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Commercial Vehicles: Fastest Growing Source of Global Road 
Transport-Related CO2 Emissions

According to BloombergNEF, CO2 
emissions from commercial vehicles 
will overtake passenger vehicles by 
2040, even though the commercial 
vehicle fleet will be <25% the size of 
the passenger fleet.

By 2050, the commercial vehicle 
fleet could grow by >33% due to 
increased economic activity and the 
growing popularity of e-commerce.
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Ambitious Global Commitments for Decarbonizing 
Commercial Vehicles

• >15 countries have set MHDV decarbonization targets.

• MHDV manufacturers representing ~45% of global 
market share have made some type of commitment to 
decarbonizing their vehicles by 2050.

CALSTART (2021)

https://globaldrivetozero.org/site/wp-content/uploads/2021/12/Review-of-Commitments-for-Zero-Emission-Medium-and-Heavy-Duty-Vehicles_Dec_2021_Final-.pdf
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Electric Vehicles are a Promising Pathway for 
Decarbonizing Commercial Vehicle Operations

United States Example:
Medium-duty EVs expected to 
reach total cost of driving (TCD) 
parity w/ ICEVs within 5 years.

For heavy-duty EVs, cost parity 
is achieved within 10 years.

Ledna et al. (2024)

Commercial EV Advantages:
• EVs are becoming increasingly cost 

competitive on an upfront basis as 
battery costs continue to decline.

• EVs are more efficient than internal 
combustion engine vehicles (ICEVs), 
resulting in significant operating cost 
savings.

• EVs offer performance advantages that 
can improve safety, reliability, and driver 
retention.

• EVs are the most mature technology 
solution to decarbonize commercial 
vehicles.

TCD = total cost of driving

https://www.sciencedirect.com/science/article/pii/S2589004224006060?via%3Dihub
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Commercial Vehicles are Different from Personal Vehicles 
When it Comes to EV Charging

EV Charging Expectations:

Personal 
Vehicles

More vehicles with 
lower electricity 

demands

Charging is 
geographically 

distributed

Power level: several kW 
to hundreds of kW per 

vehicle

Spend 95% of the time 
parked (opportunity for 

managed charging)

VS
Commercial 

Vehicles

Fewer vehicles with 
higher electricity 
demands

Charging is more 
geographically 
concentrated

Power level: tens of kW 
to 1+ MW per vehicle

Spend less time parked, 
but more predictable 
operations could enable 
managed charging
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Personal Vehicles: Multiple Use Cases

Credit: G. Zeidler, CC BY-NC-ND Credit: World Bank, CC BY-NC-ND

Credit: NREL Credit: E. Jeffrey, CC BY-NC-ND
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Commercial Vehicles: Many More Use Cases
U.S. FHWA Classifications
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Class 1 Credit: Wikimedia Commons, 
CC BY-NC-ND Class 2-3

Credit: Wikimedia Commons, CC BY-NC-ND

Class 5-6

Credit: Wikimedia Commons, CC BY-NC-ND

Class 2-3

Credit: harry_nl, CC BY-NC-ND

Class 8

Credit: Wikimedia Commons, CC BY-NC-ND

Class 5

Credit: NAVFAC, CC BY-NC-NDClass 7

Credit: Jeff Youngstrom, CC BY-NC-ND

Class 8

Credit: Wikimedia Commons, CC BY-NC-ND

Offroad

Credit: DOZR, CC BY-NC-ND
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Personal LDV Charging: “There’s No Place Like Home”
Home charging is the most convenient and preferred LDV charging option today 
and represents the majority of EV electricity demand in most countries.

LDV Paradigm:

National Research Council (2015)

https://www.google.com/books/edition/Overcoming_Barriers_to_Deployment_of_Plu/8TdHCgAAQBAJ?hl=en&gbpv=0
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MHDV Charging: “There’s No Place Like Home the Depot”
For commercial vehicles, private depot charging could play a similar role, 
representing the majority of EV electricity demands for limited-range operations.

LDV Paradigm:

National Research Council (2015) Muratori et al. (2023)

https://www.google.com/books/edition/Overcoming_Barriers_to_Deployment_of_Plu/8TdHCgAAQBAJ?hl=en&gbpv=0
https://www.sciencedirect.com/science/article/pii/S2589004223008283#bib40
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Commercial Vehicles Have Varying EV & Charging 
Requirements

adapted from:
Herlt & Hildebrandt (2024)

Single-day
operation

Multi-day
operationTipper

Tipper

Material

Retail

Shuttle

Construction
Regional

Long-haul

Bubble size corresponds to 
modeled 2030 e-truck fleet

variance in daily 
distance driven

Bigger Payloads:
More charging or larger 
batteries required

Higher daily distance:
More charging or larger 
batteries required

https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/building-europes-electric-truck-charging-infrastructure
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Port Sharing Feasibility for Commercial Vehicles Limited by 
Maneuverability Constraints 

Credit: Elektrotrucker

Electric semi truck blocking IONITY chargers
Credit: NREL

“Charging plaza of the future” can charge a variety of vehicles at 
different rates depending on the application.

https://www.nrel.gov/news/video/nrels-charging-plaza-of-the-future-concept-uses-high-power-charging-and-smart-charge-management-text.html
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While Smaller Commercial Vehicles May Leverage 
Established Passenger Vehicle Networks

Credit: Electrek, CC BY-NC-ND 
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Freight Demands May Evolve Over Time…
In the last 20 years, there has been a shift toward more short-haul operations in the U.S., 
driven by the growth of e-commerce, supply chain localization, and efforts to improve 
driver retention.

2002 (U.S.):

21% 17% 13% 19% 30%

2021 (U.S.):

25% 19% 15% 17% 24%

+8% vs. 2002 -8% vs. 2002
U.S. DOT (2002, 2021)

https://www.bts.gov/vius
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…With Implications on EV Charging Demand

Borlaug et al. (2022)

a. Local trucks primarily operate and charge in urban 
areas, with most charging occurring at the depot.

b. Regional trucks primarily operate between urban 
areas, with charging split between urban depots and 
rural truck stops.

c. Long-haul trucks primarily drive on rural 
interstates, with most charging happening at high 
power levels at truck stops .

https://doi.org/10.1016/j.rset.2022.100038
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Phased Rollout of Commercial Charging Infrastructure
Costly and time-consuming commercial EV charging infrastructure installations can be 
phased in over time, with an initial prioritization around favorable launch areas.

Chu et al. (2024) Targeted & strategic not everything everywhere all at once

https://driveelectric.gov/files/zef-corridor-strategy.pdf


Walkthrough:
Steps for EVI Modeling
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EVI Modeling: Main Steps

Credit: NREL

When/Where/Which 
EVs are adopted

• Which regions, 
communities, 
households are likely 
to adopt EVs?

• What types of EVs will 
be adopted?

• How quickly will EVs 
be adopted?

Credit: NREL

How EVs are operated

• How do driving 
requirements vary by 
region or household?

• Where are EVs parked 
during the day?

• Do EV travel patterns 
differ from ICE 
vehicles?

Credit: NREL

How EVs are charged

• Can EVs charge while 
at home, work, or in 
public?

• How do EV drivers 
prefer to charge, and 
will this change over 
time?

• Can EVs shift (in time) 
or modulate their 
loads?

Credit: NREL

What charging 
infrastructure is required

• What are realistic 
utilization levels for 
charging stations?

• Which deployment 
strategies will EVI 
operators take?

• Will EVI operators 
employ ”idle” fees to 
incentivize throughput?
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When/Where/Which EVs are Adopted

Basic Approaches:
• Top-down Models

– Exogenous EV stock targets are disaggregated by 
region and vehicle type based on factors like 
consumer preferences, housing stock, land use, and 
local policies.

• Bottom-up Models
– Technology adoption is modeled endogenously at 

the individual or fleet-level based on factors like 
consumer preferences, costs, and operational 
needs.

– Commercial fleet decisions are more centrally 
controlled and driven by total cost of ownership 
(TCO) and reliability compared to household 
decisions.

CALSTART

Rule-of-Thumb:
Commercial vehicles with lighter payloads, predictable 
routes, more limited daily travel, and return-to-base 
operations are most likely to electrify first. Additionally, 
regions or vehicle segments with strong regulatory 
mandates, emissions reduction goals, and/or incentives 
are more likely to electrify early.

https://www.ajot.com/news/calstart-research-forecasts-strong-growth-in-zero-emission-off-road-equipment
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How EVs are Operated 

1. Simple assumptions:
• Daily electricity demand 

(driving distance and energy 
consumption)

• Geographical area in which the 
vehicles are operated and 
charged

Pros:
• Easy to implement with minimal 

data
• Rough estimate for early-stage 

decision making

Cons:
• No real-world variability or 

specific operational patterns

2. Real-World Travel Data:
• Trip origin/destination times 

and spatial coordinates
• Trip distances
• Dwell locations (e.g., depot)

Pros:
• More accurate representation of 

vehicle behavior and potential 
charging opportunities

Cons:
• High data requirements
• More complex to model

3. Travel Simulations:
• Agent-based modeling
• Can generate hypothetical 

travel scenarios

Pros:
• Highly detailed and customizable 

simulations
• Can model complex interactions

Cons:
• High data requirements
• Significant computational 

resources
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How EVs are Charged 

1. Simple assumptions:
• Shares of electricity demand 

by charging type (e.g., depot, 
opportunity, en-route)

• Load shapes by charging type 
+ load management (if any)

Pros:
• Easy to implement with minimal 

data
• Rough estimate for early-stage 

decision making

Cons:
• Hard to know which assumptions 

to use without bottom-up 
modeling

Demonstrative:
MHD EV 
Charging Type 2030 2040 2050

Depot 80% 60% 50%

Opportunity 10% 20% 20%

En-route 10% 20% 30%

%
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Depot

Hour of day

Opportunity

Hour of day

En-route

Hour of day
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How EVs are Charged 

2. Charging Behavior 
Simulations:

• Bottom-up charging 
behaviors that optimize for 
cost, convenience, etc.

• Can consider alternative EVI 
access scenarios.

Pros:
• High precision and flexibility
• Can model complex interactions

Cons:
• Significant tuning and 

validation required
• Scalability challenges

depot

the depot
depot

DepotDepot Depot

ARRIVAL DEPARTURE

8:00 AM

1:00 PM

7:00 AM

adapted from:
https://www.nrel.gov/docs/fy24osti/85935.pdf

https://www.nrel.gov/docs/fy24osti/85935.pdf
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What Charging Infrastructure is Required 

Typically involves relationships between:
• EVI stations per rural highway mile / km

• Urban EVI stations per sq. mile / sq. km

• EVI ports per EV

• EVI ports per daily electricity demand

• EVI ports per peak electricity demand

providing Coverage

providing Capacity

simplest

advanced

EVI = Electric Vehicle (Charging) Infrastructure
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Summary

• Charging networks must provide coverage and capacity.

• Commercial vehicles encompass a wide range of vehicle types and 
operations, each with unique EV charging requirements.

• Commercial EVI deployments can be phased in over time to reduce costs 
and improve network efficiency. 

• EVI Modeling – Main Steps:

1. When/where/which EVs are adopted?
2. How EVs are operated?
3. How EVs are charged?
4. What charging infrastructure is needed to meet the demand?
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Brennan Borlaug,
Senior Research Analyst,

National Renewable Energy Laboratory
brennan.borlaug@nrel.gov

NREL Transportation & Mobility Research:
https://www.nrel.gov/transportation/

Partner with us!
https://www.nrel.gov/workingwithus/
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(NREL). The views expressed in the article do not necessarily represent the views of the DOE 
or the U.S. Government. The U.S. Government retains and the publisher, by accepting the 
article for publication, acknowledges that the U.S. Government retains a nonexclusive, paid-
up, irrevocable, worldwide license to publish or reproduce the published form of this work, or 
allow others to do so, for U.S. Government purposes. 

https://www.nrel.gov/transportation/
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NREL    |    26

References
• BloombergNEF (BNEF). “Zero-Emission Commercial Vehicles: The Time is Now”. September 18, 2024.
• Borlaug, B. et al. (2022). “Charging Needs for Electric Semi-Trailer Trucks”, Renewable and Sustainable Energy 

Transition 2 100038. https://doi.org/10.1016/j.rset.2022.100038.
• Chu, J. et al. (2024). “National Zero-Emission Freight Corridor Strategy”, U.S. Joint Office of Energy and 

Transportation. https://driveelectric.gov/files/zef-corridor-strategy.pdf.
• Herlt, A. & Hildebrandt, E. (2024). “Building Europe’s Electric Truck Charging Infrastructure”, McKinsey & Co. 

https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/building-europes-electric-truck-
charging-infrastructure.

• International Energy Agency (IEA). Global EV Outlook 2024.
• Ledna, C. et al. (2024). “Assessing Total Cost of Driving Competitiveness of Zero-Emission Trucks”, iScience 17(4) 

109385. https://doi.org/10.1016/j.isci.2024.109385.
• National Research Council (2015). “Overcoming the Barriers to Deployment of Plug-in Electric Vehicles”. National 

Academies Press.
• Muratori et al. (2023). “Road to Zero: Research and Industry Perspectives on Zero-Emission Commercial Vehicles”, 

iScience 26(5) 106751. https://doi.org/10.1016/j.isci.2023.106751.
• U.S. Department of Transportation (DOT), Bureau of Transportation Statistics (2002 & 2021). Vehicle Inventory and 

Use Survey. https://www.bts.gov/vius.
• Wood, E. et al. (2017). National Plug-In Electric Vehicle Infrastructure Analysis. https://doi.org/10.2172/1393792.

https://doi.org/10.1016/j.rset.2022.100038
https://driveelectric.gov/files/zef-corridor-strategy.pdf
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/building-europes-electric-truck-charging-infrastructure
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/building-europes-electric-truck-charging-infrastructure
https://doi.org/10.1016/j.isci.2024.109385
https://doi.org/10.1016/j.isci.2023.106751
https://www.bts.gov/vius
https://doi.org/10.2172/1393792

	Contents
	Commercial Vehicles: Fastest Growing Source of Global Road Transport-Related CO2 Emissions
	Ambitious Global Commitments for Decarbonizing �Commercial Vehicles
	Electric Vehicles are a Promising Pathway for Decarbonizing Commercial Vehicle Operations
	Commercial Vehicles are Different from Personal Vehicles When it Comes to EV Charging
	Personal Vehicles: Multiple Use Cases
	Commercial Vehicles: Many More Use Cases
	Personal LDV Charging: “There’s No Place Like Home”
	MHDV Charging: “There’s No Place Like Home the Depot”
	Commercial Vehicles Have Varying EV & Charging Requirements
	Port Sharing Feasibility for Commercial Vehicles Limited by Maneuverability Constraints 
	While Smaller Commercial Vehicles May Leverage Established Passenger Vehicle Networks
	Freight Demands May Evolve Over Time…
	…With Implications on EV Charging Demand
	Phased Rollout of Commercial Charging Infrastructure
	Walkthrough:�Steps for EVI Modeling
	EVI Modeling: Main Steps
	When/Where/Which EVs are Adopted
	How EVs are Operated 
	How EVs are Charged 
	How EVs are Charged 
	What Charging Infrastructure is Required 

	Summary
	References



