is a group of America’s biggest truck 
equipment manufacturers, suppliers and key stakeholders, such as Cummins, Daimler, 
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PACCAR, Eaton, Tesla and Rivian, advocating for federal charging and refueling infrastructure 
and increased federal investments and incentive programs to help drive the near-term production 
of ZEV trucks and buses in the United States.45 And the European Automobile Manufacturers 
Association – which includes Scania, Daimler Truck AG, Ford Trucks and Volvo Group, among 
others – together with the Potsdam Institute for Climate Impact Research, has pledged that by 
2040 all new commercial vehicles sold must be fossil free.46 

State policies are further accelerating ZEV deployment 

California and other states around the nation are paving the way for ZEVs and creating a strong 
foundation for the federal government to move forward with protective emissions standards. In 
September 2020, California Governor Gavin Newsom announced a bold plan for the state to 
achieve 100 percent zero emitting passenger vehicle sales by 2035 and 100 percent zero emitting 
freight trucks and buses for all feasible operations by 2045, while accelerating mobilization of 
zero emitting vehicles in urban and community applications to address environmental injustice.47 

In June 2020, California adopted the world’s first zero-emission truck rule. The Advanced Clean 
Truck (ACT) rule will require manufacturers to start selling new heavy-duty ZEVs by 2024 and 
require 55 percent of class 2b – 3 truck sales, 75 percent of class 4 – 8 straight truck sales, and 40 
percent of truck tractor sales to be zero-emission by 2035 at the latest.48 This landmark rule is 
expected to prevent more than 900 premature deaths, save the state economy up to $12 billion 
over the next 20 years and create thousands of new jobs by 2035.49 

Importantly, California also adopted more protective heavy-duty low NOx emissions standards to 
help the state meet national ambient air quality standards and vital state public health and 
environmental justice goals. In August 2020, California adopted the Heavy-Duty Engine and 
Vehicle Omnibus Regulation, which substantially tightens the NOx emission standard for on-
road heavy-duty engines by 75 percent beginning in 2024 and ramping up to 90 percent in 
2027.50 Once fully phased in by 2031, the rule is expected to reduce harmful NOx emissions in 
California by more than 23 tons per day – the equivalent of taking 16 million light-duty cars off 
the road in 2031. The emissions reductions will result in 3,900 avoided premature deaths and 
3,150 avoided hospitalizations statewide over the life of the rule (2024 – 2050), and lead to 
estimated statewide health benefits of approximately $36.8 billion.51 

In November 2021, Oregon became the first state outside of California to adopt both the ACT 
rule and the Heavy-Duty Omnibus rule, which will apply to model years 2025 and beyond.52 
Four other states – New Jersey, New York, Washington and Massachusetts – have all adopted 
the Advanced Clean Trucks rule.53 These states, together with California and Oregon are 
estimated to contain more than 20-percent of the national fleet of medium- and heavy-duty 
trucks.54 And many other states, including Connecticut,55 Colorado and Maine are currently 
contemplating adoption of the ACT rule. 

As part of its statewide strategy to reduce transportation emissions, California is also developing 
the Advanced Clean Fleets regulation, which aims to accelerate the market for zero-emission 
trucks and buses by requiring fleets that are well suited for electrification to transition to ZEVs.56 
The regulation would set requirements for new ZEV sales as well as in-use fleet composition, 



 7 

and would apply to fleets performing drayage operations, public agencies, federal governments, 
and high-priority fleets.  

The draft regulation includes setting a requirement that all new medium- and heavy-duty vehicle 
sales be ZEVs starting in 2040 – a target that is faster than that finalized in the ACT rule – and 
proposed to help contribute to the state’s goal of carbon neutrality by 2045 and the Governor’s 
executive order that 100 percent of medium- and heavy-duty vehicles where feasible be ZEVs by 
2045. Under the draft regulation, public fleets would be required to purchase 100 percent ZEVs 
by 2027; all new drayage trucks would be ZEVs beginning in 2024 and by 2035 every drayage 
truck on the road would be a ZEV; and high priority and federal fleets would be required to meet 
ZEV targets as a proportion of their total fleet. The Air Resources Board (ARB) will hold 
additional public workshops on the draft regulation in May 2022.57   

In addition to state rulemakings, a diverse collection of seventeen states and the District of 
Columbia joined a multi-state initiative to advance and accelerate the market for electric 
medium- and heavy-duty vehicles.58 Together, the signatories account for 35 percent of the 
nation’s medium- and heavy-duty fleet.59 The voluntary initiative set a target of 30 percent of 
new truck and bus sales being ZEV by 2030 and 100 percent ZEV sales by 2050 with an 
emphasis on the need to accelerate and prioritize deployment in disadvantaged communities. The 
agreement could result in an estimated reduction of up to 740 million barrels of oil by 2045, 
which is equivalent to more than 300 million metric tons of CO2 pollution.60 A more recent 
report from ICCT estimates a cumulative emissions reduction of 646 million metric tons of CO2 
from 2020-2050.61 

These state initiatives are imperative because they drive the adoption of ZEV technology and 
help alleviate statewide pollution burdens. However, heavy-duty vehicles and their pollution do 
not always stay within state borders. For example, over half of the heavy-duty vehicle miles 
traveled in California are by federally certified vehicles that are not required to meet California’s 
more protective standards.62 A durable EPA medium- and heavy-duty greenhouse gas and NOx 
rule will further encourage the investments needed to transition to a fully zero-emitting medium- 
and heavy-duty fleet.  
 

4. ZEV costs are nearing parity with gasoline and diesel vehicles  

Many commercial truck and bus segments are primed for a near term transition to electrification 
– the technology has been proven and the benefits outweigh the costs now or in the very near 
term. A recent study conducted by Roush Industries for Environmental Defense Fund evaluated 
both the upfront and ongoing costs of electrifying several types of medium and heavy-duty 
vehicles that are commonly used in urban areas, including transit buses, school buses, garbage 
trucks, shuttle buses and delivery trucks.63 These vehicles tend to be concentrated in urban areas 
where average trip distances are shorter and health and pollution impacts are of most concern, 
making them particularly important opportunities for early electrification deployment.  

The analysis evaluated the cost of electrifying these medium- and heavy-duty market segments 
and projected incremental vehicle costs of BEVs over diesel vehicles at the time of purchase and 
the total cost of ownership (TCO) of BEVs in the 2027- 2030 timeframe. The analysis concludes 
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that BEVs are cost competitive with diesel vehicles in all vehicle segments examined, and in 
most cases at the time of purchase in 2027.  

As shown in Figure 1, when considering upfront purchase price alone, by 2027, the electric 
freight trucks and buses examined will be incrementally less expensive than their combustion 
engine counterparts in all categories except shuttle buses (which are close to price parity). 
Incremental vehicle costs were determined by identifying the major components in a diesel-
powered vehicle that would be eliminated in a BEV (delete costs), as well as identifying 
components that must be added to a vehicle for electrification. 

As state and federal greenhouse gas and low NOx regulations continue to become more 
protective, technology will be developed to improve fuel economy and reduce emissions in 
diesel vehicles, adding costs to their systems. In contrast, further technology development of EV 
components such as batteries, motors, and power electronics will lower the costs of these items, 
leading to their cost parity or advantage over diesel powertrains as early as 2027.  

 

Figure 1 shows that in almost every case, electric vehicles are projected to have lower upfront 
costs than their diesel counterparts as early as 2027.  
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Total cost of ownership (TCO), which is important to fleet customers, represents all capital 
expenditures related to a vehicle that an owner will incur over the vehicle’s life. TCO considers 
purchase price, maintenance, energy, and charging infrastructure costs over the life of the 
vehicle. The Roush study concluded that for vehicles purchased in 2027, electric vehicle costs 
will be less than internal combustion vehicles costs over the life of the vehicle – largely because 
maintenance and energy costs will be lower (Figure 2). The cost savings will also be more than 
enough to overcome any added costs from charging infrastructure. Charging infrastructure costs 
are expected to decline in the future as a result of increasing availability, advancing technology, 
and optimized charging strategies, which could further reduce the TCO for EVs. 

 

Figure 2 shows that in all segments, the cost of owning a BEV purchased in 2027 will be less 
than a diesel counterpart over the life of the vehicle.  

Finally, Roush concluded that TCO parity will occur at the time of purchase in 2027 for many 
segments or very quickly for others (Table 1). These TCO projections reflect Roush’s original 
analysis that used a fuel cost of $3.25 per gallon. In a study update, Roush used EIA’s high 
projection for 2027-2030 of $4.90 per gallon, which is much closer to today’s prices. At that fuel 
price the TCO parity occurs a year earlier for a couple of classes.64 These results support the 
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immediate move to electrification for vehicle segments that operate primarily in urban settings 
where vehicle trips are shorter and the burden from harmful emissions is greatest.     

 

Roush’s findings have been confirmed in other recently released reports. The National 
Renewable Energy Lab (NREL) looked at all classes and segments of medium- and heavy-duty 
vehicles and concluded that with continued improvements in vehicle and fuel technologies, 
ZEVs can reach TCO parity with diesel vehicles as early as 2026 for some applications and no 
later than 2035 for all segments, including long-haul trucks.65 The study also concludes that 42 
percent of all medium- and heavy-duty truck sales and 100 percent of bus sales will be ZEVs by 
2030.  

While Roush did not study Class 8 short haul (day cab) tractors, this segment is also ripe for 
near-term electrification. These tractors pull trailers and typically drive less than 250 miles per 
day, returning to a hub each night where they could charge. NREL estimates that these tractors 
will reach TCO parity with their diesel counterparts by 2025.66 And a recent study by the North 
American Council for Freight Efficiency (NACFE) concluded that a BEV short haul tractor 
purchased today will save more than $9,000 annually on fuel costs compared to a diesel truck.67 

Cost parity projections are also being confirmed by leading heavy-duty truck and bus 
manufacturers. Navistar noted recently that long haul trucks will meet cost parity with diesel by 
2027 with all other heavy-duty vehicles reaching cost parity before 2025.68 Daimler anticipates 
total cost of ownership of its BEVs to reach parity with traditional diesel vehicles by 2025.69 

BATTERY SIZE

kWh

CLASS 8 REFUSE HAULER 200 IMMEDIATE

CLASS 8 TRANSIT BUS 400 1 YEAR

CLASS 7 SCHOOL BUS 60 IMMEDIATE

CLASS 7 DELIVERY TRUCK 100 3 YEARS

CLASS 5 DELIVERY TRUCK 150 IMMEDIATE

CLASS 3–5 SHUTTLE BUS 200 2 YEARS

CLASS 3 DELIVERY VAN 100 2 YEARS

TABLE 1–TOTAL COST OF OWNERSHIP (TCO) PARITY 
(VEHICLE PURCHASED IN 2027)

CLASS SEGMENT TIME TO 
TCO PARITY
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Another report developed by M.J. Bradley & Associates for Environmental Defense Fund shows 
a large and growing opportunity to expand America’s zero-emission freight trucks and buses. 
The report evaluates four factors in assessing the readiness of zero-emitting medium and heavy-
duty vehicles in different applications – the availability of electric models from manufacturers, 
the requirements for charging, the ability of electric models to meet operating requirements, and 
the business case for zero-emitting vehicles. It finds that many market segments have favorable 
ratings across at least three of these categories, which indicates strong potential for near-term 
zero-emitting vehicle deployment. These market segments, which represent about 66 percent of 
the current in-use fleet, include heavy-duty pickups and vans, local delivery and service trucks 
and vans, transit and school buses, Class 3 to 5 box trucks, Class 3 to 7 stake trucks, dump trucks 
and garbage trucks. Similarly, a ZEV applicability spreadsheet created by California’s ARB and 
the Truck and Engine Manufacturers Association (EMA) shows that dozens of medium- and 
heavy-duty vehicle segments in Class 3-8 already met all of the criteria for immediate 
electrification in 2019.70 

Market sources clearly show that the medium- and heavy-duty industry has embraced zero-
emitting vehicle technology and momentum is growing. Numerous vehicle classes and segments 
are ready for electrification today to help launch the industry toward zero tailpipe emissions. 
Strong and durable federal emissions standards are needed to signal our nation’s steadfast 
commitment to reducing truck emissions and support the industry in its transition to ZEVs.  

5. National pollution standards must achieve significant penetration of ZEVs in the 
near term 

 
EPA is considering pollution standards under the Clean Air Act that could ensure substantially 
greater adoption of medium- and heavy-duty ZEVs in the near term. As noted above, many 
classes of medium- and heavy-duty vehicles, including delivery vans, short-haul box trucks, 
refuse haulers, shuttle vehicles, and transit and school buses, are already cost-effective segments 
for electrification with more models reaching purchase and TCO parity within the next few 
years.  
 
EDF has conducted analysis examining the climate, air pollution, health and monetized impacts 
that would result from electrifying vehicles in several medium- and heavy-duty market segments, 
in the 2027-2029 timeframe. While these segments present the most cost-effective near-term 
opportunity for reductions, it will be equally important for other segments, including long-haul 
tractors, to transition to electrification as soon as possible because of their significantly high 
emissions, high vehicle miles traveled and lower fuel economy.  
 

Methodology 
 
Our analysis assumes by model year 2029: 

• 40 percent of new Class 4-8 single unit truck sales will be BEVs,  
• 40 percent of new Class 8 short haul (day cab) tractor sales will be BEVs, and  
• 80 percent of new transit and school bus sales will be BEVs.  
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Table 2 below shows the assumed ramp up to 2029 for each vehicle category. The analysis 
assumes BEV sales will be held constant at MY2029 levels thereafter. 
 

 
 
The analysis estimates the health, environmental and economic impacts against a baseline that 
utilizes default vehicle sales and usage from EPA’s MOVES3 model. Baseline emissions have 
been adjusted to account for proposed Option 1 NOx and PM standards in EPA’s recent proposal 
for heavy-duty engine and vehicle standards71 as well as EPA’s projected medium- and heavy-
duty BEV sales (taken from AEO2018).72  Only those emissions from the four vehicle segments 
listed in Table 2 are included in the analysis. Fuel prices – including gasoline, diesel and 
electricity rates – are taken from the High Oil Price case of the Annual Energy Outlook (AEO) 
2022. Upstream fossil fuel emission factors are taken from the recent EPA final rulemaking for 
light-duty model year 2023-2026 GHG standards.73,74 Upstream electricity emissions in 2025 are 
based on GREET2020 estimates, linearly reduced to zero in 2035 per President Biden’s plan for 
the nation to be 100 percent renewable by 2035.75 
 
The estimated vehicle, maintenance and electric charging costs are based on the Roush report 
conducted for EDF and a DOE report from NREL.76 The impact of emissions on public health is 
based on the findings of EPA’s analysis presented as part of its proposed rulemaking.77 

 
Case for near-term electrification of modeled medium- and heavy-duty vehicles 

 
Based on technological feasibility, cost, lead time and other market forces it is reasonable that 
performance-based pollution standards would help to ensure that 40 percent of all new class 4-8 
single unit trucks and short haul tractors and 80 percent of school and transit buses are zero-
emitting by 2029.  
 
Most Class 4-8 single unit trucks, Class 8 day-cab tractors, and school and transit buses are 
suitable for near-term electrification due to generally modest daily mileage and energy demand 
per vehicle, as well as the ability of most vehicles in the segments to utilize home base charging. 
We do not include sleeper cab-equipped tractors in our analysis because they are used in long-
haul operations and are more likely to require a public charging network, making them more 
difficult to electrify in the 2027-2029 timeframe. In the truck segments encompassed in our 
analysis, 60 – 80 percent of existing highway vehicles are estimated to be highly suitable for 

MODEL YEAR CLASS 4–8 SINGLE UNIT TRUCKS
CLASS 8 DAY CABS

TRANSIT AND 
SCHOOL BUSES

2026 AND EARLIER 0% 0%

2027 13% 25%

2028 27% 50%

2029 AND BEYOND 40% 80%

TABLE 2:  BEV SALES UNDER SCENARIO MODELED
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electrification with current technology, and these percentages are expected to increase by 2029 
due to improvements in battery technology that will increase range and reduce vehicle weight.78 
 
The U.S. medium- and heavy-duty electric vehicle market has significantly expanded in the past 
three years, with the addition of more variety of vehicle models available from a greater number 
of manufacturers, such that sufficient electric vehicle options will be available in the 2027 – 
2029 time. In the past, most ZEVs were produced by small manufacturers; there are now larger 
companies that dominate the diesel and gasoline truck market entering the ZEV market and 
making significant investments to expand ZEV production capacity. This trend is expected to 
continue as ZEV demand increases due to reductions in ZEV life-cycle costs, ZEV-focused 
federal funding under the Bipartisan infrastructure law, existing policies in California and other 
states that require minimum levels of ZEV sales, and announced fleet ZEV purchase 
commitments from private companies and government agencies. A recent analysis 
commissioned by EDF indicates that baseline medium- and heavy-duty ZEV sales, absent any 
additional standards or supporting federal policy, could account for half or more of the scenario 
modeled in this analysis.79   
 
Navistar and Daimler Trucks North America – which together account for about 37 percent of 
Class 4 – 8 truck sales – both project 50 – 60 percent of their sales volume will be ZEVs by 
2030.80  These companies are already preparing to meet similar levels of demand as those that 
would result from protective, performance-based standards consistent with the above-described 
2029 ZEV goals.   Accordingly, these company projections reinforce our analysis and underscore 
that there is ample lead time to meet national performance-based standards that ensure this level 
of ZEV deployment. 
 
One factor likely driving Navistar and Daimler’s projections of high ZEV sales growth is a 
rapidly improving business case for medium- and heavy-duty electrification, due to projected 
reductions in battery and component costs and increasing availability of charging infrastructure. 
As noted earlier, numerous recent studies project life cycle cost parity - or even purchase cost 
parity - between ZEV and diesel/gasoline trucks and buses in the 2025 – 2028 timeframe. And 
both Navistar and Daimler stated recently that they anticipate their heavy-duty ZEV vehicles 
reaching life-cycle cost parity with diesel before or by 2025.8182Achievement of cost parity with 
traditional vehicles will drive ZEV demand beyond early adopters, to a greater number of fleets 
that are primarily focused on the bottom line. 
 
Ensuring that 40 percent of new Class 4-8 single unit trucks and short haul tractors and 80 
percent of buses are ZEVs by 2029 is reasonable and readily achievable and will result in 
significant emissions reductions, health benefits and billions of dollars saved, as shown in our 
results below.  
 

6. Results 
 
National pollution standards for new medium- and heavy- duty vehicles have the opportunity to 
deliver significant climate, health and economic benefits by reducing greenhouse gas and other 
harmful air pollutants, including carbon dioxide (CO2), NOx, fine particulates, air toxics and 
other health-harming pollutants.  
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As shown in Figure 3, standards that drive the early electrification of Class 4-8 single unit trucks, 
day cabs and transit and school buses have the potential to eliminate nearly 60 million metric 
tons of GHG emissions annually in 2035, 85 million tons in 2040 and 115 million tons every 
year by 2050, relative to no federal action. Between now and 2050, standards that achieve the 
above-described goals will eliminate more than 1.6 billion tons of climate pollution, which is 46 
percent of GHG emissions from the vehicle segments modeled. If we assume that all of these 
segments reach 100 percent new ZEV sales by 2035, we would see far greater emissions 
benefits. Similarly, requiring even a small portion of long-haul tractor sales to be ZEVs over the 
next decade would result in dramatic reductions due to the high fuel use by that segment. 
 

 
 
Protective standards would also deliver significant reduction in ozone-forming nitrogen oxides 
(NOx), health-harming particulates and sulfur oxides (SOx), especially in communities near busy 
truck routes.  
 
As Figure 4 shows, standards that achieve the above-described ZEV goals would reduce NOx 
emissions by nearly 30,000 tons per year in 2035, more than 43,000 tons annually by 2040 and 
nearly 60,000 tons annually by 2050. In total, the standards will eliminate more than 840,000 
tons and 41 percent of NOx emissions from the modeled vehicle segments alone by 2050. These 
reductions are incremental to EPA’s proposed Option 1 NOx emissions standards. The emissions 
benefits of early electrification would increase dramatically to a total NOx reduction of nearly 
2.2 million tons by 2050 if compared to the existing NOx standards.83 NOx contributes to the 
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formation of fine particles and ground level ozone, both of which are associated with adverse 
health effects, including premature death.84 
 
Standards that drive electrification of urban vehicles would also reduce fine particulate matter by 
a total of 14,000 tons and SOx emissions by 87,000 tons by 2050.  
 
 

 
 
We translated these pollution reductions into health benefits using EPA’s latest assessment of the 
impact of NOx and PM emissions described in EPA’s recent proposal.85 Table 3 shows that 
emissions standards that drive early electrification of some medium- and heavy-duty vehicles 
segments would result in an estimated 390 fewer premature deaths and more than 32,000 fewer 
lost workdays each year by 2040. By 2050, a total of more than 7,500 fewer Americans will have 
died prematurely. And if compared to existing NOx standards, the impact of electrification could 
prevent as many as 9,600 premature deaths by 2050. 
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To evaluate the economic impacts of eliminating pollution from new vehicles sold by 2029, we 
monetized the benefits of the GHG emissions reductions and ambient ozone and PM-related 
health benefits to society and added it to the total vehicle, maintenance and fuel cost savings.86 
Figure 5 summarizes the substantial aggregate benefits to the nation, relative to no federal action. 
The annual benefits are an estimated $4 billion in 2030 and jump to as high as $34 billion in 
2040 and nearly $53 billion in 2050. In total, eliminating tailpipe pollution from the segments 
modeled would save the nation more than $650 billion – or up to $680 billion assuming today’s 
NOx standards. Again, these dramatic economic and health savings are the result of just a 
portion of the medium- and heavy-duty fleet starting to electrify over the next 7 years. The 

INCIDENCES 2040 2050 TOTAL 
THRU 2050

PREMATURE MORTALITY

Average Long Term PM–Related 394 542 7,591

Short Term PM– and Ozone–Related 8.9 11.6 172.6

NON–FATAL HEART ATTACKS

Peters et al. (2001) 279 383 5,396

Others* 30 42 585

CARDIAC ARREST 217 302 4,159

ASTHMA SYMPTOMS 28,385 38,132 558,655

TOTAL RESPIRATORY SYMPTOMS 8,836 12,277 169,586

EMERGENCY ROOM VISITS AND 
HOSPITAL ADMISSIONS 335 458 6,486

ACUTE BRONCHITIS 340 471 6,543

LOST WORK DAYS 32,561 44,753 69,861

*Equal-weights pooling of these studies: Pope III et al. (2006); Sullivan et al. (2005); 
Zanobetti et al. (2009); and Zanobetti and Schwartz (2006)

TABLE 3:  ELECTRIFICATION AT MY 2029 LEVELS YIELD 
SIGNIFICANT REDUCTIONS IN HEALTH IMPACTS
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impact of 100 percent new ZEV sales across all vehicle segments would push these benefits into 
the trillions of dollars.  
 
 

 
 

7. Conclusion 
 
Performance-based pollution standards that ensure the early electrification of Class 4-8 single 
unit trucks, day cabs and transit and school buses would have substantial benefits for all 
Americans. These standards would avoid at least 85 million metric tons of greenhouse gas 
emissions every year by 2040 and a total of more than 1.6 billion tons by 2050. They would 
likewise significantly reduce ozone forming pollution by more than 43,000 tons annually by 
2040 and 840,000 in total through 2050 – pollution that disproportionately burdens people of 
color and lower income communities. The standards would prevent more than 7,500 premature 
deaths through 2050. Adopting national multipollutant standards for this subset of medium- and 
heavy-duty vehicles would save Americans up to $34 billion annually by 2040 and $650 billion 
cumulatively by 2050. Following these pollution standards with a national program that drives 
100 percent new ZEV sales of all medium- and heavy-duty vehicles by 2035 would result in 
even greater benefits, including trillions of dollars in economic savings to our nation. 
 
 

 
1 See eg. Vishnu Nair, Sawyer Stone, Gary Rogers, Sajit Pillai. 2022. Medium and Heavy-Duty Electrification 
Costs for MY 2027- 2030, Roush Industries for Environmental Defense Fund. 
http://blogs.edf.org/climate411/files/2022/02/EDF-MDHD-Electrification-v1.6_20220209.pdf; Muratori, Matteo et 
al. “Decarbonizing Medium- and Heavy-Duty On-Road Vehicles: Zero-Emission Vehicles Cost Analysis.” NREL 
Transforming Energy. March 2022. https://www.nrel.gov/docs/fy22osti/82081.pdf.  
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