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1 Introduction 
Although more established for light-duty vehicles, advancements in EV charging technology are 
being made in the medium- and heavy-duty (MD/HD) sector. Progress is also being made with 
the electrification of MD/HD vehicles, including transit buses, school buses, MD trucks, and HD 
trucks. The diverse set of operational requirements and duty cycles for each vocation as well as 
the range in the size of fleets present unique charging and infrastructure requirements (Muratori 
et al. 2021). 

This report focuses on charging requirements for MD/HD vehicles and synergies with light-duty 
vehicle (LDV) infrastructure. This analysis leans towards the qualitative rather than quantitative 
because relevant model inputs are in development and will not be established for few years, as 
EV deployments are more mature in the LDV sectors than MD/HD. The report begins with an 
overview of MD/HD vehicle classes and types of charging, including depot and residential 
charging, among others (Section 2). Section 3 analyzes the home bases (overnight dwell 
location) of existing MD/HD vehicles, with an emphasis on depot and residential home bases, 
and discusses implications for charging infrastructure. Section 4 discusses the key characteristics 
for determining if, when, and where MD/HD vehicles can leverage LDV charging infrastructure 
rather than requiring dedicated chargers. These considerations include electricity demand, 
connectors, physical space requirements, payment considerations, and impacts on the grid. 
Section 5 summarizes shared characteristics for MD/HD vehicles that are appropriate for near-
term electrification and includes a summary of the outlook of the electric MD/HD vehicle 
market.  The conclusion (Section 6) summarizes the report’s findings and outlines areas for 
future research. 
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2 Vehicle Classes, Populations, and Types of 
Charging  

Examples of MD and HD vehicles are shown in Figure 1, classified into light, medium, and 
heavy duty. Definitions of these sectors differ between the U.S. Department of Transportation, 
Environmental Protection Agency, and U.S. Census Bureau. All agencies classify vehicle class 
based on gross vehicle weight rating, but the numbers differ (Alternative Fuels Data Center 
2024b; National Highway Traffic Safety Administration 2024). The Environmental Protection 
Agency defines vehicle classes for fuel economy and emissions regulation purposes. This report 
classifies MD/HD vehicles according to definitions from the Federal Highway Administration 
(FHWA), which falls under the U.S. Department of Transportation. 

 
Figure 1. FHWA class definitions and examples of vehicles in different classes.  

Source: Modified from Vehicle Technologies Office (2011); Alternative Fuels Data Center (2024b) 

Although there are more medium-duty vehicles (MDVs) by stock, heavy-duty vehicles (HDVs) 
consume more energy and emit more carbon dioxide due to higher annual vehicle miles traveled 
(VMT) and lower vehicle fuel economies, as shown in Figure 2. 
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Figure 2. U.S. light-medium duty (Class 3), medium-duty (Class 4–6), and heavy-duty (Class 7–8) 

vehicle stock (millions of vehicles) and carbon dioxide emissions (millions of metric tons) by 
vehicle sector. 

Source: Ledna et al. (2022) 

MD/HD battery-electric vehicles can be charged via public or private alternating-current (AC) 
Level 2 chargers or direct-current fast chargers (DCFCs). Unlike LDVs, it is not practical to 
charge MD/HD vehicles using AC Level 1 charging. For example, an electric delivery van with a 
100-kWh battery would take 100 hours to charge from fully depleted to 100% charged using AC 
Level 1 charging (1-kW power output).1 

Charging types for MD/HD vehicles include: 

• Depot: Also known as “return-to-base” charging; charging occurs where the vehicle is 
stored, typically overnight. Depots are typically private industrial or commercial 
locations. 

• Driver residence: Some MD/HD vehicles are parked at the driver’s home overnight, 
rather than returning to a depot. In these cases, charging would occur at or near the 
driver’s residence, utilizing home AC Level 2 chargers. This type of charging is further 
discussed in Section 3. 

• En route: Charging occurs while the vehicle is en route to its destination, at either a 
public or private charging station. This could be a dedicated charging station for the MD 
or HD vehicle or an existing charging station intended primarily for LDV usage. En route 
charging typically requires “fast” charging (MW+) to remain on schedule (Muratori and 
Borlaug 2021). 

• Opportunity: Charging occurs while the vehicle is parked for another purpose, such as 
during loading/unloading, or while at a truck rest stop. Muratori et al. (2023) describe 
opportunity charging as “public or semipublic locations where vehicles routinely dwell.” 

• Destination: Charging occurs at the vehicle’s destination, such as a store where it is 
delivering goods. The destination may or may not be owned by the company owning the 

 
1 Assuming the specifications are similar to the Rivian Delivery 700 van: rivian.com/fleet. 

https://rivian.com/fleet
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vehicle. This is different from a depot, which is a dedicated area where vehicles are 
intended to be stored. 

The electric MD/HD vehicle market is most mature for transit and school buses (Alternative 
Fuels Data Center 2024a; Lowell and Culkin 2021). Electric buses—along with electric delivery 
trucks, which have more recently penetrated the MD/HD vehicles market—have predictable, 
low-mile routes that end in the same place they begin. These circular routes enable high 
specificity in EV battery sizing, which can make vehicles that operate on these established routes 
more cost competitive with conventional models than vehicles subject to a highly variable drive 
cycle. Despite this, the upfront costs of electric transit and school buses in-particular are still 
high; however, grants such as those for electric school buses can offset the high upfront costs, 
enabling a higher adoption rate(U.S. Environmental Protection Agency 2021). Electric delivery 
vehicles are typically depot charged at warehouses where the vehicles pick up goods and/or are 
parked overnight. For example, as of April 2024, Amazon has 17,000 chargers located at 120 
warehouses across the United States(Day 2024). Nearly all of these are AC Level 2 chargers. 
UPS and FedEx have also purchased electric delivery vans (Baertlein et al. 2024). 

Initial electric MD/HD applications will require a lower daily VMT, with operating ranges less 
than 200 miles in return-to-base operations to allow vehicles to charge at a central location. 
Furthermore, these early fleets will have off-shift dwell periods that provide ample opportunity 
for charging. Early electric MD/HD vehicle deployments—including transit buses, school buses, 
and delivery vans, as mentioned above—meet these criteria (pictured in Figure 3). For example, 
school buses in the United States drive around 50 miles per day on average; transit buses average 
around 140 miles per day (Bruchon et al. 2024a). Rated ranges for electric school and transit 
buses are around 150–250 miles, meeting or exceeding these mileage requirements 
(Environmental Defense Fund, n.d.). Fleet managers may be more comfortable with shorter 
ranges for fleet vehicles than individual drivers of LDVs due to the predictability and 
consistency of daily mileage for certain MD/HD fleet vehicles.  

  
Figure 3. Electric school buses (left) and delivery trucks (right) have penetrated the MDV market. 

Photos by John Gonzales, NREL 74748 (left) and Trish Cozart, NREL 19543 (right) 

In addition, around 87% of U.S. MD/HD vehicles have operating ranges less than 200 miles, and 
the development of depot charging for these vehicles will be essential to enable electrification 
(Muratori and Borlaug 2021). Due to the convenience and cost-effectiveness of depot charging 
compared to en route charging, it is estimated that 75%–90% of chargers for MD/HD vehicles 
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will be at depots by 2030 (McKenzie et al. 2021). In addition, in 2024, the California Energy 
Commission Assembly Bill 2127 projected approximately 95% of MD/HD vehicle chargers as 
depot chargers in 2030 and roughly 97% in 2035, as shown in Figure 4 (California Energy 
Commission 2024). However, there are other charging options that may see increased 
deployments over time. 

 
Figure 4. Projected MD/HD vehicle charging needs in 2025, 2030, and 2035 by type (depot or en 

route) and power level for the state of California. 
Source: California Energy Commission (2024)  

As of 2024, approximately 577,000 unique businesses registered with the Federal Motor Carrier 
Safety Administration owned or leased at least one truck, with 95.5% of fleets containing 10 
vehicles or fewer (American Trucking Associations 2024). Companies owning small fleets are 
less likely to have the resources to invest in EV infrastructure for depot charging. However, 
although small fleets dominate, they account for less than half of total MD/HD vehicles (Smart et 
al. 2020). Therefore, investments made by larger companies (with bigger fleets) would impact a 
high percentage of trucks on the road. 

Although much of the MD/HD vehicle charging is anticipated to occur at depot locations, such 
as the one pictured in Figure 5, during a typical overnight dwell (McKenzie et al. 2021), larger 
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operating ranges will likely have to rely on some en route or destination charging to satisfy 
longer trips. Vehicles parking at driver residences will require disparate charging infrastructure. 
In order to better understand the potential prevalence of depot vs. driver residence charging, the 
primary overnight dwell location of current MD/HD vehicles was analyzed.  

 
Figure 5. A truck fleet depot with electric trucks.  

Photo by Mike Simpson, NREL 28804 

3 MD/HD Vehicle “Home Base” Analysis: Depot vs. 
Residence 

The type of charging solution required for electric MD/HD vehicles will vary based on where the 
vehicle is parked while off-duty.  

An analysis of the 2021 Vehicle Inventory and Use Survey (VIUS) data (Bureau of 
Transportation Statistics 2021) was performed to estimate the “home base” (defined as “the 
location where the vehicle was usually parked when it was not on the road,” which we interpret 
as the primary off-duty dwell location) of different classes of existing trucks. Although these 
vehicles are overwhelmingly conventional internal combustion engine vehicles, their current 
home base could indicate where charging would need to occur if the vehicles were electrified to 
minimize a disruption to current operations. The estimated proportion of MD/HD trucks that are 
parked at a commercial/industrial location,2 private residence, or a mix of the two are shown 
sequentially in Figure 6.  

 
2 VIUS respondents selected one of the following: corporate office/headquarters, terminal or motor pool, distribution 
center, manufacturing plant, farm/agricultural production, mining or other energy production site, truck leasing 
company, or port. 



7 
This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications. 

 
Figure 6. Estimated truck primary overnight dwell locations (home bases) in the United States 

based on vehicle class, range, and primary use, according to a statistical analysis performed on 
2021 VIUS survey data. 

Local ranges: 0–99 miles; regional ranges: 100–249 miles; long-haul ranges: 250 miles or greater 

The majority of MD/HD vehicles—both freight and non-freight and across all ranges of 
operation—are parked at commercial or industrial locations (likely a depot) while off-duty. The 
percentage of non-personal vehicles with a commercial/industrial home base varies between 70% 
and 83% for Class 4–6 MDVs and 72% and 91% for HDVs. In contrast, between 11% and 20% 
of MDVs and 5% and 13% of HDVs are regularly parked at residential locations, depending on 
range and use case.  
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Figure 6 separates each truck class first by freight and non-freight use cases,3 and then by local, 
regional, and long-haul (defined by range of operations less than 100 miles, between 100 and 
250 miles, and above 250 miles, respectively) applications. Non-freight MDVs are at the upper 
end of the residential parking range, with long-haul-range vehicles parking at residences most 
often (20%), followed by local ranges (18%) and regional ranges (15%). In comparison, between 
11% and 14% of freight MDVs regularly park at residences. Fewer HDVs park at residences 
compared to MDVs, but freight HDVs are more likely (9%–13%) to than non-freight HDVs 
(5%–9%). Surprisingly, within the HDV class it is the long-haul freight vehicles that park at 
residences most often (13%), excluding HDVs used for personal use.  

This demonstrates that although most off-duty commercial MD/HD vehicles park at a private 
depot, a substantial proportion of both medium- and heavy-duty commercial vehicles park at 
residential locations. In particular, non-freight MDVs with regional and local ranges have the 
highest incidence of a residential home base—between 15% and 20%. These vehicles will 
require targeted charging solutions if electrified. Vehicles utilizing street parking will face a 
particular challenge, as a power source is typically not nearby.  

  

 
3 Non-freight MD and HD vehicles refer to VIUS respondents that did not select “transporting goods/products” as 
the vehicle’s commercial activity. 
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4 En Route MD/HD Vehicle Charging: Dedicated 
MD/HD Vehicle Chargers vs. Leveraging LDV 
Infrastructure 

Although most MD/HD vehicle charging is expected to occur at a home base or depot 
(McKenzie et al. 2021; Lowell and Culkin 2021), some MD/HD vehicles—mostly HD—will 
need en route charging to enable longer-distance trips. One study predicted that long-haul 
tractors are the only MD/HD vehicle market segment for which almost all vehicles will require 
en route chargers, along with some regional-haul tractors and some Class 6–8 box trucks (Lowell 
and Culkin 2021). The analysis estimated that all other MD/HD vehicle categories will nearly 
exclusively utilize home base charging. However, these vehicles may still need access to public 
chargers in extenuating circumstances (such as a failed overnight charge). Table 1 shows the 
estimated charging types by MD/HD vehicle category from Lowell and Culkin (2021). Note that 
categories may appear in more than one charging bin (indicating that the charging needs for 
those categories will differ based on the vehicle/application).  

Table 1. Estimated Charging Requirements by MD/HD Vehicle Market Segment (Lowell and Culkin 
2021) 

Market Segment % MD/HD Truck 
Greenhouse Gas 
Emissions 

Home 
Base (AC 
Level 2) 

Home 
Base 
(DCFC) 

Public 

Long-haul tractor 47.8%    
Heavy-duty pickup and van  15.7%    

Regional-haul tractor  11.9%    
Delivery truck 2.7%    

Dump truck 2.6%    

Box truck (Class 8)  1.9%    
Service van  1.7%    

Shuttle bus 1.3%    

School bus  1.1%    

Delivery van  1.0%    

Service truck 0.8%    

Stake truck (Class 3–5) a 0.7%    

Transit bus 0.7%    

Refuse hauler 0.6%    

Stake truck (Class 6–7)  0.5%    

Box truck (Class 6–7) 0.5%    
Box truck (Class 3–5) 0.3%    

a Stake trucks are trucks with a flat bed and removable gates; these gates allow oversized cargo to be carried. 
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For the MD/HD vehicles requiring public chargers, the question remains whether these vehicles 
will utilize existing LDV public charging infrastructure (including DCFCs) or require dedicated 
electric vehicle supply equipment (EVSE). This requires consideration of electricity demand, 
physical space requirements, connector availability, pricing and costs, and impacts on the 
electricity grid. These considerations are discussed in the following subsections. 

4.1 Electricity Needs 
Due to their size, MD/HD vehicles require a significant amount of energy, with operational 
efficiency estimated around 2.4 kWh/mile (Gladstein, Neandross & Associates 2021; Uddin 
2021), although this efficiency varies based on the type of vehicle. Comparing this to the light-
duty average (sales-weighted) operational efficiency of 0.29 kWh/mile (Gohlke and Zhou 2021) 
means MD/HD vehicles will consume roughly 8 times more energy per mile than LDVs, 
suggesting an even greater need for higher power to support charging (U.S. Department of 
Energy and U.S. Environmental Protection Agency 2023). 

Fleets of multiple trucks or buses charging in one location, such as a depot or travel center, may 
require several megawatts of power in total. This requires expensive charging infrastructure, 
potentially including costly and time-consuming grid upgrades, to provide the higher voltage and 
current levels that fleet vehicles may need (Muratori et al. 2021).  

Conversely, some fleet operations can be supported by depot charging at power levels in line 
with light-duty charging equipment. For example, electric Amazon delivery vans primarily use 
AC Level 2 chargers during overnight dwell times. These electric delivery vans have a 100-kWh 
battery and a rated range of 153 miles (Neil 2024).4 Using a standard AC Level 2 charger rated 
at 6.6 kW, the van takes approximately 15 hours to fully charge once fully depleted. With only 1 
hour of charging, the delivery van could travel roughly 10 miles. This example illustrates that 
AC Level 2 charging is sufficient for charging during longer (typically overnight) dwell periods 
at depots but is not suited for midday or en route charging. In other words, much of the depot 
charging during longer dwell periods could be satisfied through 6.6-kW EVSE, but the quick 
charge times required for midday or en route charging would require EVSE with power ratings 
exceeding 1 MW (Borlaug et al. 2021).  

The Charging Interface Initiative (CharIN) is currently developing a Megawatt Charging System 
(MCS) standard to support MD/HD vehicle charging. Also known as the SAE J3271 charging 
standard, MCS will be capable of supplying up to 3.75 MW of power, which is 7 times higher 
than the current light-duty fast charging technology, which peaks at 500 kW (Bohn 2023; Meintz 
2023). MCS charging stations and trucks are being built and tested in pilot deployments, with 
fleet-level deployments expected in 2024 (Bohn 2023). However, locations that plan to install 
these chargers will likely require significant infrastructure upgrades to facilitate the grid 
interconnection. The SAE J3068 connector is also mentioned as a connector “appropriate for 
MD/HD charging” and proposed in the National Electric Vehicle Infrastructure (NEVI) program 
funding requirements as allowable but not required (Federal Highway Administration 2023). 

One way to estimate the need for public (or en route) chargers is by comparing the typical daily 
VMT of vehicles to the estimated range of current electric versions of those vehicles. Lowell and 

 
4 Assuming the specifications are similar to the Rivian Delivery 700 van: rivian.com/fleet. 

https://rivian.com/fleet
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Culkin (2021) performed this analysis in 2021 and found that vehicle range exceeded daily VMT 
for 11 vehicle types (63% of the fleet), indicating these vehicles could have been electrified in 
2021 and not required a charge until an overnight dwell period. In other words, the batteries for 
these vehicles have large enough capacities to handle daily mileage, and en route charging would 
not be required. Table 2 shows the vehicle types with ranges exceeding, between 60% and 100%, 
and less than 60% of average daily mileage. It may take longer for EVs to enter the marketplace 
for vehicle types with ranges less than average daily mileage due to the EVs requiring more 
expensive (i.e., larger) batteries or additional en route EV charging stations. It is important to 
note there have been advancements in EVs, battery technology, and charging infrastructure since 
this study was published in 2021. 

Table 2. Estimated EV Range and Average Daily Mileage by Vehicle Type (Lowell and Culkin 2021) 

Range > Average Daily 
Mileage 

60% < Range < 100% of 
Average Daily Mileage 

Range < 60% of Average Daily 
Mileage 

• Heavy-duty pickup and van 
• Transit bus 
• School bus 
• Delivery van 
• Service van 
• Service truck 
• Refuse hauler 
• Box truck (Class 3–5) 
• Box truck (Class 6–7) 
• Stake truck (Class 3–5) 
• Stake truck (Class 6–7)  

• Regional-haul tractor 
• Delivery truck (Class 6–7)  
• Dump truck 

• Long-haul tractor 
• Shuttle bus 
• Box truck (Class 8) 

 
In addition to daily mileage, dwell time data for different MD/HD vehicle types can be used to 
evaluate their patterns and determine which are the best candidates for electrification. Daily 
mileage and dwell time can be used to determine the required range and charging speed for 
electric MD/HD vehicles. Dwell time is the time potentially available for charging, and daily 
miles traveled must be less than the vehicle range, unless dwell time occurs throughout the day 
rather than overnight. The variability of these data (for a particular fleet) is also an important 
consideration. As an example, Figure 7 shows the dwell time (as well as daily mileage) for 
transit buses in the United States. The median daily mileage for transit buses is roughly 140 
miles, and the dwell time is approximately 11 hours. These data are from a national dataset 
developed by the National Renewable Energy Laboratory (NREL) for MD/HD vehicles 
(Bruchon et al. 2024b). 



12 
This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications. 

 
Figure 7. Distribution of daily VMT (top) and domicile dwell duration (bottom) for U.S. transit bus 

data. Vertical lines mark the median (weekdays, 10th–90th percentile range). 
Source: Bruchon et al. (2024a) 

4.2 Physical Space Needs 
In addition to higher-power charging stations, existing EVSE intended primarily for LDV use 
could also be utilized by MDVs or possibly HDVs. However, the station must be physically 
accessible by the larger vehicle.  

In order to estimate how many light-duty EVSE could physically fit medium- and/or heavy-duty 
vehicles, the Alternative Fuels Data Center (AFDC) Station Locator was used. The AFDC 
Station Locator tracks public and private EV charging stations, both installed and planned. An 
example station is shown in Figure 8. Planned stations were included in this figure as an 
indicator of the direction that future charging infrastructure is going. 
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Figure 8. Example DCFC station details for a charging station in Idaho from the AFDC Alterative 
Fueling Station Locator. Vehicle accessibility (light-, medium-, and/or heavy-duty vehicles) is 

shown in addition to connector type, charging costs, hours of operation, and accepted payment 
methods. 

Source: AFDC 

The maximum (largest) vehicle class that can access the charging station is included for 16% of 
open stations tracked, as shown in Table 3 (and just over 8% of planned stations tracked). These 
are the stations for which the station point of contact responded to the AFDC’s question about 
vehicle class accessibility. Of this 16%, 0.6% are accessible by MDVs and 0.2% by HDVs. 
AFDC determines the maximum class by asking station points of contact to estimate if certain 
types of vehicles could fit, considering station canopy height (if applicable) and vehicle turning 
radius.  
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Table 3. Charging Station Locations Classified by Vehicle Accessibility. 
Includes both public and private station locations; data from the AFDC Station Locator for Oct. 2, 2024. 

Maximum Vehicle Class 
Open Stations Planned Stations 

Number Percentage Number Percentage 

Light duty (Class 1–2) 13,275  15.9% 156 8.6% 

MD (Class 3–5) 526  0.6% 15 0.8% 

HD (Class 6–8) 162  0.2% 30 1.6% 

Not reported 69,451  83.3% 1,622 89.0% 

Total charging stations 83,414  100.0% 1,823 100.0% 
 
FHWA’s NEVI Formula Program provides funding to states for EVSE installation (Alternative 
Fuels Data Center, n.d.). The NEVI minimum requirements do not address specific site designs 
to accommodate MD/HD vehicles; however, FHWA received feedback requesting such 
requirements and responded to these comments in the final ruling. In their response, FHWA 
stated:  

“FHWA strongly encourages States and other designated recipients to consider 
recommendations in addition to and beyond those provided for through the 
“Design Recommendations for Accessible Electric Vehicle Charging Stations” 
guidance published by the U.S. Access Board in 2022. Some considerations could 
include allowing for one or more pull-through charging stations and on-site 
circulation and ingress/egress design that accommodates medium- and heavy-
duty vehicles that may access the site for charging” (emphasis added). 

States can specify additional requirements beyond the NEVI minimum requirements in their EV 
infrastructure deployment plans. For example, Louisiana’s plan includes draft scoring criteria 
that the Louisiana Department of Transportation and Development will use to score funding 
applications (in addition to meeting the federal requirements). One of these criteria is “ability to 
accommodate oversized vehicles and commercial trucks” (Louisiana Department of 
Transportation & Development 2023). Illinois’ plan mentions requests for MD/HD vehicle 
requirements (“higher power levels and pull-through designs”); however, MD/HD vehicle 
requirements were not adopted in the 2023 plan update. Specifically, the Illinois plan states: 
“Based on concerns expressed by stakeholders that these requirements could significantly limit 
the number of viable sites for public charging and/or increase costs to an extent that would make 
charging installation infeasible in some areas of the state, [the Illinois Department of 
Transportation] revised its approach to take a more site/corridor specific approach to these 
issues” (Motsinger 2023).  

4.3 Connectors 
Most of the 526 open MD/HD vehicle charging stations tracked by the AFDC have J1772 
connectors. As of Oct. 4, 2024, nearly 80% of EV charging stations accessible to HD or smaller 
classes of vehicles have J1772 connectors as the only connector option, and 99% are J1772 
compatible (either J1772 or J1772 combination plug). Figure 9 shows a Nissan LEAF plugged in 
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at a charging station, and Figure 10 shows two connectors under the plug cover of a Nissan 
LEAF.  

 

Figure 9. A Nissan LEAF plugged in at a 
charging station.  

Photo from Erik Nelsen, ICF, NREL 65889 

 

Figure 10. Under the plug cover of a Nissan 
LEAF, showing a J1772 charging plug for AC 

Level 1 and Level 2 charging (right) and a 
CHAdeMO charging plug for DCFC (left). 

Photo from Erik Nelsen, ICF, NREL 41589 

The number of electricity charging station locations classified by vehicle accessibility is included 
in Table 4. Note that some charging stations reported more than one connector type; those with 
at least one of the connector types are included in the table. Overall, many light-duty EVSE 
plugs are compatible with MD/HD vehicles (prior to the adoption of the Combined Charging 
System [CCS] standard), and MD/HD vehicles can find adequate charging stations (that are 
powerful enough and have enough physical space for the vehicle to fit) by searching on the 
AFDC Station Locator (Alternative Fuels Data Center 2023). 

Table 4. EV Connector Type at the 526 Open MD/HD Charging Stations Tracked by the AFDC. 
Some stations reported more than one connector type; data from the AFDC Station Locator for Oct. 2, 2024. 

 Number of Stations a Percentage of Stations 

EV Connector Type MD (Class 3–5) HD (Class 6–8) MD (Class 3–5) HD (Class 6–8) 

J1772 434 128 82.5% 79.0% 

CCS Type 1 (J1772 + CCS) 93 32 17.7% 19.8% 

NEMA 5 0 1.0% 0.0% 

CHAdeMO 44 20 8.4% 12.3% 

NACS (Tesla) 5 1 1.0% 0.6% 

Not reported 4 3 0.8% 1.9% 

Total number of stations 526 162 100.0% 100.0% 
a Some stations contained more than one kind of connector; therefore, the sum of all rows is greater than the total 
number of stations. 
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NEVI Formula Program funding requirements published in 2023, established to create EV 
corridors, specify that DCFC ports must have a CCS Type 1 connector (Federal Highway 
Administration 2023). Note that the CCS Type 1 connector is used in North America—there is 
also a CCS Type 2 connector that is commonly used in Europe (Rachid et al. 2023). 

4.4 Payment and Pricing Considerations 
In addition to electricity needs, connectors, and physical space requirements, charging pricing 
and payment methods are key considerations for MD/HD vehicles. A logistical simplification 
from the depot charging model is using private chargers that are owned by the same company as 
the fleet, eliminating the need for payments. In addition, the longer dwell times at depot chargers 
typically allow for AC Level 2 chargers rather than DCFCs. Public DCFCs are more expensive 
than AC Level 2 chargers. Cost models for public DCFCs vary—costs can be per kilowatt-hour, 
per minute of charging, a set fee per month (subscription model), and/or can consider peak 
power (kW). Larger vehicles require larger-capacity batteries (i.e., more kilowatt-hours) and 
therefore typically have higher associated charging costs.  

Electricity costs vary substantially by state as well. As of April 2024, the cost of electricity for 
residential customers varied between $0.11/kWh (Utah) and $0.45/kWh (Hawaii), with an 
average around $0.17/kWh. This represents the cost for home AC Level 2 charging. The state-
level costs for commercial customers is slightly less, with a minimum of $0.07/kWh (North 
Dakota), a maximum of $0.41/kWh (Hawaii), and an average of $0.13/kWh (U.S. Energy 
Information Administration 2024). Industrial electricity was even less expensive—$0.10/kWh on 
average. The commercial and industrial electricity rates could represent the cost for AC Level 2 
charging at a depot location. Costs for the public charging stations tracked by the AFDC include 
various models, including free, per minute, per hour, per kilowatt-hour, variable by time of use, 
with and without service fees, with and without parking fees, and combinations of the above 
(Alternative Fuels Data Center 2023). Table 5 summarizes the average charging costs in the 
United States for home AC Level 2, public AC Level 2, and DCFCs. Public AC Level 2 charging 
is more expensive than home AC Level 2 charging due to a profit margin included for the public 
charging station owner.  

Table 5. Approximate Average Charging Costs in the United States for Different Charging Levels 
(U.S. Energy Information Administration 2024; Clarke 2024) 

AC Level 2 (Home/Private) AC Level 2 (Public) DCFC (Public) 

~$0.17/kWh (residential) 
~$0.13/kWh (commercial) 
~$0.10/kWh (industrial) 

~$0.20–$0.25/kWh ~$0.40–$0.60/kWh 

 
Some of the same reliability issues facing LDV charging today in regard to payment at public 
charging stations also apply to MD/HD vehicles. These include the network connectivity 
problems facing payment systems, among other issues, outlined in multiple reports from the 
National Charging Experience (ChargeX) Consortium (Joint Office of Energy and 
Transportation 2023). In these reports, ChargeX recommends solutions including minimum 
required error codes for debugging EVSE, the use of certain credit card readers that have a 
payment card industry certification, and network best practices to strengthen connectivity. 
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4.5 Grid Considerations 
Owners of MD/HD vehicles must consider the impacts that charging their vehicles will have on 
the electricity grid. Depot charging systems may strain existing facility electrical systems by 
adding a significant load that was not planned previously at the facility, impacting the feasibility 
and economics of electrification (Borlaug et al. 2021). This could also be an issue for other types 
of charging (beyond depot charging) as well.  

Smart charge management strategies are a fundamental component of planning for MD/HD fleet 
charging that can address this strain. In recent years, as EV adoption and the prevalence of 
connected devices have increased, managed charging programs are moving from time-of-use 
rates and behavioral or passive managed charging to active managed charging through direct 
load control (Blair, Fitzgerald, and Dougherty 2021). Active managed charging through direct 
load control can reduce expensive and timely grid upgrade costs associated with EV charging for 
fleets, as well as operational costs. MD/HD fleets are an attractive use case to orchestrate depot 
EV charging to reduce the magnitude and timing of peak loads, as their operations are highly 
sensitive to operating costs and are often coordinated by a professional fleet manager (Borlaug et 
al. 2021). Because MD/HD vehicles have high power demands, mitigating power spikes can not 
only help the electricity grid, but also reduce costs (U.S. Department of Energy 2023). 
Additionally, initial MD/HD electric fleet applications will typically have predictable duty cycles 
and potentially long dwell times, presenting an opportunity to optimize charging without any 
disruption to meeting a fleet’s operational needs (Blair, Fitzgerald, and Dougherty 2021). 

Although the peak demand of charging sites could be mitigated through smart charge control 
strategies, sometimes the only reasonable alternative to expensive grid upgrades is the 
installation of local distributed energy resources. These local resources, such as solar 
photovoltaics or energy storage, could supply some of the power needed during high coincidence 
peaks of multiple chargers, thereby reducing the peak demand from the grid. Distributed energy 
resources could also be used to power the charger entirely in an off-grid scenario (Figure 11). 
Furthermore, utilizing distributed energy resources aligns with federal transportation 
decarbonization goals to consider the electricity generation source used to fuel EVs and 
maximize the amount of renewable energy used for each fueling session (U.S. Department of 
Energy et al. 2023). 

 
Figure 11. Solar EV charger on the NREL campus. 

Photo by Dennis Schroeder, NREL 62517 
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5 Targeting Appropriate Fleets 
The primary considerations when evaluating which vehicles are best candidates for 
electrification include route length, route predictability, home base location, typical dwell times, 
and kinetic intensity of the vehicle. Kinetic intensity is a vehicle’s acceleration divided by its 
speed, and a higher value indicates greater stop-and-go driving. The vehicle characteristics that 
are generally easier for fleet electrification are shown in Table 6, although there are exceptions. 

Table 6. Key Characteristics When Considering MD/HD Vehicle Electrification 

Category Characteristic That Is Generally 
Preferable for Electrification 

Reason 

Route length Shorter Allows for smaller/less expensive battery 
pack 

Route predictability More predictable Reduces the required number of 
charging stations 

Home base 
location 

Depot Allows for less expensive installation of 
charging stations 

Typical dwell times Longer (~12+ hours per day) Enables lower-power/less expensive 
equipment; additional flexibility for load 
management 

Kinetic intensity of 
the vehicle 

Higher kinetic intensity takes better 
advantage of EV attributes, resulting 
in increased performance and lower 
greenhouse gas emissions. 

EVs outperform internal combustion 
engine vehicles during stop-and-go drive 
cycles because they accelerate more 
efficiently and have regenerative braking. 

 
This framework shows school/transit buses and delivery vans are excellent candidates for 
electrification due to their short and predictable routes with long dwell times at depots. However, 
they do not make up a substantial portion of MD/HD truck greenhouse gas emissions (see Table 
1). Long-haul tractors constitute nearly half of all MD/HD truck greenhouse gas emissions in the 
United States. Routes are long, and the trucks typically do not return to depots on a daily basis, 
requiring en route public (or private) charging stations. This presents a greater challenge for fleet 
electrification. However, there is a trend toward “hub-and-spoke” routes (see Figure 12) that are 
more predictable and better aligned for charging at a central hub. The hub-and-spoke model 
involves a central distribution center (the “hub”) and delivery points radiating outward. The 
direct bidirectional routes that trucks follow to these delivery points are the “spokes.” This model 
is more logistically simple than the point-to-point model, as inventory is kept at the central hub 
rather than scattered locations, and some truck drivers prefer the hub-and-spoke model as it 
allows them to be back home at night more often (Hirsch 2020). Charging infrastructure could be 
built out at the central hub for depot charging, or along certain spokes, for fleets that follow the 
hub-and-spoke model. 
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Figure 12. Point-to-point vs. hub-and-spoke distribution models. 

  

Analyzing the current penetration of electric MD/HD vehicles, as well as model offerings, can 
help us better understand the current state of the MD/HD vehicle market and where it may be 
heading. 

VIUS is conducted by the U.S. Census Bureau in order to understand the quantity and 
characteristics of private and commercial trucks on a national and state level. Sponsored by the 
Bureau of Transportation Statistics, FHWA, and the U.S. Department of Energy, VIUS was 
conducted every 5 years between 1963 and 2002 and resumed in 2021 (U.S. Census Bureau, 
n.d.). The survey is a unique insight into a market that is difficult to track due to its decentralized 
manufacturing process, where vehicle components are sourced from and assembled by many 
different specialty companies. It is the authoritative survey in the U.S. MD/HD vehicle field, and 
the survey data are used for freight movement analysis, highway cost allocation, commercial 
motor vehicle safety analysis, and more.  

According to the VIUS 2021 survey results—using the provided tabulation weighting factors as 
outlined in the public use file user guide (U.S. Census Bureau 2023)—only 0.3% of national 
trucks (light, medium, and heavy duty) in the United States use electricity as the “type of fuel 
most often used.” Note that plug-in hybrid trucks that are not regularly charged (i.e., liquid fuel 
is most often used) and traditional hybrid trucks are not accounted for in this total. Excluding 
light-duty trucks (minivans and SUVs) brings the percentage of MD/HD trucks that are fully 
electric down to 0.1%. Table 7 lists the estimated percentage of electric trucks in the United 
States by vehicle class and type.  
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Table 7. Estimated Percentage of Electric Light-, Medium-, and Heavy-Duty Trucks Nationally in 
the United States by Vehicle Type.  

Data from the VIUS 2021 public use survey results and extrapolated to the national level using the provided 
tabulation weighting factors. Any body types not shown had zero electric trucks.  

Light, Medium, or 
Heavy Duty 

Body Type a 
Description 

Number of 
Electric Trucks 

Total Number 
of Trucks 

Percent 
Electric  

Light duty Minivan 1,335 11,274,064 0.01% 

Light duty SUV 528,737 95,617,656 0.55% 

MD/HD Tank, liquid, or gases 128 192,404 0.07% 

MD Van, walk-in 185 274,558 0.07% 

Unknown Other 146 223,522 0.07% 

Total 530,530 179,817,852 b 0.30% 
a Body type refers to the “type of body that is permanently attached to the power unit” (U.S. Census Bureau 2024). 
b Categories do not add to the total number of trucks because categories without EVs were omitted. 

However, there have been developments in the MD/HD electric vehicle space since 2021, and 
the number of in-use electric MD/HD vehicles has likely increased since VIUS 2021 was 
administered. According to the International Energy Agency, 3.1% of truck sales and 2% of bus 
sales in the United States in 2022 were EVs (International Energy Agency 2023). There are 121 
unique models of fully electric MD/HD vehicles that are commercially available in 2024, 
according to the AFDC, up from 99 in 2021. The number of commercial MD/HD all-electric and 
plug-in hybrid electric vehicle models available in 2024 by vehicle type are listed in Table 8 for 
2024 and 2021 (Alternative Fuels Data Center 2024a). The number of all-electric models offered 
has increased or stayed the same in these 3 years in every vehicle type category except for 
passenger van/shuttle bus. In 2024, transit and school buses have the most electric models 
available, followed by vocational/cab chassis, passenger van/shuttle bus, and tractors. This may 
be due to transit and school buses having predictable, short routes, making them more suitable 
for electrification. Vehicle types with unpredictable and/or longer routes will take longer to 
electrify. All-electric vehicles are more common than plug-in hybrid electric vehicles for the 
MD/HD vehicle market. 
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Table 8. Number of Electric MD/HD Vehicle Models by Category in 2024 (and 2021) (Alternative 
Fuels Data Center 2024a; Davis and Boundy 2022) 

Vehicle Type Electric Vehicle Plug-In Hybrid 
Electric Vehicle 

Total a 

Van 5 (4) 0 (0) 5 (4) 

Passenger van/shuttle bus 15 (19) 0 (2)  15 (21) 

Step van 4 (4) 0 (1) 4 (5) 

Vocational/cab chassis van 1 (1)  0 (0) 1 (1) 

Vocational/cab chassis 22 (12) 0 (0) 22 (12) 

School bus 16 (14) 0 (0) 16 (14) 

Transit bus 32 (30) 0 (0) 32 (30) 

Street sweeper 3 (2) 2 (0)  5 (2) 

Refuse 8 (5) 0 (0) 8 (5) 

Tractor 15 (8) 0 (1)  15 (9) 

Total 121 (99) 2 (4) 123 (103) 
a Hybrid vehicle models are not included in these counts. 

When assessing patterns and trends for nascent markets such as electric MD/HD vehicles, it is 
worth looking internationally for larger sample sizes and to include more developed markets. 
Figure 13 shows that not only have countries beyond the United States increased electric 
MD/HD vehicle model offerings over time, but overall, there is a trend toward EVs with higher 
ranges. 
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Figure 13. Number of commercial electric and fuel cell MD/HD vehicle models by release date, range, and country.  

Source: International Energy Agency (2023)
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In addition to the number of electric MD/HD vehicle model offerings, there are multiple other 
factors that may impact electric MD/HD vehicle adoption and the maturity of the electric 
MD/HD vehicle and charging market. Hoehne et al. (2023) used the Transportation Energy & 
Mobility Pathway Options (TEMPO™) model to project that policy mandates for zero-emission 
MD/HD vehicles would have the largest impact on electric MD/HD vehicle stock shares, 
followed by reduced EV costs, as shown in Figure 14. Electricity prices were projected to have 
the lowest impact of the evaluated considerations.  

 
Figure 14. Isolated impacts on MD/HD battery-electric vehicle (BEV) stock shares in 2050.  

Source: Hoehne et al. (2023) 
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6 Conclusion 
Vehicle class/type, vehicle use, vehicle range, and home base are key characteristics that inform 
the potential for fleet electrification. MD/HD vehicle electrification has already begun with 
vehicles that have short (low daily range), predictable routes and a depot home base, such as 
delivery vans and school/transit buses. Most MD/HD fleet charging can be satisfied with AC 
Level 2 and DCFC depot charging, but certain circumstances and vehicle types will require 
public or private en route charging infrastructure. There are also other situations including 
residential home bases that will require unique charging models. This report outlines the key 
considerations for MD/HD vehicle electrification and associated charging infrastructure, 
including addressing the question of whether and when MD/HD vehicles can utilize existing 
LDV charging infrastructure rather than dedicated MD/HD vehicle charging infrastructure. 
Overall, MD/HD vehicles—particularly HDVs—will typically require dedicated infrastructure 
due to higher electricity needs, different connectors, larger physical space requirements, different 
payment structures, and higher potential for electricity grid impacts. However, LDV charging 
station plugs are currently typically compatible, and MD/HD vehicles can find appropriate 
charging stations that are powerful enough and have enough physical space for an MD/HD 
vehicle to fit by searching on the AFDC Station Locator. MD/HD vehicles vary drastically by 
class and use, and each fleet must be uniquely analyzed.  

There are multiple areas in need of future work. First, the residential home base analysis could be 
disaggregated to the state level (rather than national). Determining whether and how MD/HD 
vehicles parked at private residential locations overnight vary based on state, as well as potential 
implications for electrification, could be discussed. Second, a more detailed route analysis of 
MD/HD vehicle required battery sizes could be performed to determine which MD/HD vehicles 
have the greatest potential for rapid electrification, building upon Section 4.1. This could be done 
by calculating the size of EV batteries required for different types of MD/HD vehicles based on 
typical daily ranges and EV efficiency. The number of public charging stations required for these 
vehicles—and accompanying required power levels—could also be estimated based on home 
base location, typical daily trip distances, trip dwell times, and the ranges of current MD/HD 
vehicles on the market. With the recent publication of the VIUS 2021 survey data (Bureau of 
Transportation Statistics 2021), NREL’s dataset of nationally representative MD/HD vehicle 
typical travel patterns (Bruchon et al. 2024b), and NREL’s Heavy-Duty Electric Vehicle 
Integration and Implementation (HEVII) tool (National Renewable Energy Laboratory, n.d.), 
there is opportunity for greater analysis and discussion related to MD/HD vehicle electrification 
and charging.  

  



25 
This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications. 

References 
Alternative Fuels Data Center. 2023. “Alternative Fueling Station Locator.” October 18, 2023. 

https://afdc.energy.gov/stations/. 
———. 2024a. “Availability of Electric Vehicles.” May 31, 2024. 

https://afdc.energy.gov/vehicles/electric-availability. 
———. 2024b. “Maps and Data - Vehicle Weight Classes & Categories.” July 30, 2024. 

https://afdc.energy.gov/data/10380. 
———. n.d. “National Electric Vehicle Infrastructure (NEVI) Formula Program.” Accessed 

October 22, 2024. https://afdc.energy.gov/laws/12744. 
American Trucking Associations. 2024. “Economics and Industry Data.” October 2, 2024. 

https://www.trucking.org/economics-and-industry-data. 
Baertlein, Lisa, Abhirup Roy, Nick Carey, and Lisa Baertlein. 2024. “Focus: UPS, FedEx 

Transition to Electric Vans Slowed by Battery Shortages, Low Supply.” Reuters, April 
25, 2024, sec. Business. https://www.reuters.com/business/ups-fedex-transition-electric-
vans-slowed-by-battery-shortages-low-supply-2024-04-25/. 

Blair, Brittany, Garrett Fitzgerald, and Carolyn Dougherty. 2021. “The State of Managed 
Charging in 2021.” Smart Electric Power Alliance. https://sepapower.org/resource/the-
state-of-managed-charging-in-2021/. 

Bohn, Ted. 2023. “Charging For Heavy-Duty Electric Trucks Frequently Asked Questions about 
the Megawatt Charging System and SAE J3271.” U.S. Department of Energy’s Argonne 
National Laboratory. https://www.anl.gov/sites/www/files/2023-
03/MCS_FAQs_Final_3-13-23.pdf. 

Borlaug, Brennan, Matteo Muratori, Madeline Gilleran, David Woody, William Muston, Thomas 
Canada, Andrew Ingram, Hal Gresham, and Charlie McQueen. 2021. “Heavy-Duty 
Truck Electrification and the Impacts of Depot Charging on Electricity Distribution 
Systems.” Nature Energy 6 (6): 673–82. https://doi.org/10.1038/s41560-021-00855-0. 

Bruchon, Matthew, Brennan Borlaug, Bo Liu, Tim Jonas, Jiayun Sun, Nhat Le, and Eric Wood. 
2024a. “Depot-Based Vehicle Data for National Analysis of Medium- and Heavy-Duty 
Electric Vehicle Charging.” NREL/TP-5400-88241. https://doi.org/10.2172/2319200. 

———. 2024b. “National Summary Statistics for Depot-Based Medium- and Heavy-Duty 
Vehicle Operations.” NREL Data Catalog. March 8, 2024. 
https://data.nrel.gov/submissions/231. 

Bureau of Transportation Statistics. 2021. “Vehicle Inventory and Use Survey (VIUS).” 2021. 
https://www.bts.gov/vius. 

California Energy Commission. 2024. “Assembly Bill 2127 Second Electric Vehicle Charging 
Infrastructure Assessment: Assessing Charging Needs to Support Zero-Emission 
Vehicles in 2030 and 2035.” California Energy Commission. March 2024. 
https://www.energy.ca.gov/publications/2024/assembly-bill-2127-second-electric-
vehicle-charging-infrastructure-assessment. 

Clarke, Warren. 2024. “How Much Does It Cost to Charge an Electric Car?” U.S. News & 
World Report. January 16, 2024. https://cars.usnews.com/cars-trucks/advice/electric-car-
charging-costs. 

Davis, Stacy C., and Robert G. Boundy. 2022. Transportation Energy Data Book, Chapter 6. 
40th ed. Oak Ridge National Laboratory. 



26 
This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications. 

Day, Matt. 2024. “How Amazon Became the Largest Private EV Charging Operator in the US.” 
Bloomberg.Com, April 15, 2024. https://www.bloomberg.com/news/articles/2024-04-
15/amazon-electric-vans-powered-by-17-000-ev-chargers. 

Environmental Defense Fund. n.d. “Electric Transit Bus: Cleaner, Cheaper, Ready.” 
https://www.edf.org/sites/default/files/u76/TransitBusFactSheet.pdf. 

Federal Highway Administration. 2023. “National Electric Vehicle Infrastructure Standards and 
Requirements, 23 CFR Part 680.” Federal Register. February 28, 2023. 
https://www.federalregister.gov/documents/2023/02/28/2023-03500/national-electric-
vehicle-infrastructure-standards-and-requirements. 

Gladstein, Neandross & Associates. 2021. “California Heavy-Duty Fleet Electrification 
Summary Report.” https://cdn.gladstein.org/pdfs/whitepapers/california-fleet-
electrification-case-study.pdf. 

Gohlke, David, and Yan Zhou. 2021. “Assessment of Light-Duty Plug-in Electric Vehicles in the 
United States (2010 - 2020).” ANL/ESD-21/2. Argonne National Lab. (ANL), Argonne, 
IL (United States). https://doi.org/10.2172/1785708. 

Hirsch, Jerry. 2020. “Industry Trends, Driver Preference Pave Way for Hub-to-Hub Routes.” 
Transport Topics. June 15, 2020. https://www.ttnews.com/articles/industry-trends-driver-
preference-pave-way-hub-hub-routes. 

Hoehne, Christopher, Matteo Muratori, Paige Jadun, Brian Bush, Arthur Yip, Catherine Ledna, 
Laura Vimmerstedt, Kara Podkaminer, and Ookie Ma. 2023. “Exploring Decarbonization 
Pathways for USA Passenger and Freight Mobility.” Nature Communications 14 
(October). https://doi.org/10.1038/s41467-023-42483-0. 

International Energy Agency. 2023. “Trends in Electric Heavy-Duty Vehicles.” Global EV 
Outlook 2023. 2023. https://www.iea.org/reports/global-ev-outlook-2023/trends-in-
electric-heavy-duty-vehicles. 

Joint Office of Energy and Transportation. 2023. “National Charging Experience Consortium.” 
May 18, 2023. https://driveelectric.gov/chargex-consortium. 

Ledna, Catherine, Matteo Muratori, Arthur Yip, Paige Jadun, and Chris Hoehne. 2022. 
“Decarbonizing Medium- & Heavy-Duty On-Road Vehicles: Zero-Emission Vehicles 
Cost Analysis.” NREL/TP-5400-82081, 1854583, MainId:82854. 
https://doi.org/10.2172/1854583. 

Louisiana Department of Transportation & Development. 2023. “Louisiana State Plan for 
Electric Vehicle Infrastructure Deployment.” 
http://wwwsp.dotd.la.gov/Inside_LaDOTD/Divisions/Operations/Electric-
Vehicle/webdocs/Louisiana%20nevi%20plan.pdf. 

Lowell, Dana, and Jane Culkin. 2021. “Medium- & Heavy-Duty Vehicles Market Structure, 
Environmental Impact, and EV Readiness.” 

McKenzie, Lucy, James Di Filippo, Josh Rosenberg, and Nick Nigro. 2021. “U.S. Vehicle 
Electrification Infrastructure Assessment Medium-And Heavy-Duty Truck Charging.” 
November 12. https://atlaspolicy.com/wp-content/uploads/2021/11/2021-11-
12_Atlas_US_Electrification_Infrastructure_Assessment_MD-HD-trucks.pdf. 

Meintz, Andrew. 2023. “Medium- and Heavy-Duty Electric Vehicle Charging.” NREL 
Transportation & Mobility Research. 2023. https://www.nrel.gov/transportation/medium-
heavy-duty-vehicle-charging.html. 

Motsinger, Suraiya (FHWA). 2023. “Illinois Electric Vehicle Infrastructure Deployment Plan- 
2023 Update,” September. 



27 
This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications. 

Muratori, Matteo, Marcus Alexander, Doug Arent, Morgan Bazilian, Pierpaolo Cazzola, Ercan 
M. Dede, John Farrell, et al. 2021. “The Rise of Electric Vehicles—2020 Status and 
Future Expectations.” Progress in Energy 3 (2): 022002. https://doi.org/10.1088/2516-
1083/abe0ad. 

Muratori, Matteo, and Brennan Borlaug. 2021. “Perspectives on Charging Medium- and Heavy-
Duty Electric Vehicles.” IEA Public Webinar on Public Charging Infrastructure 
Deployment Strategies and Business Models, December 8. 
https://www.nrel.gov/docs/fy22osti/81656.pdf. 

Muratori, Matteo, Brennan Borlaug, Catherine Ledna, Paige Jadun, and Aravind Kailas. 2023. 
“Road to Zero: Research and Industry Perspectives on Zero-Emission Commercial 
Vehicles.” iScience 26 (April):106751. https://doi.org/10.1016/j.isci.2023.106751. 

National Highway Traffic Safety Administration. 2024. “49 CFR Part 523—Vehicle 
Classification.” August 23, 2024. https://www.ecfr.gov/current/title-49/part-523. 

National Renewable Energy Laboratory. n.d. “EVI-X Modeling Suite of Electric Vehicle 
Charging Infrastructure Analysis Tools.” Accessed October 24, 2024. 
https://www.nrel.gov/transportation/evi-x.html. 

Neil, Dan. 2024. “Rivian’s Delivery Van: Not Just for Bezos Anymore.” The Wall Street 
Journal, March 21, 2024. https://www.wsj.com/lifestyle/cars/rivians-delivery-van-not-
just-for-bezos-anymore-038f0260. 

Rachid, Aziz, Hassan El Fadil, Khawla Gaouzi, Kamal Rachid, Abdellah Lassioui, Zakariae El 
Idrissi, and Mohamed Koundi. 2023. “Electric Vehicle Charging Systems: 
Comprehensive Review.” Energies 16 (1): 255. https://doi.org/10.3390/en16010255. 

Smart, John, Zicheng Bi, Alicia Birky, Brennan Borlaug, Erin Burrell, Eleftheria Koutou, Dong-
Yeon Lee, et al. 2020. “SMART Mobility. Advanced Fueling Infrastructure Capstone 
Report.” DOE/EE--2062, 1656701, 8260. https://doi.org/10.2172/1656701. 

Uddin, M. Moaz. 2021. “The Medium- and Heavy-Duty Electric Vehicle Market: Plugging into 
the Future Part I.” Drive Electric Minnesota (blog). September 30, 2021. 
https://driveelectricmn.org/the-medium-and-heavy-duty-electric-vehicle-market-
plugging-into-the-future-part-i/. 

U.S. Census Bureau. 2023. “VIUS 2021 Public Use File User Guide.” 
———. 2024. “Vehicle Inventory and Use Survey (VIUS) Data Tables.” March 11, 2024. 

https://www.census.gov/programs-surveys/vius/data/tables.html. 
———. n.d. “About the Vehicle Inventory and Use Survey.” Census.Gov. Accessed July 31, 

2024. https://www.census.gov/programs-surveys/vius/about.html. 
U.S. Department of Energy. 2023. “EVGrid Assist Webinar Highlights: Fast Charging for Light-

, Medium-, and Heavy-Duty Vehicles.” https://www.energy.gov/sites/default/files/2023-
02/evgrid-assist-dcfc-webinar-013123.pdf. 

U.S. Department of Energy, U.S. Department of Transportation, U.S. Environmental Protection 
Agency, and U.S. Department of Housing and Urban Development. 2023. “The U.S. 
National Blueprint for Transportation Decarbonization: A Joint Strategy to Transform 
Transportation.” https://www.energy.gov/eere/us-national-blueprint-transportation-
decarbonization-joint-strategy-transform-transportation. 

U.S. Department of Energy, and U.S. Environmental Protection Agency. 2023. 
“Fueleconomy.Gov Top Ten.” Fueleconomy.Gov. 2023. 
https://www.fueleconomy.gov/feg/topten.jsp. 



28 
This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications. 

U.S. Energy Information Administration. 2024. “Electric Power Monthly.” September 24, 2024. 
https://www.eia.gov/electricity/monthly/epm_table_grapher.php. 

U.S. Environmental Protection Agency. 2021. “Clean School Bus Program.” Collections and 
Lists. December 3, 2021. https://www.epa.gov/cleanschoolbus. 

Vehicle Technologies Office. 2011. “Fact #707: December 26, 2011 Illustration of Truck 
Classes.” December 26, 2011. https://www.energy.gov/eere/vehicles/fact-707-december-
26-2011-illustration-truck-classes. 

 


	Acknowledgments
	List of Acronyms
	Table of Contents
	List of Figures
	List of Tables
	1 Introduction
	2 Vehicle Classes, Populations, and Types of Charging 
	3 MD/HD Vehicle “Home Base” Analysis: Depot vs. Residence
	4 En Route MD/HD Vehicle Charging: Dedicated MD/HD Vehicle Chargers vs. Leveraging LDV Infrastructure
	4.1 Electricity Needs
	4.2 Physical Space Needs
	4.3 Connectors
	4.4 Payment and Pricing Considerations
	4.5 Grid Considerations

	5 Targeting Appropriate Fleets
	6 Conclusion
	References



